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Abstract: l%e reaction of dimethyl 2-(1-bea1zylazetidin-3-yl)proparre-13-dio ~4th NaCN in wet DMSO at high 
tanpaamm affm&d methyl 2_(1-banyl11zhdh3-yl)iecetste, whwcas similar ImtimcwithNaClgavemcU1yl3- 
bzylazabicycb[3.1.olhexan-~ ylateI.~tipovideadditionalmidew?.~chbrideandcyanide-mediated 
dea~ofeslnsmypwxedby-~ 

Ester cleavage via m&ophilic dealkylation is an attzwtive method for converting esters into ads under 

neutral, nonqwxs wnditiws, when the lability of other acid-or basesensitive functional groups present in the 

substrate is a concern,,, Typically, the reaction is pexfomzd with a methyl or ethyl ester in a polar solvent at 

high temperatum, sometimes in the presence of water. The addition of alkali metal salts accelerates the rate of 
reaction via nucleophilic displacement of carboxylate anion by an S&2-type process (Equation 1). For malonates 
or bketoesters, this displacement is followed by rapid decarboxylation. 

R’C02C!H2R2 + M+X- 
solvent, A, f H20 

;c R’C02’M+ + R%H2X (1) 

The above mechanism has been chafe for some reactions of malonates of &ketmstm with alkali metal 

cyanides.t-3 In these cases, nucleophilic attack on the carbonyl carbon, followed by fragmentation of the 

tetmhedml intem&iate, has been proposed (Scheme 1) since alcohol or cyanoformate side products have been 

isolated. 

During the course of our research on CNS-active drugs, we recently have investigated the cleavage of 

ar&linyl malonate 1 with chloride and cyanide nucleophiles (Scheme 2) and have discovered an intemsting 

