
Create PDF files without this message by purchasing novaPDF printer (http://www.novapdf.com)

m 24 1f m s ~Jl 
2012 {f: 8 jj 

it §ft * M: 
PROGRESS lN CHEMISTRY 

1~ 'ft 'ft * !flj Maxim Borzov ~ Jj BB * * 

Vol.24 No.8 
Aug. 2012 

( [§ ~t A:'+ {1:+ l:J ;tot ;t4 14 '+ '+ ~}C il m l:J x Pt JJJ ~~ 7J\. ~ 1t '+ ~!J ~ im!!! ;~ =* ~ ~ [§ '!i. 11 0069 ) 

mi ~ if 79 - 1~ ffJT ~ R"J ~~ ~~if ;ffl {~ 1-t ii'U , :5:: fSJ '§.:. ~.ll. ~ ~~ ~MIt~ xt dJ r A if R"J ~9.! *f 1-t '+ ,& $. 't~, ili: 

{f: * 1:E if 1JL 11\ )J\. ~ ¥!'§ 1t 4'U {l {t JJD ~ @1 ±~ EfJ llJf )'{ ~~ 'm' 11'§ NJC , ;$: )C ,~, ~a j ili: {f: * 00 >'~IX* 8'-J if :*= :5:: fSJ '§.:. ~.ll. ~ ~* 

~ :ltJT l'l~ ~ xt R"J ll}f 'fL :t~ J! , J.J.. ;It ~a ;f~ *f 1iE , if ;ffl + 71 ~ R"J 11'§ 1-t , H 2 m 1-t ;ffl ll R"J :!* ii JJz 1:E {~ 1-t ~N ~j $. ffl R"J llJf 'fL JJJZ 

*4~nOO*fiTW~~~Mm~, ~~'Jl.:.~~ ~~MB~xtxt if1fl+71~~~1t~m*•f~"71~~ 

D cg ;f§ E. ff ffl fJ " o J3: ~ 1:E if ;ffl 1-t '+ cp .lf!. 8 ~~ j;o R"J ~ ~ t;p 1:E 2006 {f: ;;t fi!l IX f~ 1lf 11'§ 1-t if i'Jl !J\ :n\. ~ , # 1:E Z. Fn 
'Jl.:.~ r~ ~:*=~ , :S::~'Jl.:.~~~~MB~xt1t~~IX~ili~~jif1fl1t~JX@~ J'{~ ffiq,$ ~~A~J'{ 

J3:#"71~~DcgffiJi~ffl fJ "1:EJt~*~~~ R"J@ffl ~~-*~A: R"J/X~ , ~W § M OO~M$ffi :*=~~ 

llJf 'fL ~ :t~ i![ 1& :'.1> , J;sJ Jl:t :ffi-:FM ;$: X. ~~ ~ iJ I J£9 00 ~ ~ $ 14 llJf I fF * xt i6: 1- iFJT ~ ~N :llX f' :'E. llJf 'fL ~ Mr8 o 

:*= 'iJt 111] :5:: ['§] '§.:. ~~ Lewis Ill~~ xt 11\ )J\. ~ m {{. 11'§ 1t ;ffl :EI f~ 1t :IJD iR ~~ ~ ~ if ;ffl {~ 1t ii'U 
cp 00 )J\. ~-'% : 0621. 25 + 1 )( ~t~ i5H~: A )(. Mla -'% : 1005-281 X (2012) 08-l526-D7 

Application of Frustrated Lewis Pairs in the Activation of Small Molecules 
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Materials Science, Northwest University , Xi ' an 710069, China) 

Abstract Recently, frustrated Lewis pairs ( FLPs) with unique chemical properties were found to exhibit 

high activity in catalytic hydrogenation and activation of small molecules. FLPs are now considered as a new 

prospective type of transition metal free catalysts and this area of chemistry is currently under intense development. 

