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Abstract. The dianion of (S)-ethyl e-hydroxybutyrate (1) was treated with b(-trimethylsilyl imine 2 
to afford a-lactam 4. The same dianion reacted.with tj-aryl imine 10 to give e-lactams 11, 12. and 
13. A three-step sequence was used to convert 4 into the a-lactam-pyran hybrid 9 while a five-step 
sequence was developed to transform 11 and 12 into 9. Application of the carboxyinverslon reaction 
to derivatives of 9 afforded protected analogs of the amino-saccharides daunosamine (5) and 
acosamine (6). 

Several years ago we reported that treatment of the dianion of racemic ethyl a-hydroxybutyrate 

(1) with imine 2 gave a mixture of diastereomeric 6-lactams 3 and 4.3s4 One notable aspect of this 

transformation was the structural relationship between 3, 4, and the 2,3.6-trideoxy-3-aminohexoses, 

a large class of aminosaccharldes of medicinal importance. ' For example, a-lactam 4 contains the 

C(l)-C(6) backbone of daunosamine with the correct stereochemistry at all carbons and the appropri- 

ate oxidation state at all carbons save C(4). Insertion of an oxygen into the C(4)-acyl bond with 

either retention or inversion of configuration would afford intermediates suitable for the prepara- 

tion of daunosamine (5)617 and acosamine (6)**', respectively. We felt that the development of a 

1 5 I 5 R,.OH q-H 
6 4 .I4 &-OH 

protocol for the transfonnatlon of a 6-lactam into a vicinal amino alcohol might be of general 

Interest." Thus, we have examined this precedented but little explored process within the context 

OH OH 

Me 

of syntheses of derfvatives of aminosaccharides 5 and 6 from s-lactam 4. This paper presents the 

details of our study.11*12 

Preparation of a-La&am-Pyran Hybrids. We began our studies by preparing quantities of a- 

lactam 4 in optically active form. This was accomplished by treating the dianion of (S)-ethyl E- 

hydroxybutyrate (1) with 2 as previously described in the racemic series. Although the yield was 

disappointing, it was possible to prepare gram quantities of 4 in 20% isolated yield without much 

difficulty.13 The conversion of 4 into a 6-lactam-pyran hybrid suitable for use in the aforemen- 

tioned oxidation studies was accomplished in three steps (Scheme I). Treatment of 4 with & 

bromosuccinimide In dichloromethane gave tetrahydropyran 7 (92%). The stereochemistry of 7 was 

assigned on the basis of the following NMR evidence. The stereochemical relationship between C(1) 

and C(2) was suggested by a coupling constant of 8.6 Hz between HI and ,H2. This was supported by 

the absence of an NOE between these protons. Furthenaore, a large NOE between H2 and H5 established 

their cis relationship and indicates that the pyran ring occupies a boat-like conformation in 

solution.14 Treatment of 7 with tri-;-butyltin hydride and AIBN in benzene effected a free radical 

fragmentation to afford glycal 8 (95%).15 The structure of 8 was confirmed by X-ray 

crystallography.16 Finally, treatment of 8 with methanol in the presence of acidic Oowex-50 ion 

exchange resin gave 9 (84%). 

I283 
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Scheme I 

4 7 8 

(a) NW C&C), (b! nth#t-tH. AWN, PhH (c) Dowe (K), M&H 

8 

Oue to the low yteld in the ester-fmine condensation (1 + 2 + 4). an alternate route to 9 was 

developed as outlined in Scheme II. The dianion of 1 reacted with imine 10 to provide a mixture of 

a-lactams 11-13 in 67% yield as previously reported.12 Although 11 could be separated from 12 and 

13 using column chromatography and the trans 6-lectams could be separated after conversion to the 

corresponding tert-butyld~~thysilyl ethers (14 and 15), it was operationally most convenient to - 
continue with the mixture. Sequenttal treatment of the mixture of 11-13 with ozone and dimethyl 

sulfide gave hemiacetal 16 and a mixture of trans aldehydes 17 and 18. Isomerlration of 17 and 18 

to 16 and 19, respectively. was accomplished using 1,8-diazabicyclol5.4.O]undec-7-ene in dichloro- 

methane. In this manner, the aforementioned mixture of a-lactams 11-13 was converted to 16 and 19 

in 68% and 6% yields* respectively. Treatment of 16 with 1.0 equivalent of lithium diisopropytamide 

followed by 4.0 equivalents of (~thox~ethylidene)triphenylphosphorane gave vinyl ether 20 

(85%)." The olefin geometry was tentatively assigned as trans on the basis of a 12.6 Hz coupling 

constant between the vinylic protons. Cyclttation of 29 using acidic Dowex-SO in methanol gave 21 

(98%) and oxfdative removal of the ~-methoxyphenyl group completed the synthesis of 9 (78%).18 

SchemeIf 

21 R=phkOPh c 9 
9 R.H 

11 12 R-H X=PhCH 

4 R P Si(tBu)tv!+ X - PhCH 

17 RPH x.0 

13 R-H X.PWH 

5 R = Si(tElu)Ma2 X = PhCH 

8 R-W x-o 

\I d 

Although the sequence to 9 outlined in Scheme Ii is longer (6 steps from 1) than the route 

described in Scheme I (4 steps from l), It proceeds in approx{mately twice the overall yield (29% 

compared to 14%). 

Studies Regarding the a-Lactaia to Vicinal Iuaino Alcohol Transformation: Preparation of Aminosac- 

charfde Derivatives 5 and 6. Our attempts to insert an oxygen into the C(O)-acyl bond in 9 were 

based on the reported conversion of 22 to 23 during the course of carbapenem degradatlon 

studies." This transfo~ation presumably occurs by opening of the a-lactam by E-chloroperbenzoic 

acid followed by a carboxyfnversfon reaction. Durjng the course of model studies, reactions between 

several derivatives of a-lactam 24a and a varfety of oxidizing agents were examined. For example, 

treatment of fnides 24b and 24c with variants of the ~-chloroperbenza~c acid system used to convert 

22 to 23 gave no formal Eaeyer-Villiger oxidation.2oo21 On the other hand, i&de 24d did give 25o 
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R, . C(O)C@PNB PNB = &wWobenzyl Ra = ~(Ow(Om+~t 

in 51% overall yield after hydrolysis of intermediate amide 25a and acetylation of the resulting 

amino alcohol 25b.22 

The conversfon of a-lactans of type 24 to methyl ketones followed by Baeyer-Villiger oxidation 

was also examined. Thus, treatment of 24b and 24~ with methylmagnesium bromide and methyllithium. 

respectively, gave 26a (77%) and 26b (48%). Baeyer-Villager oxidation of these substrates, however, 

met with failure. For example, treatment of 26a with buffered trifluoroperacetic acid in dlchloro- 

methane gave only 6% of a Baeyer-Villiger product along with isomerized starting ketone. 21a 

I 
H H H H H H 
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L R-H L R, = H & = CCCO$&Ph n R-COPh 

b R.COPh b q-F&-H b A-Ts 

o R-T4 0 q.R,=cOMa 

d R = C(O)CO&l+Flt 

In the final analysts, It appeared that 9 would best be converted to amlnosaccharfde deriva- 

tives of type 5 and 6 by way of imide 27. The preparation of 27 was accomplished in 98% yseld as 

shown in Scheme III. Treatment of 27 wjth buffered ~-chloroperbenzoic acid did afford dau~sami~ 

der$vative 28 in 35% yield. Although 28 was not converted to daunosamine, the structure of this 

material was apparent from spectral data. 
Scheme111 

I 

OMe 

d 

!27 R = (CO)CO$yPh 

30 F&-CO&k %=H 

28 

(a) PhCH&G@)WCI. Et$r (b) MCPM. N@lPO,. (ArSh. CCb A (c) PhCGGl. El,N (d) MeOH. DBU. A(e) W+l, MeOH 
(I) HCPEA, DCC; CC&. A; KOH, MeOH (3) W.i, THF (h) DBU. PhH,A (I) l&NH’ NS-, NaN, acekme. A 

