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CgH,,0,: M, 138.0681. Found: M, (mass spectrum) 138.0684.

8-Methylene-a,a-tetramethylene-y-butyrolactone (3e):2de
'H NMR (CDCl,) 6 1.6-2.4 (m, 8 H), 4.80 (t, J = 2 Hz, 2 H), 5.06
(m, 2 H); IR (film) 3075, 1770, 1670, 1020, 900 cm™}; mass spectrum,
m/e 152 (M*).

B-Methylene-a,o-pentamethylene-y-butyrolactone (3f):2>f8
mp 41-42 °C (lit. mp 46 °C,?? 42-43 °C%); 'H NMR (CDCl,) §
1.3-2.2 (m, 10 H), 4.78 (t, J = 2 Hz, 2 H), 5.09 (t, J = 2 Hz, 1 H),
518 (t,JJ = 2 Hz, 1 H); IR (film) 3070, 1770, 1665, 1020, 900 cm™;
mass spectrum, m/e 166 (M*).
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[(Alkoxycarbonyl)methylidene]azacycloalkanes 3 are
useful compounds for the synthesis of various nitrogen-
containing natural products. These compounds have been
prepared by Knoevenagel reactions on lactam-derived
acetals,! imino ethers,? iminium chlorides,® or (alkyl-
thio)alkylidenium salts* followed by decarboxylation.
Other routes include Eschenmoser’s sulfide-contraction
procedure via thiolactams® and a novel Wittig reaction of
N-sulfonyl lactams.® These procedures, however, require
the conversion of lactams to activated derivatives, and
overall yields are often low.”

During our studies on new synthetic methods utilizing
the combination of organolithium compounds and BF;.
OEt,,? we found that lithium tert-butyl accetates 1 readily
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Table L.
2-[(tert-Butoxycarbonyl)methylidenelazacycloalkanes 3
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¢Isolated yields are given. ®Conversion based on starting mate-
rial consumed. °¢The reaction was carried out with 2.5 mmol of 2d
and 5 mmol of tert-butyl acetate. ¢The reaction was quenched
with piperidine and the product was isolated by chromatography
on alumina.

reacts with N-alkyl lactams 2 in the presence of this Lewis
acid to give the enamino esters 3 (Table I). The details
of this investigation are described herein.

The lithium salt 1 was derived from tert-butyl acetate
and lithium diisopropylamide (LDA) in THF at -78 °C.
Treatment of 1 with 1-benzyl-2-piperidone (2a) followed
by BF3OEt, for 30 min at —78 °C, gave 1-benzyl-2-
[(tert-butoxycarbonyl)methylidene]piperidine (3a) in 54%
yield. Unchanged starting material could be recovered,
and the conversion to 3a based on consumed 2a was high.
The reaction of 1 with BF;-OEt, seems to be competitive
as the addition of BF;+OEt, prior to 2a did not give 3a at
all. Stereochemical assignments are based on 'H NMR
shift reagent studies, using tris(dipivalomethanato)euro-
pium(III) (Eu(DPM),). With Eu(DPM), large deshielding
effects were observed for C-3 hydrogens of 3a, indicating
it to be the E isomer.?®

Various reaction conditions were investigated in the
synthesis of 1-allyl-2-[(tert-butoxycarbonyl)-
methylidene]piperidine (3b). The use of THF as the
solvent is essential; other solvents such as ether, toluene,
or hexane gave no detectable amount of 3b. The use of
TiCl, instead of BF3-OEt, as the Lewis acid gave, as well
as enamine 3b (33%), l-allyl-2,2-bis[(tert-butoxy-
carbonyl)methyl]piperidine (4b) in 35% yield. The
dialkylated piperidine 4b is considered to be formed by
attack of 1 on the iminium intermediate. However, we
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were not able to synthesize 4b selectively by varying sol-
vents, temperature, or molar ratio of reagents.

In the reaction of N-alkylpyrrolidines with 1 under the
same conditions, it was necessary to treat the reaction
mixture with an amine prior to aqueous workup in order
to obtain the products in reasonable yields. Pyrrolidine
was the best of amines tested, and more strongly coordi-
nation amines such as tetramethylethylenediamine, N-
methylpiperidine, or morpholine gave lower yields (Table
II). However, the yields of piperidine derivatives 3 were
not increased by treatment of the reaction mixtures with
pyrrolidine.

