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研究成果の概要（和文）：筆者が開発したアンチWacker型環化反応における環化段階が，パラジウム触媒の単独作用，
もしくは有機金属試薬との共同作用によって行われているのか明らかにすべく，本反応に対する有機金属試薬の影響を
調査したところ，前者の機構を支持する結果が得られた．さらに，本反応の有用性を示す目的から，抗腫瘍活性を有す
るハオウアミン類の合成を行った．本反応と分子内Friedel-Crafts反応を用いたインデノ－テトラヒドロピリジンの構
築，鈴木‐宮浦クロスカップリング反応，（シアノメチル）トリメチルホスホニウムヨージドを用いたマクロ環化反応
を経て，ハオウアミンA, Bの形式合成を達成することができた．

研究成果の概要（英文）：We have developed palladium(0)/monophosphine-catalyzed trans-selective arylative 
cyclization reactions of alkyne-aldehydes with organoboron reagents leading to 3-substituted 
2-cyclohexen-1-ols and/or 2-alkylidene-cyclopentan-1-ols. The remarkable trans selectivity of the 
processes would result from the novel reaction mechanism involving ‘anti-Wacker-type’-oxidative 
addition followed by transmetalation. The proposed mechanism is supported by an experimental result that 
(E)-8-phenyloct-7-en-5-ynal undergoes a reductive cyclization in the absence of organometallic agents. 
Formal synthesis of haouamine A and B was effectively achieved by 1) large-scale synthesis of 
indeno-tetrahydropyridines through the ‘anti-Wacker’-type cyclization and intramolecular 
‘Friedel-Crafts’-type reaction, 2) Suzuki-Miyaura cross-coupling with 2-boryl-2-cyclohexen-1-one 
ethylene acetal, and 3) (cyanomethyl)trimethylphosphonium iodide-mediated macrocyclization of amino 
alcohol intermediates.

研究分野： 有機合成化学

キーワード： アンチWacker型環化反応　環化機構　パラジウム　有機ボロン酸　トランスメタル化　ハオウアミン

  ２版
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reductive
elimination

�

� œǹèµCM~tf~Ý�=α,β-�ǾÑM
~tf~Ý4,âĠ ?�,/<>ȆĺÅċ
0Ƈ�ǛĖč1Ȇc|�Y�=WY4,â¾
 ?Ȉ5)�0�,1Ȇc|�YǛĖč�M~
tf~Ý,i|XIxƺç0�Ǫ�ĂĐƤ
0��/ǌ×�Ȇǹèǉñ. 0¢i|XIx
ƺç0�ǾÑƗËC��$¯è«œǹèµ
40œŃĥĢȄF�_WackerÜǡ¾ŷ�»
10ȅȅ/<'*ŶŬ�*�?:0,Ɵ1$
ȄScheme 1, path AȅȈĺÅċŊŇ/2�*Ȇ
ĵŊǦôǀƯ 21ů�$F~Sf~i|XI

x 3, 4 0c|�Yy]~¾µ,�*ŊƤ�Ȇ
�ǭ� 5, 6 C�1Ȇǜ¦ŷƦǶ/<>�»�
Ů¾� 7, 8 �ůĐ ?:0,Ɵ1=@?Ȉ�
��.�=ȆŰ�?ĵŊǦô/<'*Ů¾¼
ū�ä��âB?ßË��?�,;Ȇ�@6
+ĵŊǦôǺªé�+1Ů¾��ą=@*
�.��,�=ȆĺÅċ0ƺçUHQ~/2
�?Ů¾Ŏǳ�ȆĵŊǦô,0ªÌ�Ű/<
'*ưB@*�?ÉƤč��?Ȅpath BȅȈ
 .B&ȆȊ¢i|XIx,F~O��=Đ
?i|^WQ�o�r�Ȅ�ȅ9 /ò�*c
|�Yy]~¾,Ìİ/Ů¾�ǌ�>Ȇźĝ
F~Sf~i|XIx�ǭ� 5, 6 �ůĐ 
?ŊŇ/(�*:�Ɵ0�Û��?Ȉ�
 
ȌȈſƅ0Źŷ 
� F�_WackerÜŮ¾Åċ0ƺçUHQ~
/2�?Ů¾Ŏǳ�i|XIxƺç0Àũ
�Ű:��1ĵŊǦôǀƯ,0ªÌ�Ű/
<'*ưB@*�?0�Cį=�/ ?Ȉ�
=/Ȇĺ�»�Ů¾ÅċCãŮþůŦŖčŦ
ǋ0ËĐ/ċŰ�Ȇ#0ĵŰčCƀ Ȉ 
 
