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TiCl4/Bu3N/(catalytic TMSOTf): 
Efficient Agent for Direct Aldol Addition and Claisen Condensation 
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Abstract: TiCI4/Bu3N conducts highly efficient cross aldol additions between different 
ketones and between ketones and aldehydes, in good to excellent yields with high syn- 
stereoselectivities. As an extension, direct Claisen condensation between methyl esters 
was also promoted by TiCI4/Bu3N with 0.05 equiv of TMSOTf co-catalyst. 
© 1997 Elsevier Science Ltd. 

Among the numerous elaborated aldol-type addition reactions,1 TiCl4/amine-mediated systems (Evans 

protocol) have great merits in their efficiency: direct (straightforward) procedure, operational simplicity and 

accessibility, mild conditions, and its high level of diastereo- and enantioselective version. 2 The amine base 

employed in conjunction with TiCI4 has been limited to Et3N, i-Pr2NEt, and TMEDA. In order to brush up this 

reaction we directed our attention to the use of another amine whose method was guided by the fundamental 

aldol addition of ketones and aldehydes. Consequently, an improved TiCI4/Bu3N reagent demonstrates several 

significant advantages in enhanced syn-stereoselecfivities, especially, in the performance of the cross coupling 

between two different ketones. To our knowledge, the general method for this ketone-ketone direct cross 

coupling is limited to the Sn(OTf)2/amine mediated aldol additions. 3 In addition, we extended the present 

method to the direct Claisen condensation between methyl esters promoted by TiCI4/Bu3N with catalytic 

TMS OTf. 4 

[ Aldol addition } • ketones-ketones { Claisen condensation ] 
• ketones-aldehydes 

O 
O 

O R3.,~'J~R 4 O OH O R2"~Me O 

R 1 R 4 TiCI4 / Bu3N R t ' ~ / R 2  TiCI4/Bu3N R ' ~ 2  ~ R ~"'v~OMe R2~1CO2Me 

syn ( erythro) cat. TMSOTf 

Table 1 lists the cross aldol additions between two different ketones (entries 1-11) and between ketones and 

aldehydes (entries 12-19) employing the TiCI4/Bu3N reagent. 5 Their notable features are demonstrated as 

follows: [1] the use of Bu3N successfully promoted the reaction between two different ketones, including 

aliphatic ketones (entries 10 and 11); 6 [2] when Et3N, i-Pr2NEL and TMEDA were used for the reactions of 

entries 2 and 7, the yields were much lower in every case (conversion <20% under the identical conditions); [3] 

consistent syn (erythro)-stereoselectivity was observed 7 in clear contrast to the method using Sn(OTf)2/amine, 

wherein the selectivity varies from syn to anti depending on the nature of carbonyl acceptors; 3 [4] tx-chloro or 

¢t-benzoyloxy acetophenone, a basic labile substrate, could tolerate the reaction conditions (entries 5 and 6); and 
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[5] this method is also applicable to the conventional couplings between ketones and aldehydes with very higher 

syn ( ery thro )-stereoselectivity. 

Tab le  1 TiCl4/Bu3N-Promoted Direct Aldoi Addition between Ketones and Ketones or Aldehydes. a) 
O 

O R 3 A R  4 O OH / O OH "~ 

R 1 ~1],~ ~ " v R2 TiCI4/Bu3 N R 2 \ R 2 

syn (erythro) \ anti (threo) 

Entry R 1 R 2 R 3 R 4 Yield/%b) syn/antt~o, c) 

1 Ph H Ph Et 61 -- 

2 Ph Me Ph Me 95 (60) ~100:0 (~0:100) 

3 Ph Me Et Et 86 (60) -- 

4 Ph Me n-Pr n-Pr 81 -- 

5 Ph Me Ph CH2C1 91 ~ 100:0 

6 Ph CH2OCOPh -CH2CH2CH2- 96 (96) 

7 Et Me Ph Me 84 (45) 84:16 d) (13:87) 

8 Et Me Ph Et 92 72:28 d) 

9 n-Pr Et Ph Me 72 ~100:0 

10 e) n-Pr Et n-Hept Me 60 60:40 

11 -CH2CH2CH2- Et Et 71 -- 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

12 Ph H i-Pr H 72 -- 

13 Ph Me Ph H 72 (71) ~100:0 (>95:5) 

14 Ph Me n-Pr H 96 (74) ~100:0 (86:14) 

15 Ph Me i-Pr H 95 (80) ~100:0 (91:9) 

16 Et Me n-Hept H 88 (86) ~100:0 

17 f) Et Me i-Pr H 73 (73) ~100:0 (93:7) 

