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Stork-Eschenmoser Hypothesis Konstantin Samarin

trans 6

Stork G., Burgstrahler AW. J. Am. Chem. Soc. 1955, 77, 5068-5077

Eschenmoser A., Ruzicka L., Jeger O., Arigoni D. Helv. Chim. Acta. 1955, 38, 1890-1904
2



Gaich-Group Seminar

Synthesis of 11a-hydroxyprogesterone Konstantin samarin

proC11

a) TFA, CF3CH20H
HO/ = / >
35%

80%, dr 92:8

\

HO

b) Ac,0, pyr
c) O3 ; Zn, AcOH
d) KOH

H

11« - hydroxyprogesterone 9

Johnson W.S., Brinkmeyer R.S., Kapoor V.M., Yarnell T.M. J. Am. Chem. Soc.

1977, 99, 8341-8343
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Synthesis of d-4B-hydroxyandrostan-17-one Kenstantin Samarin

a) SnCls; DCM,
HMDS, -78 °C /'\/\
g 79%

38%, 93% ee

b) Na/K alloy, crown ether,

c) PCC toluene
d) KOH, MeOH, reflux
e) Ac,O
o f) O
OH g) MeOH, KOH R. H Z
< O
13 %
21% for 6 steps 12
d-4p-hydroxyandrostan-17-one
Johnson W.S,, Fletcher V.R., Chenera V.R., Bartlett W.R., Tham F.S., Kullning R.K. ,

J. Am. Chem. Soc. 1993, 115, 497-504
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SyntheS|S Of (i)-SOphOrad |OI Konstantin Samarin

a) TFA, DCM,

F
\ﬁ%ﬁ I Zeec. 15 mn
/ 31%
\%*

b) RuCls, NalOy (88%)
¢) SnCl, (92%)

(¥)-sophoradiol

Fish PV., Johnson W.S. J. Org. Chem. 1994, 59, 2324-2335
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, . . . .
Yamamoto’s Enantioselective Olefin Protonation- Konstantin Samarin

Initiated Polycyclization

LBA catalyst

200 mol%
7| ™SoH  (R)-LBA (1) \O
2N - CL
DCM, -78°C o

18 19 30%, 42% ee :SnCI4

o)

\

T
£ 7 OTES  2)200% (R)1-LBA (2) N
o O _
E(/ (1)R = Me
b) TFAeSNCl,, EtNO,

20 21  54% 75% ee

Ishihara K., Nakamura S., Yamamoto H. J. Am. Chem. Soc. 1999, 121, 4906-4907
Ishihara K., Ishibashi H., Yamamoto H. J. Am. Chem. Soc. 2002, 124, 3647-3655
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, . . . .
Yamamoto’s Enantioselective Olefin Protonation- Konstantin Samarin

Initiated Polycyclization

OH

MOTBDPS a) 200 mol% (R) - 2
toluene, -78 °C, 3 days
- +
E(/ b) TBAF

23

78% ece 24
11:89

c) Ac,0
d) BF3eEt,0O, CH3NO; rt

OAc

89%, 75% ee

Ishihara K., Ishibashi H., Yamamoto H. J. Am. Chem. Soc. 2002, 124, 3647-3655
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Total Synthesis of Dammarenediol Konstantin Samarin

a) MeAICl, o d) PhNCO, pyridine
oS 7 4 o >
/ b) HF, CHsCN > HO e) TsOH, benzene
) 3
H ¢) TFA,IPh 79%
28 42% 29

PhNHCO,

f) Li, NH5
g) PCC-AlL,O5
60% | h) 1% KOH,
MeOH-THF-H,O

Bng\/\)\

then LiAIH4 THF
60%

Corey E.J,, LinS. J. Am. Chem. Soc. 1996, 118, 8765-8766
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Total Synthesis of Hexacyclic Sedimentary Konstantin Samarin

