
FULL PAPER

1,4-Reductive Addition of Hydrazoic Acid to γ-Oxo-a,β-unsaturated
δ-Lactones and -Lactams: A Convenient Route to

a-Amino-γ-oxo-a,β-unsaturated δ-Lactones and -Lactams

Sofia D. Koulocheri,[a] Serkos A. Haroutounian,*[a] Costas D. Apostolopoulos,[a]

Raj K. Chada,[b] and Elias A. Couladouros*[a,c]

Keywords: Oxo enamines / Reductive addition / Hydrazoic acid / δ-Lactones / δ-Lactams

γ-Oxo-α,β-unsaturated δ-lactones and lactams, which are in high yields, of the corresponding α-amino-γ-oxo-α,β-
unsaturated δ-lactones and -lactams, compounds of greateasily accessible from their corresponding 2-furylcarbinols,

were used as substrates for the 1,4-reductive addition of biological and synthetic interest.
hydrazoic acid. The outcome of the reaction is the formation,

the methods reported hitherto of oxo enamine preparationIntroduction
are limited either to the palladium-catalyzed arylamin-

Derivatives of α,β-unsaturated δ-lactones and -lactams ation, [10] or amidation, [11] or to a base-induced two-step β-
are often found as structural subunits of a wide variety of elimination. [12] All these syntheses require vigorous reaction
natural products and analogues[1] which exhibit valuable conditions, [9] and the course of the reaction depends
biological activities. [2] These compounds have been used as strongly on the applicable substrates. [13] Thus, the reported
substrates for the addition of various nucleophiles and 1,2- reaction represents a useful straightforward route to syn-
binuclophiles, leading to the formation of biologically active thetically important oxo enamine derivatives under mild ex-
compounds, such as diazepinones and thiazepinones. [3] perimental conditions which are tolerable for various func-

In the course of the authors’ long-standing research work tional groups.
in the synthesis of novel biologically interesting poly-
functionalized heterocycles (e.g. amino sugars, amino aza-
sugars, and unnatural amino acids), the conjugate addition Results and Discussion
of hydrazoic acid to α,β-unsaturated heterocyclic ketones[4]

The starting compounds, 2-furylcarbinols 1a2d [6]and quinones[5] has been studied. Currently, the research
(Scheme 1) were obtained by treating the correspondinginterest is focused on the addition of hydrazoic acid to γ-
carbonyl compounds with 2-furyllithium, while N-tosylfur-oxo-α,β-unsaturated δ-lactones and -lactams of general for-
furylamines 1e2g were prepared by the reaction of 2-furyl-mulae 3, which are easily accessible from 2-furylcarbinols
carbinols with hydrazoic acid, followed by hydrogenation in1, according to previous research findings. [6] These com-
the presence of palladium and tosylation of the resultingpounds represent an intriguing case, since their enhanced
amine. These compounds underwent an oxidative rear-reactivity toward nucleophiles suggests that they are per-
rangement sequence on their furan part upon treatmentfectly fitted for use as substrates in the conjugate addition
with 3-chloroperbenzoic acid (m-CPBA),[14] furnishing theof hydrazoic acid. Such has proven to be the case and herein
fairly stable pyranones 2a2c [6] and azapyranones 2f,g. Inis presented the synthesis of δ-lactones and -lactams con-
the case of tosylamine 1e, however, reaction with m-CPBAtaining the oxo enamine moiety. The latter constitute an
under diverse reaction conditions and stoichiometry pro-unusual structural backbone which is often crucial for bio-
duced only the spirolactam 3e and no trace of the expectedlogical activity[7] or for their use as valuable intermediates
azapyranone 2e was detected. Furthermore, the use of ain organic synthesis as “push-pull” alkenes. [8]

larger excess of m-CPBA for prolonged reaction times re-Literature reports on the synthesis of oxo enamine de-
sulted in the subsequent transformation of azapyranonesrivatives by replacement of a vinylic hydrogen atom in α,β-
2f,g to δ-lactams 3f,g. Similar behavior was not observedunsaturated ketones are scarce, and none refer to the direct
for the 2-furylcarbinols, whose reaction was ended at theintroduction of an unsubstituted amino group.[9] Most of
2H-pyranone formation stage 2a2c. Nevertheless, all inter-
mediates 2a2g were converted by Jones oxidation to their[a] Chemistry Laboratory, Agricultural University of Athens,