ȍȈſƅ0Īŕ 
� ĵŊǦôǀƯ,0ªÌ�Ű/<>Ů¾�
Ǖư�*�?ÉƤčCĜ?5�ȆŰ�?ĵŊ
Ǧô/<'*Ů¾¼ū�â¾ ?�»�Ů¾
Åċ/(�*¬üƎłCư'$Ȉ6$Ȇi|
XIxƺç0Àũ�Ű/<'*Ů¾�Ǖư
�*�?0�ņƿ 5�ȆĵŊǦôǺéÚ�
/2�*:Ů¾��ą=@?�ņƽCư'
$Ȉ�=/ȆĺÅċ0ĵŰčCƀ Źŷ�=Ȇ
ãŮþůŦŖčŦǋ,�*ĕƧŵŖčCĵ
 ?hLIFw�ǽ0ËĐCư'$Ȉ�
�
ȎȈſƅĐŀ�

ȄȋȅŮ¾Ŏǳ/2�?ĵŊǦôǀƯ0ă¸�


F}�~t��ǡ0ƞĠÝ¼ŀ�

� �@6+0ņƽ+Ȇǹè¡�ÝCĵ ?F

}�~t��ǡ0Ī�ǹèœÿÝCĵ ?

:0<>:Ȇžİǭ+Åċ�ìƗ�ȆÆūƬ

��»�Ů¾�C�1?�,��2�2ƸŞ

�@*�$Ȉ#�+Ȇǹè¡�Ý2<3œÿ

ÝCÎ8ȌƄǽ0F}�~t��ǡCÌǥ

ŚË�ƉËîȁCư'$,�AȆ�ķ/Å�

*Ȇ�Ơ0ǭ/Åċč0ö1Ʒ=@.�'$Ȉ

�0ǴȆt��ǡ0áǥ/<'*Åċǒü�

�� ?�,:į=�,.>Ȇŧ/Ȇǹèœ

ÿÝCĵ ?F}�~t��ǡ/(�*�

0¥Í�ǼƮ+�'$Ȉ�ƫ/t��ǡǀƯ

1ǖǶ0t��ǡ,t��ǡŤŒŦȄt�O

W�ȅCÎ7ȆǹèœÿÝCĵ ?F}�~

t��ǡ/Ǯ�*1ŠŘ�+0úƱ�´Ơ

/¤>; � 11)Ȉ�@=0�,�=Ȇǹè�

Ǎ.F}�~t��ǡ1Ȇc|�Yy]~¾

Ƥ0���/»1ȆĐ¯�/ã�Î6@?ǖ

Ƕt��ǡ0ǡ¾ŷ�» 12).-/<'*i

|XIxƺç0ĵ¼šüC��Ȇ�»�Ů¾



ÅċCǯð ?:0,ĞŞ�@$ȈîǴȆt

��ǡ0�B>/t��ǡKYa~CŰ�

?�,/<'*Ȇt��ǡCǗ·ǥŰ�$Ǵ

0Åċ0ŜǒCĔ1?�,�+�$Ȉ�

�

(ĵŊǦôǺªé�+0Ů¾Åċ�

� ň.Ýǋ0Ů¾ÅċCņƽ�*�$�

+ȆŢƒaV�Cĵ ? 1,3-K�H� 10a
07�ĵŊǦô0éÚ�.�Ľ�+Ȇǜ¦ŷ

Ů¾� 11a C�1$ȄScheme 2ȅȈŮ¾�
11a 0Œƒş1Ȇǣy]g�~Šç2<3ǣ
Œƒ¾F~bjd 10b CŰ�$îȁ/<>Ȇ
Šç+1.�ȆÁĨ 10a 0F~bjd/űľ
 ?�,�B�'$ȈŮ¾� 11a 0�/Ȇů
ĐŦ,�*y_~KYa~ 12 2<3F~T
�~ 13a �ą=@*�?�,�=ȆycO\
i|XIxȄScheme 1, �ǭ� 4 /Żāȅ/
<? TishchenkoÜÅċ 13)/<>ȆKYa~

12 ,jd}di|XIx�ůĐ�Ȇǜ¦ŷ
ƦǶ/<'* 11a �ą=@$:0,Ɵ1=
@?ȄŒƒƃ½0ǴȆF~T�~ 13a :�ǝ
¶ů ?ȅȈ�0Ɨŀ1Ȇi|XIxƺç0