Triterpene

c) KOH, MeOH HO
32% 34

OoTBS
— a) MeAICl,
95 {ﬁ%@\ - °
/ b) HF, CH5CN

33

d) CsFsOCSCI
e) nBU3an, AIBN 86%
f) MeLi, THF

g) MSOH, P205

h) AcOH, H2$O4
81%

Corey E.J., Luo G.,Lin L. S. Angew. Chem. Int. Ed. 1998, 37, 1126-1128
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Naza rOV-tr|ge red o]o |ycyc| Ization Konstantin Samarin

\ M
a) EtO,CCH(CH3)P(=0)(OEt), d) Rz/\/ 39
DBU, LiCl, CHsCN | R4

N CHO > \ cHO -
b) DIBAL, CHxCl,, - 78 °C e) BaMnO,, CH,Cly 0°C
¢) TPAP, NMO, 4 A MS, CH,Cl,

(M = MgBr or Li)

37 30 - 75%
64% 38 Ry=Ry,=H
. Ri1=Me, Ro=H
f) TiCly CHoClo, | 73 _ 999 Ry =Et, Ry = Me
-78°C Ry =Ry = (CHy)y

R1=Rz2=(CHy)s

11 -

Bender J.A., Arif A.M., West F.G. J. Am. Chem. Soc. 1999, 121, 7443-7444 .
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Naza rOV—[4 <+ 3]-Cycloadd|tlon Konstantin Samarin

(0]
a) b) O Me,S
-
cat. BF3eOFEt; .' ‘4/  ¢) KOH, MeOH
45

(CH,Cl), 40°C
67%

26% overall yield
48

Wang Y., Schill B.D., Arif A.M., West F.G. Org. Lett. 2003, 5, 2747-2750

Yungai A, West F.G. Tetrahedron Lett. 2004, 45, 5445-5448 .
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The halocyclopropane Nazarov reaction Konstantin Samarin
@
A9 )
mpso ¢ OTIPS 0
Cl AgBF 4
MeCN, reflux ~n_-Cl Cl
| O - | o) |—
99%
Ph 49 Ph PH
- 50 - 51

Grant N.T. PhD thesis, University of Alberta, Edmonton, AB, 2008. 5
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Non-traditional interrupted Nazarov reactions Konstantin Samarin

o ¢

TIPS
Cl
AgBF, O
MeCN, reflux
80% "
52
53

Tirso ¢!
Cli
Br AgBF, 0
MeCN, reflux
e gs
54
55
Tirso ¢!
Cl MeO
AgBF, 0
MeO MeCN, reflux
48% "Cl
56

Grant T.N., West F.G. Org. Lett. 2007, 9, 3789-3792

|

l

|
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Platinum-Catalyzed Enantioselective  caich-Group Seminar
. . . Konstantin Samarin
Polycyclization Reactions

O—Ph3CH ) ~
P,Pt2* 58 | N
yZ
O—Ph3c®
@ 7 P
O—Ph3c MeOH @ |
\/
P.OH ®
p i H
o) 59
- O (S)-xylyl-phanephos
H 61
60

Mullen C.A., Campbell A.N., Gagne M.R. Angew. Chem. Int. Ed.
2008, 47, 6011-6014
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Platinum-Catalyzed Enantioselective  caich-Group Seminar
. . . Konstantin Samarin
Polycyclization Reactions

|
:
G

(0

HO
q8s

Et H n.d., 10% ee

" on ©
NN
= H
66 Et  61% 87%ee
OH - =\
U = 10
()
70 7 n.d., 12% ee 72 H
73 76%, 64% ee
Conditions: 10 mol% [((S)-xylylphanephos)Pt](BF 4)2, (a) solvent was MeNO;

(b) ee was determined after hydrogenation of product

22mol% AgBF, 2.1equiv Ph3COMe (resin), EtNO, rt
' ' n.d. = not determined

Mullen C.A., Campbell A.N., Gagne M.R. Angew. Chem. Int. Ed.
2008, 47, 6011-6014
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Gold(l)-Catalyzed Enantioselective

