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Abstract -- Reaction of aldehydes @rim-, sec-, and tert-) with diazoacetamide (8.9) 

of N-substituted glycinate in the presence of Zr(IV) chloride in CH2CI2 affords 

P-keto amides (11,12) in good to high yields, which on treatment with n-Bu4NF in 

THF are led to N-protected 3-acyltetramic acids (13,14). 

A standard synthetic route to 3-acyltetramic acid structure (2) involves as a key step the Dieckmann cycliza- 

tion of P-keto amide (1) of a-amino acid ester (Scheme 1). and this technique has been extensively utilized in 

the synthesis of a variety of natural and unnatural bioactive tetramic acids.2.3 However, there is a limitation in 

this methodology in which it is not feasible to prepare a wide range of R3 groups in the P-keto amide (1). This 

problem has been partly solved by developement of direct or indirect 3-acylation method of tetramic acids (3): 

1) BF3 or Tic14 catalyzed acylation with acyl  chloride^;^ 2) Et3N catalyzed 0 to C acyl migration of O- 

acylatesS (Scheme 1); and 3) aldol reaction of 0-methyl derivative and subsequent oxidation-deprotection 

sequence.6 Even in these advanced acylation protocols there are serious limitations in introducing a-hranched 

andlor acid-sensitive acyl groups to 5-unsubstituted tetramic acid (3. RS = H). These drawbacks in the existing 
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methods should be overcome on planning the synthesis of recently discovered bioactive natural products, BU- 

4514N (neuritogenic) (4)' and lydicamycin (antibiotic) (5): which are characterized by the presence of 

tetramic acid subunit bearing a sterically crowded acyl group at the 3-position. 

BU-4514N (4) 
(stereahemistry of the aglycone not determined) 

CHI 

" OH 

Lydicamycin (5) 
(relative stereochemistry for the hydronapthalcne unit) 

This paper repons a general synthetic method of 5-unsubsrituted 3-acyltetramic acids that features a new entry 

to bketo amide (11) or (12) (Scheme 2) which involves a ZrC4 catalyzed C-H insenion reaction of aldehydes 

with diazoacetamide of N-protected glycinate.9 This technique in combination with well-precedented Dieck- 

mann cyclization and deprotection can be utilized in the synthesis of 4 and 5. 

Diazoacetamides (8 and 9) of N-benzyl glycine esters (7) were prepared by reaction of tosylhydrazone of 

glyoxylic acid chloride (6) with 7 in the presence of triethylamine (2 equiv) in dichloromethane (Scheme 2), 

according to the procedure of House for the preparation of diazoacetic ester~.'~. 'l  We initially attempted the 

reaction of 8 with hexanal (10a) using 3 equiv of 8 and 1 equiv of ZrC4 as a catalyst in dichloromethane 

solvent at 0 OC for 0.5 h. From this reaction there was obtained 0-keto amide ( l l a )  in 79% yield after silica 

gel chromatography. Use of three-fold excess amount of the diazoamide (8) was required for obtaining the 

high yield since there was a side reaction producing ClCH2COCH2CON(Bn)CH2C02CH3. Likewise, 2-ethyl- 

hexanal (lob) and cyclohexanecarboxaldehyde (10c) afforded the corresponding keto amides ( l l b )  and (llc), 

respectively, in good yields (Table 1). On the other hand, a-tertiary aldehydes (IOd,e) reacted rather sluggish 

under the same conditions, resulting in poor yields of l l d , e  (ca. 35%). However, the yields could be greatly 

improved up to 60-708 by using 2 equiv of the ZrCl4 catalyst. This protocol, which proved quite effective 

for sterically hindered aldehydes, was successfully employed in the preparation of keto amides (12d,e) of 
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Scheme 2 

R-CHO (106-8) n-Bu4NF 
X I 4  in C&Cl2 THF 

X X 

(X- C6HsCb) 13 (X- C6H5C\) 
12 (X - (4-CH30)CsH4CH2) 14 (X = (4CH30)C6H4CH2) 

15 (X. H) 

R - 

Table 1. Preparation of pKeto Amides and y-unsubstituted 
a-Acyltetramic Acids 

Eketo amide tetramic acid 
diaroamide' 

