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ABstract: Conjugme addition reactions of mines and idols to em&pure (R)-l-ecelyl-S-impmpoxy-3-pymlin-S 
oaeareshownu,poceedwilhhigh~~leclivity.Thebenzylamineandthebenyl~pdductsweceN- 
&&at& and then brated with Leti acid to &Tect#-acyliiinium cyclizalion. ‘Ihi cyclizadm poxded mootMy 
wi~thebenzyl~sddurThebaLylamineadductoalycycliaedaAeraminepotedionwithmeBocgmup. 
but then led to an enentiqmre oxazolidinone. 

INTRODUCTION 

Over the years the N-acyliminium ion (1) has proven to bc a reactive intumediate of great synthetic value, 
in paaicular for carbon-carbon bond formation.’ Because of the growing intertst in the synthesis of enantiopufe 
compounds, several publications have appeared about the use of IV-acyliminium ions for the synthesis of pure 
enantiomers.2*3 As the N-acyliminiutn ion (1) itself is planar, stemuaelectivity has to originate 6om chiiity in 
the substituents R1 to R4. Such a chit-al substituent can either be a chiral auxiliary2 or a non-detachable 
stereccenter? 

We recently tqotted tbe synthesis of the enantiopute building block 2,4 which can be converted into a 
variety of enantiopure cyclic N-acyliminium ion pncursors. For instance, we demonstrated it8 applicabiity in 
Diels-Alder reactions4 and conjugate additions of cuprates? Furthertmxq the synthesis of the tetracarbottyliin 
complexes of 2 and the nucleophilic substitution reactions at C5 carried out with these complexes have been 
described.6 We wish tq report in this paper the addition of atnina and thiils to enantiopure 2. The isopropoxy 
group was expected to diit the nuckophile to the opposite x-face of the molecule, resulting in selective IMIIP- 
addition. The use of the addition pmducts 3 for N-acyliminium ion cyclizationsl will subsequently be examined, 
as the IV-acyliminium ions 5 should be readily accessible fmm the deacylated products 4. 

Conjugate addition reactions of amines and thiols to enantiopure S-mentboxy-2[5HJ-furanones have 
recently been published to pmceed with high stenoselsctivity~ For the analogous nitrogen compounds, such 
addition reactions are only known for racemic 5-methoxy-3-pyrtolin-2-one8, unsubstituted on nitmgen.8 The 
reactions of amines with this unsaturated lactam gave a considerabk amount of bypmducts along with the 1,4- 
addition products. These byproducts atvse from double bond shift to the A4 and A5 position. Based on 
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literature data and our own experience, these problems were unlikely to occur with 2 due to the electron- 
withdrawing acetyl substituent on nitrogen.9 This N-acotyl function will also muease the eleumphilic characta 
of the double bond so that good reactivity in the 1 &ddition e was expected. 

RESULTS AND DISCUSSION 

1 ,I-Addition of amines and thiols 

Before investigating the addition reactions of various amines to the enantlopure pynollnone 2, its 
configurational stability #under the basic maction amdition8 was checked first After being stimd ia DMF at 
room temperature in the presence of trlemylamme (1.1 equiv) for 72 h, the optical purity of 2 was virmally 
undiminished (>96% ee). 

ith 1.1 equivoftheamineindicMonandhane or DMF as solvent (Table 
high tran-Bvity acamling to the lH Nh4R spectra of the 

reactions of p+uidine (entry 2). isopropylamine (entry 4) and benxylamine (entry 
5 and 6) gave rra tios >12: 1, while no cis-product could be detected with pyrrolidiie (entry 1). 
diethylarnine (entry 3) neopentylamine (entry 7). The &products, when formed, could not be obtained 
pure. In the rrm-producsfs the vicinal coupling constant of l-l5 was ca. 0.5 Hz, while the (alleged) cis-prod- 
showed a caupling cons+@t of ca. 5.5 Hx.*~t” 

The rate of additi+t reactions were stmngly dependent on the stmctum of the amine. In gene& the 
addition reactions proc+ed faster in DMF than in dichloromethane. The reaation mixtures wore stirred 
overnight, although in casesthereactionwasvirtually~~afterca4h.Theadditionsinvolving 
pyrrolidine and piperi ’ 
diethylamine (entry 3) T 

