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Abstract : ~,-Chloro-a-(N-alkylimino)esters were reduced by sodium cyanoborohydride in methanol in 
the presence of acetic acid with complete selectivity to give rise to either ~,-chloro-a-(N-alkylamino)es- 
ters (reaction at 0°C) or 1-alkyl-3,3-dimethylazetidine-2-carboxylic esters (reaction at reflux). The iso- 
lable ~,-cMoro-a-(N-alkylamino)esters are suitable sources for l-(N-alkylamino)-2,2-dimethylcyclopru- 
pane-1-carboxylic esters via base-induced 1,3-dehydrochlorination, while the former substrates as tran- 
sient species undergo 1,4-dehydrocMorination to the corresponding azetidines. The latter process was 
used for the synthesis of 3,3-dimethylazetidine-2-carboxylic acid, a new non-proteinogenic sterically 
hindered c~-amino acid, via hydrogenolysis of methyl 1-benzyl-3,3-dimethylazetidine-l-carboxylate 
and subsequent acidic hydrolysis. Reduction of alkyl 4-chloro-3,3-dimethyl-a-(N-alkylimino)butanoa- 
tes with lithiumaluminiumhydride in diethyl ether afforded 1-alkyl-3,3-dimethyl-2-(hydroxymethyl)- 
azetidines. © 1998 Elsevier Science Ltd. All rights reserved. 

I N T R O D U C T I O N  

Small ring a-amino acids have been the subject of  considerable research in the last decade because of  the 

physiological activities associated with these derivatives. Small ring as well as azacyclic a-amino acids recei- 

ved considerable attention in this respect, l-Aminocyclopropane-l-carboxylic acids 1-3 have been studied 

intensively in relation to the unsubstituted a-amino acid 1, i.e. l-aminocyclopropane-l-carboxylic acid (ACC), 

which is omnipresent in plants and which is converted in plants into ethylene by the ethylene forming enzyme 

via an oxidative decarboxylation process. 1,2 Ethylene is a major natural plant growth regular and is responsible 

for the germination o f  seeds, flowering, fi'uit and leaf drop, and ripening of  fruits. 1,2 In general  ethylene is res- 

ponsible for all factors associated with the senescence o f  plants. Consequently, a great number o f  efforts have 
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been devoted to the synthesis of  ACC derivatives because of  their potential plant growth regulating activity. 3q3 

Additionally, ring substituted ACC derivatives 2 and 3 constitute sterically constrained a-amino acids which 
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have an interest in peptide chemistry because of  their potential to alter conformations of peptides containing 

these ACC derivatives. Accordingly, such peptides have been studied as potential enzyme inhibitors. The 

latter research led to the synthesis ofpeptide mimetics resistant to proteolytic cleavage. ~4-~8 

Azetidine-2-carboxylic acid 4 and its derivatives 5 are frequently observed in a number of  plant sources 

such as the Liliaceae, Solanaceae, Fagaceae, Fabaceae, Chenopodiaceae and red marine algae. ~9"2° Several of 

these natural derivatives are phytosiderophores, i.e. low molecular weight chelators, which promote uptake and 

transport of  iron in higher plants under iron-deficient conditionsf 1 The antifungal antibiotics of the polyoxin 

group, for example polyoxine A, contain polyoximic acid, an azetidine-2-carboxylic acid, as structural uni ty 

Other azetidine carboxylic acids, also including compounds carrying the carboxyl group at positions different 

from the or-position, have been shown to display growth regulator activity and male sterilizing activity in 

cereals, 233° while cis-azetidine-2,4-dicarboxylic acid has been reported as a neurotransmitter potentiator. 31" 3: 

Cyclopropaneamino acids have become increasingly important as mimics for naturally occurring amino 

acids. The same is valid for their azetidine based a-amino acids as a result of  some special structural featu- 

res. 33 Peptides containing such small ring amino acids are expected to show improved metabolic stability since 

tertiary amide bonds are resistant to proteolysis. The reduced conformational space can lead to altered selecti- 

4H 

" ~ C O O H  

vity, while increased ring strain can prove useful for the design of  novel peptide-based enzyme inhibitors as 

exemplified for ACC. 34 While now a number of  syntheses on cyclopropanecarboxylic acids 2 and 3 have been 

published in recent years, few synthetic methods are available for azetidine-2-carboxylic acids. 19,20,35-37 
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In the present paper, a suitable access to 3,3-dimethylazetidine-2-carboxyfic acid 7, a new small ring 

unnatural a-amino acid with a sterically hindering geminal dimethyl unit, via selective elaboration of y-cldoro- 

a-iminocarboxyfic esters is disclosed. 

