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a ,  y-Disubstituted /3-amino ketones were obtained by ring opening of 3,4-disubstituted N-Boc-p- 
lactams, promoted by Grignard and organocuprate reagents. 

A recent report from this laboratory documented the 
cycloaddition reaction of alkoxyketenes to 0-protected 
a-hydroxy aldehyde-derived imines as a method of choice 
for the production of masked forms of both a,y-dialkoxy 
p-amino esters and 1,3-amino polyols.' Interest in acyclic 
amino polyols has recently increased not only because of 
their physiological activities but also due to their use as 
building blocks of polyhydroxylated nitrogen heterocycles 
and polyhydroxyamino acids.2 As a logical extension of 
our work, more elaborated aminopolyols, which carry 
additional stereogenic centers (Scheme 11, should be 
readily obtainable from a,y-dialkoxy-p-amino ketones, 
owing to the ample precedence for stereocontrolled reduc- 
tions of a-(alkoxycarbonyl)  compound^.^ However, while 
the literature pertaining to the N1-c~  p-lactam cleavage 
by means of heteronucleophiles is abundant: the reaction 
promoted by carbon nucleophiles, which would give the 
required /?-amino ketones, has been the subject of very 
few  investigation^.^ We report here the results of our 
approach to the synthesis of a ,  y-disubstituted ,&amino 
ketones. 

By analogy with the ring-opening reaction of N-Boc- 
y-lactams with carbon  nucleophile^,^ we selected for our 
study (Scheme 2) the N-Boc-/3-lactam 4 as a masked form 
of hydroxylated p-amino ketones. The starting material 
was easily prepared in two steps from the Bose-Manhas 
/3-lactam 1.8 Thus, N-dearylation of the 3-(benzyloxy) 
p-lactam 1, under standard conditions? furnished the 
N-unsubstituted B-lactam 3 in 90% yield. Subsequent 
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exposure of 3 to (Boc)zO in the presence of 4-(dimethyl- 
aminolpyridine (DMAP) in acetonitrilelo gave 4 in 84% 
yield. We have found (Scheme 2) that  this ,&lactam 
compound, upon treatment with aryl Grignard reagents 
at low temperature (-40 "C) in THF as solvent, affords 
p-amino ketones 5 in excellent yields. In no case was 
overaddition observed under these conditions, even when 
an  excess of the reagent was present in the reaction 
medium. However, when the reaction was performed a t  
room temperature instead of a t  -40 "C, only tertiary 
alcohols were obtained. Results are listed in Table 1 and 
illustrate the effectiveness of this p-lactam ring opening. 
For example, the reaction of 4 with a slightly excess of 
phenylmagnesium bromide a t  -40 "C led to the forma- 
tion of 5a in 90% isolated yield as the only product. 
Similarly, compounds 5b, 5c, and 5d were obtained in 
95%, 94%, and 96% yields, respectively. On the other 
hand, when 4 was allowed to react with a 4-fold excess 
of phenylmagnesium bromide, beginning a t  -78 "C and 
warming to room temperature, the corresponding carbinol 
6a was produced in 86% yield. Under these conditions, 
carbinols 6e and 6f were also obtained from 4 and the 
respective Grignard reagents in yields of 83% and 64%. 

In contrast to the above observations, reaction of 4 with 
primary alkylmagnesium bromides as well as alkyllithi- 
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Table 1. Ring-Opening Reaction of the N-Boc-/3-lactam 4 
with Grignard Reagentsa 
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Br 
Br 
Br 
Br 
Br 
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- 
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-:a911 
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yield,' 
%, of 