The converslon of 9 to a derivative of acosamine (6) required that an oxygen be inserted in the 

C(4)-acyl bond wlth Inversion of conflguratfon. Thus, 9 was treated with benzoyl chloride and the 

resulting imide 29 (98%) was converted to ester 30 (71%) upon exposure to 1,8-dlazabicyclo[5.4.0]- 

undec-7-ene in methanol under reflux. Ester hydrolysis produced acid 31 (97%) and a carboxyinver- 

sion reactionZ3 afford methyl ~-benzoylacosa~inide (32) in 32% yield.24 

We also briefly investigated reactions of imide 29 with other nucleophiles. Thus, treatment of 

29 with methyllithium in tetrahydrofuran gave methyl ketone 33 (65%) along with recovered 29 (28%) 

and eprmerization of 33 gave the thermodynamically more stable C(4)-isomer 34 (93%). In accord with 

the aforementioned study with 26a, attempted Baeyer-Villlger oxidation of these substrates met with 

failure. Finally, treatment of 29 with sodium azide and trlethylanmonium azide in acetone gave 

cyclic urea 35 in 98% yield, illustrating the potential for using e-lactams as precursors to pyrans 

containing vicinal dfamlne structures. 25 
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In sumnary, enantloselectlve syntheses of daunosamlne derivative 28 (9.8% yield from 1 fn 8 

steps) and acosamine precursor 32 (6.6% from 1 in 10 steps) have been accomplished. The syntheses 

feature an unusual, but unfortunately low yield method for introduction of the C(4) hydroxyl 

group. The general plan, however, does provide ready access to 2,3,4,6-tetradeoxy-3-amlnohexose 

derivatives with carbon or nitrogen substituents at C(4). 

Experimental 

All melting points were taken with a Thomas-Hoover capillary melting point apparatus and are 
uncorrected. H Nuclear magnetic resonance spectra were recorded on Varlan Associates EM-390 (90 
MHz). Bruker WP-200 (200 MHz). Bruker AM-250 (250 MHz). or Bruker AM-500 (500 MHz) spectrometers and 
are reported in parts per million from internal tetramethylsilane on the 6 scale. Data are reported 
as follows: 
quintet, m 

chemical shift [multiplicity (s = singlet, d = doublet, t = triplet, q = qygrtet, qu = 
= multlplet), coupling constants (in hertz), integration, interpretatlon]. C Nuclear 

magnetic resonance spectra were recorded on Bruker WP-80 (20.11 MHz) or Bruker AM-250 1g2.85 MHz) 
spectrometers and are reported In parts per million from internal tetramethylsilane. C Nuclear 
magnetic resonance data are reported.as follows: chemical shift ImultiDlicitr (s=sinslet. 
d=doublet, t=triplet, q-quartet)]. lJC-NMR spectra were recorded-as Broad-Band; Off-Resonance- 
Decoupled or DEPT lDistortlonless Enhancement bv Polarization Transfer) spectra. Infrared soectra 
were taken on a Perkin-Elmer 457 instrument. Mass spectra were recorded on Kratos MS-30 Instruments 
at an ionization energy of 70 eV. Samples on which exact masses were measured exhibited no slgnifi- 
cant peaks at m/e values greater than those of the parent. Optical rotations were measured with a 
Perkin-Elmer 241-polarimeter and ozonolyses were performed using a Welsbach Model T-408 ozone 
generator. Combustion analysis were performed by Micro-Analysis, Inc., Wilmington, DE. 

Solvents and reagents were dried and purified prior to use when deemed necessary: tetrahydro- 
furan, benzene and dlethyl ether (distilled from sodium metal): carbon tetrachloride and dichloro- 
methane (passed through activity i alumina); methanol (dlstilied from magnesium methoxide). 
acetonjtrile, benzene, dimethylformamide, dimethylsulfoxIde. toluene and trlethylamine (distllled 
from CaH2). All reaction temperatures refer to those of reactlon mlxture unless indicated 
otherwise. Reactions requiring an inert atmosphere were run under a blanket of argon or nitrogen. 
Analytical thin-laver chromatoaraohu was performed with EM Laboratories 0.25 mm thick DmcOated 
silica gel 60 F-254 plates. 
(70-230 mesh). 

Column-chromatography was performed over EM Laboratories jlllca gel 60 
Medium pressure liquid chromatography (MPLC) was performed over EM Laboratories 

Lobar preuacked silica gel columns using RPSY lab pump. Rotary disk chromatoqraphy (Chromatotronl 
was performed over EM L&oratories silica gel PF-254 with CaSO4 1/2H20) type 60 plates using an FMI 
RP G-150 lab pump. Ethyl acetate and n-hexane, used as eluents in column chromatography, were 
distilled prior to use. 

l3~.4~(~)~-3-~l(~)-hydmxyethyll-4-(2-pherlylthio)ethenyl-2-azetidinone (4). To a solutlon of 28.0 
mL (I33 m01) of 1.1 1 3 3 3-hexamethyldlsllazane In 100 mL of tetrahydrofuran cooled in an dry ice- . * I . 
acetone bath was added 80 mL (128 mnol) of 1.60 M I-butyllith1um in hexane over a lo-min perlc&. 
The solution was stIrred for 30 min in the bath and 19.4 q (118 mnol) of 3-phenylthloacroleln in 
100 mL of tetrahydrofuran was added at a rate such that the-tempera&e dld'not-exceed -60°C. The 
mixture was stirred for 1 h at -7E'C, and the resulting cold solution of t+trlmethylsilyl imine 2 
was used directly used in the followjng reaction. 

To a solution of 35.0 mL (250 mmol) of diisopropylamine in 100 mL of tetrahydrofuran cooled in 
a dry ice-acetone bath was added 150 mL.(240 mmol) of-l.60 M n-butylllthium solution in hexane. The 
solution a 
rate ( 1)2rsq8 

stIrred for 30 min In the bath and 15.0 mL (115 imol) of ethyl (s)-(+)-3-hydroxybuty- 
Tn 100 mL of tetrahydrofuran was added at a rate such that the temperature did not 

exceed -60°C. The solution was stirred for 1 h at -76°C followed by the addition of the $11~1 Imlne 
2 via cannula over a 5-mln Period. The mixture was stirred for 1 h at -7E'C. the cold bath was 
revved and the mjxture was'allowed to warm to room temperature followed by jtirrlng for 20 h. The 
resulting soluton was dSluted with 1 L of dichloromethane and washed with two 500-mL portions of 
saturated aqueous ammonium chlor<de. The combined aqueous layers were extracted wlth three 4OO-mL 
portions of‘dichloromethane. The combined organic layers were dried (MgSO ). concentrated in vacua 
and the residue was chromatographed twice over 300-g portions of silica ge 4 (ethyl acetate-hexane, 
2:l; then ethyl acetate) to give 11.5 g (40%) of 3 + 4 as a mixture of three dlastereomerlc a- 
lactams. In experiments conducted with racegic materials, these B-lactams were best characterized 
as their bls-tert-butyl-dimethylsilyl ethers. A pure sample of dlestereomer 4 was obtained by 
recrystallizam of 8.0 g of the mixture of e-lactams from 150 mL of dlchloromethane and ether 
(1:l. respectively) to afford 3.60 g (20%) of material as a white solid. The spectral data [;yro 'H- 
NMR) of this material were identical to those reported for racemic material: mp I73-174°C; 

+6.5 (c 0.78, CH30H). 
0 

(1~.2S,4~,5R,6R)-5-Brolro-P4ethyl-dphenyxa-7-azabicyclo[4.2.0loctan-&Mle (7). A mixture 
of 2.14 g (8.5g nm101) of lactam 4 and 1.53 g (8.60 mmol) of N-bromosuccinimide in 30 mL of dlchloro- 
methane was stirred at room temoerature for 24 h. The mixture was concentrated in vacua and the 
residue was chromatographed over-80 g of slllca gel (ethyl acet te-he ne. 2:3) to give 2.59 
of 7 as a white solid: mp 145-147'C; IR (CHC13) 3400, 1770 cm-!; L$ -:5:.~,"l~.7~l;c~~Cl~~:l:f' 
NMR (200 MHz, CDCl ) 6 1.42 (d, J = 6.4 Hz. 
(dd, J = 8.6, 3.4 ib, lli, CHBr),-4.17 (dd, J 

3H, CH3), 3.33 (dt, J = 
= 5.5, 3.4 Hz, LH, ~HN),'4:26'(dq,'J 1'6.4, 2:2 iz, 1H. 