RESULTS AND DISCUSSION 

13-Chloro imines have been utilized with success in the synthesis of  azetidines via addition of  a nucleo- 

phile across the imino bond and subsequent intramolecular nucleophilic substitution. 3s4° More functionalized 

[3-halo imines, such as the y-chloro-a-(N-benzyl)iminocarboxylic esters 1 la ,b ,  have been shown previously to 

be excellent substrates for the synthesis of  2,2-disubstituted 1-aminocyclopropanecarboxyfic acids 12 by base- 

induced 1,5-dehydrochlorination and subsequent hydrolysis (Scheme l). 4~ 7-Chloro-c~-iminocarboxylic esters 

11 are suitable trifunctional substrates for selective transformations towards cyclopropanes and azetidines. A 

selective reduction of  the imino function of  compounds 11 without interference of  the halogen and the car- 

boxylic ester moiety provides a y-chloro-c~-aminocarboxylic ester 13 which either can be converted to ACC 

derivatives 14 by 1,3-dehydrochlorination or can be ring closed in a 1,4-fashion to provide azetidine-2-car- 

boxylic esters 15 (Scheme 2). The latter aspect is now worked out in the following experiments. 

y-Chloro-a-iminoesters 11 were synthesized from [3-chloroketone 8 via a sequence of  reactions involving 

c~-monobromination, ethylthiolate substitution, dichlorination, Hg+~-assisted alcoholysis to give 7-chloro-a- 

ketoesters 9 and 10, and TiCI4-mediated imination. 4~ 

In some preliminary experiments, it was noticed that the trifimctional y-chloro-cc-iminoester l l a  was 

inert towards nucleophilic attack across the imino double bond. Both sodium methoxide or sodium borohydri- 

de were not capable of  inducing any reaction, even under more streneous reaction conditions (Scheme 2). 

Contrary to the imination of  9, the relative stability of  the c~-imino ester 11 a towards nucleophilic attack can be 

interpreted in terms of  the higher steric shielding of  the imine carbon atom combined with a less electrophilic 

behaviour of  it in comparison with the carbonyl precursors 9 or 10. While compound 1 la  remains unreactive 

towards sodium borohydride in methanol under reflux for 5h, also a large excess of  diborane-dimethyl sulfide 

complex in dichloromethane under reflux for 18h did not lead to amine 16 (Nu=H) or azetidine 17 (Nu=H). 

Sodium cyanoborohydride in methanol in the presence of  acetic acid proved to be an excellent chemoselective 

reagent for the reduction of  the imino function in compounds 11. 4~ In this way, the electrophilic character of 

the imino carbon atom is enhanced by conversion into an intermediate iminium ion. This reduction reaction 

turned out to be an interesting transformation as it could be directed selectively to either the functionalized c~- 

amino esters 13 4~ or the azetidine-2-carboxyfic esters 15. Controlling the reaction conditions allowed to stop 

the reduction reaction o f l l  at the level of  a-amino esters 13 when performing the reaction at 0°C for lh. This 

conversion offered a route to N-aikylated 2,2-disubstituted-l-aminocyclopropanecarboxylic esters 14 by reac- 
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tion ofy-chioro-ct-imino esters 13a,e with potassium t-butoxide in THF under reflux. 41 The temperature of the 

reductive conversion of compounds 11 with sodium cyanoborohydride proved to be the key to selective reac- 

tions. At elevated temperature, the intermediate ct-amino esters 13 cyclized in situ to the azetidine-2-carboxy- 

lic esters 18, which were obtained in 75-86% yield. In order to prepare 3,3-dimethylazetidine-2-carboxylic 

acid 7, methyl 1-benzyl-3,3-dimethylazetidine-2-carboxylate 18a was deprotected at the nitrogen atom by 
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Scheme 3 

hydrogenolysis in methanol in the presence of palladium on carbon. This procedure required the use of the 

azetidine 18a as the hydrochloride because otherwise the palladium catalyst was poisoned by the N-debenzyla- 

ted azaheterocycle. This is a common feature for azetidines and is due to the higher basic character compared 
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to other azaheterocycles of different ring size. 42 In addition, relatively large amounts of the palladium catalyst 

were required in order to obtain methyl 3,3-dimethylazetidine-2-carboxylate 19 in 76% yield. Another prere- 

quisite for a successful conversion of the N-benzylazetidine IRa into the N-debenzylated derivative 19 concer- 

ned the high purity of the starting substrate. A purification of compound 18a by flash chromatography was 

absolutely necessary, even when the purity of the compound, as judged from 1H ~ was higher than 95%. 

