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Abstract: Active methylene compounds were attached to the Wang resin by an ester linkage. (7- 
acylation was achieved with a reactive species generated in situ by the combination of a carboxylic 
acid, diethyl phosphorocyanidate, and triethylamine. Cleavage from the resin with simultaneous 
decarboxylation gave the products in moderate to good yield. © 1998 Elsevier Science Ltd. All rights reserved. 

Combinatorial methods for the generation of compound libraries have recently received tremendous 

attention, particularly for accelerating the drug discovery process.' This has resulted in a resurgence of 

interest: in extending solid-phase techniques beyond the traditional areas of peptide and nucleotide synthesis. 

Although the number of organic reactions adapted to solid-phase conditions is steadily increasing, many gaps 

in the synthetic repertoire still remain. 

Active methylene compounds containing two electron-withdrawing groups are versatile precursors for 

the preparation of numerous pharmaceutically important heterocycles. A number of groups have focused on 

the solid-phase reactions of such compounds, viz. ]3-ketoesters, 3 13-ketoamides and ]3-amidonitriles, 4 and 13- 

diketones. ~ Exploitation of the chemistry of the corresponding enolates has mainly centred on Knoevenagel 

condensation, ot-alkylation, and y-alkylation (via the dianion). The feasibility of C-acylation has not been 

explored, ~ although it would produce compounds with up to three different functional groups capable of 

further selective transformations. 

Among existing solution-phase methods, 7 the combination of a carboxylic acid and diethyl 

phosphorocyanidate (DEPC) was first shown X to effect heteroatom (N, O, and S) acylation, and later 

demonstrated" to be efficient in C-acylation of 1,3-diactivated methylene compounds. From the standpoint of 

combinatorial chemistry, the mild reaction conditions (tertiary amine base, room temperature) were 

noteworthy. Another commendable feature was the direct use of readily available carboxylic acids activated'" 

in situ rather than a preformed acyl chloride or other active ester intermediate. 

Our first attempt was performed with cyanoacetic acid linked to the Wang resin (Scheme 1). The resin- 

bound 13-cyanoester 1 was mixed with benzoic acid and DEPC in the presence of triethylamine to afford 13- 
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ketoester 2. Resin cleavage with concomitant  decarboxylation afforded benzoylacetonitri le 3 in 80 % isolated 

yield based on the initial capacity of the resin. ~' 

Scheme 1 

NCCH2CO2H O l,hCO2 H O 
OH DIC, HOB  • D PC,   No . . 70%TFA. £ C N  

Ph O Ph 
Wang resin 1 2 3 

Further studies (Table 1) established the scope of these acylations. The reagent quantities can be 

reduced from 10 molar equivalents to 5 without significant loss in yield (entry 2). Substitution of 

tr iethylamine by other bases ( tetrabutylammonium fluoride, sodium hydride, sodium hexamethyldisi lazane,  

entries 3-5) was much less successful. Among the aromatic carboxylic acids tried, anthranilic acid (entry 9) 

gave the poorest yield, possibly due to competing selficondensation. Premixing the acid with DEPC and 

tr iethylamine before portionwise addition to the resin (entry 10) resulted in an improved yield. Aliphatic 

carboxylic acids (entries 11-14) are generally poor substrates (similar trends were reported '2 in solution-phase 

C-acylation) al though repeating the acylation (entry 12 vs. 13) helps. 

Table 1. C-Acylation of Resin-bound Cyanoacetate. 

1. RCO2H 10 mol eq, DEPC 10 mol eq, 
Et3N 20 mol eq, THF 

O O 
~ O . . ~ C  N 2. 70 %TFA R/jj . . . /CN 

Entry R Yield (%)" Entry R Yield (%)" 