CHO),-5.60 (d. J = 8.6 Hz, 1H. CHS). 6.1 (br s. 1H. NH), 7.29-7.62 (III. SH, ArH):'13C-N14fi (200 MHz. 
CDCl ) 17.86 (qT, 47.77 (d), 50.97 (d), 55.96 (d), 63.79 (d), 88.49 (d), 128.12 (d), 128.98 (d), 
133.36 (d and s), 166.00 (s); exact mass calcd for C H BrNO 5 m/e 328.9909, found m/e 328.9904. 

Anal. Calcd for C13H143rN02S: C, 47.57; H, 4.30. l3 !$und:' C'; 37.29: H, 4.51. - - 
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(1~.2S.6~)-2-Methyl-3-oxa-7-azabyclo]4.2.O]oct-4-en-8-~~ (8). A mixture of 2.47 g (7.53 nrnol) of 
la&am 7, 1.40 mL (7.94 nmol) of tri-n-butyltin hydride and 10 mg of AIBN in 60 mL of benzene was 
heated at reflux for 3 h. The mixture was concentrated in vacua and the residue was chrornatographed 
over 50 g of silica gel (ethyl acetate-hexane. I:1 ang02:1) to give 995 mg (95Y1 of 8 as a white 
solid: mp 144-146'C; IR (CHCl ) 3400, 1750 cm- ; Ial0 -71.3 (c 1.05, CHCl ); H-NMR (200 MHz, 
CDCl ) 6 1.57 (d. J - 6.'6 Hz, 
Hz, jH, CHO). 4.04-(dd, J 

&i CH ) 3.54 (dd, J = 5.8, 3.7 HZ. 1H. CHCO), 3.95 (dq, J - 6.6, 3.7 
= 5.8.'4.4: iH, Cyl$, 5.16 (dd. J = 6.0. 4.4 Hz. 1H. CtkCHO), 3.85 (br s. 

1H. NH), 6.62 (d. J = 6.n Hz. 1H. CH-CHO); C-NM (COCl 
(d). 103.77 (d). lag.96 (d). 169.43 (s); exact mass calca 

)-17.93 (q), 42.17 (d). 57.51 (d), 72.41 

139.0668. 
for C7H9N02 m/e 139.0633, found m/e 

Anal. Calcd for C7H9NO2: C. 60.42; H, 6.52. Found: C, 60.67; H, 6.72. 

(lS.2~.4R.6S)-4-~thoxy-2-Pthyl-3-oxa-7-~abicyclo]4.2.0]octan-&one (9). Fra 8: A mixture of 
34a mg (2.45 ml) of lactam 8 and 0.40 g of Oowex 50X8-100 ion-exchange resin in 10 mL of methanol 
was stirred for 5 h at room temperature. The mixture was filtered and the residual resin was washed 
with 20 RL of methanol. The filtrate was concentrated in vacua and the residue was chromatographed 
twice over 20 g portions of silica gel (ethyl 
solid: 

atetate 
mp 142-143'C; IR (CHCl ) 3400, 1750 cm ; Ial 

Oto give 350 mg (64%) of lattam 9 as a white 
-117.0 (c 0.975, CHCl ); H-NMR (200 MHz, 

CDC13) 6 1.43 (d, J = 6.5 Hz, 3H. CHCH3), 4 
15.8. 6.4, 2.4 Hz, lH, CH ). 3.17 (dt, J 

1.74 (ddd, _ = 15.8, 7.4, 3.2 Hz, 18, CH2). 2.30 (ddd. J = 

CHN), 4.15 (dq. 3 = 6.4, I.5 Hz. lH, CHG), 4.92 (t. J = 7.0 Ht. lH, OCHO), 5.95 (br s, 1H. NH); 
= 5.3, 2.5 Hz, lH, CHCO), 3.4 (s, 3H, 0CH3) 3.92 (m. 1H13 

C- 
NMR (CDCl ) 18.2T (q). 29.74 (t), 44.56 (d), 54.23 (q), 54.73 (d), 63.47 (d), 97.15 (d), 168.72 (5); 
t!Ma! specgrum, m/g (relative intensity) 140 (18, M-0CH3), 128 (41). 96 (55). 85 (81). 68 (100). 58 
(Y’l. 

C 56 13. H 7 65 Found- C 55.67. H 7.58 
Ana1* Calcd for CgH13Noqi29 : (8:23'mn~l)'of'21 in li0 mi of ac&oAitril; cooled in a carbon From 21: To a solution of 

tetrachloride-dry ice bath was aided 11.3 g i20.6 mnol) of ceric ammonium nitrate in 40 mL of water 
over a lo-min period. The mixture was stirred for 10 min in the bath, warmed to O'C and stirred for 
20 min in an ice bath. The mixture was diluted with 300 mL of ethyl acetate and washed with two 
;",I&;L portions of 10% aqueous sodium sulfite, 300 mL of 5% aqueous sodium bicarbonate and 150 mL of 

The aqueous layers were extracted with two 300-mL portions of ethyl acetate. The aqueous 
layer; were combined. saturated with sodium chloride and extracted with four 3OO-mL portions of 
ethyl acetate. The combined organic layers were dried (MgS04), concentrated in vacua and the 
residue was chromatographed twice over 50-g po &ions of silica gel (ethyl acetate) to give 1.10 g 
(78%) of 9 as a white solid: mp 137-141°C; [,]I -123.3 (c 1.36, CHC13). 

(11 

i 

, 
(12 , and 
(13 To a 

diisopropylamine in 15 mL of tetrahydrofuran was added 2i.0 mL 
(33.6 mnol) of 1.60 M n-butyllithium in hexane at -70°C. The solution was stirred for 30 min 
followed by addition of 2.10 mL (16.2 nmol) of ethyl (3$)-hydroxybutyrate (1) in 10 mL of tetra- 
hydrofuran at a rate such that the temperature did not exceed -60°C. The solution was stirred for 1 
h at -78°C followed by addition of 3.60 g (16.0 nnol) of imine 10 in 30 mL of tetrahydrofuran over a 
lo-min period. The mixture was stirred at -78°C for 1 h. the cold bath was removed and the mixture 
was allowed to warmed to room temperature followed by stirring for 20 h. The resulting solution was 
partitioned between 200 mL of dichloromethane and 200 mL of saturated aqueous ammonium chloride. 
The combined aqueous layers were extracted with two 150-mL portions of dichloromethane. The 
combined organic layers were dried (MgS04) and concentrated in vacua. The residue was flash 
cfiromatographed over 100 g of silica gel (ethyl acetate-hexane. 1:2) to give 3.40 g of yellow oil. 
The oil was chromate raphed at medium pressure (Lobar size C; ethyl acetate-hexane, 1:4) to give 
1.31 g of lactam 11 4 25%) and 1.96 g (38%) of a diqatereomeric mixture of laciams 12 and 13. La&am 
11: mp 115-117'C; IR (CHCl ) 3500. 1730 cm- : IO] 
6 1.34 (d, J = 6.0 Hz. 3H. ?H$) 1.83 (br s. lH, OH?, 

+167.1 (c 1.40, CHC13); H-NMR (200 MHz. CDC13) 
3.45 (t, J = 6.0 Hz, IH. CHCO). 3.77 (s, 3H. 