Methyl 3,3-dimethylazetidine-2-carboxylate 19 was hydrolyzed with 10 equiv. 2N hydrogen chloride under 

reflux for 15h to give 3,3-dimethylazetidine-2-carboxylic acid 20 in virtually quantitative yield. 

While the action of relatively strong bases such as potassium t-butoxide on methyl 4-chloro-2-(N-benzyl- 

amino)-3,3-dimethylbutanoate 13a gave rise to methyl 1-(N-benzylamino)-2,2-dimethylcyclopropanecarboxy- 

late 14a, the reaction of compound 13a with an excess of potassium cyanide in methanol under reflux for 5h 

afforded methyl 1-benzyl-3,3-dimethylazetidine-2-carboxylate IRa in 86% yield. Sodium methoxide in metha- 

nol (2N; 5 equiv.) under reflux for lh converted the 3/-chloro-cc-amino ester 13a into a 82:18 mixture (94% 

yield) of methyl 1-benzyl-3,3-dimethylazetidine-2-carboxylate 18a and 1-(N-benzylamino)-2,2-dimethylcyclo- 

propanecarboxylate 14a, respectively (Scheme 4). Accordingly, the presence of relatively stronger bases, such 

as alkoxides, favors the formation of cyclopropane derivatives 14, as compared to the formation of azetidines 
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18 in alcoholic medium in the presence of  cyanide or cyanoborohydride. 

Treatment ofy-chloro-cx-amino esters l la ,c  with lithium ab~minium hydride in ether under reflux for lh 

gave rise to l-alkyl-3,3-dimethyl-2-(hydroxymethyl)azetidines 21a,c in 60-88% yield. Recently, 2-(hydroxy- 

methyl)azetidines have been isolated from marine organisms, i.e. Penares sp.43-45. These marine natural pro- 

ducts, called penaresidins and penazetidins, displayed an ATP-ase activating property and a protein kinase C 

inhibition. 42.43 

The methodology, starting with the reductive ring closure of  3/-chloro-c~-iminocarboxyfic esters 11, is 

certainly applicable to other 3,3-disubstituted azetidine-2-carboxylic acids and its derivatives. In this way y- 

chloro-c~-aminocarboxylic esters 11 are elegant sources for the synthesis of  strained a-amino acids, i.e. azeti- 

dine-2-carboxylic acids and l-aminocyclopropanecarboxylic acids, with a potential physiological activity. 

EXPERIMENTAL PART 

1H NMR spectra were recorded at 60 MHz, 270 MHz or 360 MHz, while ~3C NMR spectra were obtained at 

67.8 MHz or 90 MHz. IR spectra were measured with a fiquid film between NaC1 or as a KBr pellet. Mass 

spectra were recorded at 70 eV, either by the direct inlet mode or via a GC-MS coupling. GC analyses were 

performed using a capillary column (fused silica, RSL 200, 20 m length, i.d. 0.53 mm~ He carrier gas). Flash 

chromatography was performed using Merck Kieselgel 60 (0.04-0.063 nun) and different solvent combina- 

tions, determined via initial tic analysis (Merck Kieselgel 60 F2~4, precoated). Melting points were measured 

on a Kofler Hotbench (geichert Jttllg) or with a Biichi 535 melting point apparatus. 

Preparation of  starting materials 

Alkyl 4-chloro-3,3-dimethyl-2-oxobutanoates 9 and 10 were prepared starting from I~-chloroketone 8 by con- 

secutive bromination, substitution with sodium ethylthiolate, chlorination with sulfuryl chloride and Hg(II)-ace- 

tate mediated alcoholysisfl The corresponding ~,-chloro-c~-(N-alkylimino)esters 11 were synthesized by imina- 

tion ofc~-ketoesters 9 and 10 with primary amines (benzylamine or isopropylamine) in the presence of stoichio- 

metric amounts of  titanium(IV) chloride in diethyl ether. 

Synthesis of  N-substituted 3,3-dimethylazetidine-2-carboxylic esters 18 

The conversion of  methyl 4-chloro-2-(N-benzylimino)-3,3-dimethylbutanoate 11a into methyl N-benzyl-3,3- 

dimethylazetidine-2-carboxylate 18a is representative. 