18 n-Pr Et n-Pr H 83 ~100:0 

19 -CH2CH2CH2- Ph H 48 (41) ~100:0 (>95:5) 

a) These reactions were canied out in CH2CI 2 at -78 °C for 2-3 h unless otherwise noted. Molar ratio / 
ketone : TiCI4: Bu3N : ketone or aldehyde (acceptor) = 1.0 : 1.2 : 1.4 : 1.2. b) Parentheses indicate the 
reported data for the case using Sn(OTfY2/N-ethylpiperidine. 3 c) These ratios were determined by IH NMR 
(400 MHz) of the crude product unless otherwise noted, d) These ratios were determined by isolated yields. 
e) This reaction was carried out at -78 °C for 2 h and at room temp. for 2 h. f) Reported data for the case 
using TiCI4/amine: i-Pr2NEt (95%, 92:8) and Et3 N (73%, 87:13). 2c 

Next, we planned to apply the TiCI4/Bu3N reagent to the Claisen condensation between methyl esters. The 

TiCI2(OTI)2/F_,t3N reagent mediates the Claisen condensation (intramolecularly, the Dieckmann condensation) 

between methyl esters, however, a major drawback of this method is the use of an equimolar amount of the 

metal tdflate. 4 Therefore, catalytic use of triflate species should make it more practical and accessible. Thus, 
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TiCl4/Bu3N/catalytic TMSOTf (0.05 equiv) was found to be an efficient alternative. These results are listed in 

Table 2. 

Table 2 TiCl4/Bu3N/catalytic TMSOTf Promoted Direct Claisen Condensation between Methyl Esters. a) 

Entry Substrate Product Yield/% b) Entry Substrate Product Yield/% b) 

O 

 0o2. To u3N f Ph C°2" 
L '~ jCO2Me cat. TMSOTf 5 c) • Ph C02Me 

91% (80%) PhCO2 Me Ph" 
O 

2 ~ " C O 2 M e  [ ~ . C O 2 M e  73°/°(71°/°) 

~,,,..,..,/COL ~le p h ~ C O 2 M e  O 

3 CO2Me ~ C O 2 M e  HCO2Me Ph / 
~v, .CO2Me ~ 54% (52%) 

74% (56%) 
O p h ~ C O 2 M e  O 

4 p h @ C O 2  Me = Ph CO2Me 7 CI - 

Ph / 74% (55%) . ~ C O 2 M  e 73% 

a) These reactions were carried out in toluene at room temp. for 2-3 h unless otherwise noted. Molar ratio / ester : TiCI4 : Bu3N : 
TMSOTf : (ester acceptor) = 1.0 : 3.0 : 4.5 : 0.05 : (3,0). b) Pamnthcs¢s indicate the reported data for the case using 
TiCI2(OTf)2/Et3N. c) These reactions were carried out in toluene at 60 °C for 5-6 h. 

Their notable features are described as follows: [1] higher yields were obtained compared to those using 

TiCI2(OTf) 2 in every example; [2] use of other amines are somewhat inferior in yields in the reaction of dimethyl 

adipate (entry 1); 9 [3] The yield lowered (50%) by using HOTf in the place of TMSOTf in the reaction for entry 

1. This catalytic method is considered to have a practical advantage compared to the original method. We would 

like to propose the mechanism of the present catalytic reaction in the case of the self-coupling of the methyl esters 

as illustrated below. Titanium triflate catalyst species, TiCl4_x(OTf)x, 10 would play a major role for the 

condensation. The reason for the superior action of Bu3N on both the reactions is not so clear at present. 11 

TiCI 4 

~ cat. X TMSOTf 

O 
x TMSCI { 2 R.V,,JL, OM e 

oMe 
/TiCI4-x(OTf)x., 

TiCI4 ~ Bu3NH + • OTf R v T . ~ / ~ L ~ L O M  e 

R 



8730 

In conclusion,  we performed efficient and general  methods  for the direct aldol addition reaction and the 

Clalsen condensat ion.  Further  extension utilizing TiC14/Bu3N with or without  catalytic T M S O T f  sy s t em is now 

under  way.  
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