Àũ�Ű/<'*Ů¾�Ǖư�*�?�,

CĀ�ƀÓ�*�?ȈĺÅċ/2�?kf~

i|XIx�ǭ�1F~O}b����F

}~i|XIx,0úƱ�éÚ ?$9Ȇv

��ǡKYa~;Fw�.-0ǺǦôčœ

ŃµCÈ�¨@?�,��Ď�@ 14)ȆŬÚ#

0ó¨/(�*ņƽCư'*�?Ȉ�

Ph

O

X
Ph

X

OH

Ph

Y
X

2 mol% Pd(PPh3)4

MeOH, 80 °C
12: Y = CO2Me

 (a: 44%, b: 40%)
13a: Y = CH2OH (14%)
13b: Y = CD2OH (10%)

11a (21%)
11b (23%)

+

10
a (X = H), b (X = D)

Scheme 2. Reductive Cyclization and Tishchenko Reaction of 10 �

�

ȄȌȅãŮþůŦŖčŦǋËĐ40ċŰ�


¯è«F�_WackerÜŮ¾Åċ/<?h
LIFw�0ËĐȄ#0ȋȅ�

� Ƙ�*ȆĺÅċ0ĵŰčCƀ 5�ȆhL

IFw�ǽ 15)ȄFigure 1ȅ0©ËĐ/ċŰ 
?�,,�$ȈhLIFw�ǽ1H�bg�

ac|jd�l}X�Ů,ȃü/ŌD%F

V�i|WQ�mE�ȆXF}�~ƊÕƑŢ

ƒȆŉǻ��ǣƗËCŇǓ�0ŧĈ,�$F

~M�Hd+�>ȆN�Ɠƣ/ò�Ɠƣŏč

Cƀ �,�ÞÏ�@*�?Ȉ�@6+/Ȇ

Baran16)ȆTrauner17)Ȇćõ 18)=/<'*h

LIFw� A, B 0ğÔŇǓȄH\hLIF
w� Bȅ2<3ƻŋŇǓ0©ËĐ�ǘĐ�@
*�?�ȆhLIFw�ǽ0ůŦŖč0Í�

CŹĚ�$ǽƛ�0ËĐCÉƤ/ ?ŁǏ

�(¹ǥ�?ËĐŕ1�@6+ÞÏ�@*

�.�Ȉ 

N
H

HO

HO

HO
OH

B

A
D

C
E

F
14a: haouamine A: R1 = R2 = H
14b: haouaamine B: R1 = OH, R2 = H
14c: iso-haouamine B: R1 = H, R2 = OH

R1

R2

G

Figure 1. Haouamine A and B �

�

� hLIFw�0ËĐ/2�*ĳ:ǷǮ,

.?0�Ȇȃü/ŌD%FV�i|WQ�m

E��ABŮ	 CÎ8 11ÒŮȄGŮȅ0Ňƍ+
�?Ȉ#�+ȆƋƠ1ũƨ0ēŕ/<'*Ȇ

FV�i|WQ�mE�ȂńCŇƍ�<�

,Ɵ1$Ȉ .B&ȆĹƈF~O�2<3F

}�~t��ǡKYa~CÎ8M~tf~

¾ËŦ 15 0¯è«F�_WackerÜŮ¾Å
ċ/<'*ȆŌ7�ƚÑ�@$ 12 ÒŮi|
XIxǪ� 16 CĂĐ�$ĄȆǜ¦ŷƦǶ/
<'*ËĐ�ǭ� 17 �ą=@?:0,Ɵ1
$ȄScheme 3ȅȈ 

N
H

PO

PO

OP

B

A

18

N
H

R
PO

PO

OP

Pd(PPh3)4

MeOH

B

A

17

N
H

R
PO

PO

OP

B

A

16

Pd

N
H

PO

PO

OP
B

A

15

(RO)2B

O

R

HO

HO

Scheme 3. Our Strategy for Aza-Paracyclophane Synthesis

PO
GG

�
�

� zb~ÅċÝǋCF~bjd 26 /ƾí�Ȇ
6!#0ǄƴCư'$ȄScheme 4ȅȈĻǤŹ
=/<'*ǬŶ�@$ēŕ 19)/Ý)�Ȇ÷Ǌ

0 1,8-XFwgem]��+£ǈ�@$ o-q
�[�Xt��ǡleT�~KYa~ 19 ,
Ȅp-n�zmJf~ȅǠǡy_~Ȅ20ȅ0ǧ
ĸ�ïŗQ�YM`o}�RÅċ/<>kF