(entries 1 and 2) e very fast, even in dichlommethane. However, when 
\J used, the reaction did not go to completion. This observed decmase in reactivity is 

probably due to steric s, because the reaction of diisopmpylamine gave no addition product at all. The 
1,4-addition of ben in dichloromethane (entry 5) resulted in the’ recovery of ca. 50% of starting 
material. However, tion reaction proceeded quantitatively in DMF, but also gave 12% of 12 by 
subsequent deacylati reaction with neopentylamine, a primary bulky amine, was carried out in DMF 
(entry 7), because no reaction was observed in dichkaomethane. However, even in DMF this reaction did not go 
to completion, and the ratio of the compounds 13:14 2 obtained from this reaction was 73:18:9, mspeetlvely. 

ipro”* 
MgNH (3.3 equiv) 

0 
+ 

tx 
DMF or CHJ& 

iPa’ y O 

(1) 

H 
1 17 14% 18 88% 

As can be seen from Table I, an excess of amine can cause deacylation after the addition ma&on (entry 4, 
6 and 7). It was concludtd from the results obtained that conjugate addition occur& prior to kylation in 
these reactions, because ylated 2 could not be d&cted. When a larger excess of dimethylamine (3.3 equiv) 
was used (eq 1). the 1, 

@ 
‘tion product 17 was obtained in only 14% after 18 h, whereas the deacylated 18 

was formed in 86%. result shows that dimethylamine is useful for removing the acetyl group from 
nitrogen.4-6 In general, it appeared to be very difficult to purify the deacylated products by flash 
chromatography becauw~ f the ease of hydrolysis at C5. However, the deacylated products were obtained 
almost pure after the d$ 9 ylation reaction with dimethylamim simply by evaporating the solvent @MB) in 
vacua. 

Two different thiola were employed for the l&addition to substrate 2 (entry 8 and 9). No deacylation 
was observed in both cases. The addition of thiophenol and benayl mema@n proWded quantitatively and with 
high stereoselectivity, as only a singlet could be found forH5 in the ‘H NhiR spectm of the crude pr’od~~.*~~~ I 
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Table I. 1,4 Addition d Amii and Thiis to 2 

entry nudeo&tte (1.1 eautv) 80hmnt produd / vietd (vietd based on ‘H NMR) 

1943 

0 
I 
H 

CYClP 

Et2NH CW'2 

DMF 

CM32 

CH I 
e2 

(5W 
DM 72% (88%) (12%) 

NH2 
DMF 

0 

CHP'2 
0 

PhSH CW32 

AC 

Ial% -51 
(c 0.65, CHCb) 

m.p. 47-48 ‘C 

IaPOo -19 
(c 1.31, CHC13) 

[@D-18 

(c 0.90, CHCtJ 

for 9: [ap”o -48 

(e 1.06. CHcld 

for11:[ap0-34 

(cO.95, cHf.213) 

for13:[a]20,45 
(cO.67, CHCI~) 

bPD -94 
(c 0.53, CHCI,) 
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N-Acyliminium ion 
TheuseofQ -substituted 5-aucoxypyKolidin-2-ones as precursors in N-acylhmnium chemistry is 

unprecedented. Sue unds can be viewed as being derived from 3-nitrogen-substituted succimmides, 
which in turn are av from aspartic acidI previous work in our group indicated that hydride reduction 
methods applied to vari 3-nitrogen-substituted succinimides suffered 6om unsatkfacray ngioseleelivity.ll 
The present methodology @kles a useful entry into the aspartic acid derived N-acyliminium ion pmcmscm. 

lnordertoeffect N-acyliminium reaction onto the aromatic ring. 12 was treated with 
1.2 equiv of TiC14 hloromethane. However, only starting material was recoved, possibly due to 
complexation of the Le acid with the amine thereby deactivating the lactam for cationic chemistry (eq 2). To 
overcome this problem, amine function was protected as a carbamate (20, Scheme I). 

BFgOEt2 

76% 

sible to prepare 20 through 1.4~addition of rert-butyl N-benzylcarbamate to 2. 
Therefore, lactam 11 treated with di-ten-butyl dicarbonate to give 20 in excellent yield. Lactam 20 was 

5 equiv) to 2 1, which subsequently underwent cyclization in the presence of 
ct appeamd to be 22 ([aP$ +145 (c 0.32, CHCl,), mp 138.5-140 ‘C) 
the Boc function. No trace of the desired product 19 was observed. The 

bicyclic oxazolidinone to he very stable. even towards treatment with TiC&. Although the desired 
cychxation product cou t be obtained so far, the formation of the oxazolidinone indicates that the desii N- 

(3) 
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Deacylation of 15 by treatment with ammoniainDh4Fyiekled23inW%afterflashchromatograpy(eq 
3). This lactam was also used for an N-acyliminium cyclization employing TiC& (1.5 equiv) as Lewis acid. The 
aicyclic sulIide. 24 ( [a]mD -146 (c 0.19. C&ICI,). mp 216214.5 ‘C) was obtained in virtually quantitative 
yield. 