1-Benzyl-2-[(tert-butoxycarbonyl)methylidene]per-
hydroazepine (3h) was isolated by chromatography on
alumina because it decomposed rapidly on silica gel to give
the starting lactam 2h.

Thus the reaction provides the first route to enamines
3 directly from lactams.

Reaction of acyclic amide N,N-dimethylhexanamide (5)
with 1 under the same reaction conditions gave tert-butyl
3-oxooctanoate (6) in 30% yield with loss of the amino
group; no enamino ester was detected.

BF;OEt,
1+ n‘CSHllgONMeZ “THF, ¢

n-C5H11COCH2COZBu-t
6 (30%)

Experimental Section

Melting points are uncorrected. 'H NMR spectra were de-
termined on a JEOL JNM-FX-60 spectrometer in CDCl,, with
Me,Si as the internal standard. IR spectra were recorded with
a Shimadzu IR-408. High-resolution mass spectra were taken on
a JEOL JMS-DX-300 spectrometer. Silica gel chromatography
was conducted on Wako gel B5F or C-200 and alumina chro-
matography, activated (Wako Pure Chemical Industries LTD.).

1-Methyl-2-pyrrolidone was purchased from Wako Pure
Chemical Industries Ltd. 1-Benzyl-2-piperidone,!® 1-allyl-2-
piperidone,!! 1-benzyl-2-pyrrolidone,’? and 1-benzyl-2-per-
hydroazepinone!? were synthesized from the corresponding lactams
by N-alkylation (alkyl bromide, NaH; DMF, room temperature,
overnight).  3-Ethyl-1-benzyl-2-piperidone and 3-allyl-11-
methyl-2-pyrrolidone'® were prepared by a-alkylation of 2a and
2d (LDA, alkyl bromide, THF, -78 °C, 30 min). 1-Benzyl-5-
(methoxymethyl)-2-pyrrolidone was synthesized from 5-
carboxy-2-pyrrolidone by the following reactions: (i) PhCH,Br,
NaH; DMF, room temperature, overnight; (ii) LiAlH,, THF; ~20
°C, 30 min; (iii) CH;I, NaH; DMF, room temperature, overnight.

2¢c: '"HNMR 50.95 (3H,t,J =7 Hz), 1.2-2.2 (6 H, m), 2.8-3.3
(3 H, m), 4.57 (2 H, 8), 7.25 (5 H, 8); IR (neat) 1630, 740, 700 cm™.

2g: 'H NMR 5 1.7-2.6 (4 H, m), 3.24 (3 H, s), 3.3-3.4 (2 H,

m), 3.4-3.7 (1 H, m),4.14 (1 H,d,J =15 Hz),490 (1 H,d. J =
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Notes

Table I1. Effect of Amines in the Synthesis of 3e

amine yield of 3e, % recovery of 2e, %
none 10 22
triethylamine 41 53
pyrrolidine 45 48
N-methylpiperadine 34 42
TMEDA 28 14
morpholine 30 70

15 Hz), 7.27 (5 H, s); IR (neat) 1680, 705 cm™; exact mass calcd
for CI3H17N02 219.1259, found 219.1243.

General Procedures for the Synthesis of 2-[(tert-But-
oxycarbonyl)methylidene]azacycloalkanes 3. To a THF (2
mL) solution of lithium diisopropyl amide (LDA), prepared from
diisopropylamine (202 mg, 2.0 mmol) and a hexane solution (1.3
mL) of n-butyllithium (2.0 mmol), was added a THF (2 mL)
solution of tert-butyl acetate (232 mg, 2.0 mmol) at -78 °C. After
10 min, the lactam (0.5 mmol) in THF (2 mL) and BF;-OEt, (0.4
mL) were added successively, and the mixture was allowed to react
for 30 min at ~78 °C. Then, pyrrolidine (1 mL) followed by water
was added. The mixture was extracted with ethyl acetate, washed
with water and brine, dried (Na;S0O,), and evaporated in vacuo,
and the residue was chromatographed (SiO;, AcOEt:hexane = 1:3;
alumina for 3h) to give 3.

3a: mp (hexane) 103-104 °C; 'H NMR 6 1.42 (9 H, s), 1.5-1.9
(4 H,m), 3.0-3.4 (4 H,m), 4.39 (2H, s),4.64 (1 H, s),7.0-7.4 (5
H, m); IR (KBr) 1670, 1560, 1120, 800, 730 cm™!. Anal. Calcd
for C;gHysNO,: C, 76.22; H, 8.77; N, 4.87. Found: C, 74.76; H,
8.72; N, 4.71.