}�~ 21 CËĐ�$Ȉy_~KYa~ 21
CDIBAL/<>F~bjd22�4,ǜ¦�Ȇ
±ǐǄƴ�$ N-o�i~P~-mJf~F|
fg�~ 23 0ǜ¦ŷFwg¾Åċ/Ű�$Ȉ
ą=@$Ɗ�ƑFw� 24 0 1,8-XFwge
m]��Cǡ»Œ¯ƹĽ�+ǱÂ�Ȇt��

ǡ,�$ĄȆÅċƏ�/leT�~Cś» 

?�,+Ȇt��ǡKYa~ 25 4,âĠ�
$ȈĳĄ/ȆƊ�ƑŒǡÝC Swern ǡ¾/
<>F~bjd4,âĠ ?�,+Ȇzb~

ÅċÝǋ 26 Cą?�,�+�$ȈF~bj
d 26 CȃøǢĽ��Ȇac|OYȄc}m
Jf~sYmG�ȅi|XIxC¾êǥǅǥ

Ű�*¯è«F�_WackerÜŮ¾ÅċCǀ



7$�ȆŮ¾� 27 Cą?�,1+�!ȆÅ
ċÝǋ0¯ƹ�ƸŞ�@$ȈN,N-XF~O~
ƞĠFwgF~bjd�ĺ�»�Ů¾Åċ/

ò�Åċč���Ȇ�(F~bjd0¾êŷ

ëíč�����,�#0Á×+�?,Ɵ

1=@?Ȉ6$ȆŌ70ä�.FV�i|W

Q�mE� 17 �Åċ�ǭ� 16 �=ǜ¦ŷ
ƦǶ ?Ǵ/ȆF�_WackerÜŮ¾Åċ/
ĉƶ.zgsYmG�ǟ�è�Ǚ�*�.

� 20)�,:#0�×,�*Ɵ1=@?

ȄScheme 3ȅȈ#�+Ȇ¯è«Åċ/<?h
LIFw�0ËĐCǆ9Ȇĩ$.ËĐđŲC

ƇŅ ?�,/�$Ȉ�

X

danB
Bpin

danB NH
Ph H
HO

21: X = CO2Me
22: X = CHO

N
Ph H

X

HO

24: X = Bdan
25: X = Bpin

N
Ph H

26

Bnip

O

Pd(PPh3)4

MeOH N
Ph H

27

HO

K3PO4
Pd(dppf)Cl2

aq. 1,4-dioxane
60 °C

NaBH(OAc)3
DCE, rt

DIBAL, DCM
-98 °C

6 M HCl, THF
60 °C; pinacol

Swern Ox.

19
+ 23

NH

NH
B

O
B

O

Bdan

Bpin

Br

MeO2C
20

Scheme 4. Synthesis of 26 and Intramolecular ‘Anti-Wacker’-Type Cyclization �
�

(F�_WackerÜŮ¾ÅċC²Ű�$hL
IFw�ǽ0ËĐȄ#0Ȍȅ�

� hLIFw�ǽ0FV�i|WQ�mE

�Ȃń1 Baran=0ēŕ 16d)/Ý)�ȆWQ

�pOZg� 28 CŰ�$vQ�Ů¾Åċ/
Ƙ�mJg�~40ǡ¾Åċ/<'*Ňƍ

 ?�,,�$ȄScheme 5ȅȈFwgF~T
�~ 28 1ȆƩƒÁèCÎ8H�bg�ac
|jd�l}X� 29 ,WQ�pOZf~t
��ǡKYa~ 30 0ǧĸM`o}�RCƖ
* ą ? � , / � $ Ȉ Rawal21) 2 < 3

Trauner22)/<?hLIFw�ǽ0H�bg

�ac|jd�l}X�Ȃń0ËĐŕCÃ

Ɵ/ȆŮŨƊ�ƑF}~F~T�~ 31 0¯
è« Friedel-CraftsÅċ/<> 29 CŇƍ 
?�,,�$ȈƊ�ƑF~T�~ 31 1Ɗ�
ƑF~T�~ 32 0ǡ¾ȆGrignard ǀƯ0
1,2-�»/<>ą?�,�+�?ȈF}~F
~T�~ 32 1Ȇo-n�zF}�~t��ǡ
3423)CŰ�$F~bjd 33 0F�_