To summarize, we have shown that CR)-2 is a good substrate for l&ddition reactions with atnines and 
tbiols, leading to novel enantiopure N-acyliminium p~~ursors. Although the N-acyliium ions were fomkxi 
smoothly with the bcnzylamine adduct 2 1 and the barzyl m~captan adduct 23, the former led to the formation 
of the oxazolidinone 22, whereas the latter affonkd the desiral tricyclic compound 24. 
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EXPERIMENTAL 

General information. Inbared specea were obtahed from CHCl3 solu6ons using a P&in-Elmer 298 or Perkin-Elmer 1310 
specuophotome~ and m qwnted in cm-*. Proton nuclear magnetic remmmce (lH NMR) spectra wae determined in CDC13 as 
solvent using a Bruke~ AC 200 (200 MHz). 01 a Brukm WM 250 (2SO MHz). The Bmka AC 200 and WM 250 instruments were 
also used for the 13C NMR spectra (SO or 63 MHz) in CDCl3 solution. Chemical shifts me given in ppm downfield from 
tenamethylsilaae. Optical mIatims were measured with a Pwkin ELmer 241 polarimeter. Rf values wae M by using thin-layer 
chromatography (TLC) on silica gel-coated plastic sheets (Merck silica gel 60 F&) with the indicated solvent (mixture). 
purification refers to Bash chromatography using the same solvent as for TLC and Ivkck silica gel 60 (2u)-400 mesh) or Janssen 
Chimica silica gel (0.030-0.075 mm), unless stated otherwise.. Elemental aaalyses were performed by Domis u. Kolbe 
M&manalytische-s Labomtorium. Mltlheim a. d. Ruhr, Germany. Melting points are uncorrected. CH2C12 was distilled from P2OS 
ands~overMS4Auaderana~ofdrynitrogen.TiCLwrsdistilkdmdsloredundaadryniOqgenatmosphereasa 
solution in CH2Cl2. BFxOEt2 WBP distilled atxl stored under a &y nitqen smrosphere. Dry DMF was distilled from CaH2 axI 
stored over MS 4A under a dry nitrogen atmosphere. 

(4S,5R)-l-Acetyl-5-(l-metbylcthoxy)-4-(l-pyrrolidi~yl)pyrrolidin-2-one (6). A solution of 2 (55 mg. 0.30 
mmol) and 2-pyrrolidinone (28 pL. 0.34 mmol) in CH2Cl2 (1 mL) was pcimd at rt for 18 h pnd the mtion mixtunz was 
concentmted in vacua. The crude product (72 mg, 95%) was almost pure. PurZkatiun (EtOw l:l.3) yielded 6 in 80% (61 
mg, 0.24 mmol) as colorless crystals (m.p. 47-48 ‘C). Rf 0.30 (EtOAc/huanes l:l.3); [c#)D -51 (C 0.65, CHCl3); IR 2970, 
2930,2870,2800.1745.1700,1370; lH NMR (200 MHz): 1.10 & 1.16 (2 x d, 3 H. J= 6.1 Hz. CH3-CHCH3). 1.73 (m, 4 B), 
2.45 (dd, 1 H, J = 1.0. 17.0 Hz. HCH-CO), 2.46 (s, 3 H, CH3-CO). 2.54 (m. 4 H), 2.81 (d. 1 H, J = 6.1 Hz. CH-CH2-C0), 2.90 
(dd. 1 H,J = 6.1, 17.0 Hz, HCH-CO). 3.94 (sept, I H, J= 6.1 Hz. CH3-CHCIf3), 5.63 (s, 1 H. O-CH-N); 13C NMR (63 MHz): 
174.6, 171.3, 86.7, 71.3, 63.6, 51.3 (2 x C). 36.8, 25.2.23.3 (2 x C), 22.7,22.6. 

