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Abstmcl: A mild, simple and efficient route to p-ensmino imidazole carbon& derivatives 3 by reaction of ketimines with 

N,W-cartmnyl diimidzuole in the presence of boron trifluoride as catalyst ha9 been developed. The conversion of 3 to esters has 

alsokenexpkned. 

Among the activated derivatives of carbonic acid, NJ’-carbonyl diimidaxole (CDI) is one of the most 

effective reagents in a variety of synthetic transformations due to its reactivity, simplicity of handling and 

versatility.l-4 Most of its applications are based in its ability to participate as a transfer reugext either of the 

imidaxole group or of the carbonyl group. The former has mainly been used to increase the reactivity of 

carboxylic acids under mild conditions and their subsequent utility in the peptide synthesis 2 or in other types of 

systen~s For reactions that involve its use as a carbonylating agent, the results that have appeamd in the literamre 

correspond to transfer of the CO-group with formation of carbon- heferourom bonds exclusively.4 To the best of 

our knowledge, only three exceptions have been reported, in which CD1 is able to form carbon-carbon bonds. 

llnts, a simple synthesis of tetronic acid derivatives from a-hydroxylcetones and CD1 was reported for the first 

time 5% In the same way, Weinmb et al. provided, in the key step of the total synthesis of (+>actinoboline, a 

second example of an intramolecular process with one carbonyl-carbon bond formation.sb More recently, we 

have described a new method of synthesis’ of 4(1H)-pyridones from 2-axa-1.3~dienes and CD1 through the 

formation, in an intermolecular process, of two new carbonyl-carbon bonds.6 In sharp contrast with the above 

results, very little is known about the ability of CD1 to transfer both carbonyl and imidaxole groups 

simultaneously. 

BEnamino acid derivatives,7 particularly ~-enamino esters, are important building blocks in organic 

synthesis. Among the several methods of preparation of these systems, a two step sequence starting from 

carbonyl compounds via C-alkoxycarbonylation of enolate anions, followed by condensation of the pketo ester 

thus obtained with ammonia or amines, appears to be the most practical and frequently employed pmcedums 

However, the success of this approach requires a strict control of the reaction conditions in order to ensure 
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effective C-tegioselectivity 9 and, in most instances, it is also highly dependent on the nature of starting 

materials.9Jo In this context, it is worth noting that a mild and convenient procedure for the preparation of B- 

keto esters starting from reactive imidaxolides (resulting from treatment of carboxylic acids with CDI) and neutral 

nucleophillc magnesium enolates has been describedll In contrast, the synthesis of p-enamino acids and related 

reactive derivatives appears to be rather difficult. This could be due to their instability since normally they 

hydrolyse on work-up to give the parent keto ester. 

Therefore, we wish to report here the behaviour of CD1 as a trutu$er reagent of the “CO-Im” grouping in its 

reaction with Schiff bases and the application of this methodology to the. synthesis of B-enamino acid 

derivatives. 

Thus, when ketimines l(1.0 eq.) were treated with NJ’-carbonyl diimidaxole (CDI) 2 (1.3 eq.) in 

tetrahydrofuran (THF) at 60°C for 12 h. and in the presence of BFs OEt2 (1.0 eq.), B-enamino carbonyl 

imidaxole derivatives 3 12 were obtained in good to excellent yields after aqueous workup (Scheme I). The 

results of this study are summarized in Table 1 and they indicate that the reaction occurs with total 

mgioselectivity, the C-carbonyl imidaxole derivative 3 being the sole isolated product. 

R2. N 

+ Im&=o 
BFsO& /W/A 

> 
R’ - ImH Im 

1 2 3 @=H) 

Im= N 9 
ISN Scheme I 

As mentioned above, compounds 3 were obtained by the use of BFs OEt2 as catalyst. When a similar 

tteatment was carried out in the presence of other Lewis acids or in absence of catalyst the starting mater& 

were recovered It must be emphasized that the best chemical yields have been obtained when the reaction is 

canied out in THF as solvent 13 and the CD1 is allowed to react fiit with the catalyst, because the complex thus 

obtamed (CDI+BFs) increases the reactivity of CD1 toward the ketimines 1. 