(%yield) (%yield), mp or bp (Torr). "C 

8 Ila (79)b 1% (98) 55-56 
8 I l b  (53)b 13b (97) d 

8 I l c  ( 7 ~ ) ~  13c (96) 110-112 
8 Ild (31)~(62)' 1M (98) 119 (0.02) 
8 118 (36)b (64)C 1% (98) d 

. . 
0 )  All reactions with aldehydes were performed in dichloromethane at 0 "C 
for 0.5 - 1 h using 3 equiv of diazoacetamide, and all keto amide vroducls - .  
were obtained as a pale yellow ail. b)  I equiv of ZaCln was used. c) 2 equiv 
of X I 4  was used. d) lids product was obtained as an ail. 

methyl N-(4-rnethoxybenzyl)glycinate 

Dieckmann cyclization of the p-ketoamidoacetates was nicely effected by the method of Ley.2P Thus treat- 

ment of l la-e and 12d,e with 2 equiv of n-BuaNF in THF at room temperature afforded the corresponding N- 

protected tetramic acids (13a-e and 14d,e) in nearly quantitative yields. The N-4-methoxybenzyl protecting 
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group in 14e was readily removed by treatment with uifluomacetic acid under solvolytic conditions2f to give 

15e in quantitative yield. 

EXPERIMENTAL SECTION12 

Methyl N-(4-Methoxyhenzyl)-N-diazoaeetylglycinate (9). A solution of p-toluenesulfonyl hydrazone of 

glyoxylic acid chloride (6) (1.94 g, 9.27 mmol) in CHzCl2 (10 ml) was cooled at 0 OC, and to this solution 

were successively added N-(4-methoxybenzyl)glycine methyl ester (2.41 g, 9.27 mmol) in CHzClz (5 ml) and 

uiethylamine (2.6 ml, 18.8 mmol) in CHzClz (15 ml). The mixture was stirred at 0 OC for 30 min and then at 

room temperature for 30 min. The solvent was evaporated, and the residue was treated with benzene (40 ml) 

and filtered after addition of Florisil (10 g). The filtrate was concentrated, and the residue was subjected to a 

flash chromatography (silica gel 200 g, hexaneIAcOEt = 1:l) to give 9 (2.02 g, 79%) as a pale yellow oil, 

which solidified on standing. An analytical sample was obtained by recrystallization from AcOEt-hexane as 

yellow plates, mp 87-88 OC, Rf= 0.23 @exane/AcOEt = 1:l). FT-ir (neat): 2126, 1754, 1602 crn.1. IH Nmr 

(500 MHz, CDCI3) 6: 3.73 (3H. s, COOCH3), 3.81 (3H, s, ArOCH,), 4.1 1 (ZH, br s, C&COOCH3), 4.38 (2H. 

br s, ArCD), 5.05 (lH, br, NzCH), 6.88 (2H, d, J = 8 Hz), 7.15 OH, d, J = 8 Hz). 13C Nmr (126 MHz, 

CDCl3) 6: 47.09 (N2CH), 47.56 (COOCH3), 51.51 (ACH2) 52.22 (COOCH3), 55.33 (ArOCH,), 114.32, 

128.28, 159.33 (Ar), 166.77, 169.88 (CO). El-ms: m/r 278 (Mf+l), 148 (base peak). Anal. Calcd for 

C13H15N304: C, 56.31; H, 5.45; N, 15.15. Found: C, 56.30: H, 5.39; N, 15.27. 

By using the same procedure, there was obtained N-benzyl compound (8) in 63% yield as a pale yellow oil, Rf 

= 0.29 (hexane1AcOEt = 1:l). FT-ir (neat): 2109, 1749, 1610 cm-'. 'H Nmr (500 MHz, CDCI3) S: 3.73 (3H, 

s), 4.15 (2H, br s), 4.45 (2H, br s), 5.01 (lH, br), 7.22-7.38 (5H, m). 13C N m  (126 MHz, CDC13) 6: 46.96 (d), 

47.65 (t), 51.37 (t), 52.07 (q), 126.72, 128.78, 135.93 (d), 166.77, 169.70 (s). EI-ms rn lz : :  248 (M++l), 219 

(base peak). 