This review summarizes the data of the recent achievements in this field . Different aspects concerning the FLPs ' 

nature, their capability to activate small molecules, possible mechanisms of the dihydrogen activation , along with 

the known practical applications of FLPs in catalysis are discussed in details. While the driving forces responsible 

for the reactivity of FLPs in respect to small molecules seem to be rather evident and, actually, present classical 

electrostatic intermolecular inte ractions, prior to the first reports on FLPs this brilliantly simple concept has never 

been utilized in the catalyst design . Since the pioneering work on FLPs in 2006, it is the native elegance of the 

approach which defines the general productivity of the investigations in this prospective direction. Unfortunately, till 

now the studies on the FLPs' chemistry are comparatively few in China. We hope that this contribution could drive 

more attention of Chinese researchers to this interesting and potent area of modern chemistry. 
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fAA {f) :@: i~ 3'U ?JT ifl R1 ")(if tJt Lewis l'i~ ~)(if " R1 *f 
J* & J~Hi Fo JJi so iF Er1 fl1 J'BJ £ , # 19: ~ ;& J_ffi ~ iE ~ tJ1 
-§- PX. "P R1 $. ffl {fr 11, .1§: ¥U 2006 IF Stephan ;J, ~.§. ;& l.VI. 

~ 1 ~~~~~~~~--~~M~~~~~ 
Table 1 Structure type of frustrated Lewis pairs [7- 261 

type 

intermolecula 
FLPs 

intramolecular 

FLPs 

other types 

chiral FLPs 

metallocene 

phosphorus-containing structure 

R3P I B(CeFslJ 

R~CeH2Me3 I 1Bu 

2a17J 

4a17J 

sa113J 

10a-1117l 1 Oa-211s, 1 9J 

12a121J 

15a124J 

~P-Mes2 

ZrCI2 I 2B(CeFsh 

~'P-Mes2 
16a125J 

~CH/; B(C0F,); 

) PMes2 

18a126J 

:2: J'B] ~ ~[i,[ R{] ?J'- i'- P>J Lewis l'i~ li~ xi ( C6 H2 Me 3 ) 2 P C6 F4 

B (C6 F5 ) 2 la, i:iJ ~ii& 1t~ 7t i'- {~ H-H lftl :ff~f~¥U 

A~ WHi ~ i'- *f 1iE R1 ~ 1t t" t?!J 1 b C 00 ;rt4 ) o # ;& 

nitrogen-containing structure 

Ja111J 

H 

V I B(CeFsh 

sa112J 

11ai20J 

gai16J 

13a122J 
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Muenster :k'¥: 8{] Erker ~~51'0 Stephan ~~~J, ~ll.;t!:; l5] 

1iJf 'fL 'jj_ fJJI. J - * 5U ifJi ~ R{] FLPs [!ol , ~ill. ey l;J, m ft m 
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FLPs , )J'- -=f 1*J FLPs, ;a; fffi ~ ;fJL FLPs, 'f. 'ti ~a tl;J FLPs 
l;J,,& ~a~~ R{] FLPs U& 1) 0 

ili: ~ ~ , ~ ~ ~ 15] ~ ~ FLPs xt ~;fiji~ ;fJL tj' ~'- -=f 
R{] m 1t 1iJf J'L ~ A .i!: :f[l)!' ~ ~ l;), 2007 ~ Erker ;fU 

StephantJ' ~13. ~ ~'- -=f I*J FLPs Sa 8{] ~&· 'ti 1iJf 'fL JiR ~ l:f 
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table 2 FLPs Sa Aetivited representative small moleeules and their produets r•oJ 

small molecules activited products 

H 

+_]~(CeFsh 
Mes2~ 

H 

OH 
I 

+__]~(CsFsh 
Mes2 Jt 

H 

small molecules 

Cy-N=C=N-Cy 

N=C=O 
I 
Ph 

H 
Ph~C=O 

activited products 
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Scheme 5 Linear intermediate l2' ' 29J 
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~ ~ i'§J 1* M -T f~ ~ ~ ~JE , ::f ~t X1 ::f I"U R<J FLP m 1-t tfl 
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it~, 1R: t±l 7 - :frp ~~ ~ ~ B<J ~ f§J M ilf. :;(§ :fl ii: c31. 32] 0 