To an ice cooled solution of  4-chloro-2-(N-benzyl)imino-3,3-dimethylbutanoate 11a (2.67 g, 0.01 tool) 

in methanol (40 mL) is added sodium cyanoborohydride (1.24 g, 0.02 mol), followed by 98% acetic acid 

(0.6 g, 0.01 tool). The reaction mixture was stirred for lh at reflux, poured into water and extracted with 
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CH2Ch (3x20 mL). The combined organic extracts were dried (MgSO4), filtered and evaporated to yield 

2.34 g (100%) of methyl 1-benzyl-3,3-dimethylazetidine-2-carboxylic ester 18a. Purification can be performed 

by means of flash chromatography or distillation (Rf Et20/CsH~2 1/1 = 0.49, bp. 113-117°C / 2 mmHg) to yield 

the pure compound in 86% and 75% yield, respectively. IH NMR (CDCI3, 270 MHz) d 1.18 and 1.20 (each 

31-1, each s, Me2C); 2.69 and 3.10 (2I-1, d+dd, AX, J=6.35 and 0.73 Hz, C_H_2N); 3.45 (IH, d, J=0.73 Hz, 

C HN); 3.58 and 3.80 (2H, 2xd, AB, J=12.69 Hz, CH2C6Hs); 3.64 (3H, s, OMe); 7.29 (SH, m, CH2C6I~). 13C 

NMR (CDCh, 67.8 MHz) d 22.93 and 27.73 (Me2C); 36.41 (Me2_C); 51.25 (OMe); 61.76 (CH2C6I-I5), 63.32 

(CH2N); 73.13 (_CHN); 127.13 (Cp); 128.16 and 129.20 (Co and Cm); 137.10 (Cq); 171.93 (C=O). IR (NaCI, 

cml); 1728-1752 (C=O). MS (70 eV) m/z (rel. int.) 233 (M +, 1); 174(11); 119(8); 118(7); 117(7); 92(7); 

91(100); 65(14); 56(8); 55(5); 42(5); 41(8); 40(11). Elemental analysis : Calcd. 72.07% C, found 72.19% C; 

calcd. 8.21% H, found 8.10% H; calcd. 6.00% N, found 6.19% N. 

Methyl N-isopropyi-3,3-dimethylazetidine-2-carboxylic ester 18c : 

1H NMR (CDC13, 270 MI-Iz) ~ 0.92 and 0.97 (6H, each d, J=6.4 Hz, CHMe2), 1.18 and 1.22 (6H, each s, 

Me2); 2.42 (IH, septet, J=6.4 Hz, C HMe2); 2.68 and 3.25 (2H, AB, J=6.4 Hz, CI-I2N), 3.40 (1H, s, CHN), 

3.77 (3I-1, s, OMe). 13C NMR (CDCI3, 67.8 MHz) 6 172.28 (C=O); 73.46 (CHN); 63.05 (CH2N); 58.67 

(NCH); 51.48 (OMe); 34.55 (Me2C); 28.18 and 23.09 (Me2C); 19.91 and 19.38 (C~_~e). IR (NaC1, cm -1) 

1725-1755 (C=O). MS (70 eV) m/z (rel. int.) 186 (NC +1, 2); 185 (M +, 18); 184 (M ~ -1, 2); 170(43); 130(5); 

126(100); 115(7); 110(5); 97(8); 88(6); 85(4); 84(51); 83(9); 82(5); 72(6); 71(15); 70(21); 69(9); 68(2); 

67(2); 59(5); 57(4); 56(35); 55(12); 54(2); 53(2); 44(4); 43(34); 42(18); 41(18). Elemental analysis : calcd. 

64.83% C, found 64.96% C; calcd. 10.34% H, found 10.19% H; calcd. 7.56% N, found 7.50% N. 

Preparation of the Hydrochloride of Methyl 1-Benzyl-3,3-dimethylazetidine-2-carboxylic ester 18a 

A solution of 1.16 g (0.005 tool) of azetidine 18a in 25 ml of dry ether was treated with an excess of dry 

hydrogen chloride in ether. The mixture was stirred for lh at room temperature, after which the precipitated 

hydrochloride was filtered off and washed with ether. After drying in vacuo, the hydrochloride (1.15 g; yield 

85%) was used as such in the next experiment. 1H NMR (CDCI3, 270 MHz) : 1.45 and 1.54 (each 3H, each 

s, Me:); 3.63 (3H, s, OMe); 3.7-4.7 (5H, m, CH-N-(CH2)2); 7.3-7.7 (5H, m, C6~); 12.1 (1H, s, broad, NIJ). 