1 C~H~ 80 8 4-I-C~H~ 68 

2 C~H~ 74 ~ 9 2-NH2-C~H ~ 30 

3 C6H 5 48 ~ l0 2-NH:-C~H~ 59 f 

4 C~H~ 16" l l  C~HsCH 2 41 

5 C~Hs 0 ~ 12 4-NO2-C6HsCH2 30 

6 4-MeO-C~H~ 78 13 4-NO~-C~H~CH: 48 ~ 

7 4-Et2N-C,,H ~ 48 14 C2HsCH(CH3)CH 2 38 

"Isolated yield after chromatography, based on the manufacturer's loading of the Wang resin. All compounds were characterized 
h c 

spectroscopically. 5 mol eq each of benzoic acid and DEPC. 10 mol cq of Et3N, were used. TBAF was used as base instead of 
d 

EtlN. Nail was used as base instead of Et~N ~NaHMDS was used as base instead of ELN. 'Acid, DEPC, and Et3N premixed and 

added portionwise. Acylation was repeated. 
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We have also investigated the acylation of five other resin-bound active methylene compounds (Table 

2), but isolated product yields were lower. This is consistent with the solution-phase results," where the 

DEPC/triethylamine combination works best with cyano- and nitro-stabilized carbanions. Entry 4 shows that 

the thiophenyl group is insufficiently activating for these acylations, which can be remedied by oxidation to 

the sulfone (entry 5). 

Table 2. C-Benzoylation of Other Active Methylene Compounds. 

1. PhCO2H 10 mol eq, DEPC 10 mol eq, 
Et3N 20 tool eq, DMF 

O 
2. 70 % TFA 

O 

Entry R" Yield (%)~ 

1 2-NO,-C,,H, 42 

2 P(O)(OEt): 23 

3 CO,Me 11 

4 SC, H~ 0 

5 SO:Q,H, 45 

0 

p h ~ . ~  R 

"The esters in entries 1-4 were prepared in the same way as cyanoacetate l. The sulfone in entry, 5 was generated from the resin 
bound sulfide (entry 4) by' m-CPBA oxidation, hlsolated yield after chromatography, based on tile manuthcturer's loading of the 
Wang resin. All compounds were characterized spectroscopically. 

In this initial study, our primary goal was to determine the success of solid-phase acylations. Hence, 

products were immediately cleaved from the resin and yield quantified. Future applications will focus on the 

utilization of acylated resin-bound species for further reactions. 

ACKNOWLEDGMENT 

This work was supported by the National Science and Technology Board of Singapore. 

REFERENCESANDNOTES 

1. For recent thematic journal issues devoted to combinatorial chemistry, see: (a) Chem. Rev. 199% 97, #2. 
(b) Curt. Opin. Chem. Biol. 1997, l, #1; For other recent general reviews, see (a) Balkenhohl, F.; von 
dem Bussche-Htinnefeld, C.; Lansky, A.: Zechel, C. Angew. Chem. Int. Ed. Engl. 1996, 35, 2288-2337. 
(b) Felder, E. R.; Poppinger, D. Adv. Drug Res. 1997, 30, 111-199. (c) Thompson, L. A.; Ellman, J. A. 
Chem. Rev. 1996, 96, 555-600. 

2. For recent reviews on solid-phase organic synthesis, see: (a) Hermkens, P. H. H.; Ottenheijm, H. C. J.; 
Rees, D. C. Tetrahedron 1996, 52, 4527-4554. (b) Hermkens, P. H. H.; Ottenhcijm, H. C. J.; Rees, D. 
C. Tetrahedron 199% 53, 5643-5678. (c) Brown, R. Contemp. Org. Synth. 1997, 4, 216-237. 

3. (a) McDonald, A. A.; DeWitt, S. H.; Hogan, E. M.; Ramage, R. Tetrahedron Lett. 1996, 37, 4815-4818. 



2198 

(b) Gordeev, M. F.; Patel, D. V.: Wu, J.: Gordon, E. M. Tetrahedron Lett. 1996, 37, 4643-4646. (c) 
Tietze, L. F.; Steinmetz, A. Angew. Chem. ha. Ed. End,/. 1996, 35, 651-652. (d) Tietze, L. F.; 
Steinmetz, A. Synlett 1996, 667-668. (e) Tietze, L. F.; Hippe, T.; Steinmetz, A. Synlett 1996, 1043- 
1044. (1) Tietze, L. F.; Steinmetz, A.; Balkenhohl, F. Bioor~,. Med. Chem. Lett. 1997, 7, 1303-1306. 

