
High Regioselective Hydroformylation in an Aqueous Biphasic System (1)
– Exploring New Water-Soluble Diphosphine Ligands Based on a Xanthene-Type Backbone –

Osamu KOBAYASHI, Shoichi SHIMIZU and Yasuyuki SASAKI

����������	
��
���������� (1)
�Xanthene���������� �!"#$%&'	()�

*+,-./01 345 6

*+,-. 7� 89:;<= >?

1. @@@@AAAA

��������B.C
DEF+�GHI

9�JKL�M!	9N�OPQRS�TU 600

VW$XYF	Z�[��\,-]^_`�a

Hb�FQ�� %&'�O�Wc"de�

�!"#$Wc!��fW (TPPTS) 	 Rh gh

�JKijk��l�	L�mn$	����

������BQRuhrchemie/Rhône–Poulenc L

�M! 1 ij_op^Q.C
DqrjkEs

	tuvwx��L�M!	9N�O�ay	

L�M!�BQ���KB�z{�OP,qj

k|}f~�B�D������\4]`k�

�����qjQ��i`���H���,q

�	���iJK\���]^k������

��a�	k�Q�D�j_O���	���

	O��n"#$DB��_���O�F		Q

�D��jH`��	�n"#$D�j_B�

���H`a�y�QE�DH�_�� �!

W�����`�yiD�PQ�!W�'ij

_� ���l¡¢£]¤�i`�¥�U¢£

JK�� (IPTC) �¦�j_y	§¨�©ªj

k«¬\­Nb®¯]^_`�a°±²³D´

`_F¥�U¢£JKij_µc¶·![4]Zn

~$�L¸¶W"¹~ºi������ �!

"#$%&'��qjQ�	 Rh gh����

����������������	JKij

_�`�»¼
½� 	
`���	¾¿Dq

rj_`� 2ajbjQ`À^	«¬D´`_

FÁ�Z�[���� BÂ��BHÃ�Ä�

Å�§¨ij_Æ�_`�a

9«Q���K��`�I9�	�����

������BQÁ�Z�[���� 	ÇY

�ÈÉjk±²\Ê¿DË{p^QE�+�H

ÌÍ\O�kaCasey p 3 D��_Q%&'	

  �Î�Ï¸Ð~}~ij_ÑÒWZ$Ó�

/�Ô%&'iÕÖ	H�×β1	ØÙ\ÚÛ

]^ka�Ô%&'��`_ÑÒWZ$Ó��

120 ˚Ü�DÝÞ�^ßQÁ�Z�[���� 

\àá
DÇY��yi\âb�_�ka�y

�Q�	�Ô%&'�ã� ��6äjQ��

���������¡¿Í]¤�åæFçâ^

_`� 4ajbjQ
`Á�Z�[���� 

\èp^kF		Q�	Ê B��_éÃQê

ë	���F	�BHb�ka

ì±²�By^p	oí��D xanthene ��

	��ij_î�jQ¥�U¢£JKij_�

ï��k�	ð� ��ñ�òó��k�DQ

]ôõôHö÷��ÚÛjk���� %&'

�[øÒ$:�qjkaôkQ�������

������������¡��jQE�H%

&'òù�úûjk	�®¯��a

2. ½½½½üüüü

1a´�ý 1bBQ�^þ^ 9,9-dimethylxanthene

��¿��ij_ 4,5-�|���Qc���Q

PhPCl2i	��QË`_ 4a, 4b 	c���hi

	��D�P�qjka2a, 3 B��D 4,5-�|

���	Q�^þ^
��	���
_�qj

ka�DQy^p��� i��k�D�^þ

^��D!��$��ç`QÈ
����èka

H´Q!��$��BEF�ï 	
`òù�

�j_O�aôkQ1c, 2bB diphenyl ether ��

¿��ij_�^þ^���	���
_�q

jka�ij_ 5a, 5b 	�q
�i�	�D�

qjk!��$��	È
�����h	òù

� FIGURE 1D�jka



O

a, b d1a: R = OMe
1b: R = Ph

5a: R = OMe
5b: R = C6H4-SO3Na
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4a: R = OMe
4b: R = Ph

(a) 1) sec-BuLi,  –78 ˚C, 2) Br2, –78 ˚C, (b) 1) n-BuLi, –78 ˚C, 2) PhPCl2, (c) n-BuLi, –78 ˚C, 
(d) 1) B(OH)3, H2SO4, oleum, 2) NaOH
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1a: R = OMe, X = C(CH3)2
1b: R = Ph, X = C(CH3)2
1c: R = OMe, X = H, H
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CO/H2

Ligand / [Rh(acac)(CO)2]

CHO
CHO

+

a Reaction conditions: Olefin/P/Rh = 500/8/1, CO/H2 = 1/1, 
t = 12 h. b10 atm, 80 ˚C. c14 atm, 120 ˚C. d Determined by 
GC analysis. e Yield of aldehydes.  f Ratio (linear/branched) 
includes all branched aldehydes.

Entry l/bYield
[%]

78.3
8.3

Ligand
d, e

f

1a
5a

1
2

39.5
7.2

Solvent

toluene
H2O

TABLE 1. Hydroformylation of 1-Octenea.
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