3b: 'H NMR 6 1.44 (9 H, s), 1.5-1.9 (4 H, m), 2.9-3.3 (4 H,
m), 3.76 2 H, d, J = 5 Hz), 4.55 (1 H, 8), 4.9-5.3 (2 H, m), 5.5-6.1
(1 H, m); IR (neat) 1675, 1570, 1120, 800 cm}; exact mass caled
for C;4Hx3NO, 237.1729, found 237.1735.

3c: 'H NMR 6 1.00 (3 H, t,J = 7 Hz), 1.43 (9 H, s), 1.3-2.0
(6 H,m),2.9-3.3(2H, m),3.8-4.2(1H,m), 408 (1 H,d,J =16
Hz), 4.46 (1 H, d, J = 16 Hz), 4.66 (1 H, s), 7.0-7.4 (56 H, m); IR
(neat) 1680, 1560, 1110, 800, 730, 700 cm™'; exact mass caled for
CgongNOg 3152199, found 315.2218.

3d: 'H NMR 6 1.47 (9 H, 8), 1.6~2.2 (2 H, m), 2.78 (3 H, s),
3.11(2H,t,J=6Hz),3.33(2H,t,J =7Hz),440 (1 H,s); IR
(neat) 1680, 1600, 1135, 790 cm™; exact mass caled for C;;H;iNO,
197.1418, found 197,1448.

3e: mp(hexane) 105-106 °C; 'H NMR 6 1.46 (9 H, 5), 1.7-2.2
(2H,m), 278 (2H,t,J =6 Hz),3.29 (2H, t,J = 7 Hz), 4.33 (2
H, s), 4.63 (1 H, s), 7.0-7.4 (6 H, m); IR (KBr) 1680, 1590, 1120,
790, 740 cm™!; exact mass caled for C;H,3NO, 273.1729, found
273.1729.

3f: 'H NMR 6 1.47 (9 H, s), 1.6~2.6 (4 H, m), 2.77 (3 H, s),
3.1-3.6 (2 H, m), 3.6-4.0 (1 H, m), 4.37 (1 H, s), 4.8-5.2 (2 H, m),
5.4-6.1 (1 H, m); IR (neat) 1675, 1595, 1130, 790 cm™; exact mass
caled for C Hy3NO, 237.1729, found 237.1733.

3g: 'THNMR 6 1.44 9 H,s), 1.6-2.2 (2 H, m), 3.0-3.4 (4H, m),
3.19 (3 H, s), 3.4-3.8 (1 H, m), 4.44 (2 H, s), 4.56 (1 H, 8), 7.0-7.3
(5 H, m); IR (neat) 1670, 1590, 1120 cm™!; exact mass caled for
clgH27N03 317.1991, found 317.2006.

3h: mp (hexane) 104-105 °C; 'H NMR § 1.42 (9 H, s), 1.5-1.8
(6 H, m), 3.1-3.5 (4 H, m), 4.42 (2 H, m), 4.58 (1 H, s), 7.0-74
(5 H, m), IR (KBr) 1675, 1570, 1125, 800, 740 cm™; exact mass
caled for CgHoyNO, 301.2041, found 301.2055. Piperidine was
used to quench the reaction.

Reaction of Lithiated tert-Butyl Acetate (1) with 2b in
the Presence of TiCl,. To a THF (4 mL) solution of LDA (4.0
mmol), prepared as above, was added tert-butyl acetate (464 mg,
4.0 mmol) in THF (2 mL) at -78 °C. After 20 min, 2b (146 mg,
1.0 mmol) in THF (2 mL) and TiCl, (0.4 mL) were added suc-
cessively, and the mixture was stirred for 1.5 h at =78 °C. Then, .
saturated aqueous bicarbonate was added and the mixture was
stirred vigorously for 1 h, extracted with ethyl acetate, washed
with water and brine, dried (Na;SO,), and evaporated in vacuo.
1-Allyl-2,2-bis[(tert-butoxycarbonyl)methyl]piperidine (4b, 130
mg, 35%) and 3b (69 mg, 33%) were isolated by chromatography
(silica gel, ether:hexane = 1:3).