4. (a) Zaragoza, F. 72,trahedron Lett. 1995, 36, 8677-8678. (b) Zaragoza, F.: Petersen, S. V. Tetrahedron 
1996, 52, 10823-10826. (c) Zaragoza, F.: Pctersen, S. V. 7)'trahedron Lett. 1996, 37, 5999-6002. (d) 
Zaragoza, F. Tetrahedron Lett. 1996, 37, 6213-6216. 

5. Marzinzik, A. L.; Felder, E. R. Tetrahedr(m Lett. 1996, 37, 1003-I006. 
6. We are not aware of any recent publications on solid phase (%acylation. Earlier reports have described 

acylation of ester enolates: (a) Patchornik. A.: Kraus, M. A..I. Am. Chem. Soc. 1970, 92, 7587-7589. (b) 
Kraus, M. A.; Patchornik, A. J. Poh,m. Sci., Polvm. Syrup. 1974, 47, 1 I-I8. (c) Chang, Y. H.; Ford, W. 
T. J. Org. Chem. 1981, 46, 5364-5371. 

7. For reviews on C-acylation of active methylene compounds, see: (a) House, H. O. Modern 5~nthetic 
Reactions (2nd ed.); Benjamin: New York, 1972; pp. 734-765 and 772-786. (b) Davies, B. R.; Garratt, 
P.J. In Comprehensive Organic Svttthesis: Trost, B. M.: Fleming, I., Eds.; Pergamon: Oxford, 1991; 
Vol. 2, pp. 795-863. (c) Benetti, S.: Rolnagnoli, R.: De Risi, C.; Spalluto, G.; Zanirato, V. Chem. Rev. 
1995, 95, 1065-1 I 14. 

8. (a) Yamada, S.: Kasai, Y.: Shiori, T. Tetrah,,dr(m Lett. 1973, 1595-1598. (b) Yamada, S.; Yokoyama, 
Y.; Shioiri, T. J. Or q,. Chem. 1974, 39, 33(~2-3303. (c) Shioiri, T.; Yokoyama, Y.; Kasai, Y.; Yamada, 
S. 7i, trahedron 1976, 32, 221 1-2217. 

9. Shioiri, T.; Hamada, Y. J. Or~,. Chem. 1978.-13, 3631-3632. 
10. The nature of the acylafing agent under these conditions is not fully understood, and may either be the 

acyl cyanide or the acyl phosphatc: llamada. Y.: Ando, K.; Shiori, T. Chem. Pharm. Bull. 1981, 29, 
259-261. 

11. Experimental procedure: To 1 g of Wang resin ( 1.08 retool/g, Novabiochem) were added cyanoacetic 
acid, diisopropylcarbodiimide, and hydroxybenzotriazole (5 Inol equiv each) in anhydrous DMF at 0 °C, 
followed by shaking for 12 h. The resin was washed thoroughly (DMF, MeOH, and CH2C12), dried, 
and the coupling repeated to ensurc complete conversion. The loaded resin (100 rag) and benzoic acid 
(132 rag, 10 rnol equiv) were dricd under vacuum for 1 hour, suspended in DMF 15 mL) and 
triethylamine (300 btL, 20 tool equiv), and c~;oled to 0 "C. Dicthyl phosphorocyanidate (164 I.tL, 10 inol 
equiv) was slowly added, and thc reaction mixture kept at 0 'C for 30 rain before shaking at rt (I4 h). 
The resin was washed (DMF, CH2CI2), rcsuspended in trifluoroacetic acid/CH2Cl2/triethylsilane 
(70:20: 10), and shaken for 1 h. The filtrate was pooled with resin washings (CH2C12), concentrated, and 
chromatographed (silica, hexanes/ethyl acctate 75:25) to yield 12.5 mg of benzoylacetonitrile. 

12. Kim, D. Y.; Kong, M. S.; Lee, K. J. (Tzem. 5'~,,., Perkin, 7)-arts. 1 1997, 1361-1363. 