Debenzylation of methyl l-benzyl-3,3-dimethylazetidine-2-carbox3,1ic ester 18a to methyl 3,3-dimethylazeti- 

dine-2-carboxylate 19 

To a solution of methyl 1-benzyl-3,3-dimethylazetidine-2-carboxylic ester hydrochloride 18aHCI 

(0.81 g, 3 retool) in methanol (60 mL) was added 10% Pd on carbon (50% w/w, 0.405 g). The amino ester 

was hydrogenolyzed under a pressure of 50 psi at room temperature for 20h. Atter the reaction, the suspen- 
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sion was filtered and the filtrate was concentrated in vacuo. The residue was poured into water, neutralized 

with NaHCO3 and extracted with CH2C12. The combined organic extracts were dried (MgSO4), filtered and 

evaporated. Purification was performed by flash chromatography to yield 0.33 g (76%) of  methyl 3,3-dime- 

thylazetidine-2-carboxylate 19 : RfMeOH = 0.62. IH NMR (CDCI3, 270 MHz) ~ 1.10 and 1.39 (6H, each s, 

Me2C); 2.75 (1H, s br, NIiI); 3.31 (2H, s, CH2N); 3.76 (3H, s, OMe); 4.02 (IH, s, C HN). ~3C NMR (CDC13, 

67.8 MHz) ~ 23.29 and 28.05 (Me2C); 39.73 (Me2C); 51.70 (OMe); 57.32 (CH2N); 67.83 (CHN); 173.58 

(C-O). IR (NaC1, cm -m) 3320 (NH); 1734 (COOMe). Elemental analysis : calcd. 58.72% C, found 58.59% C; 

calcd. 9.15% H, found 9.19% H; calcd. 9.78% N, found 9.88% N. 

Hydrolysis of  Methyl 3,3-dimethylazetidine-2-carboxylate 19 to 3,3-dimethylazetidine-2-carhoxylic acid 7 

A solution of  methyl 3,3-dimethylazetidine-2-carboxylate 19 (0.33 g, 2.3 retool) in 2N HCI (5 ml, 10 

mmol) was stirred at reflux for 15h. After the reaction, the solvent was evaporated in vacuo and the residue 

was chromatographed on Dowex 50x8 to yield 0.28 g (97%) of pure 3,3-dimethylazetidine-2-carboxylic acid 

7 : 1~ n-BuOH/AcOH/H20 4/1/1 = 0.19, rap. 188°C. IH NMR (D20, 270 Ml-Iz) ~ (Ref. CH3CN = 2.00) 1.17 

and 1.33 (6H, each s, Me2C); 3.57 and 3.77 (2H, AB, J=10.38 Hz, CH:N); 4.40 (IH, s, C H-N). 13C NMR 

(D20, 67,8 MHz) ~ (Ref. Trimethylsilylpropanesulfonic acid sodium salt; 5=0); 24.28 and 29.13 (Me2C); 40.14 

(Me2C_); 57.57 (_CH2N); 71.28 (C_HN); 174.59 (_C_=O). IR (NaC1, cm -1) Vm~ = 3420, 3110, 1685, 1610, 1570, 

1414 and 1356. MS (70 eV)m/z (rel. int.)no M +, 179(20); 157(6); 156(31); 147(4); 110(4); 101(5); 100(9); 

86(11 ); 84(15); 83(13); 82(7); 75(22); 74(9); 73(100); 59(8); 56(5); 55(6); 45(20); 44(6); 43(4); 42(5); 41(6); 

40(4). Elemental analysis : calcd. 10.84% N, found 10.70% N. 

Synthesis of 2-(hydroxymethyl)-3,3-dimethylazetidines 21 

The reduction of  methyl 4-chloro-2-(N-isopropyl)imino-3,3-dimethylbutanoate 1 lc is representative. To an ice 

cooled solution of  4-chloro-2-(N-isopropyl)imino-3,3-dimethylbutanoate l l c  (25.61 g, 117 mmol) in diethyl 

ether (300 ml) was added lithiumaluminiumhydride (8.9 g, 234 retool). The reaction mixture was stirred for 2h 

at reflux and then poured into ice cold water. The organic phase was separated and the aqueous phase was 

extracted two times additionally (100 mL) with diethyl ether. The combined organic extracts were dried 