0CH3), 4.21 (qu. J = 6.0 Hr. H, CHOH), 4.76 (dd. J = 8.5, 6.0 Hz, IH. CHN), 6.44 (dd, J = 16.0, 8.5 
HZ, 1H. CH=CHPh). 6.80 (d. J a 16.0 Hz, 1H. CH=CHPh). 6.84 (d, J = 9.1 Hz. 2H. ArH). 7.21-7.46 (m. 
with d at 6 7.31, 7H. ArH); exact mass calcd for C2Ol$fl,"3 !/g 323.1521. found a!/~ 323.1521. 

Anal. Calcd for C2T21NO3: C, 74.05: H. 6.84. : C. 73.50; H. 6.46. 
Compounds 12 and 3 were best characterized as their s-butyldin!ethylsilyl ethers (14 and 15, 

respectively) as outlined below. 

diastereomeric mixture of 12 and 13. 1.00 mL (7.16 mmol) of triethjdamine and 1.03 g (6.83 ml) of 
tert-butyldimethylsilyl chloride in 15 mL of N.N-dimethylformamide was stirred at room temperature 
for24 h, diluted with 100 mL of dichloromethane. and washed with two 50-mL portions of water. The 
combined aqueous layers were extracted with 50 mL of ether. The combined organic layers were washed 
with 50 mL of brine, dried (MgS04) and concentrated in vacua. The residue was chromatographed twice 
at medium pressure (Lobar size C; ethyl acetate-hexane, 1:12) to give !177 g 
0.59 g (P3X) of 1actaAl 15. Lactam 14: np 97-98'C; IR (CHC13) 1730 cm ; [a] 

62%) of la&am 14 and 

H-NMR (CDC13) 6 0.08 (5. 6H, SiMe2). 0.88 (s, 9H. $-Bu), 1.37 (d. 2 
-62.9 (c 1.81. 

CHC13); 
3.18 (dd, 

6.3 Hz, 3H. CHCH3), 
J = 4.0. 2.2 Hz, 1H. CHCO), 3.76 (s, 3H. OCH ), 4.30 (dq, J * 6.3, 4.0 HZ, 1H. 

4.52 (dd. 2 = 8.1, 2.2 Hz. lH, CHN), 6.29 (dd, J = 16.6. 8.1 Hz, lH,-CtkCHPh). 6.77 (d. J 
CHOSi), 
= 16.0 Hz, 

19, CH=CHPh), 6.82 (d, J = 9.1 Hz, 2H. Arli), 7.25-7.45 (m with d, J = 9.1 Hz, at 6 7.37,-7H ArH); 
C-NMR (COCl ) 4.19 (qr. 4.80 (q). 17.95 (s). 20.95 (q). 25.71 (q). 55.45 (q), 56.00 (d). 64.14 

(d). 65.57 (dj. 114.33 (d), 118.21 (d), 126.58 (d), 127.62 (d), 128.22 (d), 128.71 (d). 131.88(s), 
133.74 (d). 135.98 (5). 155.94 (s), 164.67 (5). 
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8.1. 2.3 Hz, 1H. UN), 6.33 (dd. J = 16.0, 8.1 H&1&H, Cti=CHPh), 
6.82 (d J - 9.1 Hz, lH, ArH). 7.37 (m, 7H, Am); C-NMR (CDCl 

6.77 (d, 2 = 16.0 HZ, lH, CH-CHPh), 
) 4.25 (q), 4.91 (q). 17.84 (s), 

22.54 (4,; 25.65 (qf, 55.45 (q), 55.67 (d), 64.91 (d), 65.46 (dj, 114.33 (d), 118.16 (d), 126.68 
(d), 127.89 (d), 128.16 fd), 128.71 (d). 131.99 (s), 133.47 (d), 136.04 (d). 155.94 fs), 164.86 (s); 
exact mass calcd for C H NO Si m/e 437.2386, found mfe 437.2380. 

Anal. Calcd for C26 36 3 28 38 ji: -C; 71.35; H, 8.06. -Found: C, 71.59; H, 8.09. 

dichloromethane cooled in 
for 70 min. Oimethylsulfide (50 ml.) was added In a single portion. The mixture was warmed to room 
temperature, stirred for 20 h and concentrated in vacua. The residue was chromatographed over 200 g 
of silica gel (ethyl acetate-hexane, 1:1) to give 2.30 g of lactam 16. Further elution with ethyl 
acetate gave 4.12 g of a mixture of lactam 16 and two trans aldehydes, 17 and 18. This mixture was 
dissolved in 100 mL of dichlor~ethane and 0.60 mL (4.01 mmol) of 1,8-diaz~icyclo~5.4.O~u~ec-7-ene 
was added. The aixture was heated at reflux for 70 rain, diluted with 300 mL of dichloro~thane and 
washed with 300 mL of 0.2 N aqueous hydrochloric acid. The aqueous layer was extracted twice with 
200-mL portions of dfchloromethane. The combined organfc layers were dried (T4gS04), concentrated in 
vacua and the residue was chromatographed over 20D g of silica gel (ethyl acetate-hexane, 1:2, then 

lactam 16. Lactam 16: mp 174.5-175.W; 
H-NkiR (200 MHz, CDCl ) 6 1.52 (d, J = 6.3 
Hz, lH, CHCO), 3.78 (3, 3H, OCH ) 7.39 

6.86 (d, J = 9.1 Hz, 2H? ArH), 
249.1001,-found E/e 249IlO12. 
-19.5 (c 0.95, CHCT ); H-NMR (20D 

3.66 (d, J = 4.1 ;lx, lH, CHCO), 
= 6.8 Hz, 1H. We), 5.59 (s, lH, 

?I/$ 249.1001, fojnd in/g 249.0999. 
ArH); exact mass calcd for C13H16~4 

~3~,4~(~~-3-~I(~)~dmxyethyll-4-(2-~ethowyethenyl)-1-(4-nethoxyphenyl)-2-a2etidinone (20). To a 
solution of 2.85 mL (20.3 asaol) of dfisopropylamine in 50 mL of tetrahydrofuran cooled in a dry ice- 
acetone bath was added 12.5 mL of 1.6 M fi-butyllithfum in hexane over a 1-min period. The mixture 
was stfrred for 20 min and 5.52 g (16.1 nrnol) of anhydrous (mathoxymethyl)triphenylphosphonlum 
chloride was added. The mixture was stirred for 10 min in the cold bath, wamed to 0°C and stirred 
for 10 min in an ice bath. The resulting dark red solution was cooled in a dry ice-acetone bath and 
1.00 g (4.01 mmol) of lactam 16 in 40 ml. of tetrahydrofuran was added over a 3-min period. The cold 
bath was removed and the mixture was warmed to room temperature followed by stirring for 10 h. The 
mixture was diluted with 3D0 mL of dfchlor~ethane and washed with 300 mL of water. The aqueous 
layer was extracted with two 15Cl-ml portions of dfchlo~~thane* The combined organic layers were 
dried (MgSO ), concentrated in vacua and the residual dark brown oil was flash ~hr~at~raphed over 
60 g of sil'tca gel (ethyl acetate-hexane, 1:l and 2:1) to give 1.05 g of yellow solid which was 
:;{s;allized from 50 mL of dichlorfxnethane and ether (1:l) to give 680 mg of 20 as a slightly yellow 