Iera odos 75, Athens 11855, Greece corresponding δ-lactones and -lactams 3a2g in high yields.
Fax: (internat.) 1 30-1/5294265 Treatment of the substrates 3a2g with hydrazoic acid un-E-mail: sehar@aua.gr

der various reaction conditions gave no trace of the ex-[b] Department of Chemistry, The Scripps Research Institute,
10666 North Torrey Pines Rd., La Jolla, CA 92037, USA pected standard Michael addition product (azide). On the

[c] Organic and Bioorganic Chemistry Laboratory, NCSR contrary, a product identified as the corresponding amino-Democritos,
P. O. Box 60228, Ag. Paraskevi 15310, Greece enyl derivative 4 was obtained in high yield. The structure
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Figure 1. ORTEP drawing of compound 4c (ellipsoids at 30% pro-
bability)

Scheme 2. Hydrazoic acid addition to naphthoquinone and γ-oxo-
α,β-unsaturated δ-lactones and -lactams

(lactones 3a2c and lactam 3e) behave in a different fashionScheme 1. Synthetic route to oxo enamines 124
compared to the monosubstituted ones (lactams 3f,g).
More specifically, reaction of monosubstituted lactam 3f
with hydrazoic acid in the presence of a strong base fur-of this unexpected and rather peculiar product was estab-
nishes the highly conjugated anionic form of compound 5flished by spectroscopic and analytical data, while the struc-
(Scheme 3), thus precluding the possibility of any reductiveture of the compound 4c was unequivocally established by
addition. On the contrary, a similar enolization process isX-ray crystallographic analysis. To our knowledge there are
not possible for the disubstituted δ-lactone 3c and meth-no examples of a similar behavior in the literature, apart
anolysis is followed by the conjugate addition of a methoxyfrom reports concerning the 1,4-reductive addition of azide
ion yielding compound 5c.anion to naphthoquinones, [5] [15] indicating that there are

electronical and structural similarities between these two
classes of compounds (Scheme 2).

Intending to determine the optimal reaction conditions,
we have used a variety of solvents and experimental con-
ditions, concluding that the use of a protic and rather polar
solvent (e.g. methanol, ethanol, THF/H2O, DMF/H2O) is

Scheme 3. Byproducts formed in strong basic environmenta prerequisite for the reaction, since no reaction occurred
in their absence. The best results, however, were obtained
when the reaction was performed in methanol. We have also The reported reaction provides high yields for substrates

having diverse substituents, in contrast to literature meth-found that in order to obtain high yields and avoid the for-
mation of by-products, it is essential to perform the reaction ods which report that the yields depend strongly on the sub-

stitution.[10] In the case of substrate 3d, however, the reac-in a moderately acidic (buffered, pH 5 425) environment.
At high pH values, solvolysis is the competitive reaction tion leads rapidly to a complex mixture of products, pre-

sumably because the facile enolization of the carbonylwhich gradually predominates, while in stronger acidic en-
vironment the reaction time is prolonged substantially, with group gives rise to several condensation products, preclud-

ing the possibility of isolating a single major product de-a consequent sharp decrease in the yield. It is further no-
ticeable that at high pH values the disubstituted substrates rived through 1,4-azide addition to the unsaturated system.
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The above pathway is not favored when tosylated azahe- Experimental Section
terocycles are used as substrates and their aminoenyl de-