compd 6 

90 
95 
94 
96 
40 (55F 
60 
80(67F 
82 
85 
58 
75 
83 

mp: "C 

116-118 
68-70 
94-96 
110-112 
46-49 
66-68 
42-44 
oil 

Oil 
oil 
oil 

[al26D/ 
deg 

f14.2 
+14.9 
+24.5 
+33.3 

f1.7 
f3 .8  
f 4 . 1  
f 2 . 1  

f3 .2  
-21.7 
-14.3 

4 

4- 

a Reactions conducted on a 1 mmol scale. Determined by lH 
NMR 300-MHz spectroscopy. Isolated yield of pure compounds. 
dYields in brackets refer to reactions carried out with the 
corresponding cuprates. e Solids crystallized from hexane. Oils 
purified by preparative HPLC (ethyl acetatehexane 1:3; 15 DIU 
min). f ( c  = 1, CHZC12). 

ums a t  -40 "C invariably led to a mixture of the 
corresponding /3-amino ketones 6 and ,&amino carbinols 
6 along with the starting p-lactam 4. It should be noted 
that the use of the less reactive alkylmagnesium chlorides 
instead of the respective bromides (entries g, h) leads to 
a virtually complete conversion of the starting material, 
thus increasing the amount of the /3-amino ketone 
without diminishing the formation of 6. In each case the 
proportion of products, as shown in Table 1, was easily 
determined by lH-NMR analysis of the corresponding 
crude reaction mixture. In general, this could be effected 
by integrating one geminal benzylic proton of the result- 
ing /3-amino ketone a t  4.5 ppm and the methinic proton, 
at  6 3.5 ppm, adjacent to the benzyloxy group in carbinols 
6. M e r  examining various reaction conditions to opti- 
mize the above results,ll we found that the use of Gilman 
cuprates afforded the best results in terms of chemose- 
lectivity, although the yields were only moderate. For 
instance, reaction of 4 with lithium dimethyl cuprate in 
a ratio of 1:2 gave 6e in 55% yield as the only reaction 
product. Similarly, lithium di-n-butylcuprate furnished 
6g in 67% isolated yield without traces of the correspond- 

(11) For instance, reaction of 4 with ethylmagnesium bromide (molar 
ratio 1:1.3) in THF a t  -78 "C for 2.5 h led to a mixture of Sf, Sf, and 
the starting 4 in a ratio of 68:16:16. When the reaction was carried 
out in toluene as solvent, under the same conditions as above, the ratio 
of products was 66:7:27, respectively. In the latter case, increasing 
the amount of Grignard reagent from 1.3 to 2.6 equiv did not improve 
the product ratio. The use of the corresponding organomanganese 
reagent, prepared by addition of MnClz and LiCl to ethylmagnesium 
bromide in THF at -10 "C led to product decomposition. 
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ing Bg. We also examined the behavior of secondary 
alkylmagnesium halides in such a p-lactam ring opening 
and in both cases tested (entries j, k) the reaction 
proceeded as aryl Grignard did. 
As shown in Scheme 3, B-amino ketones carrying 

additional functionality could also be prepared by this 
method. Reaction of 4 with the lithium enolate of methyl 
acetate led to the formation of 7a in 73% yield without 
traces of hydroxy compounds derived from attack at  the 
resulting carbonyl groups. Compound 7b, which incor- 
porates a silyl moiety amenable to further transforma- 
tion,12 could also be obtained as a sole reaction product 
albeit in modest yield (45%). M e r  the optimum condi- 
tions to perform this azetidin-2-one cleavage were estab- 
lished, the effect of other substituents on the p-lactam 
nitrogen atom was evaluated. In our hands, compound 
3, upon treatment with a 4-fold excess of either [(di- 
methylphenylsilyl)methyl3magnesium chloride or phe- 
nylmagnesium bromide under the above reaction condi- 
tions, did not react to afford the expected open product, 
and the starting material was recovered unchanged. 

