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Abstract:. Olefination of  dialkyl squarates 1-5 with several ylides 6 and phosphonates 7 gave the 
corresponding alkylidene products 8-12. In the case of Horner-Emmons reactions, stereoselective 
formation of Z-alkylidene products was observed. An acid-catalyzed hydrolysis of 8-12 gave 
squarylacetic acid esters 13. © 1997 Elsevier Science Ltd. 

Squaric acid and its derivatives ~ have attracted considerable attention in view of their potential utility 

as advanced materials, 2 versatile C-4 synthons, 3 and an isoster of carboxylic acid. 4 In order to extend the utility 

of squaric acid, the carbon-carbon bond-forming reaction to squaric acid becomes an important subject in this 

area. One of the conventional methods for the carbon-carbon bond-forming reaction reported to date was an 

addition of  a strong nucleophile such as organolithium or organomagnesium reagent. S However, this method 

was extremely limited due to its strong nucleophilicity which was incompatible with many unstable functional 

groups. Although several methods for carbon-carbon bond-forming reaction to squarates involving transition 

metal-catalyzed cross-coupling reactions 6 and an addition reaction of a silyl ketene acetal 7 to squaric acid 

derivatives have been reported, facile and practical methods are still sought. We expected that olefination 

reactions by Wittig and Horner-Emmons reactions would be an alternative. In this paper, we report a versatile 

method for olefination of dialkyl squarates and a subsequent conversion to the titled compound 13. 
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Scheme I 

Since Wittig and Horner-Emmons olefinations to squarates have not been extensively examined, 8 we 

attempted these olefinations by the use of various kinds of ylides and phosphonates. As a result, we found that 

the use of ylides 6 and phosphonates 7 bearing an electron-withdrawing group gave the corresponding olefins 

8-12 under mild reaction conditions. 9'1° 

7091 



7092 

Results of the Wittig reactions are summarized in Table 1. Stable ylides 6a-e derived from the acetates 

and acetonitrile smoothly reacted with the squarates 1-5 having both primary and secondary substituents on 

the alkoxy groups to give alkylidene products 8-12 with moderate stereoselectivities. 

36F~R2 ~ O R  R2 R3 2 eq. Ph R 2 
3 a: COOMo H 

D 

R 1 R 1 ,R 2 R 1 1 b: COOEt H 
or 2 eq. (EtO)2~:=--~R ¢: COOt-Bu H 

1: R1 =Allyl 3 
2: RI=Bn base 7 8: RI=Allyl d: COOEt Me 

9: RI=Bn e: CN H 
3: Rt=/-Pr 10: RI=/-Pr 
4: Rl=3-Pentyl 11: Rl=3-Pentyl 
5: Rl=2-Methyl-4-pentyl 12: Rt=2-Methyl-4-pentyl 

Scheme 2 

Table 1. Olefination with stable ylides 6a, c-e [Ph3P=CR2(R3)] 

Entry Substrate Ylide Solvent Temp. Time (h) Product Yield (%) E~ Z a 

1 1 6a CH2CI2 rt 120 8a 82 2:1 
2 1 6¢ CH2CI2 rt 48 8c 49 2:1 
3 2 6a CH2CI2 rt 120 9a 85 3:1 
4 2 6c CH2CI2 rt 48 9c 64 2:1 
5 3 6a CH2CI2 rt 48 10a 93 2:1 
6 3 6¢ CH2CI2 rt 48 10c 88 1:1 
7 4 6a CH2CI2 reflux 20 11a 97 2:1 
8 5 6a CH2CI2 reflux 42 12a 96 2:1 
9 3 6d benzene reflux 48 10d 95 1:1.3 
10 3 6e THF reflux 11 10e 63 2:1 

a The ratios of the stereoisomers were determined by 1H.NMR.11 Stereostructures of E- and Z-10a,d were 
characterized by NOE experiments) 1 Stereostructures of E- and Z-Sa, 8¢, 9a, 9¢, 10¢, 11a, 12a, and 
• 10e were determined by the comparison of the chemical shift values of the olefinic protons with those of 
E- and Z-10a. 

Horner-Emmons reactions also proceeded in the same manner as in the case of the Wittig reactions, 

except entry 1 (Table 2). Diisopropyl squarates 3 reacted with phosphonates 7b-e to afford alkylidene products 

10b-e. Noteworthy was that the reactions proceeded in a stereoselective manner to give the Z-isomers as the 

major products (entries 2-6). I~ When phosphonate 7b was employed for the olefination with diallyl squarates 

1, a small amount of the desired product was obtained (entry 1). This would be attributed to the 1,4-addition 

of the phosphonate. In fact, allyl alcohol was detected from the reaction mixture. Therefore, sterically bulky 

t-butyl ester 7e was employed to diminish the undesired 1,4-addition. As expected, treatment of 1 and 2 with 

7e gave olefins 8c and 9e in good yields, respectively (entries 2 and 3). 
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Table 2. Olefination with phosphonates 7b-e [(EtO)2P(O)CHR2(R3)] 

Entry Substrate Phosphonate B a s e  Solvent Temp.  Time Product Yield (%) E~ Z a 

1 2 7b Nail THF -20 °C 1 h 9b <10 1:2 
2 2 7c Nail THF -20 °C 1 h 9c 68 1:14 
3 1 7c Nail THF -20 °C 30 min 8c 70 1:>19 
4 3 7b Nail THF -20 °C 3 h lOb 86 1 : 12 
5 3 7c Nail THF -20 °C 1 h 10c 91 1:19 
6 3 7d Nail THF rt 30 min lOd 86 1 :>19 
7 3 7e n-BuLi THF rt 30 min lOe 71 1:1 

a The ratios of the products were determined by IH-NMR. 

We found that the alkylidene products can be converted into squarylacetic acid esters 13a,c. 7~t2 

Treatment of alkylidene product 10a,e with 12 N hydrochloric acid provided 13a,c, respectively (Scheme 3). ]3 

H 

Q ~ O O R  cat. 12 N HCI.CH2CI, O ~ O O F I  

/-PRO" O/-Pr RT O O/-Pr 

10a: R=Me 13a: R=Me (70 %) 
10¢: R=t-Bu 13¢: R=t-Bu (43 %) 

Scheme 3 

In summary, we have succeeded in an efficient synthesis of the squarylacetic acid esters 13 by the 

Wittig and Horner-Emmons reactions of dialkyl squarates followed by acid treatment. Since 13a,c possessing 

an active methylene group are equivalent to a malonic ester, these squarates would be a useful building block 

for the synthesis of advanced materials and biologically active compounds. 
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