(4S,SR)-l-Acetyl-5-(l-mctLyletboxy)-4-(l-piperidi~yl)pyrrolidi~-2-one (7). A solution of 2 (SO mg. 0.27 
mmol) and pipekJine (30 p-L, 0.30 mmol) in CH2Cl2 (1 mL) WBB stirred at R for 18 h and the reaction mixture was amcentmtcd in 
~~.Purification~~~l:l.3)yielded7in9l%(67mg.0.2Smmd)a9reolorlessoil.Rf0.30(EtOAJbexsnesl:l.3); 
[aiL”D -19 (c 1.31, CHC13): IR 2970,2940,28SO, 2800. 1740, 17U0, 1370; ‘H NMR (200 MHz): I.08 & 1.16 (2 x d. 3 H. J= 
6.1 Hz. CH$H-CH3), 1.35-1.60 (m. 6 H). 2.24-2.50 (m. 5 IQ, 2.46 (s, 3 H. CH3-C0), 2.92 (dd, I H, J = 8.0, 17.7 Hr., HClf- 
CO), 3.04 (d, 1 H, J = 8.0 Hz. CH-CH2-CO). 3.94 (sept, 1 H, J = 6.1 Hz, CH3cH-CH3). 5.62 (s, 1 H, O-CH-N). 

(4S,5R)-l-Acctyl-4-(N,N-dietbylamino)-5-(l-metbyletboxy)pyrrolidin-2-o~e (8). A solution of 2 (51 mg. 0.28 
mmol) and diethylamk (32 pL, 0.31 mmol) in CH2C12 (I mL) was stirred st 1 for 18 hand the reuzia~ mixture was cancennatcd 
in wcuo. The crude product was a mixture of 8 md 2 (7225). PuriBaW @tOAcIhexancs 1:1.3) yiekkd 8 in 75% (53 mg. 0.21 
mmol) as a colorless oil. R 0.30 @tOAcbanes 1:1.3); [ccpD -18 (c 0.99. CHC13); IR 2970.2930, 1740, 1700, 1370. lH 
NMR (200 MHz): O.% (t. d H. J = 7.1 Hz. (CH3-CH~N). 1.10 & 1.18 (2 x d. 3 H. J = 6.1 Hz. CH3-CH-CH3). 2.34-2.48 (m, 
5 H, (CH3-CH~N B fEH-CO). 2.45 (s, 3 H. CH3CO). 2.87 (dd, I H. J= 7.8.18.2 Hz, HCH-CO). 3.23 (dd. I H, J = 0.6.7.7 
Hz. CH-CH2-CO), 3.93 (sep. 1 H. J = 6.1 Hz, CH3CHXH3), 5.50 (a. 1 H. O-CH-N). 

(4S,SR)-l-Acetyl-4-(hl-isopropyl~mino)-5-(l-methytetboxy)pyrrolidi~-2-o~e (9). A solution of 2 (SO mg, 
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ctoncenIrated in wcuo. 

(d, 1 H, J = 17.4 Hz. HCH . 2.48 (8, 3 H, CH3-Co). 2.87 (a?pL 1 H. I = 6.3 Hz, CH3cH(N)-CH3). 3.00 (dd, 1 H. J = 6.1, 
17.5 Hz, HCH-CO). 3.25 , J = 6.0 Hz, CHCH2-CD). 3.95 (SC@& 1 H. / = 6.1 Hz, CH3UfCH3). 5.42 (s. 1 H. O-CH-N). 

(4S,SR)-1-Acetyl e8rylerino)-5-(l-~etLJletbosy)pyrrolidla-2-oae (11). A solution of 2 (55 mg, 0.30 
mmol) and benzyknine. 0.33mmol)inCH~I2(1mL)wustinad~rtfa18hllndtherudiDnmixcurcwrre~tmtcd 
in VacIw. The crude amixtuleof2 aIrI (-1:l)aldwasmtpfmthcr. 

A solution of 2 

metbylpropyl)amixo)-5-(l-aetbylethoxy)pyrrolidix-2-o~e (13). A solutica of 
lpropylamine(35~.O.U)mmd)inDMF(lmL)we9stirredarnfor18hMdthe~ 

(4S,SR)-1-Acetyl- 

reaction mixtlue was 
yiehkd 15 in 98% (168 
1745,1700,1370: ‘H N 
CO), 2.48 (s. 3 H, CH3 
CH3-CH-CH3 & CH2-S 

cazylthio)-S-(1.mcthyletboxy)pyrrolidix-2.one (15). A solution of 2 (102 mg. 0.56 
,0.58 mmol) and Et3N (84 pL, 0.60 mmol) in CH2Cl2 (1 mL) m stirred at rt for 5 h and the 

in vaaw. The crude product (177 mg) was &nost pm_ PuriGc&on @@A&exams 1:1.3) 
5 mmol) as a colorless oil. RfO.40 (EEoAJhcxmes 1:1.3): [aPD -94 (c 0.53, CHC13); IR 2974 