(MgSO4), filtered and evaporated to yield 11.07 (60%) of  1-isopropyi-2-(hydroxymethyl)-3,3-dimethylaze- 

tidine 21c. Recrystallization of  the reaction mixture in pentane at -20°C yielded pure azetidine 21c as a white 

solid : mp. 67°C. IH ~ (CDC13, 360 MHz) 5 0.91 and 0.97 (each 3H, each d, J=6.25 Hz, CHMe2); 1.09 

and 1.23 (each 3H, each s, Me2); 2.48 (1H, septet, J=6.25 I-Iz, CHMe2); 2.71 (1H, d, J:a~=7.01 Hz, HCHN); 

2.98 (IH, dxd, J~=5.94 Hz, JBx=2.28 Hz, HCN); 3.16 (1H, d, J~=7.01 Hz, HCHN); 3.30 (1H, br s, OH); 

3.56 and 3.61 (each 1H, ABxd, J~=10.94 Hz, JAx=5.94 I-Iz, JBx shows additional broadening, C H2OH). 13C 

NMR (CDCI3, 90 MHz) ~ 19.95 and 20.84 (CHMe2); 22.23 and 29.33 (Me2); 32.06 (CMe2); 58.08 (CHMe2); 
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61.11 (CH2OH); 63.92 (CH2N); 72.94 (CHN). Ig  (KBr, cm ~) 3100 (OH, br). MS (70 eV) m/z (rel. int.) 158 

(M + +1, 2); 157 (M +, 8); 142(12); 127(8); 126(100); 114(4); 101(4); 100(7); 85(6); 84(68); 82(4); 81(4); 

72(31); 71(4); 70(58); 69(6); 68(4); 67(3); 60(4); 58(10); 57(7); 56(27); 55(18); 54(3); 53(4); 44(26); 43(88); 

42(36); 41(38). Elemental analysis : calcd. 68.74% C, found 68.79% C; calcd. 12.18% lL found 12.03% H, 

calcd. 8.91% N, found 8.99% N. 

1 -Benzyl-2-(hydroxymethyl)-3,3-dimethylazetidine 214 

tH NMR (CDCh, 360 MHz) 6 1.10 and 1.21 (each 3H, each s, Me2); 2.60 (IlL br s, OH); 2.73 (IlL d, 

J=6.83 Hz, HCHN); 3.01 (IlL b, J=4.61 Hz, HCN); 3.15 (IlL d, J=6.83 Hz, HC_HN); 3.45 (2H, d, J=4.61 I-Iz, 

CI-I2OH); 3.60 and 3.72 (each IlL each d, AB, JAB=12.79 Hz, CH2C6Hs); 7.29 (5H, br s, C6H5). 13C NMR 

(CDCI3, 90 MHz) 5 22.24 and 28.79 (Me2); 33.91 (CMe2); 60.71 (CH2N); 62.55 (CH2OH); 65.46 

(_CH2C6Hs); 74.51 (CHN); 127.20 (Cp); 128.38 and 128.71 (Co and Cm); 138.46 (Cq). IR (NaCI, cm t)  3300 

(OIL br). MS (70 eV)m/z (tel. int.)205 (M +, 3); 175(4); 174(31); 131(3); 120(5); 118(5); 105(2); 92(11); 

91(100); 71(3); 65(7); 56(4); 55(3); 42(4); 41(6); 40(21). Elemental analysis : calcd. 76.06% C, found 

76.02% C; calcd. 9.33% lL found 9.24% H; calcd. 6.82% N, found 6.93% N. 

Reaction of 4-chloro-2-(N-benzylamino)-3,3-dimethylbutanoate 13a with Potassium Cyanide or Sodium 

Methoxide in Methanol 

A solution of 0.54 g (0.002 tool) of 13a 4~ in 6 ml methanol was treated with 0.65 g (0.01 mol) of potassium 

cyanide. After reflux for 5h, the reaction mixture was poured into water and was extracted with dichlorome- 

thane to give 0.40 g (86%) of pure methyl 1-benzyl-3,3-dimethylazetidine-2-carboxylic ester 18a (purity > 

96%). The same experiment with 0.54 g (0.002 tool) of compound 13a and 5 ml 2N sodium methoxide in 

methanol (0.01 mol) under reflux for lh afforded 0.47 g (94%) of an 82:18 mixture of azetidine 18a and 

methyl cyclopropanecarboxylic ester 14a, respectively, as judged from ~H NMR and GC analysis (workup as 

above). The spectral data of compound 18a were given above while the spectral data of compound 14a were 

identical with data from the literature. 4~ 
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