General: M.p. (uncorrected): Büchi melting-point apparatus. 2 FTrivatives were always obtained in relatively good yields. For
IR: Nicolet Magna 750, series II. Samples were recorded as KBr

the purposes of comparison the synthesis of the azahetero- pellets, unless otherwise stated. 2 1H NMR: Bruker AC 200 in
cyclic analogues of disubstituted phenyl derivatives 3b,c was CDCl3 using TMS as internal standard. 2 Elemental analyses:
also attempted. However, conversion of the phenyl-2-furyl- Microanalytical Service, Laboratory of the University of Illinois. 2
carbinols to their corresponding 2-furfurylamines failed, Flash chromatography: 32263-mm silica-gel packing (Merck). All

reactions were carried out under argon and anhydrous conditions.because under the reaction conditions the labile conjugated
They were monitored by thin-layer chromatography using TLCtertiary hydroxy group was eliminated. Thus, by ejection of
sheets coated with silica gel 60 F254 (Merck). 2 All starting materi-a water molecule the very stable allylic hydrocarbon was
als were purchased from Aldrich (analytical reagent grades) andformed making the synthesis of disubstituted phenyl-δ-lac-
used without further purification. Solvents were dried by distil-tams impossible by this pathway.
lation prior to use. The following compounds were prepared ac-
cording to literature procedures: 2-(tert-Butyldiphenylsilyloxy)-1-The mechanism proposed to explain the outcome of this
(furan-2-yl)ethanol (1g), [4b] 2-furylcarbinols 1b2d, 2H-pyran-3-reaction is described in Scheme 4 and suggests that the ad-
ones 2a2d and δ-lactones 3a2d. [6]

dition of the azide moiety produces tautomers 6a,b, which
under acidic conditions are converted into the imino inter- General Procedure for the Synthesis of N-Tosylfurfurylamines from
mediate 8, by loss of dinitrogen. The latter is readily trans- 2-Furylcarbinols (3 Steps): 2-Furylcarbinol (6 mmol) was dissolved
formed to its stable aminoenyl tautomer 4. These findings in an ice-cold solution of hydrazoic acid (30 mL, 0.27 ) [17] in ben-
and the proposed mechanism are reminiscent of the pre- zene, and concd. H2SO4 (0.2 mL) added. After 1 h of stirring at
viously known conversion of 2-azido ketones to 2-amino- that temp., the reaction was quenched with an ice-cold solution of

ammonia (15 mL). The organic layer was separated and the aque-α,β-unsaturated ketones and the addition of hydrazoic acid
ous layer extracted with ethyl acetate (20 mL). The combined or-to naphthoquinones.[5,15,16]

ganic layers were washed with NH4Cl and concentrated under re-
duced pressure yielding a slurry which was chromatographed using
hexane as eluent to give 5.4 mmol of the desired azide. The latter
was dissolved in ethyl acetate (8 mL) and hydrogenated in the pres-
ence of Pd/C (0.1 g, 10%) under 1 bar pressure for 40 min. The
reaction mixture was filtered through Celite and dichloromethane
(10 mL) and triethylamine (6.8 mmol) were added to the filtrate.
The resulting solution was cooled to 0°C and p-toluenesulfonyl
chloride (6.8 mmol) was added in portions under stirring. The reac-
tion was allowed to reach room temp. and stirred for additional
3 h. Then, the mixture was extracted successively with NaHCO3

and brine, the solvent removed by means of a rotary evaporator
and chromatographed using ethyl acetate/hexane (1:4) as eluent
yielding the desired product in pure crystalline form.

2-(1-Azidocyclohexyl)furan: Yield 1.068 g (93%). 2 IR (neat): ν̃ 5

2103 cm21 (N3), 1012, 745 (furan). 2 1H NMR: δ 5 1.2121.79
(m, 6 H, CH2), 1.96 (m, 4 H, CH2), 6.27 (d, J 5 3.2 Hz, 3-H), 6.34
(dd, J 5 3.2, 1.8 Hz, 4-H), 7.4 (d, J 5 1.8 Hz, 5-H).