The course of the reaction is markedly affected not only by the Lewis acid but also by the nature of the 

sulsstituents on the initial ketimlnes. As shown in Table 1, the process is rather general as regards the amine 

residue. in 1; however, only methyl ketimines 1 (R&H) have so far shown a tendency to react with CDI. Thus, 

whereas compounds 1 (R3=H) were easily and directly converted into 3, no reaction was observed under the 

same conditions with ketimines 1 in which R%H (see entry 7, Table 1). This aspect, however, is of great 

utility when the reaction is carried out with unsymmetrical alkyl methyl ketimines. In this case, only the product 

co-g to tegioselective C-C fotmation by the methyl group was obtained (see entry 6, Tablel). 

To demonstrate the utility of this process, the behaviour of 3 toward alcohols was examined as is outlined 

in Scheme II. The B-enamino imidazolide 3 was treated with a slight excess of alcohol in the presence of 

sodium alkoxide in refluxing THF for 2-6 hours to afford the corresponding P-enamino esters 4 in high 

yields.12 Representative results for this process are shown in Table 1 (entries 8-12). and from this data it can 

be assated that the reaction is quite general and applicable to all kind of alcohols, including terdary ones.3~ 
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In order to simplify the method, we tried to obtain 4 directly from ketimines 1 without isolation of the 

derivatives 3. This “one pot” procedure takes place successfully under the same reaction conditions as described 

above, but with lower chemical yields for 4 (~40 based on I). Moreover, side products such as ketones 

resulting from the hydrolysis of the starting ketimines 1 and other unidentified products were also present. 

Table 1 /Nnamk~ acid derivatives 3 and 4 obtained from CD1 (2) 

Entry Compound" R’ R* R4 Yiikl(%) m.p%V 

8 

9 

10 

11 
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(f)-Ph(CHJCH 
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4a Ph Ph 

4b Ph Ph 

4c Ph Ph 
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84 146-8 

73 OilC 

69 OilC 

88 

79 

51 

No m&on 

141-3 

OilC 

oil= 

94 

71 

75 

88 

84-6 

81-3 

OilC 

OilC 

OilC 4e Ph (f)-Ph(CH$JH CwHCI$ 76 

’ RkI, except entry 7; b Mekin~ points arc mconecred: = F’uritied by flab clum~gn@y. 

Acid hydrolysis of 3 (H2gO4 2N/THF/60°C/2h) led to the corresponding methyl ketone RtCOCH3, 

probably by decarboxylation of the initially formed p-keto acid. On the contrary, the acid hydrolysis of 4 

ylekled mainly pketo esters. 

In summary, the first mute to enamino acid derivatives 3 and 4 directly from CD1 and ketimines has been 

described. Further work on the scope of these reactions is in progmss. 
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All new compounds exhibited 1 H, t3C NMR and mess spectra consistent with the assigned structure. For example: 3a, 
C,&&a ‘I-lNbfR (CDCl3. TMS. 300 MHZ) 6 5.5 (s, H-0.6.8-7.4 (m. llH), 7.5 (br s. lH), 8.3 (br s. H-l). 11.5 (b S. 

1HNH):‘3CNMR (CDcl,, TMS, 75 MHZ) 8 164.3 (C), 163.8 (C), 138.5 (C). 134.8 (C), 130.1 (CH). 128.7 (CH), 128.6 

(0. 128.1 (Cw). 124.8 (CH). 123.4 (CH), 115.8 (CH), 87.8 (CH) : MS m/e. 289 @I+), 222 (100%): 3b. C,6H,&0: 

‘HNMR (CDt& TM!& 300 MHz) 8 0.9 (t. 3H), 1.3 (m. 2H). 1.6 (m, 2H), 3.2 (q. 2l-l). 5.1 (s. 1H). 7.0 (br S, 1H); 7.4-7.6 