skeletal rearrangement of 1 after mwment with chlorkie, which provides additional evidence that chkxide- and 

~~~~~~ cleavages of esters may pmceed by different mechanisms. Diester 1 is pmpamd by the 
maction of the ~~~s~~~e ester of I-benxyi-3- ar&dinofi with ~~~1~0~~ anion. Treatment off 

with 3.24 mohu equivaIents of sodium cyanide in wet DMSO at 110 Oc gives exclusively methyl 2-(I- 

benxyLetidin-3-yl)acetate 4 in 72% yield, whereas the reaction with 2.13 molar tquivalents sodium chloride at 

150 Oc affonis methyl 3-benxyl-2-axabicyclo[3.l.OJhexan-2-onecarboxylate @ in 42% yield. Considerable 

decomposition occurs at 150 Oc in the cyanide-mediated reaction. which is minimized by running the experiment 

at 110 Oc. We propose the reactions proceed through bridged intermediate 2, which can fragment diffetently in 
the pmsence of chloride or cyanide anions. The formation of this proposed intetmediate is analogous to the 
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known cyclization of yhalo amines. Chloride attacks intermediate 2 to provide 5, which can then undergo an 

intramolecular cycliition to 6. Neither ester 6 nor the cyan0 counterpart of the pmtonated form of 5 were 

detected in the IFaCtiOn with Cyanide. The htterproduct might be found in an S~2-type pmxis SinCe Cyanide iS 

more nucleqhiIic than chloride at a satmated carbon center in polar solvents.7-8 It is possible that cyanide may 

react directly with 1, bypassing 2, to generate intermediate 3, which can be converted to 4 by the mechanisms 

outlined in Scheme 1. The available data can not distinguish between these two possibilities, but they do argue 

strongly against an SN~-type ester cleavage for the cyanide-mediated reaction. 

Scheme 1 

R1COCHRk0~CH2R2 + M+ CN - 

R’COCIdCOCN + M+OC&R2 

I H2O~-cO2 R1COCH2R3 + R2CH20COCN 

+ M+ OH- 

R’COCHJ13 + HOCH$t2 + M+CBI- 

Experimental Section9: 

Dimethyl malonate (14.0 mL, 122 mmol) was ad&d to a magnetically stirred suspension of sodium 

hydride (60% dispersion in mineral oil, 5.33 g, 111 mmol, washed with hexanes) in anhydrous THF (200 mL) 

under a nitrogen atmosphere. After 15 min, 1-benzyl-3-methanesulfonyloxyazetidinel@t3 (13.4 g, 55 mmol) 

was added in anhydrous THF (100 mL). The clear solution was then refluxed for 18 h. After being cooled to 

l00m temperature, it was poured into water (500 mL) and extracted three times with CHC13. The combined 

extracts wa dried over MgSO4, filtered and evaporated under vacuum to give a light yellow oil. The oil was 

purified by column chromatography with 3% MeOH in CHC13 (Rf 0.31) to give a pale yellow oil (12.3 g, 80% 

yield): tH-NMR (CDC13): 7.25 (m, 5H), 3.75 (s, 6H), 3.7 (m, lH), 3.6 (s, 2H), 3.45 (t, 2H, J=5), 3.1-3.0 

(m. lH), 3.0-2.9 (m. 2H) ; CI-HRMS (NH3): Calcd for ClsHtgN04: 278.1392 (M+H); Found: 278.1381. 
_ _ - - 

A solution of 1 (8.58 g, 30.9 mmol), sodium cyanide (4.90 g, 100 mmol), and water (1.17 mL, 65 

mmol) in DMSO (500 mL) was heated at 110 Oc for 6 h. After being cooled to mom temperature, it was pouted 

into a mixture of water (2 L) and a saturated NaHCQ solution (50 mL) and extracted thtee times with CHC13. 

The combined extracts wee wasbed once with water, dried over MgSO4, filtered, and solvent was removed 

under vacuum to give a pale yellow oil (3.33 g, 49% yield): tH-NMR (CDC13): 7.2-7.4 (m. SH). 3.65 (s, 

3H), 3.6 (s, 2H), 3.45 (t. 2H. J=7), 2.95-2.85 (m. 2H), 2.85-2.75 (m, lH), 2.6 (d, 2H, J=7); CLHRMS 

(NH3): Calcd forCl#I17N@: 220.1338 (M + H); Found: 220.1340. 
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’ Na+ 

I - N&l 

C(o’ Na+)(CN)OMe 

I 

cage 

(6) 

. . ~-~.l.~~~ _ _ 

A mixture of malcmate 1(5,21g, 18.8 mmol), NaCi (2.34 g, 4&O tnmc~l), warn (0.72 mL) and DMSO 

(100 mLJ was stimd at lx) Oc far 2 b tin&z a nitrogen atzmspb. After being cooled to ambient tempera- 
the reaction rr&me was diluted tenfold with water md extracted tht#: times with CHcT3. The adhd 

crrganic layers wee washed thmc times with water, dried uver MgSOq and fjftmd. Solvent was mmved in 
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vacua to give an oil. Column chromatography fEtGAc:hexanes:: 1: 1) afforded the title product as an oil (1.43 g. 

31% yield): IH-NMR (CDC13.400 MHz): 7.35-7.25 (m, 3H), 7.2 (d. 2H, J=7), 4.45 (d. lH, J=14), 4.3 

(d,lH. J=lO>, 3.8 (s, 3H), 3.45 (dd, lH, J=10.7), 3.1 (d, 1H. J= lo), 2.35-2.25 (m. 1H). 1.9 (dd, lH, 

J=lOS), 1.1 (t, lH, J=5); 13C-NMR-DEPT (CDC13. 75.43 MHz): 169.1, 169.0, 136.2, 128.6 (CH), 128.1 

(CH), 127.6 (CH), 52.4 (CJrI3), 46.45 (CH2). 46.4 (CHg), 31.5, 22.8 (CH), 20.7 (CH2); CI-I-IRMS (NH3): 

Calcd for Cl&ll5Nt&: 246.1130 (M + H); Found: 246.1130. 
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