2-(2-Furyl)cyclohexyl-N-(4-tolylsulfonyl)amine (1e): Yield 1.35 g
(81%). 2 M.p. 1452146°C. 2 IR: ν̃ 5 3261 cm21 (N2H). 2 1H
NMR: δ 5 1.40 (m, 4 H, CH2), 1.68 (m, 2 H, CH2), 2.10 (m, 4 H,
CH2), 2.33 (s, 3 H, CH3), 5.02 (s, NH), 6.05 (m, 2 H, 3-,4-H), 6.88
(m, 1 H, 5-H), 7.10 (d, J 5 8.2 Hz, 2 H, Ph2H), 7.45 (d, J 5

8.2 Hz, 2 H, Ph2H). 2 C17H21NO3S (319.4): calcd. C 63.92, H
Scheme 4. Mechanism of azide anion addition to γ-oxo-α,β-un- 6.63, N 4.39; found C 63.88, H 6.51, N 4.50.
saturated δ-lactones and -lactams

2-[Azido(phenyl)methyl]furan: Yield 0.86 g (72%). 2 IR (neat): ν̃ 5

2100 cm21 (N3), 1010, 740 (furan). 2 1H NMR: δ 5 5.65 (s, 1 H,
CH), 6.20 (d, J 5 3.1 Hz, 1 H, 3-H), 6.34 (dd, J 5 3.1, 1.9 Hz, 1
H, 4-H), 7.39 (m, 6 H, 5-H, Ph2H).

In summary, the 1,4-reductive addition of hydrazoic acid
N-Phenyl-N-[(4-tolylsulfonyl)methyl](2-furyl)amine (1f): Yieldto γ-oxo-α,β-unsaturated δ-lactones and -lactams presented
1.04 g (74%). 2 M.p. 1322133°C. 2 IR: ν̃ 5 3276 cm21 (N2H).

provides a simple and efficient route for the synthesis of
2 1H NMR: δ 5 2.37 (s, 3 H, CH3), 5.20 (d, J 5 7.6 Hz, 1 H,

their corresponding α-aminoenyl derivatives, compounds of NH), 5.60 (d, J 5 7.6 Hz, 1 H, CH), 5.99 (d, J 5 3.1 Hz, 1 H, 3-
synthetic and biological interest. Further studies on syn- H), 6.18 (dd, J 5 3.1, 1.9 Hz, 1 H, 4-H), 7.19 (m, 8 H, 5-H, Ph2H),
thetic applications and biological activity of these com- 7.58 (d, J 5 8.3 Hz, 2 H, Ph2H). 2 C18H27NO3S (327.1): calcd.

C 66.03, H 5.23, N 4.28; found C 66.21, H 5.05, N 4.39.pounds are currently in progress.
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(2-Azido-2-furan-2-yl)ethoxy-tert-butyldiphenylsilane. 2 Prep- CH2b), 4.54 (m, 1 H, 2-H), 4.90 (br., 1 H, OH), 6.09 (m, 1 H, 6-

H), 6.19 (d, J 5 10.4 Hz, 1 H, 4-H), 7.07 (dd, J 5 10.4, 4.8 Hz, 1aration via the Corresponding Unisolated Mesylate and Subsequent
Reaction with Sodium Azide: [18] Yield 1.928 g (82%). 2 IR (neat): H, 5-H), 7.32 (m, 12 H, Ph2H), 7.78 (d, J 5 8 Hz, 2 H, Ph2H).

2 C29H33NO5SSi (535.7): calcd. C 65.02, H 6.21, N 2.61; found Cν̃ 5 2110 cm21 (N3), 1020, 740 (furan). 2 1H NMR: δ 5 1.05 (s,
9 H, C2CH3), 3.95 (d, J 5 5.4 Hz, 2 H, CH2), 4.57 (t, J 5 5.4 Hz, 64.78, H 6.02, N 2.79.
1 H, CH), 6.30 (m, 2 H, 3-H,4), 7.2527.70 (m, 11 H, 5-H, Ph2H). 6-(tert-Butyldiphenylsilyloxymethyl)-1-(4-tolylsulfonyl)-1,6-dihydro-
N-(4-Tolylsulfonyl)-2-(tert-butyldiphenylsilyloxy)-1-(2-furyl)ethyl- pyridine-2,5-dione (3g): Yield 0.745 g (93%). 2 M.p. 2002201°C
amine (1g): Yield 2.215 g (87%). 2 M.p. 1022103°C. 2 IR: ν̃ 5 (dec.). 2 IR: ν̃ 5 1725 cm21 (C5O), 1690 (N2C5O). 2 1H NMR:
3281 cm21 (N2H). 2 1H NMR: δ 5 1.02 (s, 9 H, C2CH3), 2.41 δ 5 0.89 (s, 9 H, C2CH3), 2.44 (s, 3 H, CH3), 4.15 (m, 2 H, CH2),
(s, 3 H, CH3), 3.81 (m, 2 H, CH2), 4.55 (m, 1 H, CH), 5.24 (d, J 5 5.01 (m, 1 H, 6-H), 6.68 (d, J 5 10.2 Hz, 1 H, 3-H), 6.73 (d, J 5