MHz):1.07&1.08(2xd.3H,J=6.1Hz.CH3-CH-CH3).2.33(d,1H,J=17.1Hz.IECW- 
3.07 (d, 1 H, J = 7.4 Hz. HccH2-CO). 3.17 (dd, 1 H. J = 7.4, 17.3 Hz. HCHCO). 3.78 (m. 3 H. 
(s. 1 H, 0-CH-N). 7.29 (m. 5 H, Ph). 

tbylethoxy)pyrrolidiw2-ome (17) and (4S,SR)-4-(N,N- 
(IS). A solution of 2 (50 mg. 0.27 mmol) and dimethylamine (60 
notion mixture was ~inwzcno.TbeaudcprodudwaS 

(CH3)2-N). 2.51 (dd 1 
4.91 (d, 1 H, J = 1 Hz, 

S, 17.5 Hz. HCH- 
). 8.14 (s@r), 1 H. N-H). 
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(4S,SR)-l-Acctyl-4-(~-benzyl-~-(l,l-dime~byle~bo~yc8rbo~~l)a~i~o)-S-(l-me~byle~bosy)pyrrolidin-Z- 
one (20). A solution of 11 (213 mg. 0.54 mmol), di-tar-butyldicrboara (142 mg, 0.65 mmol) awl DMAP (7 mg. 0.06 mmol) 
inCH2Cl2(5mL)wrsstimd~rtf~3h.Tbesdvtimmpoasdonto~~NHgCl(lOnL),andhewata~ycr 
wasextractcdwithCH2Cl2(3x lOmL).ThtcornbinedorOadchyrmwaedriLdovaMgSOq,ladtbe~ventwasnaKnrcdin 
vucuo. PuritIcation (EIOAC) yielded 20 in 87% (183 mg. 0.47 mmeI) M eolerti ayaals. Rccryarllirarioo @exanes) gave 147 mg 
of 20 
1365; I 

7O%) as coic&ss aysti m-p. 71.5-725 T. RfO.40 @OAeh [#D +I4 (c 1.21. CHC13); fR 2970.1740.169O (vs), 
H NMR (200 MHi?): 1.07 B 1.08 (2 x d. 3 I-I, I = 6.1 HE. C!ff3XH-Uf3). 1.43 (s. 9 Il. (CH3)3-C). 2.37 (s. 3 H. CH3- 

CO), 2.43 (d@r), 1 H, MXCO). 2.85 (dd. 1 H, J = 9‘3.189 Ha. HC&CO). 3.90 (m. 2 H. CH3-CXH3 & Cf/-CH2-CO). 4.22 
(d, 1 H, I = 15.9 Hz. IECH-N), 4.62 (d@r). 1 H, HCH-N). 5.43 (8.1 H, D-CM-N).7.24 (m. 5 H. Ph); 13C NMR (50 MHZ): 173.7, 
170.9, 155.0. 138.0. 128.8 (2 x C). 127.7 (2 x C), 127.1. 90.4, 72.1. 57.3, 51.2. 28.3, 25.5. 23.0. 22.3: Anal. Calcd. for 
C2lH30N205: C, 64.60; FL7.74; N, 7.17. Found: C, 64.73; H.7.81: N. 7.20. 

Oxszolidiaone 22 via 21. A solution of 20 (121 mg. 0.31 mmol) md dimatbylamiw (110 a. 1.66 mmol) in DMF (2 
mL) was stirred at R for 18 hand the solvent was removed ir, v(~cyo. (speetnd data fa 21: IR 3430.3300.2970.17OO (shoulder), 
1685; ‘H NMR (200 MHZ): I.02 & 1.08 (2 x d. 3 H. J = 6.1 Hz. Cff3-CH-CM3), 1.46 (s. 9 H, (CH3)3-C). 2.46 (s(br), 1 8, 
HCH-CO), 2.53 (dd, I H.J= 9.4, 17.3 Hx, HCff-CO). 3.57 (to@. 1 H, CH3Uf-CH3), 3.87 (s(br). 1 H, CMH2-CO). 4.38 (0 
4.52 (2 x 6 1 H, I = 15.6 Hz, CH2-N). 5.02 (s&r). 1 I% O-Cl-I-N). 7.26 (m. 5 H, Ph). 7.90 (s&x), 1 I-I, DC-N-H)). The enale 
product was dissolved in CH2CI2 (5 mL) and BF3eOEt2 (80 ltL, 0.66 mmol) was added at it Thii solution was stim?d for 18 h and 
quenched with satum@aqucous NaHCO3 (5 mL). The water layer was ex@actcd with CH2Cl2 (3 x 10 mL) and the cunbincd 
organic layers were dried over N&$04. Evepemtbn of the solvent and puMic&m (EtOAe) yielded 22 in 76% (55 mg. 0.24 mmol) 
as a white solid. Recrystallization (EtOAMexaoes 10~1) gave 36 mg of white cry&s (5O%): m.p. 138.5-M ‘C. R 
[a120D +145 (c 0.32, CHCIZ); IR 3430,1755,1720; ‘H NMR (250 MHZ): 2.42 (d. 2 H, I = 49 HZ. CH2-CO). d 