WackerÜŮ¾Åċ/<'*ą=@Ȇ33 1§
êŖč.mJf~F|f�ǂó��=Ǆƴ

+�?ȈĺËĐƖǎ/2�*1ȆmJf~F

|f�0q�[�Ů�0ƞĠÝȆF}�~t

��ǡ 34 2<3 Grignard ǀƯCâ1?�
,+ň.ǽƛ�0ËĐ�ÉƤ,.?Ȉ�

NTs

Br

H

TBSO

MeO

MeO

N
H

HO

HO

HO
OH

'Friedel-Crafts'-
type cyclization

Suzuki
coupling

B

A

14a: X = H
14b: X = OH

29a, b

X

NH
H

MeO

MeO

MeO
O

HO28a, bX

pinB

MeO2C

X

TBSO

O
O

NTs
H

TBSO

TBSO

HO
R

MeO

Br

X
31a, b: R = m-MeO-C6H4
32a, b: R = H

OHC
NTs

H

TBSO

TBSO

X

33a, b

TBSO

TBSO

X
35a: X = H
35b: X = OMe

CbzHN
CO2Me

1) macro-
  cyclization

2) oxidation

'anti-Wacker'-
type cyclization

(HO)2B

MeO

Br

asymmetric
hydrogenation

30

34

Scheme 5. Retrosynthesis of Haouamine A and B �
 
� ĦŪĬŽ0ƭǿīF~bjd 36a 2<3
36b24)C®ŶÁĨ,�*Ű�ȆhLIFw�

A 2<3 B 0ËĐ/żē�$ȄScheme 6ȅȈ
ac|y_~RFfX�éÚ�ȆCbz£ǈ�
@$FwgsYsgǠǡKYa~ 25)CF~

bjd/�Ű�"?�,+Ȇ��0Kewd

KYa~ 35a, b C¬ƗĲ/<>ÀǶ�$Ȉ
Corey =0KQaeUHX� 743 0ËĐ 26)

CÃƟ/Ȇ [Rh(cod)(R,R)-DiPAMP]BF4 (1 
mol%)CŰ�$�ħǜ¦Cư�Ȇǜ¦�0�
ǝÇ>®�Ȇ§êƐüCŔí�$,�A

97~98% ee+�'$ȈÅċƏ�/ 10%i|X
IxȉŢƒC»1Ȇ¬üŒƒǸØő�+ģĘ

 ?�,/<> Cbz Ý0ǱÂCư'$ȈA
Ǘ�šƜ/<'*ą=@$Fw�CcW~¾

�Ȇ§ýÅċĽ� 27)/<> N-o�i~P~
¾Cư'$Ȉy_~KYa~ 37a, b C�ŝ
�ȆŒƒ¾XH\n_~F~wfIx+ŭ

 ?�,/<>ȆF~bjd 33a, b 4,ǜ
¦�Ȇ¯ŘĤ�ĄȆƎƴ ?�,.�Ȇ2-n
�z-5-ycOWmJf~t��ǡCŰ�*
F�_WackerÜŮ¾ÅċCư'$ȈF}�
~t��ǡ�0ƩƒÁè0ǡ¾ŷ�»/<

?Ȇi|XIxƺçÅċ0ǯð�ďČ�@$

�ȆȃÆū+Ķ8Ů¾� 32a, b Cą?�,
�+�$Ȅcis/trans=10/1ȅȈƘ�*Ȇ�ǡ¾
v�N�CŰ�*Kg�40ǡ¾Cư�ȆA

Ǘ�šƜĄȆGrignard ǀƯ0 1,2-�»/<
'*Ɗ�ƑF~T�~ 31a, b CËĐ�$Ȉ
ĳĄ/Ȇ~HYǡ,�*�m`¾sIƒ�X

K_~K�a~Ǫ�CŰ�$¯è«

Friedel-Crafts ÅċCư�ȆH�bg�ac
|jd�l}X� 29a, b CR|xYS�~



+ËĐ ?�,/Đº�$Ȉ�

TBSO

TBSO

X

TBSO

TBSO

X

35a: X = H (76%)
35b: X = OMe (59%)

CbzHN
CO2Me

PO(OMe)2

CbzHN
CO2MeO

TMG, DCM

1) 0.4 MPa H2, MeOH-DCM (10:1)
1 mol%. [Rh(cod)(R,R)-DiPAMP]BF4
; 0.1 MPa H2, 10% Pd/C

