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uu}o� �v� �]v��}o�}��v� ~í uu}o� Á��� �Z��P�� ]v �Z� À]�o �v�

� ��}�l �}oµ�]}v �}v��]v]vP �v ����}��]��� o}��]vP }( ~D����ï>�

~ìXìí u}o9� Á�� �����X dZ� �����]}v u]Æ�µ�� Á�� ��]���� ��

�}}u ��u�����µ�� (}� îì u]vX Z����]}v ��}P���� Á�� u}v]�}���

�Ç í, EDZ ~(]v�o ������� ��� ��}À]����X

'�v���o W�}���µ�� (}� ����oÇ�]� ,Ç��}�}���]}v }( /u]v��X ��Çor

�µ���]�µ��� ]u]v� ~í uu}o�U �]v��}o�}��v� ~íXî uu}o� �v�

~D����ï>� ~î u}o9� Á��� �Z��P�� ]v ^�Zo�vl �µ�� ]v�]�� Po}À�

�}ÆX dZ� �����]}v u]Æ�µ�� Á�� �oo}Á�� �} �µv �� òì }�X dZ�

��}P���� }( �Z� �����]}v Á�� u}v]�}��� �Ç í, EDZX h�}v

�}u�o��]}v }( �Z� �����]}vU ���µo��� �}�}v��� ����� ���]�µ��

Á��� ZÇ��}oÇ��� Á]�Z �]o]�� P�o �v� u��Z�v}o �� òñ £� (}� ðrò ZX

dZ� �}u�o��]}v }( ZÇ��}oÇ�]� Á�� �Z��l�� �Ç d>�X dZ� �����]}v

u]Æ�µ�� Á�� (]o����� �v� Á��Z�� �Z��� �]u�� Á]�Z

�]�Zo}�}u��Z�v�X dZ� �}u�]v�� }�P�v]� o�Ç��� Á��� ��]��U

�À��}����� �v� �Z� ���]�µ� Á�� �µ�](]�� �Ç �}oµuv

�Z�}u��}P���ZÇ }À�� �]o]�� P�o ~íììtîìì u��Z� Á]�Z ���

��Z��l��ZÇo ������� ~íWñ� u]Æ�µ�� �� �oµ�v�U ÁZ]�Z ��}À]��� �Z�

�µ�� ���}v���Ç �u]v��X

��lv}Áo��P�u�v��

t� P����(µooÇ ��lv}Áo��P� (]v�v�]�o �µ��}�� (�}u �Z� E��]}v�o

E��µ��o ^�]�v�� &}µv���]}v }( �Z]v� ~'��v� E}�X îíïóîíóíU

îíòðîììð �v� îíòóðìóì� �v� W�W�X

E}��� �v� ��(���v���

í ~�� �X �Z�vPU �X ��v]�oU tX zµU �X t����U :X >]vP �v� �X ,X �X
Dºoo�� U �Z�uX D����XU îìíïU îñU ðñôñrðñõðV ~�� >X �Z�vPU zX >µ}
�v� �X ,}µU :X �uX �Z�uX ^}�XU îììñU íîóU íðñòîríðñòïV ~�� WX
�Z�vPU ,X >]�}U ,X t�vPU yX >]U &X z�vP �v� ^X �Z�vPU
K�P�v}u���oo]��XU îìíóU ïòU îððòrîðñíV ~�� >Xt�vPU tX >]U �v� zX
^}vPU Z^� ��ÀXU îìíðU ðU ðîîôñrðîîõîV ~�� yX z�vPU �X >]U �X :µU :X
Z�v �v� y XYµU �Z�uX �µ�X :XU îìíðU îìU ïõðrïõôV ~(� DX
�������o�uU DX ^�Z}�((�oU /X D�µ�]vU ZX Z�u}�]Z��]o�(ÇU 'X
�µ����U KX �o u�v�U WX >X dZ���µÆU :X WX �}]o}�U dX '��}]vU �X
�}µÌ]Pµ�� �v� �X �o�Æ�v��}µU ��^ E�v}XU îìíðU ôU íííîòríííïóV
~P� ZX t�vPU 'X >µU tX Y]�} �v� :X zµU >�vPuµ]�XU îìíòU ïîU
ôñôïrôñõîV ~Z� ^X tX �Z}U �X �X <]uU <X ^X <]uU ^X ,X :µvP �v� ,X
<X �Z}U :XD����X �Z�uX �XU îìíóU ììU írííX