tE J3: 1- ~ f§] 1-t ~ , dJ -T Y: f§] till 1% , P , B ~ {,, ;f§ !f. ;Th 

J!i , f.§.1i if ~ lft! , tE FLP ~ f§] % ~ - 1- PJ 12), i~ 1j\ 7} 

-T H2 mJ\R<J:®1!L H2 7J\-Tt£ 1~ rE-T~ -T P !J jt rH 
-T ~ -T B s<J ~ ~ :f:3J B<J fF ffl r *~ tLHt , it 1': :fF 
g 'JJ [33' 34] -IT: .-h [' 'il '* )Flf * .-h ;r;::: o 1'±: T aJ TI i;:x. ,,., T , H 2 )t T ;i& lib P-B $BJ , ~ 

1- 1-t Jh .¥. J'Jil -f-1% A Mi f~ [J5l o J3: - tfl 3'£ iA. 7'1 FLPs X1 
11\ )J\ -T B<J ~l!i ~ fF ffl ¥ + ~ -T i-±t jt 1-t ~ {,' ~ -T Z f§] ~ 
rH~~~~~ffl,&JBM~~~~~~~-T~::Jt-T 

B<J liE-~ :far )\ ~fi' 1§9: c36l , - El 1j\ ::Jt -T :far)\ FLPs 21\. , & 

JB~~ ~ 'lf!J ~, ~ tt'-% ~ ~~. fE: R<J ~ 1-t ~1m C 00 A 
6) [37] 0 

transition state 

----------~-(5-
--- - -(S 

H' 

PLPs 

®··@(S. -- -(S 
-- •(S 

products 

00 :tC 6 it it u llf. 0'-J ~ :l'J; tlk it r37J 

Scheme 6 Electric: field polarization owing to the 

activiation [J?J 

5. I FLPs tE 1-!!Ht )JQ ~ ~ R<J ).1\Z ffl 
§ lltrBm~~PJffl -T~~~~~~~MA$:5t 
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lft! B<J a~~ 8{] 1Wll fJi ~ c43l o 1"1] Bt , -f- t£ FLPs ill PJ 12), 

mzm+::fxt~~~~~~&mzz ~ , PJ~ ~~ tt ~ 

00~1$&~~~~D~ o ;&.3 ~~t±J7Aif ~;&.tt 

~6~m; !lm ffi $~F~ ~~M~&$~# 12J, :& ~ 

1t:1Jo tl~ 4m o 

5. 2 FLPs tE C02 $ti' ft~ R<JJBJt] 
:A:li1'f tE + :*: ~ m ~ B<J C02 11' 7'1 - frp 1£ ][ ~ 

1*, 1~ ~ -'*~ 1~/G i3'JT~ 1-t o E!Ht C02 PJ !J *f JE R<J ~ 
~~m , t£~$¥~~~~ ill ~ ~ffl~ o ill ~ +~ 

mtt~~~~a~~~ JE:~~~ ~jl:~T -JE:~~ 

~ o ~W ff ~ tfj~~if~B{]~~~~-~~*~~ 

~1-t~ - frp 1t i ~*4*1~m , Jli {f:*~ jl::*: ~±, 

FLPs {f 7'1- :fU~)f ~ 8<J if tfl {t ~ ifU tE X1 C 0 2 8<] 

m~~~~~~~~ill~ ~jl:~ 7•N~•~ · * 

Hill~~7-~PJ· ~~~~* o !Jm~H2 ~ rl 

f¥ ;f§ I"U, C02 tE FLPs fF ffl r i~ ?i51t% ~JJQ ~~ 1m , 

•m~~~~~!lmili PT*-~~~&$ o 

2009 if Stephan ;fQ Erker 15- {f ~ ~ 1~ :i]! it fJ].i, )J\ 

-T f§J FLPs 2a ;fU)J\-T I*J FLPs Sa :l:)J PJ t£][ 1£~ 1!:J: r 

ii51t C02,% ~15- P- C /0- B lft! ~ 4PJ, * H tE 1lfii ;fQ 
~ {!:j: PJ .f¥ J]j t±l C02 [44l o 