7.9 Hz, 1 H, NH), 6.12 (d, J 5 3.1 Hz, 1 H, 3-H), 6.22 (dd, J 5 10.2 Hz, 1 H, 4-H), 7.25 (d, J 5 8.6 Hz, 2 H, Ph2H), 7.41 (m, 10
3.1, 1.8 Hz, 1 H, 4-H), 7.20 (d, J 5 8.6 Hz, 2 H, Ph2H), 7.45 (m, H, Ph2H), 7.91 (d, J 5 8.6 Hz, 2 H, Ph2H). 2 C29H31NO5SSi
11 H, 5-H, Ph2H), 7.64 (d, J 5 8.6 Hz, 2 H, Ph2H). 2 (533.7): calcd. C 65.26, H 5.85, N 2.62; found C 65.39, H 6.01,
C29H33NO4SSi (519.7): calcd. C 67.02, H 6.40, N 2.70; found C N 2.71.
66.89, H 6.26, N 2.61.

General Procedure for the Synthesis of Enamines from a,β-Unsatu-
General Procedure for the Synthesis of δ-Lactams from N-Tosylfur- rated δ-Lactones and -Lactams: A stirred solution of dione 3
furylamines (2 Steps): m-Chloroperbenzoic acid (3.3 mmol, 70%) (1 mmol) in methanol (20 mL) was buffered with the addition of a
was added in portions to a stirred solution of N-tosylfurfurylamine 1:1 mixture of AcOH/AcONa. Then a seven-fold excess (7 mmol)
(2.2 mmol) in chloroform (10 mL), while the temperature was of sodium azide was added portionwise and the reaction was run
maintained below 10°C. The reaction mixture was allowed to reach for 6212 h. The reaction mixture was partitioned in ethyl acetate/
room temp. and stirred for an additional 3 h. Then the reaction water (40 mL, 3:1) and the organic layer washed with water, brine,
mixture was washed successively with 20% KI, 30% Na2S2O3, dried with MgSO4 and concentrated under vacuum. Chromato-
concd. NaHCO3, water, brine and concentrated to a yellowish solid graphic purification (ethyl acetate/hexane, 1:2) furnished the de-
which was chromatographed (ethyl acetate/hexane, 3:7) to give the sired product as white solid.
desired azapyranone as solid which was recrystallized from diethyl

3-Amino-1-oxaspiro[5.5]undec-3-ene-2,5-dione (4a): Yield 0.183 g
ether/hexane. 0.5 mL of Jones reagent[19] was added dropwise to

(94%). 2 M.p. 2092210.5°C. 2 IR: ν̃ 5 1740 cm21 (O2C5O),
an ice-cold solution of the product (1.5 mmol) in acetone(10 mL).