î ~�� dX �X Dºoo�� U <X �X ,µo�Ì��ZU DX zµ�U &X &}µ��o} �v� DX d���U
�Z�uX Z�ÀXU îììôU íìôU ïóõñrïôõîV ~�� ^X <}��Ç��Z]U DX ^µP]µ��U
,X <]��P�Á� �v� tX >X >�uU �Z�uX Z�ÀXU îììîU íìîU îîîórîïìîV
~�� DX E]�Z]µ��U &X 'µ} �v� �X ,}µU ���X �Z�uX Z��XU îìíñU ðôU
îîìõrîîîìV ~�� DX sX z�l}À�vl}U dX �X h�]o}À�U �X sX �Z��l��}ÀU
'X <X &µl]v�� �v� �X �X d�](}v}ÀU E�Á :X �Z�uXU îìíñU ïõU íìôïr
íìõïX

ï ~�� �X DµlZ��i��U �X <X t]�P�v�U dX WX ^��v]}o �v� :X Klµ��U
��o�}v d��v�XU îìíóU ðòU òíôïtòíôòV ~�� :X ^�Zv�]���U �X WX
^]v�o]vP��U ^X DX &��]��PU ,X ^�Zµ���� �v� >X t���u�vvU �vP�ÁX
�Z�uXU /v�X ��XU îìíóU ñòU ïïïtïïóV ~�� dX :X ,��o]vP�}vU DX

,��u�vvU 'X &��vl]vP �v� �X :}v��U :X �uX �Z�uX ^}�XU îìíðU
íïòU ïìîôtïìïíV ~�� sX <X :�lZ��U DX <X ���u�v �v� ^X
E�u��vv�U K�PX >���XU îìíòU íôU ðóíìrðóíïV ~�� >X &}Zou�]����

�v� �X ^����ZU �Z�uX �µ�X :XU îìíòU îîU íìîïñríìîðòV ~(� DX <X
�]��]U ^X W�Z��U dX ���U <X s�vl� �v� ^X ^X ^�vU ��o�}v d��v�XU

îìíóU ðòU îðîìtîðîðX
ð ~�� �X �X KoµÇ��]U ^X D� �v� �X EX DµZ}�}U K�P�v}u���oo]��XU

îìíïU ïîU óìtóôV ~�� ^X ��PZ��Ì���Z �v� EX WX D�vl��U �Z�uX

�}uuµvXU îìíòU ñîU ïôððvïôðòV ~�� DX tX ��}À��U >X >X ^�Z�(��
�v� :X �X >}À�U �vP�ÁX �Z�uX /v�X ��XU îìíòU ññU ïíôírïíôòV ~��
EX ���µPµ��o�U �X t�vPU hX �Z�µ�Z��ÇU EX E�o�}vU <X <�v��oU dX
<}��Ç��Z]U /X /X ^o}Á]vPU DX W�µ�l] �v� �X �X ^��}ÁU ��^ ����oXU

îìíñU ñU óïõõtóðíðV ~�� ZX �� À�o}U �X DX s}P�o�U 'X �X D��E�]oU
>X Z]���U :X W ��Ì �v� ^X �X t����}��U ��o�}v d��v�XU îìíóU ðòU
óóñìtóóñóV ~(� �X �X �Z}vP �v� ZX <]vi}U ��^ ����oXU îìíñU ñU
ïîïô>ïîñõX

ñ sX >X t�]�v��U �X :X ���P��U DX ��o(���}U dX >X >}Z� �v� dX :X D��l�U
��^ ����oXU îìíóU óU íîððríîðóX