The mother liquor was concentrated In vacua and the residue was chromatographed over 25 g of 
sill& gel (ethyl acetate-hexane, 1:l) and crystallized twfce frcm 5 mL portions of dichloromathane 
and ether (1:l) to give 2p6 mg bootal 946 mg, 85%) of 20 aI a sli htly yellow solid: mp 189-190°C: 
IR (CHCl ) 1725, 1650 as- : [a] 
Hz 3H, $HCH ). 2.34 (br s 1H 

+126.6 (c 1.22, CHC13); H-NMR 4 
OH) 3.32 (dd J = 6.7 

200 Mz, COC13) 6 1.34 (d, J = 6.3 

(s: 3H. DCH3j, 4.16 (qu. J 
5.6 Hz 1H CHCO) 3.59 (s 3H OCH )- 3.78 

‘= 6'Hz. iH, CHCH j 4.54 (d;l J = 9’8 5.6 HZ '1H CHN)' 4.45 (da 'J = 
12.6, 9.8 Hz, lH, CWXO); 6.73 (d, 2 = 12.3 tk, 1H. CH:CiiO). ir.L& (d, J'- 9:l Hr;2H, ArH);7:38 
(d, J = 9.1 HZ, 2H, ArH); exact mass calcd for C15H1gN04 m/9 277.1314, pound E/S 277.1324. 

(l~,~.4~.6S)-~thoxy-7-(4-ltethoxyphe~l)-2-~thyl-3-oxa-7-azablcyclo[4.2.0]~~n-&cne (21). 
Fra 'ZO: A-mixture of 700 ng (2.53 maol) of lactam 20 and 2.0 g of Oowax 50X8-100 ion-exchange 
resin in 50 mL of methanol was stfrred for 5 h at room temperature. The mixture was filtered and 
the residual resin was washed with 50 mL of dfchloromethane. The combined filtrate was concentrated 

bath. The resulting dark red solution was cooled in a dry ice-acetone bath and 2.30 (9.24 mmol) of 
lactam 16 in 100 mL of tetrahydrofuran was added over a 5-min period. The cold bath was removed. 
the mixture was warmad to room temperature and stirred for 10 h. The mixture was cooled in an ice 
bath and 100 mL of 1.0 N aethanolic hydrochloric acid was added over a 5-min period. The mixture 
was warmed to rocm temperature. stirred for 5 h, diluted with 400 mL of dlchtoromethane and washed 
with 500 ml. of 5% aqueous sodium bicarbonate. The aqueous layer was extracted with two 200"ml_ 
portions of di~hlo~~th~e. The combined organic layers were dried (MgSD )* concentrated in vacua 
and the residue was ch~~togr~hed twice over 100-g portions of silfca ge 9 (ethyyt acetate-hexane, 
3:7) to give 1.82 g (71%) of 21. 

re1-(3~.4S)-I-Densoyl-~isopropyl-4-phenyl-2-axetidinone (246). A solution of 1.62 g (8.56 assol) of 
x, 1.2 iiiL (10.3 ssaol) of benzoyl chloride, 1.5 mL (10.8 ssaol) of triethylamine, and 5 mg of 4- 
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(dlmethylamino) pyridfne in 50 mL of dichlorcmethane was warmed under reflux for 10 h. The solution 
was diluted with 150 mL of dichloromethane and washed with two MO-mL portions of saturated aqueous 
sodium bicarbonate. The cuabined aqueous washes were extracted with 100 mL of dlchloromethane. The 
combined organic phases were dried (MgSO4) and concentrated in vacua. The residue was chromato- 
graphed over 80 g of silica gel (ethyl acetate-hexane. 1:8) to give 2.35 g (94%) of imide 24b as 
white crystals: mp 119.5-120.5; IR (CHC13) 1780, 1675 cm-l; 'H-NMR (COCl ) 6 0.5 (d. J = 6 Hz, 3H 
CH ), 1.1 (d. J = 6 Hz. 3H, CH ), 1.85 (m. lH, CIIMe ), 3.2 (dd, J = 10, 6 $2. 1H. CHCO); 5.35 (d. J’ 

;o!nd i/e /93 94iO ’ 
Hz 3H CH-) 7 4 (m, 8H. jf,H), 8.0 (m, 2H, ArH! ; exact mass calcd for C1gH1gN02 n/g 293.1416. 

__ - * 

rel-(3~,4~)-3-Isopropyl-~pher\yl-l-(~~~l~e~l)sulfonyl-2-atetidinone (24c). To a solution of 
m mg (1.3 nmol) of 24a in 5 mL of tetrahydrofuran cooled in a dry ice-acetone bath was added 0.82 
mL (1.31 mmol) of 1.6 H n_butyllithfum in hexane. The solution was stirred for 10 min and 371 mg 
(0.42 mnol) of e-toluenesulfonyl chloride in 3 mL of tetrahydrofuran was added. The cold bath was 
removed and the mixture was allowed to warm to room temperature. The solution was diluted with 50 
mL of water and extracted with three 50-mL portions of dichloromethane. The combined extracts were 
dried (MgS04). concentrated in vacua , and the residue was chromatographed at medium pressure (LoBar 
size B; ethylacetate-hexane 1.6) to afford 238 mg (53%) of imide 24c as a white solid: mp 120- 
121'C: IR (CH2C1 ) 1785 an-'* IH-NMR (COCl ) 6 0.45 (d J 
CH ) 2.75 (m 16 CHMe ) 2:45 

= 6 Hz, 3H, CH ). 1.05 (d, J = 6 Hz. 3H 

1H: ;HN). 7.3; (m: 7H. ?$I) 7.8 
s 3H ArSH ) 3 2 (dJ,-.j = 10. 6 Hz, la, CHCO). 5.2-(d. J = 6 Hi, 
d: J : 8 Hz: ;H,'ArH) 

Anal. Calcd for C1gH21N03S: C, 66.44; H, 6.16. Found: C. 66.11; H. 5.93. 

~-(3~.4~)-3-Isopmpyl-1-lo~(phenylmethoxy)a~tylj-4-phenyl-2-azetidinone (24d). To a solution of 
885 mg (4.73 mmol) of 24a and 0.410 mL (5.22 mmol) of triethylamine in 30 mL of dichloroMjfhane 
cuoled in an ice bath was added 0.74 mL (5.31 mnol) of oxo(phenylmethoxy)acetyl chloride. The 
mixture was stirred for 30 min. diluted with 150 mL of dlchloromethane and washed with 100 mL of 
water. The aqueous layer was extracted with 50 mL of dichloromethane. The combined organic layers 
were dried (MgSO4). concentrated in vacua and the residue was chmmatographed over 50 g of silica 
gel (ethyl acetate-hexane, ii101 to give 1.56 g (94%) of 24d as a white solid: mp NO-IOl’C; IR 
(CHC13) 1800, 1750, 1700 cm ; H-NMR (90 MHz, COC13) 6 0.48 (d. 2 = 6.3 Hz, 3H, CH ). 1.07 (d. J = 
6.3 Hz. 3H, CH3), 1.82 (m, 1H. CHMe2). 3.31 (dd, J - 11.0, 7.2 Hz. 1H. CHCO), 5.28 td, J = 7.2 HF. 
1H. CHN). 5.30 (s. 2H, CH Ar). 7.40 (m, 10H, ArH)i mass spectrum. !/g (relative intensity) 171 (1). 
161 (5). 146 (9), 132 (78?. 103 (4), 91 (100). 77 (7). 

rel-(1~.2S)-2-Hydroxy-3-methyl-l-pherwlbutylamine hydrochloride (25b'HCl). A mixture of 702 mg 
TO6 mnov) of 24d, 1.43 g (8.29 mmol) of a-chloroperbenzoic acid, 1.50 g (10.6 nmol) of disodium 
hydrogen phosphate and 74 mg (0.206 nsnol) cf 3-tert-butyl-4-hydroxy-5-methylphenyl disulfide in 25 
mL of carbon tetrachloride was heated at reflux= 2.5 h. m_Chloroperbenzoic acid (0.18 g, 1.04 
mnol) was added, the mixture was heated at reflux for 30 min and concentrated In vacua. The residue 
was dissolved in 20 mL of 3N methanolic hydrochloric acid and heated at 8O'C for 12 h in a sealed 
tube. The mixture was concentrated in vacua and the residue was flash chromatographed twice over 
20-g of portions of silica gel (ethyl acetate-methanol, 1O:l and 5:l) to give 270 mg of yellow 
solid. 
solid: 

This material was recrystallized from methanol-ethfr to give 233 mg (52%) of 25b as a white 
mp 190 (dec); IR (K8r) 3600-3200, 3200-2800 cm‘ ; H-NMR (250 MHz, OMSO-d ) 6 0.83 (d. 