Polycvyclization Reactions

Gaich-Group Seminar
Konstantin Samarin

EtO,C CO,Et

|| B NHTs

74

EtO,C CO,Et

76

EtO,C

EtO,C |
OMe
X
78

3% (R)-MeO-DTBM-
BIPHEP(AUCI),

3% AgSbFg
m - xylene, rt

5% (R)-MeO-DTBM-
BIPHEP(AuCI
(AuCl) g

5% AgSbFg
m - xylene, rt

OMe

3% (R)-MeO-DTBM-
BIPHEP(AUCI),

3% AgSbFg
m - xylene, rt

75

H

75%, 92% ee

77

96%, 93% ee
98%, 94% ee
93%, 93% ee

61%, 97% ee

OMe
t-Bu t-Bu
t-Bu
O OMe
MeO P\AuCI t-Bu
MeO P,AuCI t-Bu
O OMe
t-Bu
t-Bu t-Bu
OMe

(R)-MeO-DTBM-BIPHEP(AUCI) »

(R)-MeO-DTBM-BIPHEP = 2,2'-bis[di(3,5-di-tert-butyl-
4-methoxyphenyl)phosphino]-6,6 '-dimethoxy-1,1 '-biphenyl

80

Sethofer S.G., Mayer T., Toste F.D. J. Am. Chem. Soc. 2010, 133, 8276-8277

16
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Indium(l1l)-Catalyzed Cationic Cascade «onstantin Samarin

C

| 78% 92% ee |

\\* \* > .

TBSO | | TBSO' I:I TBSO" | | 88%, 5% ee  TRSOM
81 82 83
MeO OMe
_——
90%, 94% ee N Me
TBSO™ | TBSO' TBSO"
85 86 87
N —_— reaction condiotions: InBrs DCM, -20 °C
| 60%, 90% ee

TBSO™ | | TBSO™

89

Surendra K., Qiu W.W., Corey E.J. J. Am. Chem. Soc. 2011, 133, 9724-9726
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Enantioselective Proton-Initiated Gaich-Group Seminar
. . Konstantin Samarin
Polycyclization of Polyenes

Cl
o2 _H
> SbCl;
o
LI2CUC|4 H
THF 0°C 94
Cl
e >
DCM, -78 °C, 4h
84%, 92% ee

BrMg 92

Surendra K., Corey E.J. J. Am. Chem. Soc. 2012, 134, 11992-11994
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Enantioselective Proton-Initiated
Polycyclization of Polyenes

0.5 equiv.
(R)-BINOL-
SbCls
—_—

~ 80%, 91% ee

96
MeO OMe

—_—
~ 85%, 87% ee

100

Br Br

—_—
~ | 82%, 90% ee

104

O S|—t Bu

O-Sli—t-Bu
t Bu

t-Bu
I
~ 89%, 92% ee

para:ortho = 9:1

108 109

OMe
(Ztg@/ 76%, 84% ee

O Sl—t Bu

para:ortho = 8:2 Q@Q/

Gaich-Group Seminar
Konstantin Samarin

1 equiv.
(R)-BINOL-
SbCls

.
70%, 90% ee

O—Sli—t-Bu
t-Bu

t Bu
74%, 90% ee
para:ortho =9:1

Surendra K., Corey E.J. J. Am. Chem. Soc. 2012, 134, 11992-11994
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o-Keto-Esters as Initiators of Cationic

Polycyclization

BnN Sc(OThs (0.2 eq)
NS Pybox A (0.2 eq)
B Laal s N
(CH,Cl) 1t, 24h
0
co,Me 112

Sc(OTf); (0.2 eq)
Pybox A (0.2 eq)
_—

(CHoCl)y, 1t, 24h

o)
CO,Me 114

%

Pybox Ilgand A

83%, 92% ee

l H

—0 - =0

<o Sc--"N\ D ~— Sc----N\ Y
MeO—=0"" M\

@/

A favored

Gaich-Group Seminar
Konstantin Samarin

Proposed mechanism

A,

—

N
J~/o

NS

B disfavored

Zhao Y.-J., Li B., Tan L.-J. S., Shen Z.-L., Loh T.-P. . Am. Chem. Soc. 2010, 132,

10242-10244
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Thiourea-Catalyzed Cationic Gaich-Group Seminar
. . Konstantin Samarin
Polycyclization