(12) The silyl moiety in 7b could be transformed into the hydroxy 
group following Fleming's protocol, and subsequent cyclization should 
render hydroxylated pyrrolidines, an important class of glycosidase 
inhibitors. (a) Fleming, I.; Sanderson, P. E. J. Tetrakdron Lett. 1987, 
28, 4229. (b) Fleming, I. Pure Appl. Chem. 1988, 60, 71. 
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When the same reaction was carried out on the N-benzyl- 
P-lactam 2, only partial transformation was observed, 
and any attempt to improve this result was ~ n f r u i t f i l . ' ~  

To extend the scope of this procedure, the reaction of 
some representative Grignard reagents with the racemic 
form of the p-lactam 11, Scheme 4, was also tested. In 
particular, we speculated that  reaction of 11 with aryl 
Grignard reagents should provide a straightforward route 
to immediate precursors of important y-hydroxy-a-amino 
acids commonly found in natural products.14 The p-lac- 
tam 11 needed for the study was easily prepared by 
cycloaddition of methylketene, generated from propanoyl 
chloride and triethylamine, with the imine 8 in refluxing 
benzene.15 The resulting p-lactam 9 was then N-deary- 
lated16 and the intermediate 10 subsequently N-Boc- 
protected to give the required compound 11 in 41% 
overall yield from 8. Remarkably, Grignard reagents, on 
treatment with the p-lactam 11 under the same condi- 
tions as above, react selectively with the imide function 
to exclusively afford products 12 and 13. For instance, 
methylmagnesium bromide reacted with 11 a t  -40 "C 
in THF as solvent to give a mixture of 12a, 13a, and the 
starting product 11 in a ratio of 70:10:20, respectively, 
without affecting the methoxycarbonyl group. In the case 
of aryl Grignard reagents, only p-amino ketones 12b and 
12c were produced and in yields of 80% and 72%, 
respectively. 

(13) For example, reaction of 2 with 4 equiv of phenylmagnesium 
bromide in THF or EhO at -40 "C to room temperature led to a 
mixture of the starting material and the corresponding opened product. 
When more Grignard reagent was added to the mixture any progress 
was observed. 

(14) For some representative examples see: Nikkomycins or neo- 
polyoxins: (a) Dahn, U.; Hagenmaier, H.; HShne, H.; Konig, W. A.; 
Wolf, G.; Zuhner, H. Arch. Microbiol. 1976, 107, 249. (b) Kobinata, 
IC; Uramoto, M.; Nishii, M.; Kusakabe, H.; Nokamura, G.; Isono, K 
A g k .  Bwl. Chem. 1980,44,1709. (c) Isono, IC; Suzuki, S. Heterocycles 
1979,13, 333. Amino acids from mushrooms: (d) Hatanaka, &-I. In 
Progress in the Chemistry of Organic Natural Products; Herz, W., 
Kirby, G. W., Moore, R. E., Steglich, W., Tamm., Ch., Eds.; Springer 
Verlag: New York, 1992; p 1. 
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Tetrahedron Lett. 1992, 33, 4823. 

(16) Kobayashi, Y.; Ito, Y.; Terashima, S. Bull. Chem. SOC. Jpn. 
1989, 62, 3041. 
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Finally, on the basis of previous findings by Barluenga 
and co-workers6J7 we expected that stereoselective reduc- 
tion of the keto group in 12c would provide, as shown in 
Scheme 5, the carbinol (4S*)-14 as the protected form of 
the a-amino acid fragment found in nikkomycins.14"-' 
Actually, when 1212 was subjected to treatment with 
L-Selectride (Aldrich) a t  -78 "C, only the amino lactone 
16 and the hemiacetal 17 were obtained in a ratio of 62: 
38, respectively. Under these conditions we did not 
detect the formation of either the corresponding epimeric 
lactone of 16 or the epimeric hemiacetal of 17, which 
should arise from the minor (4R*)-16 alcohol.18 Although 
the relative stereochemistry of all of the stereogenic 
centers of the hemiacetal 17 was not determined, it was 
assumed as such on the basis of its conversion into the 
lactone 16 by a mild oxidation of the free hydroxy group 
using the mixed nicotinic-chromic anhydride (NDC) 
developed in our 1ab0ratory.l~ By that means, the overall 
yield of the amino lactone 16 was 73%. This compound 
can be opened under suitable conditionsz0 to give the 
nikkomycin-derived a-amino acid 18, albeit in its racemic 
form.z1 