4b: '"H NMR 6 1.45 (18 H, s), 1.3-1.7 (4 H, m), 1.8-2.1 (2 H,
m), 2.29 (2 H, d,J = 13 Hz), 2.3-2.5(2H, m), 274 2 H,d, J =
13 Hz), 3.06 (2 H, d, J = 5 Hz), 4.8-5.3 (2 H, m), 5.4-6.0 (1 H,
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m); IR (neat) 1720 cm™; exact mass caled for CoH3sNO, 353.2564,
found 353.2551. i

Synthesis of tert-Butyl 3-Oxooctanoate (6) from 1 and
N,N-Dimethylhexanamide (5). The reaction was carried out
as in the general procedure except that the reaction was quenched
with triethylamine (1 mL) to give 6 (30% yield).

6: 'H NMR 6 0.7-1.0 (3 H, m), 1.0-1.8 (6 H, m), 1.45 9 H, s),
252 (2H,t,J =7Hz), 3.32 (2 H, s); IR (neat) 1750-1710, 1640

em™,
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Although 2-oxetanones are generally regarded as useful
starting materials in synthesis! and polymerization,? rel-
atively few preparations of optically active 2-oxetanones
have been described. The published procedures usually
consist of the ring closure of optically active §-function-
alized carboxylic acid derivatives,® the latter obtained by
resolution.?

The high chemical and enantiomeric yields in the C-C
bond-forming reaction of ketene and chloral,’ catalyzed
by chiral tertiary amines, to produce the chiral 4-(tri-
chloromethyl)-2-oxetanone, prompted us to investigate the
reaction of other carbonyl compounds with ketene.

Table I lists the results of the reaction of some chlori-
nated aldehydes and ketones with ketene. The reactions
were run according to the general scheme in eq 1 by

Q)
Ry 0

Ry

Ry
~ - catalyst
/C—O + H,L=C=0

—_—
.
R; -25°C, totuene

bubbling gaseous ketene through a toluene solution of the
aldehyde or ketone and 1-2 mol % of the chiral catalyst
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Table I
Ry
c=0
Rs % ee
R, R, a b c.y., %

CCl, H 98 76 89
CCLH H 45 67
CCl,CH,g H 91 76 95
CCl,CH,CH,4 H 89 70 87
CCl,C¢H; H 90 68 89
CCl, CH, 94 85 72
CCl; CH,CH;, 1-2
CCl, C¢H,Cl-p 90 65 68
CClg CeHNO,-p 89 85 95

@ Catalyst is quinidine. ?Catalyst is quinine.

at temperatures, depending on the substrate, between —25
°C and -50 °C.

The cinchona alkaloids quinidine and quinine are used
as standard catalysts. In all cases these two alkaloids give

quinine quinidine

products with opposite signs of rotation and therefore
opposite absolute configuration. Both chemical and en-
antiomeric yields are high in this reaction.

An important factor determining the rate of the reaction
between the aldehydes and ketones seems to be the po-
larization of the carbonyl group. The effect of the po-
larization is shown nicely in the series of trichloroaceto-
phenones. The parent compound a,a,a-trichloroaceto-
phenone did not react with ketene to give a 2-oxetanone
under a wide range of reaction conditions. If an elec-
tron-withdrawing substituent is introduced into the phenyl
ring the reaction to form the 2-oxetanone does occur.
Under more drastic conditions (high concentrations, excess
ketene), the 2-oxetanone of p-chloro-a,a,a-trichloro-
acetophenone could be isolated in 68% chemical yield,
along with some starting material. A more powerful
electron-withdrawing substituent such as NO, leads to a
quantitative conversion of the acetophenone, under
standard conditions, to the 2-oxetanone. The enantiomeric
purities of the two adducts are the same. No differences
in the reaction rate could be observed for the chlorinated
aldehydes. Monochlorinated aldehydes do not react with
ketene. 1,1,1-Trichloroacetone reacts considerably slower
with ketene than do the aldehydes. Excess ketene and
higher concentrations are necessary to obtain satisfactory
yields. The ketene adduct of 1,1,1-trichlorobutan-2-one
could be isolated in trace amounts.

The absolute configuration of the 4-(trichloro-
methyl)-2-oxetanone, derived from ketene and chloral, was
correlated to malic acid.® The original assignment of the
S configuration to the 2-oxetanone yielding (S)-malic acid
is erroneous.® During conversion to malic acid inversion
takes place at the chiral center and the starting 2-oxeta-
none must therefore be of R configuration.®

To determine the absolute configuration of some of the
other 2-oxetanones, their CD spectra were compared.

(6) Wynberg, H.; Staring, E. G. J. J. Chem. Soc., Chem. Commun.
1984, 1181.
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