I thiourea catalyst
------------------------------- b A
Yz OMe OMe

15 mol% thiourea

I 25 mol% HCI
_—_—

B cation - T interactions 7] -HX o 4A MOS, TBME o a
s OH -30°C, 48h
R* )I\ /\. 19 120
N N °
| | +
H\ Ie) /H
N
X

8
i~

R

anion binding

Catalysts
CF; CF; CF;
t-Bu S t-Bu S ;Bu S /@\
Ill\"/-\NJJ\N CFs % N\n/.\NJLN/@\CF?, N\n/\N)LN CF3
g H H g H H g H H
10% 12% O 33%
121 9% ee 122 25% ee O 123 61% ee

N
% DDD
60% ce 125 95% ee
124 O O 126

Knowles R.R., Lin S., Jacobsen E.N. J. Am. Chem. Soc. 2010, 132, 5030-5032 »



Thiourea-Catalyzed Cationic Gaich-Group Seminar
. . Konstantin Samarin
Polycyclization

OMe OMe

96h

— > 72h
o _N I 51%, 89% ee | _—
UOH o~_N 72%, 94% ee
T Pon
127 128 129 130
Me Ph
| 96h | 120h
—_— = e —— @
(o) N 62%, 91% ee (o) N 54%, 91% ee
131 133
t-Bu
OO 72h
96h —_—>
| EEE—" . o N 75%, 92% ee
o- _N 71%, 91% ee U
U .
OH
137
135
Conditions: 15 mol% cat. 6, 25 mol% HCI,
72h 4A MS, TBME, -30 °C
_——

© (a) Reaction run with 2.0 equiv of TMSCI

a
(b) Rection run with 50 mol% HCI
(c) Reaction run at -10 °C

Knowles R.R., Lin S., Jacobsen E.N. J. Am. Chem. Soc. 2010, 132, 5030-5032 .
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Ishihara’s halocyclization method Konstantin Samarin
o) o)
E‘f I:‘é@ @
N—-X ———>» N X—Nu
0 ‘> 0 |
141 Nu 142 X

NO ©
®
Nu—X Ek\
ol " _
144
Nu + NH
145 o)

Sakakura A., Ukai A., Ishihara K. Nature. 2007, 445, 900-903 s
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Ishihara’s halocyclization method Konstantin Samarin

NXS (1 equiv.)
nucleophile (30 mol.%)

~ DCM
-78°C, 24h
then -40°C, 6h
143 144
— ] X=1, Br
) Yield
ABratio=7:3
in all cases
X=| X = Br
PBU3 99 81
P(CgHa(p-OMe)3) 87 88
This reaction was conducted in toluene —— PPhs 67 7
P(OPh3) 51 60

Sakakura A., Ukai A., Ishihara K. Nature. 2007, 445, 900-903 »



Ishihara’s halocyclization method

Gaich-Group Seminar
Konstantin Samarin

_——
X 57%, 95% ee
143

absolut configuration
not determined

~ 64%, 91% ee

Tin

149
150

b) CISO3H, i-PrNO, -78°C, 4h

OMe oM
e
_—
X 58%, 91% ee
147
94:6 dr
AN —_—

52%, 99% ee

152

153

Chiral nucleophile

SiPh,
reaction condition: a) NIS (1.1 equiv.), chiral promoter, toluene, - 40°C, 24h OO §——Ph
o<
—P—N
(o) \H

E E SiPh; 154

Sakakura A., Ukai A., Ishihara K. Nature. 2007, 445, 900-903

25



Phosphite-urea catalysts for Gaich-Group Seminar
. . Konstantin Samarin
bromocyclization

o)

Br\N
156

(0]
ArHO
step 1 ArO\@ Ar I\
© Er
® ArRrO o Br
Aro\P AI'O\P, Br e (o]
“1
AR AR )N\J§ — b
158 o 0

157 161

step 2

Br
| Br

NS
®Br
143 155 Cyclization

Br

162

159 12 160
in each reaction

Sawamura Y., Nakatsuji H., Sakakura A., Ishihara K. Chem. Sci. 2013, 4, 4181-4186 e



Phosphite-urea catalysts for Gaich-Group Seminar
. . Konstantin Samarin
bromocyclization

ArO\

Aro—F 0
o Br
T~ o0

JU A
N

164

ArO
AI'O’ | @
\©\ 7 > ArO’ S @

=<I

Sawamura Y., Nakatsuji H., Sakakura A., Ishihara K. Chem. Sci. 2013, 4, 4181-4186 .