2009 if Stephan ;j\ gjl 1~ :i]! {~ ffl AlX, ( X = Cl, 
Br) ~ PMes3 ( Mes = 2, 4, 6-C 6 H2Me, ) % ~ R<J FLPs 

PJ 12), 1m $t C02, * H tE ][ 1£ r J=j rl :li 8<] NH 3 BH3 & 
JB JJQ 1t Fn PJ ~ ~ E¥ M: C 00 A 7) c45] o 

Co X~l, -.-::.- ,AIX3 

M 2 0~0 
esP(AIX3) ~ PMes + AIX -3 3 AIX + 3 _,...-P.·, 

Mes A ' Mes 
Mes 

N~B~ HO 
15min,20"C [Mes3PH ][<MeO),AIX4-n ] +(BHNH)n--~--CH30H 

~ J:~ 7 AlX, J=j PMes, ffll '* COz B"J ,&$ r•sl 

Scheme 7 Reaction of AlX1 and PMes3 with C02 r•sJ 

20 I 0 {f: Berkefeld 1j\ g£1. 111 :i]! it :FJJl tE 2, 2, 6, 6 -QY 

~ ¥ uj& UJE ( TMP) f-Q ~ :i\ 1~ ~ MIJ ;l:fG ( BCF ) % ~ 8<] 

FLPs R<J{fi1 1t r . -=:Z,¥ 11HJG ~~~~ ~~ C02 ~~ 7'1 CH4 

( 1!1 A 8) c46] o 
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R 3 FLPs ffi!i-i'.)JQ~;jdJi~ [Ill] 

table 3 FLPs catalytic hydrogenation rroJ 

substrate catalysts hydrogenation products 
and reaction conditions 

R, H 
N=( 

R' 

R-C:::N-B(CeF sb 

R=Me/Ph 

1a, 
H2, 
80- 120'C 

Sa, 
toluene, 
1.5bar H2, 
25'C 

5mol% 2a, 
H2, 
120'C 

20mol% 12a, 
toluene, 
2bar H2, 

25 'C 

5mol% Sa, 
H2 

H 
N 

Ph-"'( 'Ph 
Ph 

OfcH3 

0 
H2 H2 

R-C-N-B(C6Fsb 
R=Me/Ph 

a:ee[%]=79(R) a:R1=R2=Ph 
b:R1=Ph,R2=2-Me-C6H4 
c: R1 =4-Me0-C6H4,R2=Ph 
d:R1=Ph,R2=4-Me0-C6H4 

e: R1 =2-Naphthyi,R2=Ph 

14a-1 + 14a-2, 
H2 

b:ee[%]=74(-) 
c:ee[%]=81(-) 
d:ee[%]=81 (R) 
e:ee[%]=80( -) 
f:ee[%]=83(+) f: R1 =2-Naphthyl,R2=4-Me0-C6H4 