3430, 3260 (NH2), 1660 (5C2C5O). 2 1H NMR: δ 5 1.3622.08
After stirring for an additional 15 min, the solid inorganic bypro-

(m, 10 H, 7-,8-,9-,10-11-H), 5.32 (s, 2 H, NH2), 5.73 (s, 1 H, 4-H).
ducts were removed by decantation, the liquid layer was concen-

2 C10H13NO3 (195.2): calcd. C 61.53, H 6.71, N 7.17; found C
trated under reduced pressure and the resulting residue was par-

61.61, H 6.66, N 7.19.
titioned between ethyl acetate (20 mL) and water (10 mL). The

3-Amino-6-methyl-6-phenyl-2H-pyran-2,5(6H)-dione (4b): Yieldorganic layer was separated, washed with brine, dried with MgSO4,
0.19 g (88%). 2 M.p. 1272129°C. 2 IR: ν̃ 5 1730 cm21 (O2C5and concentrated in vacuo yielding a residue which was crystallized
O), 3430, 3330 (NH2), 1670 (5C2C5O). 2 1H NMR: δ 5 1.95from cold diethyl ether.
(s, 3 H, CH3), 5.50 (br., 2 H, NH2), 5.70 (s, 1 H, 4-H), 7.2527.45

1-(4-Tolylsulfonyl)-1-azaspiro[5.5]undec-3-ene-2,5-dione (3e): Yield
(m, 5 H, Ph2H). 2 C12H11NO3: calcd. 217.0739; found 217.0741.

0.477 g (65%). 2 M.p. 1242125°C. 2 IR: ν̃ 5 1710 cm21 (C5O),
3-Amino-6-methoxyphenyl-6-methyl-2H-pyran-2,5(6H)-dione (4c):1680 (N2C5O). 2 1H NMR: δ 5 1.80 (m, 10 H, H-7,8,9,10,11),
Yield 0.21 g (85%). 2 M.p. 1652167°C . 2 IR: ν̃ 5 1730 cm212.43 (s, 3 H, CH3), 6.53 (d, J 5 10.1 Hz, 1 H, 3-H), 6.61 (d, J 5
(O2C5O), 3420, 3310 (NH2), 1660 (5C2C5O). 2 1H NMR: δ 510.1 Hz, 1 H, 4-H), 7.35 (d, J 5 8 Hz, 2 H, Ph2H), 7.89 (d, J 5
1.93 (s, 3 H, CH3), 3.81 (s, 3 H, CH3O), 5.34 (s, 2 H, NH2), 5.728 Hz, 2 H, Ph2H). 2 C17H19NO4S (333.4): calcd. C 61.24, H 5.74,
(s, 1 H, 4-H), 6.85 (d, J 5 8.8 Hz, 2 H, Ph2H), 7.40 (d, J 5 8.8 Hz,N 4.20; found C 61.33, H 5.59, N 4.01.
2 H, Ph2H). 2 C13H13NO4 (247.3): calcd. C 63.15, H 5.30, N 5.66;

6-Hydroxy-2-phenyl-1-(4-tolylsulfonyl)-1,6-dihydro-2H-pyridin-3-
found C 63.35, H 5.19, N 5.69.

one (2f): Yield 0.5 g (67%). 2 M.p. 1102112°C. 2 IR: ν̃ 5 3350
3-Amino-1-(4-tolylsulfonyl)-1-azaspiro[5.5]undec-3-ene-2,5-dionecm21 (OH), 1696 ( C5O). 21H NMR: δ 5 2.37 (s, 3 H, CH3),
(4e): Yield 0.289 g (83%). 2 M.p. 2112213°C. 2 IR: ν̃ 5 17003.45 (s, 1 H, OH), 5.45 (s, 1 H, 2-H), 5.95 (m, 1 H, 6-H), 6.15 (d,
cm21 (C5O), 3440, 3320 (NH2), 1635 (N2C5O). 2 1H NMR:J 5 10.6 Hz, 1 H, 4-H), 6.85 (m, 1 H, 5-H), 7.15 (d, J 5 8.3 Hz, 2
δ 5 1.4222.04 (m, 10 H, 7-,8-,9,-10-,11-H), 2.44 (s, 3 H, CH3),H, Ph2H), 7.30 (m, 5 H, Ph2H), 7.61 (d, J 5 8.3 Hz, 2 H, Ph2H).
5.19 (br., 2 H, NH2), 5.63 (s, 1 H, 4-H), 7.45 (d, J 5 8.2 Hz, 2 H,2 C18H17NO4S (343.4): calcd. C 62.96, H 4.99, N 4.08; found C
Ph2H), 7.81 (d, J 5 8.2 Hz, 2 H, Ph2H). 2 C17H20N2O4S (348.4):63.01, H 4.78, N 4.14.
calcd. C 58.60, H 5.79, N 8.04; found C 58.89, H 5.61, N 8.11.