Phosphite-urea catalysts for

bromocyclization

Gaich-Group Seminar
Konstantin Samarin

a) DBH (1.1 equiv.), toluene
phosphorous ligand (0.5 mo;%)

Ar -60°C, 24-30h
X b) SnCly, TFA, i-PrNO,
-40°C, 24-39h Br
167
Ar Yield dr

4-MeCgH, 94 95:5
4-FCgH,4 91 > 99:1
3,5-Me,CgHs 84 > 99:1
1-Naphthyl 91 92:8

FsC

F;C O
O Ph o) CF;
q »_N
NH H
Ph

o)

I N—Br
N

Br”
o)
1,3-dibromo-5,5-dimethylhydantoin (DBH)

169
Ph

FsC

P—0
o

&

hosphorous ligand
Ph phosp g

170

Sawamura Y., Nakatsuji H., Sakakura A., Ishihara K. Chem. Sci. 2013, 4, 4181-4186
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Reagent

IPy,BF (0]
|PY2BF4 24 /
HBF, ,DCM
©/ HBF4 DCM - ©/
85 C, 72h e -85°C, 15h
N
86% 72%
172 173 | A N| D
= N\I/ P
®@ ©O
?OzMe BF4
MeO N IPyzBITjé;.; equiv.) MeO IPy,BF,
-
X DCM, -80°C, 15h
OMe N X 41%

174

Barluenga J., Trincado M., Rubio E., Gonzalez J. J. Am. Chem. Soc. 2004, 126, 3416-3417 b
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Barluenga’s Hypervalent lodonium
Konstantin Samarin

Reagent

Mechanistic proposal

R i R

® z @
N T = PO O 4R : LO_«R
(@) o) I I@

176 l 180 l
I

181

178

Barluenga J., Trincado M., Rubio E., Gonzalez J. J. Am. Chem. Soc. 2004, 126, 3416-3417 .
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Snyder’s reagents for halocyclizations Konstantin Samarin

Br, (1 equiv.),

1,2-dichloroethane,
-30°C, 30 min; H
Br —

warm to 30 °C; T )
Et;S + SbCl > S
28 5 _20°C; filtration Et”@ Et SbClsBr
(87%)

BDSB (bromodiethylsulfonium
bromopentachloroantimonate)

l, (0,5 equiv.), 183

1,2-dichloroethane,

0°C, 10 min; |

25 °C, 2h; é @)

Et + SbCl r
28 ®  add hexanes; Et”@® Et SbClsl
-20°C; filtration
(78%) IDSI (iododiethylsulfonium
iodopentachloroantimonate)
184

Cl, (1 equiv.),

1,2-dichloroethane, Cl

-30°C to 25 °C; é ©

+ bCl >
Et,S ShCls add hexanes; Et”"@® Et SbClg
-20°C,; filtration
(91%) CDSC (chlorodiethylsulfonium
chloropentachloroantimonate) .
185

Snyder S.A., Treitler D.S., Brucks A.P. J. Am. Chem. Soc. 2010, 132, 14303-14314

31
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Snyder’s reagents for halocyclizations Konstantin Samarin

OMe

OMe
BDSB (1.1 equiv.),
CH3NOy -25 °C, 5 min
76%
NS
186
Br

MOMO BDSB (1.1 equiv.),

CH3NO, -25 °C, 5 min
o
OMOM 74%
& Br
188

a) BDSB (1.1 equiv.),

CH3NO, -25 °C, 5 min
>
b) Me3;SO3H (15 equiv.)
= 1h
N 58%
190

187

Snyder S.A., Treitler D.S., Brucks A.P. J. Am. Chem. Soc. 2010, 132, 14303-14314

32
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Snyder’s reagents for halocyclizations Konstantin Samarin