6.7 Hz, 3H, CH3). 0.86 (d. J = 6.7 Hz. 3H. CH3). 1.23 (octet, J = 7 Hz. 1H CHk f 3.56 (m 1H 
= d = 

CHO). 4.24 (d. J = 3.7 Hz, TH, CHN). 5.40 (br d, 1 H. OH), 7.35-7.55 (m, 5;. ArHj,*8.29 (br's, 
NH2); exact masz calcd for C11H18N0 q/g 180.1388. found !/e 180.1371. 

iH. 

rel-(1~.2S)-1-Acetamid~2-acetoxy-3-methyl-l-phenylbutane (25c). A mixture of 57 mg (0.264 mnol) 
25b, 0.20 mL (2.12 mmol) of acetic anhydride and 1.0 mg of 4-(dimethylamino)pyridine in 2 mL of 
pyridine was stirred for 48 h at room temperature. 
concentrated In vacua. 

Toluene (20 mL) was added and the mixture was 

acetate- ex 
1670 cm-! p 

ne) 
The residue was chromatographed twice over 8-g portions of silica gel (etl 

to give 69 mg (99%) of 25c as a white solid: 
; H-NMR (200 MHz, CDCl ) 6 0.90 (d. J 

mp 74-77X; IR (CHC13) 3440. 1730. 

CHCH ). 1.81 (m, 1H CHHe ) 1.9a (s 3H COCH-) 
= 6.5 Hz. 3H. CHCH ). 1.00 (d, J = 6.5 Hz. 3H. 
196 (s 3H COCa ) 4 98 (dd- J = 7.0, 5.5 Hz, 

lH, ?HO). 5.27 (dd,'J = 872: 5.5 Hz.'lH,'CHN),36:15'(broai d 'J = 8?2'Hr' 1H Nt$- 7 27 (m 5H 
ArH); mass spectrum, m/g (relative intensity) 264 (1). 203 (i); 191 (24): 166 (9): llis (91j. 166 
(100). 91 (8). 43 (677; exact mass calcd for C15H21NO3+H III/~ 264.1599, found n~/c 264.1597 

Of 

1Yl 

~-(3~,4~)-4-8en7oYlamino-3-isoProPYl-4-Pbenyl-2-butanone (26a). To a solution of 718 mg (2.45 
mnol) of e-lactam 24b in 40 mL of tetrahydrofuran cooled in a dry ice-acetone bath was added 0.8 mL 
(2.56 mnol) of a 3.2 M ethereal solution of methylmagnesium bromide over a I-min period. The 
resulting solution was stirred for 10 min. the cold bath was removed, and the mixture was allowed to 
warm to room temperature over a 40 min period. 
stirred saturated aqueous ammonium chloride. 

The solution was poured into 100 mL of vigorously 

portions of dichlommethane. 
The resulting mixture was extracted with three 50 mL- 

The extracts were dried (MgSO ) and concentrated in vacua. The 
residue (760 mg) was chrcunatographed over 30 g of silica ge 4 
mg (77%) of methylketone 26a as a white solid: 

(ethyl acetate-hexane. 1:4] tf give 581 
mp 157-159°C; IR.(CHCl ) 1710. 1660 cm- ; H-NMR 

1H. CkO). 5.6 (L-2 = 10 HZ, iH. ?HN). 7.0 id. 5 
(COCl ) 6 1.1 (d. J = 6 Hz. 6H CH ). 1.8 (s 3H COCH3), 2.2 (m, lH, t!HMe2), 3.2 (dd. J = 10. 6 Hz, 

ArH). 
= 10 HZ. 1H. NH), 7.4 (m. 8H, ArH). 7T8 (m. 2H. 

rel-(3~,~4-4-I(~~thylPherlyl)sulfonyl~~ino-3-1sopmpyl-4-pherlyl-2-butanone (26b). To a solution 
Of 172 mg (0.50 nnol) of imide 24c in 3.0 mL of ether cooled in an ice water bath was added 0.44 mL 
(0.55 nmol() of 1.24 M ethereal methyllithium. 
Of stirred saturated aqueous aasnonium chloride, 

The mixture was stirred for 10 min. poured into 30 mL 

methane. 
and extracted with three 30-mL portions of dichloro- 

The extracts were dried (HgSO4) and concentrated in vacua. The residue 
chromatographed over 15 g of silica gel (ethyl acetate-hexane. 1:3) to give 75 mg 

175 q g) was 
48%) of ketone 

3260 1710 cm-I- r 
26b after recr st llizatioo from dichloromethane-hexane (1:2): mp 149~15O.C; IR (CH Cl ) 3360, 

H NHR (CDCl ) 6 1.0 (d, J - 6 Hz, 6H. CH ) 1.7 (s 3H COCH ) 2.3 (I. 3~. 
ArCH;), 2.35 (m: Ik, CMle2), 3.1 (dd, 4 - 10, 4 Hr. lH, CH?Oj, 4.6 (i, J’= lo az: 1H. CHN), 6.0 (d. 
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.j = 10 Hz, lti, NH). 7.0 (m, 7H, Am), 7.5 (d, J = 8 Hz. 2H. ArH). 
Anal. Calcd for C20H26N03S: C. 66.82, H, 7.01. Found: C, 66.56; H, 7.15. 

(lS.2~,4_R,~)-~lleth~~-Z-~~l-7-~oxo(pher\yl~thoxy)acetyl~-3-oxa-7-azabicyclo[4.2.O~o~~~~~ 
(21). To a solution of 430 mg (2.51 mmol) of lactam 9 and 0.44 mL (3.6 resol) of trlethylamine in 20 
mL of dichlo~thane cooled in an ice bath was added 0.68 ml (3.15 nmol) of benyryloxyoxalyl 
chloride. The mixture was stirred for 30 sin at OY, warmed to room temperature and stirred for 10 
min. The mixture was diluted with 100 mt of dichloromethane and washed with 100 mL of water. The 
aqueous layer was extracted with 50 mL of dichlo~~thane. The co~lned organic layers were dried 

chromatographed over 25 g of silica gel (ethyl 
a colorless oil: IR (CHC13) 1805, 1750. 1700 
CDC13) 6 1.41 (d, 2 = 6.5 Hz, 3H. CHCH3). 1.79 

ddd, 2 = 16.0, 6.3 2.5 HZ, lH, CH2), 3.33 (dd. J - 6.8, 
= 6.5, 2.5 HZ, Ill, CHMe), 4.38 (m, 1H. CHR), 4.84 
2H, CH Ar), 7.37 (a, 5H, ArH); mass spectrum, in/9 
(8). 46 (22), 91 (97). 49 (10O). 