From the above results it is clear that  the approach 
developed provides a general route for the preparation 
of a wide variety of a,y-disubstituted p-amino ketones, 
which might be employed as precursors of a-amino acids 
and polyhydroxylated nitrogen-containing compounds. 
Further work on this subject is currently underway in 
our laboratory. 
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(18) These results seem to indicate that the stereochemical outcome 
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Experimental Section 
Melting points were determined on a Biichi SMP-20 instru- 

ment and are uncorrected. Proton nuclear magnetic resonance 
spectra and 13C spectra were recorded on a Varian VXR 300 
spectrometer. All chemical shifts are reported as 6 values 
(ppm) relative to  internal tetramethylsilane. Infrared (IR) 
spectra were recorded on a Shimadzu IR-435 spectrometer. 
Mass spectra were obtained using a Shimadzu GCMS QP-200 
spectrometer operated at 70 eV. HPLC analysis were per- 
formed on a Shimadzu apparatus, using a SPD-6AV W 
detector and Lichrosorb Si 60 (7 pm) preparative 25-cm column 
(Merck). Microanalytical data were obtained on a Perkin- 
Elmer 240-C instrument. Commercially available compounds 
were used in this work without further purification or were 
prepared following literature procedures. Acetonitrile and 
hexane were dried and purified by distillation. Tetrahydro- 
furan was distilled over sodium and benzophenone (indicator). 
Methylene chloride was shaken with concentrated sulfuric 
acid, dried over potassium carbonate, and distilled. 
(W,4S)-3-(Benzyloxy)-4-[ (S)-2,2-dimethyl-l,3-dioxolan- 

4-ylIazetidin-2-one (3). A solution of (NH4hCe(NOs)6 (16.4 
g, 30 mmol) in water (120 mL) was added dropwise to a 
solution of the (3R,4S)-3-(benzyloxy)-4-[(S)-2,2-dimethyl-l,3- 
dioxolan-4-yl]-l-(4-methoxyphenyl)azetidin-2-one (3.83 g, 10 
mmol) in acetonitrile (125 mL) at 0 "C. The mixture was 
stirred at this temperature for 30 min. Then, water (400 mL) 
was added, and this mixture was extracted with EtOAc (3 x 
150 mL) and washed with a saturated solution of NaHC03 
(350 mL). The aqueous layer of NaHC03 was extracted again 
with EtOAc (60 mL), and all organic layers were washed with 
NaHS03 (40%) (4 x 300 mL) and saturated solutions of 
NaHC03 (70 mL) and NaCl (70 mL). The organic layer was 
dried over MgS04, and the solvents were removed in vacuo. 
The tittle P-lactam was purified by column chromatography 
(silica gel, hexaneiEtOAc 3:l) and crystallized from hexane/ 
EhO; yield 2.49 g (90%); mp 87-89 "C (hexane/EhO); IR ( D r )  
v 3168 cm-I (NH); 1749 cm-', 1718 cm-1 (C=O); [ U I ~ ~ L I  = +64.4 
(c = 1.0, CHzClZ); lH NMR (CDCl3) 6 7.39-7.30 (m, 5H, arom), 

HCH), 4.35-4.28 (m, lH, CH), 4.14 (dd, lH, J = 6.6 Hz, J' = 

6.35 (s, lH,  NH), 4.92 (d, lH,  J = -11.7 Hz, HCH), 4.69 (dd, 
lH, J = 2.3 Hz, J' = 5.2 Hz, CH), 4.65 (d, lH, J = -11.7 Hz, 