Mthyl N-(4-Methoxyhenzyl)-N-[3-(l-methylcycIohexyl)-3-oxopropanoyl]gIycinate (12e) (General 

Procedure for the Preparation of P-Keto amides). To a stirred and cooled (-10 OC) suspension of Z&14 

(610 mg, 2.62 mmol) in dry CHzC12 (1.5 ml) under N2 was added a solution of 9 (1.09 g, 3.93 mmol) in dry 

CH2C1z (1.5 ml). After addition of a solution of l l e  (165 mg, 1.31 mmol) in dry CH2CI2 (1 ml) via a canula, 

the mixture was stirred at 0 OC (ice-water bath) for 1 h. The insoluble inorganic material was removed by 

filtration through a layer of Celite and washed with CH2C12 (30 ml). The combined filtrates were 

concentrated under reduced pressure, and the residue was dissolved in AcOEt (20 ml). The AcOEt solution 
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was successively washed with saturated NaHCO3 (2 ml x 2) and brine (2 ml), dried (MgS04), and 

concentrated. The residue was subjected to flash chromatography (silica gel 50 g, hexanelether = 1:l) to 

give 12e (385 mg, 78%) as a colorless oil, Rf = 0.23 (hexanelAcOEt = 1:l). FT-ir (neat): 1751, 1653, 1613 

cm-I. 'H Nmr (500 MHz, CDCI3) 6 (keto form, majorlminor rotamers = 1.8)13.14: 1.13,1.15 (C-CH3), 3.68, 

3.78 (COCH2CO). 3.70, 3.71 (COOCH3). 3.81 (ArOCH3), 4.02, 4.08 (C&COOCH3), 4.53 (ArCH2); 6 

(enol form, majorlminor mtamers = 3.7)14 1.11 (C-CH3), 3.73, 3.74 (COOCH,), 3.80, 3.81 (OCH3), 3.89, 

3.92 (CflzCOOCH3) 4.64.4.65 (ArCHz), 5.02,5.32 (C=CH). EI-ms mlz: 375 (M+), 97 (base peak); HRms 

calcd for C ~ I H ~ ~ N O ~  375.2044, found 375.2034. 

N-(4-Methoxybenzyl)-3-(l-methylcyclohexarbonyl)tetramic Acid (14e) To a solution of 13e (127 

mg, 0.34 mmol) in dry CHzClz (0.9 ml) was added 1 M THE solution of n - B u m  (0.68 ml), and the mixture 

was stirred at room temperature. After 2 b, the solvent was evaporated and the residue was dissolved in 

AcOEt (20 ml). The AcOEt solution was washed with a 1:l mixture of 10% HCI and brine, dried on 

NazS04, and concentrated. The residual oil which showed single spot on tlc (1% KH2P04 impregnated 

silica geI)l6 was purified by chromatography on KHzP04-treated silica gel17 (17 g, elution with 

knzene1AcOEt = 191) to give 14e (112 mg, 96%) as a colorless oil, Rf = 0.34 (knzene1AcOEt = 191). 'H 

Nmr (500 MHz, CDC13) 6 (tautomer ratio = 6.5)14J5: 1.31 (s, C-CH3), 3.55, 3.78 (s, H-S), 3.80, 3.81 (s, 

OCH,), 4.54, 4.55 (s, ArCHz), 6.86-6.90, 7.18-7.21 (m, ArH). 13C Nmr (75.5 MHz, CDCI3) 6 (tautomer 

ratio = 6.5)14J5: 22.90 (C-CHJ), 23.1 1.25.83, 33.72 (cyclohexane), 43.68 (C-CH3), 45.33 (ACHz), 50.52, 

54.45 (C-5). 55.38 (OCH3), 99.57 (C-3). 114.43, 129.80 (d, Ar), 127.33, 159.56 (s, ArH), 166.40, 176.28 (C- 

2). 188.88,196.24 (3-CO), 199.32, 204.99 (C-4). HRms calcd for CZ0HZSNO4 343.1783, found 343.1788. 

3-(1-Methylcyclohexanecarhonyl)tetramic Acid (lSe) A solution of 14e (18 mg, 0.05 mmol) and uifluoro- 

acetic acid (2 ml) was kept at 50 OC for 24 h, then concentrated under reduced pressure at room temperature. 