ò ~�� yµ� DX YXV tµ �X :XV ,}vP zX �XV ^Z�v YX W�dl�E
îìíòlìôôìðòX ~�� yµ� DX YXV ,}vP zX �XV �Z�v ^X &XV ^Z�v YX
W�dl�E îìíòlìôôìððX ~�� yµ� DX YXV �Zµ �X zXV ,}vP zX �XV ^Z�v
YX �Z�vP zX W�dl�E îìíòlìôôìñíX
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:}µ�v�o E�u� �Zd/�>�

dZ]� i}µ�v�o ]� � dZ� Z}Ç�o ^}�]��Ç }( �Z�u]���Ç îìÆÆ :X E�u� XU îìíïU ìì U írï n ñ

Wo���� �} v}� ��iµ�� u��P]v�

Wo���� �} v}� ��iµ�� u��P]v�

ó ^X �Z�vU �X z�vU DX yµ�U zX ,}vPU zX z�} �v� YX ^Z�vU K�PX >���XU
îìíóU íõU ïïôîrïïôñX

ô ~�� zX z�}U �X �Z�vPU ,X W�vPU zX �Z�vPU YX ^Z�v �v� :X >]vU /v}�PX
�Z�uXU îììòU ðñU îíóñrîíôïV ~�� tX :X �À�v�U <X :X &}������o �v� :X
tX �]oo��U :X �uX �Z�uX ^}�XU íõõôU íîìU õîóïrõîôîV ~�� tX :X
�À�v�U :X DX W��}��]U ^X �X <}Ì]u}�U dX DX �Z�u��Pv�U �X >X ��À]�U
'X tX EÇ��U �X ,X &µi]u}�}U ZX �X �o���lU DX �X :}Zv��}v �v� :X tX
�]oo��U K�P�v}u���oo]��XU îììñU îðU ïõíòrïõïíX

õ ,X ^µvU ^X �Z�vU zX z�}U YX ^Z�v �v� <X zµU ���oU K�P�v}u���oX

�Z�uXU îììòU îìU ïíìrïíðX
íì ~�� DX ���}Á�u]�ZU dX :X ,��o]vP�}vU DX ^X ,]oo �v� 'X <}�]}lr

<�ZvU �Z�uX �}uuµvXU îìíîU ðôU ðñòórðñòõV ~�� �X �X <]vPU ^X �X
�X ^�]����U EX :X ^�]����U ^X �X <}Ì]u}�U �X >X ^�}��U EX �X ^uÇ�Z�U
�X �X ^µ��}vU :X �X '}��}vU �µ�X :X /v}�PX �Z�uXU îìíòU íòïñríòðìV

~�� �X <�]�Z�oU �X �Z�����i�� �v� �X 'µv�v��Z�vU K�PX >���XU îìíñU
íóU ðóõìrðóõïV ~�� ^X ZX d�u�vP �v� DX &]v�o����U :X K�PX �Z�uXU

îìíóU ôîU íîôñó>íîôòîV ~�� tX t�vPU yX ^Z�vU &X �Z�}U ,X :]�vPU
tX z�}U ^X �X Wµo��l��U >X yµ �v� DX D�U :X K�PX �Z�uXU îìíôU ôïU
òõróðV ~(� hX <X ���U �X ^X ,]Pu�vU �X '��]�µoo]vU :X �X ,�]v �v� ZX
dX ��l��U ��^ ����oXU îìíôU ôU íìóò>íìôíX

íí ~�� zX tµU �X ^Z�vU :X z]vPU :X ^µU >X >X >]µ �v� zU �Z�}U '���v
�Z�uXU îìíóU íõU ðíòõrðíóñV ~�� 'X �Z�vPU ,X ��vPU :X tµU �X z]vU
^X �Z�vP �v� :X �X &���]vP��U �vP�ÁX �Z�uX /v�X ��XU îìíòU ññU írñV
~�� �X DµlZ��i��U ^X ^Z]����U dX WX ^��v]}oU <X D��Z]u� �v� :X
Klµ��U �Z�uX �}uuµvXU îìíòU ñîU íïíññríïíñôV ~�� �X ,µ�vPU
�X >]µU :X ��u��Z}r�µv�µ]vU 'X �Z�vPU �X z�vPU :X DX >���Ìr
�v���v��]�vU zX yµU DX ^X &����v�}vU KX 'X W}oµ�l�}ÀU :X :�oo]v�lU
�X >�]U �X �X �µv�o �v� DX ��o(���}U K�P�v}u���oo]��XU îìíóU ïòU
ïõîí>ïõïìV ~�� dX ��]U dX :�v�� �v� �X ^}vPU ��o�}v d��v�XU îìíóU