OMOM

BDSB (1.1 equiv.),
CHsNO, -25°C, 5 min
, i

31%

192

peyssonoic acid A

Snyder S.A., Treitler D.S., Brucks A.P. J. Am. Chem. Soc. 2010, 132, 14303-14314 .
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Snyder’s reagents for halocyclizations Konstantin Samarin

OMe

IDSI (1.2 equiv.),
CH3NO, -25°C, 5 min
>
90%
MOMO IDSI (1.2 equiv.),
CH3NO, -25°C, 5 min
>
OMOM 85%

) IDSI (1.2 equiv.),

CH3N02 -25 °C, 30 min

>

Me3SO3H (15 equiv.)
58%

195

Snyder S.A., Treitler D.S., Brucks A.P. J. Am. Chem. Soc. 2010, 132, 14303-14314

34
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Snyder’s reagents for halocyclizations Konstantin Samarin

IDSI (1.2 equiv),

CH3NO, 5 min, -25 °C

AN >
79%, 19:1 dr

198

LiCl, DMF
80°C, 12h | 97%

\\\O

loliolide 201

Snyder S.A., Treitler D.S., Brucks A.P. J. Am. Chem. Soc. 2010, 132, 14303-14314

35
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Snyder’s reagents for halocyclizations Konstantin Samarin

CDSC (1.1 equiv),
CH3NO;, 5 min, -25°C
>

Cl

X 46%

96

o) OtBu
CDSC (1.1 equiv),
CH3N02 5 min, 0°C
N ’ >
20%

203

o) OH
CDSC (1.1 equiv),
CH3NO, 5 min, -25°C
N ’ >
38%

198

Snyder S.A., Treitler D.S., Brucks A.P. J. Am. Chem. Soc. 2010, 132, 14303-14314 ,



Non-stop tail-to-head polycyclization

Gaich-Group Seminar
Konstantin Samarin

¢) (COCI);
\JI\ TMEDA THF b) V(O)(acac), NaHMDS 3 .
HO Et,0, 25 °C; TBHP PhH \9\/\?'\/\/'\
geranyl - Br 89% 90% for two steps
205 52%
&) MeAICIyf
Me,AICI, 54%
DCM, -78°C
/\ c6-C7
hydride shift
@ == Ie) NS X
) -~ C) ~ LA =
L;Al0 L;Al0 @
21
\
Path A H ©-Cbond H | Elimination or hydride shift
\ ® — H H
o o
L,AIO L.AIO S
3
212 213 HO OHC
o, 215
-G bond 214 18% > _
H H H
hydride shift 2%
R ride shi
Path B % C - C bond ¥
—— ——
L
© o
L,AIO L,AIO
OHC
217 218
216 W,
hydride transfer l
H
H H
) LiAIH,
/ hydride shift / <
-
g) ArSeCN,
S BusP; H;0;
OHC 10% L;AIO 78%
B - Funebrenes B — Cedrenes
222 221

220 1.2

219

Pronin S.V., Shenvi R.A. Nat. Chem. 2012, 4, 915-920
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Non-stop tail-to-head polycyclization

Gaich-Group Seminar
Konstantin Samarin

a) PhSeCl,
(E)-Geranyl "CS o ¢) LDA, TMSCI OTMS
T™S
acetone ML, Cul, = S, TMS i p S,
HMPA
65%, 2 steps 223 E/Z =11 224 N
d) NBS;
vinyl - MgBr, | 739 2 steps
HMPA
\/\ i) e) EtAICI, o
ryTMS \ -— X Z L, _TNS
/ 7/ /TMS 0%
225
2 o “ @6\) 226
LA™ AlLs
n A i
h) MsCl, EtsN;
then LAH N
67% w
OR
>
iy TEMPO,
NaClO,,
228 NaCIO
OR 63% CO,H
Cumacrene Dunnienoic
R =0H acids
f) TBSCI 229 ’30 ’31

R =0TBS
|g) TBAF 228
R =OH

Pronin S.V., Shenvi R.A. Nat. Chem. 2012, 4, 915-920
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Thank you for attention!

Questions?