The residue was subjected to chromatography (KH2P04-treated silica gel, knzenelAcOEt = 4:l) to give 1Se 

as a solid (1 l mg, 100%), mp 145.146 OC (colorless plates after recrystallization from i-PrzO). EI-ms mlr: 223 

(M+), 126, 99. 'H Nmr (500 MHz, CDC13) 8 (tautomer ratio = 4)14.15: 1.34,1.40 (s, C-CH,), 2.26 (ZH, t, J =  

8.4 Hz), 3.78, 4.02 (2H, s, H-5). 6.15, 6.46 (IH, br s, H-1). 13C Nmr (75.5 Hz, CDC13) 614.15: 22.87, 23.05 

(CH3). 23.14,25.85,25.95,33.72,33.96 (cyclohexane CH2), 43.98, 51.17 (C-5), 45.65,47.23 @CH3), 99.16, 

105.06 (C-3), 179.62 (C-2), 190.17, 197.71 (3-CO), 200.82, 206.09 (C-4). Anal. Calcd for CI2Hl7NO3: C, 

64.55; H, 7.67; N, 6.27. Found: C, 64.46; H, 7.56; N, 6.08. 



1844 HETEROCYCLES, VOI. 38, NO. 8,1984 

REFERENCES AND NOTES 

1. This paper is dedicated to Professor Yoshifumi Maki on the occasion of his retirement from Gifu 
Pharmaceutical University in March, 1994. 

2. a) S. V. Ley, S. C. Smith, and P. R.Woodward, Tetrahedron, 1992,48,1145. b) R. H. Schlessinger and 
G. R. Bebernitz, J. Org. Chem., 1985.50, 1344. c) P. DeShong, N. E. Lowmaster, and 0. Baralt, J. Org. 

Chem., 1983,48,1149. d) R. K. Boeckman, Jr. and A. J. Thomas, J. Org. Chem., 1982,47,2823. e) K. 
Matsuo, I. Kitaguchi, Y. Takata, and K. Tanaka, Chem. Pharm. Bull., 1980,28,2494. f )  V .  J. Lee, A. R. 

Branfman, T. R. Henin, and K. L. Rinehart, Jr., J. Am. Chem. Soc., 1978,100,4225. g) R. N. Lacey, J. 

Chem. Soc., 1954,850. 

3. Review on the chemistly of tetramic acid: H-G. Heming and A. Gelbin, Advances in Heterocyclic 
Chemistry, 1993,57,139. 

4. a) R. C. F. Jones and S. Sumaria, Tetrahedron Leu., 1978,3 173. b) R. C. F. Jones and G. E. Peterson, 
Jbid., 1983.24.4757. 

5. a) K. Hori, M. Arai, K. Nomura, and E. Yoshii, Chem. Pharm. Bull., 1987,35,4368. b) J. L. van der 
Baan, J. W. F. K. Bamick, and F. Bickelhaupt, Tetrahedron, 1978.34.223, 

6. R. C. F. Jones and G. E. Peterson, Tetrahedron Len., 1983.24.4751. 

7. S. Toda, S. Yamamoto, 0. Tenmyo. T. Tsuno, T. Hasegawa, M. Rosser, M. Oka. Y. Sawadq M. Konishi, 

and T. Oki, J. Antibiot., 1993.46.875. 

8. Y. Hayakawa, N. Kanamm, N. Morisaki, K. Furihata, and H. Seto, J. Antibiot., 1991,44,288. 

9. A similar ZrCI4-catalyzed reaction of methyl (diazoacet0xy)acetate with aldehydes yielding (3-0x0- 

alkanoyloxy)acetates has been repofled recently by us. K. Nomura, T. Iida, K. Hori, and E. Yoshii, J. 

Org. Chem., 1994.59.488. 
10. a) H. 0. House and C. J. Blankley, J, Org. Chem., 1968,33,53. b) C. J. Blankley, F. 1. Sauter, and H. 0. 

House, Org. Synth. Coll. Vol., 5, 258 (1973). 

11. An alternative preparation of 8 by the route shown below resulted in a poor yield, producing 1.2.4-niazine 

(i) as the major product. 

12. All new compounds were characterized by spectral data ('H and '3C Nmr, ir, and ms) and combustion 

analysis (CHN) andlor high-resolution ms). 

13. Ratio of ketolenol forms = 2. 

14. The signals due to minor rotamer or tautomer are indicated in italics. 

15. M. J. Nolte, P. S. Steyn, and P. L. Wessels, J. Chem. Soc., Perkin Trans. 1, 1980, 1057. 

16. 1. St. Pyrek, 0. Achmatowicz, Jr., and A. Zamojski, Tetrahedron, 1977.33.673. 

17. W. W. Lee, A. P. Martinez, T. H. Smith, and D. W. Henry, J. Org. Chem., 1976,41,2296. 

Received, 22nd March, 1994 