Methyl 2,3,6-Trideaxy-3-[loxc(pitenylse~ory)acetyl~~ino]-~-~-~-hexopyranoslde (29). A mixture 
of 490 mg (1.47 ~1) of lactam 27, 1.05 g (7.39 mmol) of disodfum hydrogen phosphate, 1.02 g (5.91 
mnol) of m-chloroperbenzoic acid and 264 mg (0.736 mmol) of 3-tert-butyl-4-hydroxy-5-methylphenyl 
disulfide in 20 mL of carbon tetrachloride was heated at reflusr 30 min. m-Chloroperbenzoic acid 
(250 mg, 1.45 nnol) was added and the mixture was heated at reflux for 90 mik The resulting yellow 
solution was diluted with 100 mL of dichloromethane, and washed sequentially with 100 ml of 
saturated aqueous sodium bisulfite and 1OO mL of saturated aqueous sodium bicarbonate. Each aqueous 
layer was extracted with two 50-mL portions of dichlorcmethane. The combined organic layers were 
dried (MgS04), concentrated in vacua and the residue was chromatographed over 25 g of silica el 
(ethyl afetate-gexane, 

[a]$ 
1:2 and 1:1) to giye 166 n!g (35%) of 28 as a colorless oil: IR (CHC13 3900, 

1700 cm- ; -104.0 (c 0.82, CHC13); 
(td, J = 12. 3 Hz, IH, H2a), 1.88 (dd, J 

ii-NMR (200 MHz, COCl3) 6 1.22 (d, J = 7 Hz, lH, CH3 , 1.80 

OCH3). 3.56 (broad 5, 1H. ~), 4.00 
= 12. 5 Hz, lH, H ), 1.94 (br s, IH, OH), 3.33 (s. 3H, 

(q, J = 6.5 Hz, lH, &Me), 4.35 (dddd, J = 12, 9, 5, 2.5#, 
lH, CHN), 4.75 (broad d. J = 3 Hz, lH, CH0Me). 5.28 (s, 2H, CH 

t 
r), 7.37 (m, gtl, NH and ArH); C- 

NMR (CUCl ) 16.68 (q). 29.71 (t). 46.32 (d), 54.82 (q), 65.55 d), 68.61 (t). 69.25 (d). 97.87 (d), 
128.79 (tk-ee d's). 134.54 (s), 155.75 (s), 160.54 ($1; mass spectrum m/e (relative intensity) 292 
(1, M-0CH3f 291 (11, 273 (If. 221 (2f, 111 (8). 91 (loo), 44 (3). 43 (201. 

(1S,2~.4~,6S)-7-Beml-~~o~-2-~thyl-3~xa-7-~abicyclo~4~2.O]~ta~~~e (29). A mixture of 
528 II@ (3.09 mmol) of lactam 9. 0.64 mL (4.59 nraol) of triet&lanine, 0.53 mL (4.57 mno?) of benzoyl 
chloride and 20 mg (0.16 mmol) of 4-(dimethylamino)pyridine in 25 mL of dichloromethane was heated 
at reflux for 15 h. The mixture was diluted with 100 mL of dichloro~thane and washed with 100 mL 
of water. The aqueous layer was extracted with 100 mL of dfchloronmthane. The combined organic 
layers were dried (MgS04). concentrated In vacua and the residue was chromatographed over 50 g of 
silica gel (ethyl acetate-hexane , f:5) Qjogive 834 mg (98%) of lactpm 29 as a white solid: mp 87.5- 
86.6 'C; IR (CHCl ) 1785, 1670 cm- ; falD +164.2 (c 1.37, CHC13); H-NHR (200 MHz. Cocl ) 6 1.47 
(d. J = 6.5 Hz, 4, CH3), 1.82 (ddd, J = 15.8, 8.2, 3.5 Hz, lH, CH ), 2.86 (ddd, J = 15.a. 
Hz, fH, CH ), 3.24 (dd, 3 - 6.7, 2.5 iiz, lH, CHCO}, 3.40 (s, 3H, Ob ), 4.28 (dq, J = 9.5, 

6.4, 2.5 

IH CHO) a.50 (m 1H CFjH) 4.89 (t J = 7.0 Hz 1H 0CHO) 7.42-7.38 (m, 5H A#. 1 
2.6 Hz, 

18:15 (qj, 27.39 it),'47.13*(d). 52.i7-(d), 55.Otl (qj, 62.9; (d), 97.54 (d), i28.211~d,~-:~.~~'~~~~ 
132.14 (s), 133.29 (d). 164.24 (s). 166.48 (s); exact mass calcd for C15H17N04 I@ 275.1157, found 
m/e 275.1163. __ 

Anal. Calcd for C15H17N04: C, 65.44; H, 6.22. Found: C, 65.28; H, 5.97. 

(2~.39,4~,6N)-Metbyl 4-(&rmoyl~lro)-tetrahydro-6-Plet~xy-2;late (30). To 
a solution of 391 mg (1.42 mmol) of lactam 29 in 7 mL of methanol was added 0.410 mL (2.74 mmol) of 
1,8-diazabicyc~o[5.4.Olu~~-7-e~. The mixture was stirred for 10 min at room temperature and 
heated at reflux for 32 h. The mixture was diluted with 1OO WC of dichloromethane and washed with 
100 mL of water. The aqueous layer was extracted with two 50-mL portions of dichloromethane. The 
combined organic layers were dried (MgS04), conentrated in vacua and the residue was chromatographed 
over 30 g of silica gel (ethyl acetate-hexane, 1:2 a!9 1:l) 
solid: mp 153-155°C; IR (CHC13) 3430, 1725, 1660 cm ; 101 

40 give 310 ag (71%) of q as a white 

MHz, CDC13) 6 1.22 (d, 3 = 6.2 HZ, 3H, CH,), 1.67 (dt, J = P 
-68.4 (c 1.70, CHC13); H-NMR (200 

2.9, 3.5 Hr. lH, CH2 
12.9. 4.5, 1.3 Hz, lH, FH2), 2.38 ft. J = 10.7 Hz, lH, CHCO ), 3.38 (s. 3H, OCH3 

, 2.23 (ddd, J * 
, 3.66 (s, 3H, 

CO2CH3). 4.14 (dq, J = 12, 6 HZ, lH, CHMe), 4132 (m, lH, CHa), 4.81 (d, J 9: 3.0 Hz, lH, OCHO), 6.03 
(d, J = 8.7 Ht. NH), 7.34-7.74 (m, 5H, ArH); C-NMR (COCl ) 19.55 (q), 35.59 (t), 45.30 (d), 52.01 
(q),-54.63 (d), 55.78 (d), 65.04 (q), 98.00 (d), 126.94 (dj, 128.53 (d), 131.41 (d), 134.67 (s), 
166.99 (s), 172.04 (s); exact mass calcd for C16H21N06 $9 307.1420, found m/g 307.1445. 

(2_S,3~,4~,6R)-4-(ben~ylsnfno)-tetrahydro-tl-~thoxy-2-1Pethyl-2-p~nn-3-carboxylic acid (31). A 
mixture of 300 mg (0.977 mmol) of 30 and 2.0 mL of 2 N aqueous lithium hydroxide in 6 mL of methanol 
was heated at reflux for 3 h and passed through Dowex 60X8-400 ion-exchange resin column (80 mm X 18 
ma) eluted with ethanol to give 290 mg of the crude acid. This material was ch~~tograohed over 
16‘g of silica gel (ethyl acetate-hexane, 2:l; ethyl acetate: ethyl acetate-methanol, iO:i and 5:l) 
o iv 
t. 7 $0 

278 mg (97%) of 31 as a yhite solid: 
-71.5 (c 1.31, CH OH): 

mp 140°C (dec.); IR (CHCl ) 3600-3100, 1710, 1645 cm- 
H-NMR (200 MHz, CO300) 6 1.24 (dr J * a.2 Hz, 3H. CH3). 1.74 (dt, J 

=*12'8' 3.3 Hz 1H CH ) 3.06 (dd J = 12.8. 4.4 Hz, 1H CH ) 2.35 (t, 3 
3.34'(& 3H, Ci3),'4.0$ {dq, J * $6 Hz, 1H. CNMe), 4.k4?86 (m, 2H. 