2) TsCl, TEA, DCM
3) HCCCH2OH, TMAD-PBu3, THF

MeO2C
NTs

H

TBSO

TBSO

X

NTs
H

TBSO

(HO)2B
TBSO

HO
H

MeO

Br

MeO

Br1) DIBAL, DCM

2)

3 mol% Pd(PPh3)4
MeOH, reflux

X

NTs
H

TBSO

MeO

HO

TBSO

MgBr

1) MnO2, DCM

2)

    THF

MeO

MeO

X

Br BF3·OEt2

DCM, 0 °C NTs
H

TBSO

MeO

TBSO

MeO Br

X

36a: X = H
36b: X = OMe

37a: X = H (87%)
37b: X = OMe (89%)

32a: X = H (92%)
32b: X = OMe (91%)

31a: X = H (81%)
31b: X = OMe (57%)

29a: X = H (82%)
29b: X = OMe (82%)

Scheme 6. Synthesis of Indeno-Tetrahydropyridines 29a, b
via ‘Anti-Wacker’-Type Cyclization  

 
� ƩƒÁèCÎ8H�bg�ac|jd�

l}X� 29a, b /ò�ȆsIƒ¾ËŦ 30
CǗ·ǥŰ�Ȇǧĸ�ïŗQ�YM`o}�

RÅċCư'$ȄScheme 7ȅȈM`o}�R
�0Ȍ(0W}~ÝCac|n_~F�z

fIxm~L}d/<>ǱÂ�ȆXL�~

41a, b 4,ó�$ȈƇ�ŷ/Ɔ�$mJg
�~čŒǡÝ1Ȇ�ƞǛĖŷc}m|�c¾

CƖ?�,/<>i|XIxƺçCŰ�*

ǜ¦� 28)Ȇō>0ŒǡÝCy_~¾ ?�,

+Ȇ42a, b Cą$Ȉ�=/ȆŒƒ¾}_I
xF~wfIx/<?KYa~0F~T�

~40ǜ¦ȆcW~Ý0ǱÂCÌİ/ư�Ȇ

ą=@$FwgF~T�~0FZ]�~ǝ

�Cǡ»Œ¯ƹ ?�,+ȆŮ¾´Ȁ�+�

?Kg� 28a, b 4,ó�$ȈZaragoza=�
ǬŶ�$�WFgy_~	 c}y_~sYs

fIx{�XdȄCMPIȅ29)CŰ�Ȇ 28a, b
0vQ�Ů¾ÅċCņƽ�$,�AȆȃøǢ

Ľ��Ȅ2 mMȅȆŮ¾� 43a, b CƬå.Æ
ū+ą?�,�+�$Ȉ�@/<>hLIF

w� A2<3 B0ĂþËĐCǘĐ�ȆWQ�
4OZg�0mJg�~40ǡ¾2<3y

_~Ý0ǱÂ/<>Ȇ©ËĐ�ì� ?Ȉ6

$ȆĺËĐƖǎ/2�*ą=@$c}m|�

c�ǭ�1Ȇi|XIxƺçCŰ�$ň.

âĠÅċ/²Ű ?�,�+�?$9ȆËĐ

ƔŸ+0hLIFw�ǽƛ�0ËĐ:ÉƤ

+�?Ȉ�=/ȆH�bg�ac|jd�l

}X�Ňƍ0Ǵ/Ű�? o-h�F}�~t

��ǡ2<3Grignard ǀƯCâ1?�,+Ȇ
�=.?ãňčCę'$ǽƛ�Cą?�,

:ÉƤ+�>Ȇ�ĄȆhLIFw�0ŇǓ�

ŖčŻǮſƅ/ċŰ ?�í+�?Ȉ�

NTs
H

TBSO

MeO

TBSO

MeO Br

X
29a: X = H
29b: X = OMe

pinB

MeO2C

1)

K3PO4, aq PhMe
cat. PdCl2(dppf)

2) Bu4NF, THF NTs
H

HO

MeO

HO

MeO

X CO2Me
41a: X = H (94%)
41b: X = OMe (91%)

O
O

O
O

1) Tf2NPh, Et3N, DCM

2) HCO2H, Et3N, DMF
    cat. Pd(OAc)2-dppp
3) MeI, Cs2CO3, DMF

NTs
H

MeO

MeO

MeO

X CO2Me

O
O 1) LiAlH4, THF

2) 1 M HCl, THF
3) CMPI, DIPEA
    ACN, reflux

1) LDA, LiCl
THF; PhSNtBuCl

2) BBr3, DCM
N

H

MeO

MeO

MeO
O

N
H

HO

HO

HO
OH

X X

42a: X = H (62%)
42b: X = OMe (64%)