-8.8 Hz, HCH), 3.69 (dd, lH, J = 5.2 Hz, J = 8.9 Hz, CH), 
3.64 (dd, lH, J = 5.8 Hz, J' -8.8 Hz, HCH), 1.42 (s, 3H, 
Me), 1.35 (s, 3H, Me). I3C NMR (CDC13) 6 168.3, 136.7,128.5, 
128.2, 127.8, 109.5, 81.6, 76.9, 72.9, 66.6, 56.9, 26.8, 25.1. 
Anal. Calcd for C15H19N04: C, 64.97; H, 6.91; N, 5.05. 
Found C, 65.15; H, 6.85; N, 5.09. 
(3R,4S)-3-(Benzyloxy)-l-(tert-butoxycarbonyl)-4-[(S)- 

2,2-dimethyl-l,3-dioxolan-4-yl]azetidin-2-one (4). BoczO 
(4.32 g, 20 mmol) and DMAP (0.12 g, 1 mmol) were added to 
a solution of the (3R,4S)-3-(benzyloxy)-4-[(S)-2,2-dimethyl-1,3- 
dioxolan-4-yl]azetidin-2-one (2.77 g, 10 mmol) in acetonitrile 
(24 mL) at  0 "C, and the mixture was stirred at room 
temperature overnight. Then, methylene chloride (25 mL) was 
added, and the mixture was washed with 1 M NaHS03 (2 x 
25 mL), a saturated solution of NaHC03 (25 mL), and a 
saturated solution of NaCl (25 mL). The organic layer was 
dried over MgSO4, and the solvent was removed in vacuo. 
Purification by column chromatography (silica gel, hexanel 
EtOAc 1O:l) and crystallization from hexane/EtzO furnished 
the title ,&lactam: yield 3.17 g (84%); mp 104-105 "C (hexand 
EtzO); IR (KBr) Y 1810 cm-l, 1794 cm-I (C=O); 1705 cm-I 
(C=O); + $72.8 (c = 1.0, CHzC12); 'H NMR (CDCl3) 6 
7.35 (m, 5H, arom.), 4.92 (d, lH, J = -11.9 Hz, HCH), 4.69 

4.38-4.29 (m, lH, CHI, 4.17-4.08 (m, 2H, CH, HCH), 3.92 
(dd, lH,  J = 5.7, -8.6 Hz, HCH), 1.51 (s, 9H, Med, 1.45 (s, 
3H, Me), 1.36 (s, 3H, Me); 13C NMR (CDC13) 6 165.2, 147.8, 
136.3,128.4,127.9,109.7,83.3,79.4,74.5,73.3,66.6,59.5,27.8, 
26.2, 25.0. Anal. Calcd for CzoHz7NO6: C, 63.64; H, 7.21; N, 
3.71. Found: C, 63.37; H, 7.32; N, 3.68. 
(35*,4S*)-N-(Di-p-anisylmethyl)-4-(methoxycarbonyl)- 

3-methylazetidin-2-one (9).l5 A solution of propionyl chlo- 
ride (5.2 mL, 60 mmol) in benzene (25 mL) was added dropwise 
to  a solution of (methoxycarbony1)-N-(di-panisylmethy1)imine 