Et3SiH + C02 cat: B(CeFsh TMP CH4 
C6D5Br, 56"C 

OOJt 8 Et, SiH .l=j CO, IYJ!XBr••J 

Scheme 8 Reaction of Et1 SiH and C02 r••J 

1=E 1j\ 7t -=f 11 ft tf!i ft rp , FLPs 8{] itt ~ 7G ~k fi!:: -
;f!f ;l"JT ~ i¥J ~F ~ j¥, 1t it :!JQ ~ 1t 1-t ifU , 7f ,\l:$ 7 - ;f!f ~ R{] 
~~~&@-~. ~~fi&i¥J~~I~~~~7f 

~ . ~m*~~*I¥J -~~~1¥J &@~tt~~~tt 

~ . B~~~ $ ~*~~@fflM~ . ~fi!:: ~ ~m ~ 

ii5 it Jt 1m ;f!f ~ E!"J it ?¥ 'iftt ; ~ 7 11\ 7:!" -=f 12i ~, ~ fi!:: ~ 
~ey~@ffl~~~~~.~~~~~~ftill·~~ 

A~~~.~-~ ~ fi!::~~r~7~m~ ?t~~ 

8{] m II , ~ ~ ~ Pu FLPs Z fBJ ~ "7t -=f i'BJ ;f~ 1f. fF ffl " 
a~m~~r=P~@ffl.ili~~a~ ili ~~*~~* 

R"J /tl~ . 

[ 1] Lewis G N. Valence and the Structure of Atoms and Molecu les. 

2nd ed. N Y: Chemical Catalogue Company, Inc., 1923. 11 3-

115 

[2] Welch C C, Stephan D W . .1. Am. Chem. Soc. , 2007, 129 : 

1880-1881 

[ 3 ] Wittig C. Benz E . Chern. Ber. , 1959,92: 1999- 2013 

[4 ] Toehtermann W. Angew. Cbem., 1966, 78 : 355 - 375 

[ 5 ] Breen T L. Stepban D W. 1norg. Cbem. , 1992, 31 : 4019-

4022 

[6] Doring S , Erker C, Frahlieh IL Meyer 0. Organometallies, 

1998' 17 : 2 183 - 2187 

[7] Welch G C, Juan R R S , Masuda J D , Stephan D W. Science , 

2006, 3 14 : I 124-11 26 

[ 8] Chase P A, Stephan D W. Angew. Chem., 2008, 120 :7543-

7547 

[9 ] Holschum achcr D, Banncnberg T, Hrib C G , Jones P G, Tamm 

M.. Angew. Cbem. , 2008 , 120 : 7538-7542 

[ I 0] Stephan D W, Erker G. A ngew. Chem. Int. Ed . , 20 I 0 , 49: 

http://www.novapdf.com
http://www.novapdf.com


Create PDF files without this message by purchasing novaPDF printer (http://www.novapdf.com)

• 1532• 

46-76 

[11] Sumerin V, Schulz F. Nieger M, Leskela M, Hepo T , Hieger B . 

Angew. Chern . , 2008, 120 : 6090-6092 

[12] Surnerin V, Schulz F. Nieger M, Leskelo M, Hepo '1'. Hieger B. 

Angew. Chern. lnt. Ed., 2008 , 47: 6001-6003 

[13] Ullrich M, Lough A .J, Stephan D \V . .J. Am. Chern. Soc . , 

2009 ' 131 : 52-53 

[14] Chase P A, .lurca T. Stephan D \V. Chern. Commun. , 2008, 

1701 -1703 

[ 15] Spies P, f:rker G , Kehr G, Bergander K, Froeh lic h R, Grimme 

S, Stephan D W. Chcm. Commun. , 2007, 5072- 5074 

[ 16] Sumcrln V, Schulz F , Nlcgcr M, A tsumi M, Wang C, Leske Ia 

M, Pyykko P, Rcpo T, Rieger B. J. Organ om ct. Chcm. , 2009, 

694: 2654-2660 

[ 17] Spies P, Keh r G, Bergander K, Wib be lin g Fl, Frah lieh R, E rker 

G. Dalton Trans . , 2009, 1534- 154 1 

[ 18] Monkowiu s U , Nogai S, Schmidbaur H . Dalton Trans., 2003, 

987-991 

[ 19] Spies P , Frliehlich R, Kehr G, E rker G, Grimme S. Chcm. 

Eur. ]. , 2008, 14: 333-343 