= 11.3 HZ, 1X. CHCO ), 
CNN and OCHO), 7.34-7.63 (m, 

5H, ArH); exact mass calcd fo? C15H1gN05&9 293.1263, found m/c 293.1263. 

Methyl 3-Benzamido-2,3.6-trideoxy-a-L-ar ino-hexopyranoside (32). To a solution of 150 mg (0.152 
-+ imnol) of 31 and 353 mg (2.05 awaol) of m-ch o~~rbenzoic acid in 10 mL of dichlo~th~e was added 

160 mg (0.775 mnol) of dlcyclohexylcarbodiimide. The mixture was stirred for 5 h at room teamera- 
ture. concentrated in yacuo, and the residue was dissolved in 15 mL of carbon tetrachloride. 
Dlsodium hydrogen phosphate (3OO mg, 2.11 imaol) and 3-~-butyl-4-hydroxy-5-methylphenyl 
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disulfide3* were added, and the mixture was heated at reflux for 2 h and concentrated in vacua. The 
residue was dissolved in IO mL of methanol, 3 mL of 1 N aqueous potassium hydroxide was added 
followed by stirring for 10 h at room temperature. The mixture was diluted with 60 mL of dichloro- 
methane and washed with 50 mL of saturated aqueous ammonium chloride. The aqueous layer was 
extracted twice with 50-mL portions of dichloromethane. The combined organic layers were dried 
(MgS04) and conentrated in vacua. The residue was chromatographed twice over 10-g portions of 
silica gel (dichloromethane; ethyl acetate-hexane. 1:Z and 1:l) t? give2d6 mg (34%) of 32 as a white 

mp 185-l(p'C; IR (CHC13) 3420. 3290. 1630, 1540, 1060 cm- ; [olo - 87.7 (c 0.69, CH30H) 

lH, H2a);g~'~~'(ddd J = 12 6 4 7 1.1 Hz H ) 3.17 (t J = 9.4 Hz. 1H. CHOH). 3-37 (s, 1H 
H-NHR (200 mCz, COC13) 6 1.33 (d, 2 = 6.3 Hz. 3H. CH3). 1.78 (td, J = 12.6, 3.5 Hz, 

OCH ) 3.73'(dq J : B.4, 6:3*Hz: iH. CHMej. @2i, (br s, iH; OH), 4.37 (dddd. J = 12. 9, 6, 415, lH, 
CHNj.'4.78 (braid-d, J = 2.5 Hz. lH, ClH), 6.15 (br d. J = 6 Hz. lH, NH), 7.38-7.79 (m, 5H, ArH); 
MSS spectrum m/e (relative intensity) 233 (1, W-CH OH), 
(100). 97 (7).-77 (38). This material was recrysta 1 

215 (4). 186 (7), 176 (4). 121 (13). 105 
lized twice from 5-mL portions of dichloro- 

methane and hex 
205-207°C (lit?' 

e 
204-206'C), ,a]{ -97.9 (c 0.73, CH30H). 
(3:2, respecti 61~) to give 18 mg of 32 with enriched enantiomeric purity: mp 

(25,35,4~.6R)-3-acetyl-4-benzoylanina-Caethoxy-2-(1lethyl)tetrahydro-P~-pyran (33). To a solution 
of 30‘1 mg (I.09 tmnol) of lactam 29 in 10 mL of tetrahydrofuran cooled in a dry ice-acetone bath was 
added 1.00 mL (1.40 mnol) of 1.40 N methyllithium in ether over a 3-min period. The mixture was 
stirred for 30 min at -78-C. poured into 30 mL of vigorously stirred aqueous anrnonium chloride and 
extracted with four 30-mL portions of dichloromethane. The combined organic layers were dried 
(MgS04). concentrated in vacua and the residue was chromatographed over 20 g of silica gel (ethyl 
acetate-hexane. 1:3 and 1:2) to give 206 mg (65%) of 33 as a white solid. Further elutite of t 
column gave 52 mg (28%) ff 29. 
-149.0 (c 1.04, CHCl ); 

Ketone 33: mp 189-191°C; IR (COC13) 3440. 1705, 1655 cm ; [a] 
H-NMR (500 MHz, COCl ) 6 1.32 (d. J = 6.8 Hz, 3H, CH ), 1.83 (dd, J = 

3.44 (i. J'= !?2'Hz. lH, ;HCOj, 4!24 {dq J 
4.0 Hz 1H H ) 2.37 (s 3H CH CO) 2.47 $," = 12.7. 4.0 Hz. lH, H2 ). 3.34 (s, 3H, OCH ), 

= 3.7 Hz. lH, OCHO). 6.04 (br d. J = 5 Hi.-1H. i(Hj, 
3.2 Hz 1H CHCH ) 4.86 (m 1H CHN) 4.9a (d, J 
7.40-;.66'(m, 54,'ArH); ex;ct ;ass c;lcd for 

CI6H2INO4 I@ 291.1470, found m/g 291.1470. 

(2~.3~,4S.~)-3-acetyl-4-ben20yl~ino-6_an (34). A mixture of 41 
mg (0.14T m01) of 33 and 0.040 mL (0.267 mnol) of 1,8-diazabicyclo[5.4.0]undec-7-ene in 3 mL of 
benzene was heated at reflux for 5 h. The mixture was chrcmatographed over 15 g of silica gel 

~::~'l;~~'a:~~e:~e~ (.]b -61 5 (c 0.93 CHCl )' 
1:l t0 give 38 mg (93%) of 34 as a white solid: mp 177-178-C; IR (CHCl ) 

H-NMR (500 MHz. COC13) 6 1.18 (d, J = 6.3 
3H, iH3), i.78 (dt, J = 12.9, 3.5 Hz, 1H. i,,). %i7 (ddd. J 

a z. 

3H. CH3CO), 2.58 (t,-2 = 
= 12.9, 4.4, 1.2 Hz, 1H. H ). 2.20 (s. 

10.8 Hz. 1H. CHCO). 3.37 (s, 3H. Ob ). 4.13 (dq, J = 10.5, 6.seHz 1H 
CHMe). 4.75 (m. 1H. CHN), 4.83 (broad d, J = 2.6 Hz, 1H. OCHOj, 5.98 (d, J ; 7.1 HZ, 1H. NHj. 7:38- 
7.70 (m. 5H. ArH); exact mass calcd for C16H21N04 m/e 291.1470, found n/e 291.1470. 

(3~.4~,~.7aS_)-I-8enzoyl-hexahydro-~~tho~-~~thylp~a~[3,4-~]imidazol-2(~)-one (35). A 
mixture Of 89 mg (0.324 mnol) of lactam 29, 56 mg (0.39 mnol) of triethylamnonium azide and 26 mg 
(0.40 m01) of sodium azide in 3 mL of acetone was heated at reflux for 12 h. The mixture was 
concentrated in vacua and the residue was chromatographed over 10 g of silica gel (ethyl acetate- 

:l an 2:I to give 92 mg (98%) of 35 as a white solid: mp 203-205°C; IR (CHCl ) 1740, 
!&?:;-'; (.]b +3!64 (c 0.66. CHCl )* 
I.95 (ddd, J = 15.2, 6.9, 4.3 Hz, 1H: tH2), 2.52 (dt, J 

'H-NMR (200 MHz,_CC$ ) 6 1.15 (d, J = 6.3 Hz, 3& CH ). 
.j, 5.1 Hz. 1H. CH2). 3.64 (dm. la, 

H7 ). 4.00 Iqd. J - 6.3, 3.3 Hz, lH, Chime), 4.73-4.89 lm, 2H. OCHO and Hja), 6.06 (br s, 1H. NH), 
7.41-7.67 (m, 5H; ArH); exact mass calcd for C15H18N204 m/e 290.1260, found t/?/e 290.1315. 
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