(d, lH, J = -11.9 Hz, HCH), 4.66 (d, lH, J = 6.3 Hz, CHI, 
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(15.65 g, 50 mmol) and triethylamine (16.55 mL, 120 mmol) 
in benzene (150 mL) with molecular sieves (4 A) (10 g) at room 
temperature. The resulting mixture was stirred magnetically, 
refluxed overnight, and then cooled to room temperature, 
filtered through Celite, and diluted with CHzClz (100 mL). The 
resulting solution was washed with water (100 mL), 1 N HC1 
(100 mL), and NaHC03 (100 mL, saturated solution). The 
organic layer was separated and dried (MgS04). Evaporation 
of the solvents at reduced pressure gave the crude ,8-lactam, 
which was purified by column chromatography (silica gel 70- 
230 mesh, EtOAdhexane 1:lO as eluent): yield 12.92 g (70%); 
oil; IR (film) v ,  1745 cm-I (C=O); 1733 cm-l (C=O); 'H NMR 
(CDCl3)67.26(d,2H, J=8.5Hz,arom),7 .13(d ,2H,  J = 8 . 4  
Hz,arom),6.86(d,2H,J=8.8Hz,arom),6.83(d,2H,J=8.8 
Hz, arom), 5.76 (s, lH, CHCsHd), 4.09 (d, lH,  J = 5.9 Hz, 
CHC02Me), 3.79 (s, 3H, OCH3), 3.77 (s, 3H, OCHs), 3.59 (8, 
3H, OCH3), 3.47 (m, lH, CHCH3), 1.20 (d, 3H, J = 7.5 Hz, 

129.3, 113.7, 60.9, 55.2, 51.9, 47.0, 9.7; MS (mlz) 369. 
(3S*,4S*)-4-(Methoxycarbonyl)-3-methylazetidin- 

2-one (10). The same procedure for the preparation of 3 was 
used: yield 0.90 g (63%); oil; IR (film) v 3237 cm-l (NH); 1742 
cm-1 (C=O); 1734 cm-l (C-0); lH NMR (CDC13) 6 6.29 (8, lH, 
NH), 4.29 (d, lH, J = 5.9 Hz, CHN), 3.79 (s, 3H, OCH3), 3.60 
(m, lH, CHCO), 1.20 (d, 3H, J = 7.6 Hz, CH3CH); 13C NMR 
(CDCl3) 6 170.6, 170.2, 52.7,52.3,50.1, 10.1; MS (mk)  144 (M + 1). 
(SS*,4S*)-4-(Methoxycarbonyl)-3-methyl-N- (tert-butox- 

ycarbonyl)azetidin-2-one (1 1). The same procedure for the 
preparation of 4 was used: yield 2.11 g (93%); oil; IR (film) v 
1810 cm-l (C=O); 1743 cm-l (C=O); 1723 cm-I (C=O); 'H 
NMR (CDCl3) 6 4.50 (d, lH, J = 6.8 Hz, CHN), 3.80 (8, 3H, 
OCH3), 3.54 (m, lH, CHCH3), 1.50 (8, 9H, C(CH3)3), 1.20 (d, 
3H, J = 7.6 Hz, CH3CH); 13C NMR (CDC13) 6 168.3, 165.9, 
128.6, 54.7, 52.3, 47.3, 27.8, 9.0; MS (mlz) 187 (M+ - 56). 
General Procedure for the Coupling of /I-Lactams 

with Grignard Reagents. Method A. The aryl- or alkyl- 
magnesium bromide (3.0 M in EtzO) (0.43 mL, 1.3 mmol) was 
added to a solution of the ,8-lactam (0.38 g, 1 mmol) in THF (3 
mL) at -78 "C. The reaction mixture was stirred at -40 "C 
(acetonitrile-COz bath) for 1 h. A saturated solution of NH4- 
Cl(5 mL) was poured into the mixture and then extracted with 
methylene chloride (2 x 10 mL). The organic layer was dried 
over MgS04, and the solvent was removed in vacuo yielding 
the product. Purification by column chromatography on silica 
gel with hexane-ethyl acetate (lO:l, 51) gave the 8-amino 
ketone as an oil or a white solid, which was crystallized from 
hexane. Method B. The Grignard reagent (phenyl-, ethyl-, 
or methylmagnesium bromide) (3.0 M in EtzO) (1.33 mL, 4 
mmol) was added to a solution of the p-lactam (0.38 g, 1 mmol) 
in THF (3 mL) at -78 "C. The reaction mixture was warmed 
slowly at room temperature and stirred overnight. The usual 
workup and the purification by column chromatography on 
silica gel with hexane-ethyl acetate ( l O : l ,  51) yielded the 
carbinol as an oil or a white solid, which was crystallized from 
hexane. 
General Procedure for the Addition of Cuprate Re- 

