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tent with known reactions of cyclopropylcarbinyl cations and 

explains the results in this system.

Formation of 2-ethybl f 1 -dithiophenylcyclobutane, 

2a: To 5.4 g (24.3 mmol) of anhydrous ZnBr2 in 4.6 mL 

of 48% HBr was added 1.4 g (6.8 mmol) of la in 2.9 mL 

(5 eq.) of thiophenol. After stirring for 2 hour, the mixture 

was poured into 0.25 L of ice cold water overlaid with 0.5 

L of pentane. Further extraction with pentane was followed 

by drying with MgSO4. Removal of solvents under reduced 

pressure was followed by chromatography (SiCWpentane) to 

give 1.9 g (6.5 mmol, 95.2%) of 2a as a 이ear oil (Rf=0.3, 

pentane/slica gel). 】H-NMR (CDC13) 7.77-7.17 (10H, m), 2.55 

(1H, m), 2.20-1.45 (6H, m), 0.82 (3H, t); 13C-NMR (CDC13): 

136.24 (s), 134.06 (s), 128.76 (d), 128.63 (d), 127.70 (d), 66.31 

(s), 50.24 (d), 32.70 (t), 24.19 (t), 23.17 (t), 11.58 (q); Infrared 

(neat); 3200 (s), 2950 (s), 1570 (m), 1470 (m), 1450 (m), 1060 

(s), 900, 745, 670 cm~l; Mass Spectrum (m/z, rel. intensity): 

P+ 300 (7), 271 (2), 244 (16.8), 223 (11), 191 (100), 135 (73), 

109 (35.3), 91 (44.8), 81 (69.1). 65 (34).
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Intramolecular condensation is one of the important reac­

tions which are fpequently used in the formation of p-lactam 

rings from P-amino acids in the presence of suitable conden­

sing reagents1. Recently, new organophosphate type conden­

sing reagents have been introduced2 for the construction of 

p-lactams, esters, and peptides.

In the course of our work in developing new effective 

condensing reagents3, we have examined the P-lactams (5) 

formation from P-amino acids (4) using organophosphate co­

mpounds. Compounds studied in this work involve (3-nitrop- 

yridyDdiphenyl phosphate (3a, 3-NDP) and (3-nitropyridyl) 

diethyl phosphate (3b, 3-NDE). These reagents can be easily 

prepared by the reaction of 2-hydroxy-3-nitropyridine (1) 

with dialkyl chlorophosphate (2at or 2b), and triethylamine 

in dichloromethane at room temperature for 1 h (Eq. (1)). 

3-NDP reagent was obtained as an orange crystal in essen­

tially quantitative yield (92-94%) and can be stored in a ref­

rigerator for several weeks without any decomposition. Ho­

wever, 3-NDE reagent was obtained as a reddish oil and 

was easily decomposed into the starting material (1) within 

two weeks.

We have briefly studied solvent and concentration effects 

using 3-benzylaminobutanoic acid, 1.2 equivalent of 3-NDP 

reagent and triethylamine at room temperature or at reflux­

ing condition. The best result was obtained in case of the 

substrate concentration of 0.01 M in acetonitrile with reflux­

ing for 24 h.

Some experimental results are summarized in Table 1 to 

illustrate the efficiency of the present method. N-Substituted 

P*amino acids were cleanly cyclized into the corresponding 

P-lactams in moderate to high yields whereas N-unsubstitued 

P-amino acids gave poor results due to the poor solubility.

In conclusion, 3a is a crystalline solid having excellent
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Table 1. Synthesis of p-Lactams from p-Amino Acids

p-Amino acids Yield (%) of p-Lactams41

R1 R2 R3 R4 3-NDP(3a) 3-NDE(3b)

PhCH2 H ch3 H 86 90

PhCH2 H ch3 CH3 97

PhCH2 H (CH2XCH3 H 83 85

PhCH2 H CH2CH3 H 82

PhCH2 H COCH3 H 72 78

PhCH2 CH3 H H 54 63

PhCH2CH2 H CH3 ch3 95

C6H3(OCH3)2CH? h ch3 H 84

C6H3(OCH3)2CH2i CH3 H H 80

H H H Ph c 30

a Isolated yields by column chromatography. b 3,4-Dimethoxyben- 

zyl. fLess than 10%.

hydrolytic stability and therefore is handled more easily than 

3b. Both 3a and 3b are applicable to the formation of P-lac- 

tams from N-substituted P-amino acids. Further utility of 

the reagent as dehydrating and condensing reagents is being 

explored.

Experimental

Melting points were determined with Buchi 510 apparatus 

and were uncorrected. Thin-layer chromatography (TLC) was 

performed on Silica gel 60 F254 (Merck) plates, and spots 

were detected by ultravi이et (UV) irradiation. 'H-NMR spec­

tra were measured with a Bnicker AC 100 spectrometer. 

Tetramethylsilane (TMS) in CDC13 was used as an internal 

reference. 13C-NMR spectra was obtained on a Gemini-300 

spectrometer

Preparation of (3-nitropyridyl) diphenyl phosphate 

(3a). A mixture of 2-hydroxy-3-nitropyridine (1) (14.01 g, 

0.1 mol) and trie아lylamine (10.12 g, 0.1 mol) in dichlorome­

thane (300 ml) was stirred at room temperature and a solu­

tion of diphenyl chlorophosphate (26.86 g, 0.1 mol) in dichlo- 

romethane (100 m2) was added dropwise. Stirring was con­

tinued for 1 h. The mixture was evaporated and the residue 

was extracted with chloroform. The organic layer was wash­

ed successively with 5% NaHCQ (100 m/) and brine (200 

m/) and dried with Na2SO4. The solvent was removed under 

reduced pressure and the residue was crystallized from chlo- 

roform-hexane. Yield 92-94%, mp. 76-78t; 13C-NMR 

(acetone-d6) 8 119.52, 119.58, 121.55, 125.04, 129.08, 135.57, 

139.17, 141.40, 151.16.

Preparation of (3-nitropyridyl) diethyl phosphate (3b). 

Compound 3b was prepared from 1 and diethyl chlorophos­

phate (2b) as described above. Yield 93%, 】H-NMR (100 

MHz, CDC13) 8 1.19 (t, 6H, J=7.2 Hz), 4.19 (q, 4H, J=7.2 

Hz), 7.15-8.34 (m, 3H).

The representative experimental procedure for the reac­

tion of g-amino acid with (3-nitropyridyl) dialkyl phosphate 

(Eq. (2)); To a mixture of 3-benzyl aminobutanoic acid (289 

mg, 1.5 mmol) and 3-NDP (670 mg, 1.8 mmol) in acetonitrile 

(150 mZ) was added triethylamine (360 mg, 3.6 mmol) at 

room temperature. After being stirred for 24 h at 80t. Usual 

Notes

work-up 2 :1 ether-chloroform affored l-benzyl-4-methyla2e- 

tidin-2-one in 86% yi아d (150 mg) as an oil.
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A unique rigid geometry of bridged bicyclic compounds 

has received considerable attention from NMR spectroscopi- 

sts because their geometry is ideal to study the relationships 

between configuration and the magnitude of NMR parame­

ters.1,2 Because the proton spectra were restricted for the 

conformational studies by complexity, the carbon-13 spectra 

of these derivatives were used as a mean of determining 

their conformations.1,3 One of the interesting qualitative appli­

cation of carbon-13 chemical shift is the conformational anal­

ysis of bicycloE3.1.1]heptane derivatives (1) which has the 

conformational flexibility in the three carbon bridge.4