ðòU íîðìôtíîðíîX
íî ~�� �X z�vPU DX �Z}vPU yX D�U ^X ��U �X �vµ�Z�U WX W���u��Á���v

�v� ,X tX Z}��lÇoU �vP�ÁX �Z�uX /v�X ��XU îìíñU ñðU íìîîñr
íìîîõV ~�� >X <}��vr^�o(�]�P�U ,X EX >}v�]v}U :X <X s�ooµ��]U �X :X
^]uu}v�U �X W ����Ç �v� dX �X �o��lU K�P�v}u���oo]��XU îììõU îôU
îìôñrîìõìV ~�� �X �X �Z}vPU ,X ,]��} �v� ZX <]vi}U �vP�ÁX �Z�uX

/v�X ��XU îìíñU ñðU íõìríõðV ~�� zX tµU �X ^Z�vU zX ^µvU WX �Z�vU :X
z]vPU :X �ZµU >X >X >]µ �v� zU �Z�}U �Z�uX �}uuµvXU îìíòU ñîU
íïóõõríïôìîX

íï �X �X Z}u��}U :X >X W�o�]��U ZX :�ÌÌ�� �v� 'X ������v�U �Z�uX

�}uuµvXU îìíòU ñîU íìñòïríìñòñX
íð �X DµlZ��i��U ,X K���]o]U dX WX ^��v]}o �v� :X Klµ��U :X �uX �Z�uX

^}�XU îìíòU íïôU íìóõìxíìóõïX
íñ ^X z���ÀU ^X W�Z�� �v� ^X ^X ^�vU �Z�uX �}uuµvXU îìíóU ñïU

ðñòîrðñòðX

íò �o�Z}µPZ �Z� (}�u��]}v }( �Z� ��ï>�Y,��]v �}u�o�Æ ]� o���

(�À}µ���o� �Z�v �Z� (}�u��]}v }( /EdíU }v� u�Ç ��}�}�� �Z��

,��]v u]PZ� µv���P} �ru����Z��]� �����]}v Á]�Z �Z� ��ï>�
����oÇ�� �} �((}�� �Z� ~����]v�>�,��î ]v���u��]���X
�}u�µ���]}v�o ���µo�� �Z}Á �Z�� �Z� 4, (}� (}�u��]}v }( �Z�

~����]v�>�,��î ]v���u��]��� ]� �v�}�Z��u]� �Ç ïòXð l��olu}o

��o��]À� �} /EdíX �o�Z}µPZ �Z� d^ }( �Z]� �ru����Z��]� ���ZÁ�Ç

Á�� v}� o}�����U �Z� }À���oo ����]�� uµ�Z �� Z]PZ�� �Z�v �Z�

��}�}��� ���ZÁ�ÇX

íó <X D�vv�U WX :]vU &X yX '���v� �v� tX >]vU :X �uX �Z�uX ^}�XU

îìíòU íïôU óðôôróðõíX

íô dZ� �v��PÇ ����]�� }( �o����}�Z]o]� �����l }( ,��]v �} �ï
�}�]�]}v }( �Z� D��� o]P�v� ]� ��X í l��olu}o Z]PZ�� �Z�v �Z�� }(

�����l �î �}�]�]}v ~&]Pµ�� ^òìU ^/�X
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TOC 

 
 

R R1

O
+ HBpin

(MeCp)3Ln

0.001 to 1 mol%

R R1

O
H

Bpin

THF, 25 oC

R = alkyl, aryl

R1 = H, alkyl, aryl  TOF up to 97000 h-1
 

 

(MeCp)3Ln complexes are reported as highly efficient catalysts in promoting hydroboration and a 

plausible stepwise mechanism is proposed. 
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