agents to N-Boc-p-lactams. To an ice-cooled suspension of 
CUI (0.19 g, 1 "01) in Et20 (4 mL) was added a 1.6 M solution 
of RLi (1.25 mL, 2 mmol) in EtzO, and the mixture was stirred 
at 0 "C for 20 min. Then a solution of the B-lactam (0.19 g, 
0.5 mmol) in Et20 (2 mL) was added, and the resulting 
suspension was stirred at 0 "C for 1.5 h and then at room 
temperature overnight. The reaction was quenched with a 
saturated solution of NHdCl (5 mL), stirred for 15 min, and 
extracted with methylene chloride (2 x 10 mL). The organic 
layer was dried over MgS04, and the solvent was removed in 
vacuo. Purification by column chromatography on silica gel 
with hexane-ethyl acetate ( l O : l ,  5:l) gave the /?-amino ketone 
as a white solid. 
Compound 7a. To a solution of lithium diisopropylamide 

(LDA) at -78 "C, prepared from diisopropylamine (0.49 mL, 
3.5 mmol) and n-butyllithium (2.19 mL, 3.15 mmol) in THF 
(15 mL) under nitrogen atmosphere, was added methyl acetate 
(0.25 mL, 3.15 mmol) dropwise. The mixture was stirred at 
-78 "C for 30 min, and then a solution of p-lactam 4 (0.38 g, 

CH3CH); 13C NMR (CDC13) 6 170.2, 169.4, 158.9,132.2,129.4, 
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1 mmol) in THF (5  mL) was added dropwise at the same 
temperature. The resulting mixture was kept at -78 "C for 
30 min and quenched with a solution of ammonium chloride 
(1.5 g) in water (25 mL). The mixture was allowed to warm 
room temperature and extracted with methylene chloride (2 
x 25 mL). The organic layer was washed with 0.1 N HCl(25 
mL), NaHC03 (25 mL, saturated solution), water (25 mL), and 
dried over Na2S04. The solvent was removed in vacuo, 
yielding an oil which was purified by column chromatography 
(AcOEthexane 1: lO)  to give a solid which was aystallized from 
hexane: yield 0.33 g (73%); mp 80-81 "C (hexane); IR (KBr) 
v 3404 cm-'; 1730 cm-' (C-0); 1695 cm-' ((2-0); [a% = -3.2 
(c = 1.0, CHzC12); lH NMR (CDCl3) 6 7.35-7.31 (m, 5H, arom), 
5.17 (d, lH, J = 8.8 Hz, NH), 4.63 (d, lH, J = -11.6 Hz, HCH), 
4.56 (d, lH, J = -11.6 Hz, HCH), 4.40-4.32 (m, lH, CHI, 
4.12-4.02 (m, 2H, CH, CH), 3.91 (dd, lH, J = 6.8 Hz, J' = 
-8.4 Hz,HCH), 3.77-3.64 (m, 3H, HCH, HCH), 3.66 (8, 9H, 
OCHs), 1.44 (8, 9H, Mea), 1.35 (8, 3H, Me), 1.30 (8, 3H, Me); 
13C NMR (CDC13) 6 204.0, 167.8, 155.7, 136.7, 128.5, 128.4, 
128.2,128.1,128.0,109.5,82.8,79.9,73.6,73.0,65.8,52.1,51.6, 
45.9, 28.2, 26.0, 25.0. Anal. Calcd for C23H33N08: C, 61.18; 
H, 7.37; N, 3.10. Found: C, 61.06; H, 7.31; N, 3.15. 