0% 6W. 8.1 (br s. 1H). 10.0 (br s. 1H NH); 13CNMR (CDc13, TMS. 75 MHZ) 6 168.6 (C), 163.0 (c),135.qc). 134.5 

0% 129.5 (CHI. 129.4 (CH). 128.3 (0, 127.0 (CH). 115.4 (0. 83.2 (CH), 44.3 (CH& 32.1 (CH2). 19.2 (CH2), 13.1 

(CH& MS m/e, 269 (M+). 202 (100%): 3e. qt&N303: t HNMR (CDCl,, TMS, 300 MHz) 6 1.1-1.9 (m. lOH), 1.4 (t, 

3l-I). 3.2 (m. H-9,4.4 (q. 2H), 5.1 (s. 1H). 7.0 (br s. 1H). 7.5 (d, 2l-I). 7.5 (br s, lH), 8.2 (d. 2Hh 8.2 (br S, H-l). 10.0 (br d, 

1H NH); 13CNMR (CDC13. TMS, 75 MHZ) 8 166.2 (C). 165.0 (C), 162.9 (C), 138.8 (C), 131.2 (C), 129.3 (CH). 126.8 

(Cl-h 115.2 (CH). 83.4 (Cl% 60.7 (CH2). 52.6 (Cl-h 33.5 (CH,), 24.4 (CH$, 23.6 (CH,). 13.7 (CH3) ; MS m/e. 367 

(M+), 300 (100%). 

4b. Ct~jHtgN@: tHN?vlR (CDCl3. TMS. 300 MHZ) 8 13 (d, 6l-I). 5.0 (s, lH), 5.2 (m, 1H). 6.7-7.4 (m. 1OH Ar). 10.3 (lx 

s. 1H Mi); 13Cl’JMR (CDCl,. TMS. 75 MHz) 8 169.5 (C). 158.7 (C). 140.3 (C), 135.9 (C), 129.2 (CH), 128.4 (CH), 

128.2 (Cl-l), 128.0 (CH), 122.7 (Cl% 121.9 (Cl-h 91.7 ((X-0.66.2 (Cl% 22.0 (CH,): MS m/e, 281 (M+), 194 (100%); 4e, 

Ctgl-+tNO+ ‘HNMR (CDCl3, TMS. 300 MHz) 6 1.5 (s, 9H), 4.9 (8. H-I), 6.6-7.3 (m, 10H Ar). 10.3 (br s. 1H 

N?l);“CNMR (CDC13, TMS, 75 MHZ) 6 169.8 (C), 158.1 (C), 140.5 (C), 136.1 (C), 128.4 (CH), 128.3 

(CH), 128.1 (Cl% 122.5 (Cl-i). 121.9 (CH). 93.1 (Cl% 79.2 (C). 28.4 (CH,): MS m/e. 295 (M+). 193 (10096): 4e. 

Cml$,NO2: ‘HNMR (CDCl,, TMS, 300 MHz) 6 1.4 (d. 3H), 4.4 (m. 1H). 4.6 (m, 2H), 4.6 (s, lH), 5.2 (dt, 1H. J=10.4 

Hz Js1.4 Hz), 5.3 (dq. lH, Jr17.2 Hz 5~1.5 Hz). 6.0 (m. 1H). 6.9-7.4 (m, 1OH Ar). 8.9 (br d, 1H NH): t3CNMR (CDC13. 

TMS, 75 MHz) 6 169.5 (C), 164.2 (C). 144.4 (C), 136.0 (C). 133.1 (CH), 128.8-125.3 (CH). 116.8 (CH2). 86.1 (Cli), 63.3 

(CH& 53.5 (CH). 24.3(CH3): MS m/e, 307 (M+). 105 (100%). 

A variety of solvents were exam- tetrahydrofumn was found to be the best. Other solvents such as ether, tol~ne. or 

CH&l, gave no significant amount of 3. 
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