6-Phenyl-1-(4-tolylsulfonyl)-1,6-dihydropyridine-2,5-dione (3f): Yield
3-Amino-6-phenyl-1-(4-tolylsulfonyl)-1,6-dihydropyridine-2,5-0.492 g (96%). 2 M.p. 1652166°C (dec). 2 IR: ν̃ 5 1739 cm21

dione (4f): Yield 0.275 g (77%). 2 M.p. 2262227 (dec)°C. 2 IR:(C5O), 1697 (N2C5O). 2 1H NMR: δ 5 2.37 (s, 3 H, CH3), 6.05
ν̃ 5 3430, 3290 cm21 (NH2), 1705 (C5O), 1630 (N2C5O). 2 1H(s, 1 H, 6-H), 6.64 (d, J 5 10.2 Hz, 1 H, 3-H), 6.84 (d, J 5 10.2 Hz,
NMR: δ 5 2.37 (s, 3 H, CH3), 5.42 (s, 2 H, NH2), 5.78 (s, 1 H, 4-1 H, 4-H), 7.15 (d, J 5 8.3 Hz, 2 H, Ph2H), 7.28 (m, 5 H, Ph2H),
H), 6.15 (s, 1 H, 6-H), 7.22 (d, J 5 8.3 Hz, 2 H, Ph2H), 7.3127.527.50 (d, J 5 8.3 Hz, 2 H, Ph2H). 2 C18H15NO4S (341.4): calcd.
(m, 5 H, Ph2H), 7.61 (d, J 5 8.3 Hz, 2 H, Ph2H). 2C 63.33, H 4.43, N 4.10; found C 6.14, H 4.30, N 4.08.
C18H16N2O4S (356.4): calcd. C 60.66, H 4.53, N 7.86; found C

2-(tert-Butyldiphenylsilyloxymethyl)-6-hydroxy-1-(4-tolylsulfo-
60.88, H 4.61, N 7.55.

nyl)-1,6-dihydro-2H-pyridin-3-one (2g): Yield 0.943 g (80%). 2 M.p.
1182119°C. 2 IR: ν̃ 5 3360 cm21 (OH), 1700 (C5O). 2 1H 3-Amino-6-(tert-butyldiphenylsilyloxymethyl)-1-(4-tolylsulfonyl)-

1,6-dihydropyridine-2,5-dione (4g): Yield 0.410 g (75%). 2 M.p.NMR: δ 5 0.91 (s, 9 H, C2CH3), 2.43 (s, 3 H, CH3), 3.60 (dd,
J 5 10.6, 2.4 Hz, 1 H, CH2a), 3.89 (dd, J 5 10.6, 2.4 Hz, 1 H, 2392241 (dec)°C. 2 IR: ν̃ 5 1700 cm21 (C5O),3465, 3310 (NH2),
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1630 (N2C5O). 2 1H NMR: δ 5 0.91 (s, 9 H, C2CH3), 2.40 (s, K.’s scholarship from I. K. Y., Greece, is also gratefully acknowl-

edged.3 H, CH3), 4.12 (m, 2 H, CH2), 4.87 (m, 1 H, 6-H), 5.31 (br., 2 H,
NH2), 5.78 (s, 1 H, 4-H), 7.2127.51 (m, 12 H, Ph2H), 7.92 (d, J 5

8.9 Hz, 2 H, Ph2H). 2 C29H32N2O5SSi (548.7): calcd. C 63.48, H [1] [1a] M. T. Davies-Coleman, D. E. A. Rivett, Prog. Chem. Nat.
Prod. 1989, 55, 1235. 2 [1b] C. W. Jefford, D. Jaggi, A. W. Slede-5.88, N 5.11; found C 63.18, H 5.77, N 5.22.
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