Compound 12c: yield 0.25 g (72%); oil, IR (film) v 3335 
cm-' (NH); 1735 cm-l (C-0); 1708 cm-' (C-0); 1670 cm-' 
(C=O); lH NMR (CDCl3) 6 7.96 (d, 2H, J = 9.0 Hz, arom), 6.95 
(d, 2H, J = 9.0 Hz, arom), 5.31 (d, lH, J = 8.1 Hz, NH), 4.59 
(dd, lH, J = 5.9 Hz, J' = 8.3 Hz, CHNH), 4.07 (m, lH, CHCH3), 
3.87 (8, 3H, OCHd, 3.74 (8, 3H, OCHd, 1.42 (8, 9H, C(CH3)3), 
1.28 (d, 3H, J = 7.3 Hz, CH3CH); 13C NMR (CDCl3) 6 199.3, 
171.7, 163.6, 155.2, 130.6, 113.8, 79.9, 55.6, 55.4, 52.3, 42.7, 
28.1, 13.8. 

Reduction of 12c with L-Selectride. Preparation of 
16. To a dry ice-cooled (-78 "C) solution of 12c (0.35g, 1.0 
mmol) in anhydrous THF (6 mL) was added a 1 M solution of 
L-Selectride (2.0 mL, 2.0 mmol) in the same solvent, and the 
mixture was stirred at -78 "C for 1 h. Then, the reaction 
mixture was quenched with a saturated solution of N&C1(6 
mL), extracted with Et20 (15 mL), and filtered through Celite 
to give an organic solution which was dried (MgS04) and 
evaporated in vacuo to afford a 62:38 mixture of 16 and 17 as 

a colorless oil. Separation by column chromatography on silica 
gel with hexane-ethyl acetate ( l O : l ,  then 51) gave compounds 
16 and 17. Compound 16 yield 0.16 g (50%); oil; IR (film) v 
3340 cm-l (NH); 1781 cm-l (C=O); 1707 cm-' (C=O); lH NMR 
(CDC13) 6 7.28 (d, 2H, arom), 6.92 (d, 2H, arom), 5.10 (d, lH, 
J = 7.6 Hz, NH), 4.83 (d, lH, J = 10.3 Hz, CHO), 4.26 (dd, 
lH, J = 11.5 Hz, J' = 7.6 Hz, CHNH), 3.82 (8, 3H, OMe), 1.47 
(8, 9H, C(CH3)3), 1.17 (d, 3H, J = 6.4 Hz, CH3CH); 13C NMR 
(CDCl3) 6 174.2, 160.2, 155.5, 136.0, 128.1, 114.1, 84.7, 80.5, 
57.9,55.3,46.8,28.2,13.6. Compound 17 yield O.O9g(28%); 
oil; IR (film) v 3386 cm-l (OH); 3374 cm-' (NH); 1709 cm-' 
(C=O); 1H NMR (CDC13) 6 7.30 (d, 2H, arom), 6.86 (d, 2H, 
arom), 5.34 (d, lH, J = 4.3 Hz, NH), 5.06 (dd, lH, J = 9.3 Hz, 
CHO), 4.43 (d, 1 H , J  = 9.3 Hz, CHN), 4.33 (8, lH, OH), 3.78 
(8, 3H, OCHd, 2.04 (m, lH, CHCHd, 1.45 (s, 9H, C(CHdd, 
1.02 (d, 3H, J = 6.4 Hz, CH3CH). This compound (0.09 g, 0.28 
mmol) in benzene (0.5 mL) was added to a suspension of NDC 
(0.32 g, 0.70 "01) and pyridine (0.45 mL, 5.57 mmol) in the 
same solvent (1 mL), and the mixture was stirred at room 
temperature for 4 h. Afterwards, the suspension was filtered 
through a pad of silica gel, and the organic solution was 
washed with 6 N HCl(1 mL) and NaHC03 (1 mL), dried over 
MgSO4, and evaporated to give 0.074 g of 16 as a viscous oil 
(83%). Overall yield of 16 0.234 g (73%). 
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