[20] Geier S J, Stephan D W. J. Am. Chem. Soc. , 2009, 13 1 : 

3476- 3477 

[21] Wang H, Frlichlich R, Kchr G, Erker G. Chcm. Commun., 

2008. 5966-5968 

[22] Holschumac her f), Flannenberg T , Hrib C G, Jones P G, Tamm 

M. Angew. Chern. , 2008, 120 : 7538-7542 

[23] Chen D, Wang Y, Klankennayer .J . Angew. Chern . lnt. Ed. , 

2010 , 49: 9475 - 9478 

[24] Harnos A, Lough A .J, Stephan D \V. Chern. Commun., 2009, 

1118-1120 

[25] Axenov K V, Kehr G, Frahlieh LL Erker G . .J. A m . Chern. 

Soc. , 2009 , 131: 3454-3455 

[26] Voss 'f. Sortais .1. Froehlich JL Kehr C, Erker C. 

Organometallics, 2011. 30 : 584- 594 

[27] Spies P , ~rker C, Kehr C, Be1·gander K, FrOehlich H , Grimme 

S, Stephan D \V . Chern. Cornmun. , 2007, 5072-5074 

[28] Hokob T A, Hamza A, Stirling A , Pupai 1. Angew. Chern . 

2008, 120: 2469-2472 

[29] Hamza A, Stirling A , R okob T A, P6pai 1. lnt. .J . Quantum 

Chern . , 2009, 109 : 2416- 2425 

[30] Grimme S, Kruse H, Coerigk L. E rker C . Angew. Chem. l nt. 

Ed., 2010 , 49: 1402-1405 

[31] \V eleh G C, .Juan H H S, Masuda .J D, Stephan D \V. Science , 

2006, 314: 1124-1126 

[32] \Veleh G C, Stephan D \V . .J. Am. Chern. Soc., 2007, 129 : 

1880-1881 

[33] Axenov K V, Keh r G, Froeh li ch R, E rker G. Angew. Chem. , 

2008. 120: 7654- 7657 

[34] Spies P, Schwcndemann S , Lange S, Kchr· G , Frlieh lich R, 

F:rkcr G. Angcw. Chcm. Int. Ed ., 2008, 47 : 7543- 7546 

[35] Stephan D W, Erke r G. An gew. Chcm. , 2010 , 122: 50- 81 

[36] Harma A, Stirlin g A, Rokob T A, P6pai l. Int. J. Quantum 

Chem., 2009, 109: 24 16- 2425 

[37] Grimme S, Kruse H, Gocrigk L. E rker G. Angew. Chcm. Int. 

f:d . ' 20 10, 49: 1402-1405 

[38] Chase P A, W clch G C , ] urea T, Stephan D W. A ngcw. 

Chem., 2007, 11 9 : 8196- 8 199 

[39] Spies P, Se hwendemann S, Lange S, Kehr G, Frtih lich R , Erker 

G . Angcw. Chcm., 2008 , 120: 7654- 7657 

[40] Wang H, Frohlich R, Kehr G, E r ker G. Chem . Commun., 

2008. 5966-5968 

[41] Chase P A, ]urea T, Stephan D W . Chem. Com mun . , 2008, 

1701-1703 

[42] Chase P A , \V eleh C C, .!urea '1'. Stephan D \V . Angew. Chern . 

Int. Ed . , 2007, 46: 8050-8053 

[43] Liptau P, Tebben L. Kehr C, Frahlidr H , Erke r C, Hollmann 

F. Hieger B. Eur . .1. Org. Chern., 2005,9: 1909-19 18 

[44] Grimme S, Stephan D W, Erker G. Angew. Che rn. Int. Ed. 

2009, 48 : 6643--6646 

[45] Menan ! C, Stephan D W . .J. Am. Chern. Soc . , 2010, 132: 

1796-1797 

[46] Berkefeld A, Piers WE. Parvez M . .J . Am. Che rn. Soc. , 2010, 

132: 10660--10661 

http://www.novapdf.com
http://www.novapdf.com