43a: X = H (69%)
43b: X = OMe (55%)

14a: X = H
14b: X = OH

30

Scheme 7. Formal Synthesis of Haouamine A and B  
 
ȕÿŰĦŪȖ 
1) Review: a) Tsukamoto H., Kondo Y., 
Yuki Gosei Kagaku Kyokaishi, 68, 
143–152(2010); b) Tsukamoto H., 
Yakugaku Zasshi, 128, 1259–1266(2008). 
2) a) Tsukamoto H., Ueno T., Kondo Y., J. 
Am. Chem. Soc., 128, 1406–1407(2006); b) 
Tsukamoto H., Ueno T., Kondo Y., Org. 
Lett., 9, 3033–3036(2007). 
3) Tsukamoto H., Kondo Y., Angew. Chem. 
Int. Ed., 47, 4851–4854(2008). 
4) Tsukamoto H., Matsumoto T., Kondo Y., 
J. Am. Chem. Soc., 130, 388–389(2008). 
5) Tsukamoto H., Suzuki T., Uchiyama T., 
Kondo Y., Tetrahedron Lett., 49, 
4174–4177(2008). 
6) Tsukamoto H., Kondo Y., Org. Lett., 10, 
2633–2636(2008). 
7) a) Oblinger E., Montgomery J., J. Am. 
Chem. Soc., 119, 9065–9066(1997); b) Ni 
Y., Amarasinghe K. K. D., Montgomery J., 
Org. Lett., 4, 1743–1746(2002). 
8) a) Shintani R., Okamoto K., Otomaru Y., 
Ueyama K., Hayashi T., J. Am. Chem. Soc., 
127, 54–55(2005); b) Miura T., Shimada 
M., Murakami M., Synlett, 667–669(2005). 
9) Burke M. D., Schreiber S. L., Angew. 
Chem. Int. Ed., 43, 46–58(2004) and 
reference therein. 
10) Camacho D. H., Saito S., Yamamoto Y., 
Tetrahedron Lett., 43, 1085–1088(2002). 
11) Tokunaga Y., Ueno H., Shimomura Y., 
Seo T., Heterocycles, 57, 787–790(2002). 
12) Cho C. S., Ohe T., Uemura S., J. 
Organomet. Chem., 496, 221–226(1995). 



13) Bernard K. A., Atwood J. A., 
Orgnaometallics, 7, 235–236(1988). 
14) Ogasawara M., Okada A., Watanabe S., 
Fan L., Uetake K., Nakajima K., 
Takahashi T., Orgnaometallics, 26, 
5025–5029(2007). 
15) Garrido L., Zubía E., Ortega M. J., 
Salvá J., J. Org. Chem., 68, 
293–299(2003). 
16) a) Baran P. S., Burns N. Z., J. Am. 
Chem. Soc., 128, 3908–3909(2006); b) 
Burns N. Z., Baran P. S., Angew. Chem. 
Int. Ed., 47, 205–208(2008); c) Burns N. Z., 
Jessing M., Baran P. S., Tetrahedron, 65, 
6600–6610(2009); d) Burns N. Z., Krylova I. 
N., Hannoush R. N., Baran P. S., J. Am. 
Chem. Soc., 131, 9172–9173(2009). 
17) Matveenko M., Liang G., Lauterwasser 
E. M. W., Zubía E., Trauner D., J. Am. 
Chem. Soc., 134, 9291–9295(2012). 
18) a) Momoi Y., Okuyama K.-i., Toya H., 
Sugimoto K., Okano K., Tokuyama H., 
Angew. Chem. Int. Ed., 53, 
13215–13219(2014); b) Okuyama K.-i., 
Momoi Y., Sugimoto K., Okano K., 
Tokuyama H., Synlett, 73–76(2011). 
19) Noguchi H., Shioda T., Chou C.-M., 
Suginome M., Org. Lett., 10, 
377–380(2008). 
20) a) Yamago S., Watanabe Y., Iwamoto T., 
Angew. Chem. Int. Ed., 49, 757–759(2010); 
b) Iwamoto T., Watanabe Y., Sakamoto Y., 
Suzuki T., Yamago S., J. Am. Chem. Soc., 
133, 8354–8361(2011); c) Kayahara E., 
Sakamoto Y., Suzuki T., Yamago S., Org. 
Lett., 14, 3284–3287(2011). 
21) Smith N. D., Hayashida J., Rawal V. H., 
Org. Lett., 7, 4309–4312(2005). 
22) Grudl M. A., Trauner D., Org. Lett., 8, 
23–25(2006). 
23) Kuivila H. G., Benjamin L. E., Murphy 
C. J., Price A. D., Polevy J. H., J. Org. 
Chem., 27, 825–829(1962). 
24) a) Cardona M. L., Fernandez M. I., 
Garcia M. B., Pedro J. R., Tetrahedron, 42, 
2725–2730(1986); b) Radix S., Barret R., 
Tetrahedron, 63, 12379–12387(2007). 
25) a) Schmidt U., Lieberknecht A., Wild J., 
Synthesis, 53–61(1984); b) Berwe M., 
Jöntgen W., Krüger J., Chancho-Grande Y., 
Lampe T., Michels M., Paulsen H., 
Raddatz S., Weigand S., Org. Process Res. 
Dev., 15, 1348–1357(2011); c) Azuma H., 
Okano K., Fukuyama T., Tokuyama H., 
Org. Synth., 88, 152–161(2011).  
26) Corey E. J., Gin D. Y., Kania R. S., J. 
Am. Chem. Soc., 118, 9202–9203(1996). 
27) Tsunoda T., Otsuka J., Yamamiya Y., 
Itô S., Chem. Lett., 539–542(1994). 
28) a) Cacchi S., Ciattini P. G., Morera E., 