0.15 (EtOAc): 
.lO (d, 1 H, J = 

15.1 Hz, HCH-N), 4.22 (m. 1 H, CHCH2CO). 4.78 (d. 1 H, J = 15.1 Hz, HCH-N), 5.82 (d, 1 H, J = 7.1 Hz, O-CH-N), 7.31 (m. 
6 H, Ph & N-H); 13C NMR (50 MHz): 174.3, 155.8, 134.6, 129.1 (2 x C), 128.4. 128.3 (2 x C), 82.6.53.6.46.8, 33.9; Anal. 
Cakd. forC12Ht2N203: C. 62.06; H, 5.21: N. 12.06. Found: C. 62.02, H, 5.17: N. 12.03. 

(4S,5R)-4-(Beazylthio)-5-(l-methyletboxy)pyrrolidin-2-one (23). A strum of ammonia was bubbled through a 
solution of 15 (166 mg. 0.54 mmol) in DMF (2 mL) for 18 h. The solvent ws removed in wacuo axJ tbc. aude @uct ~88 
purified by flash chromam 

&$h 
y 

1.3:l); IR 3440.2970, 1705; 
(EtoAJhwranes 1.3~1) yielding 23 in 80% (115 mg, 0.43 mmol). Rf 0.20 (EtOAc@xams 

H NMR (20 MHz): I.11 & I.12 (2x d, 3 H,I= 6.1 Hz. CH3-C!H-CH3), 2.12 (dd, 1 H,J= 3.4, 
17.7 Hz, HCH-CO), 2.82 (dd, 1 H, J = 8.5, 17.7 Hz. HCH-CO), 3.15 (m. 1 H. ffCCH2-CD), 3.64 (sept, 1 H, J E 6.1 Hz, CH3- 
CH-CH3), 3.73 8r 3.81 (2 X d, 1 H. J= 13.5 Hz, CH2-S), 4.86 (s, 1 H. O-CH-N). 7.28 (m, 5 H, Ph), 8.19 (s(br). 1 H, N-H). 

~3aS-(3a~9b~)l-1,3,3a,4,5,9b-Hexahydro-4-thir-2H-benz(g)i~dol-2-one (24). A 1.1 M solution of TiCl, in 
CH2Cl2 (0.60 mL. 0.66 mmol) WBS added to a solution of 23 (115 mg, 0.43 mmd) in CH$!12 at -78 ‘C. After 5 min the solution 
was ahved to come IO R and stirred for 2 h. ‘lhe reaction mixture WBS quenched with saturated aquwus NaHq (5 mL), and the 
water layer was extracted with CH$l2 (3 x 10 mL). The cxxnbii organic layas wew dried over MgS04. and the solvent ws 
removed in vacua. yielding 88 mg of 24 as white crystals (99%). l%e crude @uct was almost pure. Recrystalli&m (EDOAC) 
gave 70 mg of white crystals (80%): m.p. 214-214.5 ‘C. [apD -146 (C 0.19. CHCl3); IR 3440, 2990, 1695; 1~ NMR (200 

MHz): 2.48 (dd, 1 H, J = 3.9, 17.3 Hz, HCHCO). 2.94 (&I, 1 H, J = 8.0, 17.3 Hz, HCH-CO), 3.63 (d, 1 H. J = 15.3, XIX-S), 
3.77 (d, 1 H, J = 15.3. HCH-S), 3.95 (m. 1 H. CH-CH2-CO), 4.92 (d. 1 H, J = 6.5 HZ. HC-N), 6.80 (d(k). I H, J = 8.6 HZ, N-H), 
7.22 (m. 4 H, At); Anal. Calcd. fur Cl lHIINOS: C, 64.36; H, 5.40. Found: C, 64.59; H, 5.51. 
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