Ortar G., Tetrahedron Lett., 27, 
5541–5544(1986); b) Saá J. M., Dopico M., 
Martorell G., Carcía-Raso A., J. Org. 
Chem., 55, 991–995(1990). 
29) Zaragoza F., Stephenson H., J. Org. 
Chem., 66, 2518–2521(2001). 
�

ȏȈ�.ŶƲǅĦƌ�
Ȅſƅ�ƲƠ)ſƅ¯ėƠÄ3ǔġſƅƠ/
1�ƙȅ�
 
�ǵǁǅĦ�ȄƼȑ�ȅ 
1) Tsukamoto H., Kawase A., Doi T., Chem. 
Commun., 51, 8027–8030(2015). 
Asymmetric palladium-catalyzed 
umpolung cyclization of allylic 
acetate-aldehyde using formate as a 
reductant. DOI: 10.1039/C5CC02176F�
łǃĵ 
2) Tsukamoto H., Shiraishi M., Doi, T., Org. 
Lett., 15, 5932–5935(2013). Alternate 
Mode of Palladium-Catalyzed 
Alkynyliminium Ion Cyclizations 
Affording Stereodefined N-Alkyl-3- 
alkylidenepyrrolidines. DOI: 
10.1021/ol402685g� łǃĵ 
�
�ê�ŶƲ�ȄƼȋȒ�ȅ 
1) àĺƳ�)�ļĮø)Ù�ǲư)
Haouamine A, B 	 ��40���)-!
&(�3,)ĭĺƯê�Ɗ 135 û�)2015
û 3Ĵ 25ĭ�28ĭ)ƁĒ 
2) àĺƳ�)�ļĮø)Ù�ǲư)
��
Wacker "*� %	+�����
��
40��!&./)ĭĺƯê�Ɗ 134 û�)
2014û 3Ĵ 27ĭ�30ĭ)ťĺ 
3) àĺƳ�)�ļĮø)Ù�ǲư)
��
Wacker "*� %	+�� haouamine
2$��!&./)Ɗ 104ÖĵŊËĐW�u
XIx)2013û 11Ĵ 6ĭ�7ĭ)Ŀ� 
4) àĺƳ�)�ļĮø)Ù�ǲư)
��
��������*� %	�+��#1'
����!&(�3,)Ɗ 42 ÖƵƒŮ¾ê
ƽǅ�)2012û 10Ĵ 11ĭ�13ĭ)�Ǟ 
�
�#0���
s�xr�X�
Ŀ¿äêƯêǝ�äêǰƯêſƅƂ�
Åċ³ĆƂê¯Ǥ0s�xr�X URL 
http://www.pharm.tohoku.ac.jp/~hannou/i
ndex.html 
 
ȐȈſƅƕƝ�
��	 ſƅ�ƲƠ� àĺ� Ƴ��

� � � � � � � ȄTsukamoto Hirokazuȅ�
Ŀ¿äê�äêǰƯêſƅƂ�Ǉù�

� ſƅƠųÊȔ70323037 
�


