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Abstract 

The title compound is predicted to be the prototype of a new class of antibacterial agents 

targeted to the penicillin receptor. It and a number of its congeners have been synthesized 7 

, _- C 
C- 

for the first time by a double condensation of N-hydroxyglycine esters with a variety of 4- 

, 
carbon synthons. including vinylacetic acid, maleic anhydride, succinic anhydride, 

hydroxysuccinic "anhydride. butyrolactone. diketene and malic acid, followed by removal 

of protecting groups. Most of the synthetic routes examined lead, not to the desired six- 

membered 1 -2-oxazin-3-ones. but to the five-membered 12-isoxazolidtn-3-ones. Two of 

these isoxazolidinones. the 3-carboxymethyl-5-hydroxymethyl and the 3-carboxymethyl- 

5-hydroxy-5-methyl compounds. are structural isomers of each other and of the target 

compound, and exhibit no antibacterial activity versus Micrococcrts luteics. The six- 

membered ring is chemically stable and antibacterially active, as predicted. Although the 

. level of activit). is not high. i t  dexpected  that this will be improved significantly by a 

number of obvious modifications of the initial structure, including the syntheses of 

optically active compounds. Some potential routes have been examined during this work. 

Others are proposed. 

The successful route to the title compound proceeds in seven steps from diketene and 

f 
the t-butyl ester of N-hydroxyglycine. 
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Introduction 

8 

P-Lactam antibiotics. whose members include the penicillins 1 ( I )  and 

cephalosporins 2 ( 2 ) ,  function by interfering with the biosynthsses of bacterial cell walls 

( 1  ) .  The target enzymes. known as penicillin-binding-proteins (PBP's) ( 2 ) .  are serine 

proteases. and the chemical reaction that inhibits these enzymes is the xylation of the 

hydroxyl group of the active site serine by the C)-lactam ring'fscheme 1 ) .  The resulting 

nzymt. (3 )  I \  unable to carry out the f i n d  \tep In the blo\g.nthqs~\ of the b tc te r~d  

cell wall. The wall is weakened. becomes permeable to water. and the cell swells. bursts. 
'I 

and dies 

K C O N H  R C O N H  a - Enz-OH 3 k, 
/ 

n 0 

K C O N H  
k, 

Enz-OH + 
H 7 0  

C 0 2 H  

Scheme 1 



In addition to the PBP's, many bacteria also produce a second type of 

--- 
penicillin-recognizing enzyme, known as a P-lactamase (3,. The two enzyrnevekh~bit the 

same kinetics (Scheme 1 ), but with different rate constants (41, and this difference in rate 

constants has important consequences. In the case of the PBP's, k2 >> kq. The result Ts 

that the enzyme is inhibited, and antibacterial activity may be observed. In the case of a P- 

Iactamase, k, z k?. These kinetics lead to regeneration of the enzyme, and inactivation of 

the antibiotic as a result of the net hydrolysis of the p-lactam bond. The latter sequence 

of reactions comprises the principal mechanism of bacterial resistance to P-lactam 

antibiotics. 

Resistance to antibiotics is a problem of much current concern ( 5 ) .  Because of 

the relatively low cost and relative safety of the p-lactam group of antibiotics, and 
v 

because many details of their mechanism of action and the mechanism of bacterial 

resistance are understood, one approach to the problem of resistance is to discover or 

invent new classes of compounds targeted to the penicillin receptor. Lactivicin (4 )  ( 6 )  is 

the first example of a non-P-lactam containing natural product that complexes to and 

reacts with penicillin-recognizing enzymes, and exhibits antibacterial activity. The 

pyrazolidinones (5). developed by the Lilly group (7)  are the first examples of synthetic 
. 

compounds to behave similarly. 

In our laboratory, the design of new compounds targeted to the penicillin 
P 

receptor has been based on three considerations: ( i )  the cornpound must be able to 

complex to the active site of a penicillin-recognizing enzyme. A model of the active site 

and a strategy for'the docking of candidate structures to this model have been developed 



(8-131; ( i i )  the compound must then be p r o v r l  p o s i t ~ o n d  u ~thtn thrs  srtt' 4 0  .I\ to lic' 

able to react u ~ t h  the hjdroxbl group of the ~ c t i ~ e  \rte w i n e  h)  J n~echcmi,rn .mi w i t h  .I 

rate constant compmble  to thoie exhrblted b! a penicillin or c e p h ~ l o q w ~ n  T h ~ s  

mechan~sm has been elucidated ( 12- 15 1: ( i i i  the reiult~ng d q  I-enz! me c v  i r ,  q u ~ i  .llc.rlt 

must then be unable to partlclpate in  the k: \tcp 6t Scheme 1 1 16) :I f l r \ t  

. 
evhib~t  anttbctctenal x t ~ i ~ t !  Thckt. iorr~yullnds. clnd a1.0 thc Jc,~gn ,tr.~tt.;!. h,i\c k c 1 1  



penicillin of all known classes of p-lactam compounds and also of the ring systems o f  

lactivicin and the pyruolid~nones parallel these reactivities exactly. The Figure includes 

the previously unknoun 1.2-oxazin-3-one ( 7 ) .  Subsequent woik by Dr. K.  Yang 

suggested that 8 is a specific example of a compound containing this ring system which 

exhibits an acceptable fit to the model of the penicillin receptor. However: this work was 

unable to distingu~sh betu,een the two enantiomers of 8. 

The uork decrrbed here %,as initiated to explore potential synthetic approaches 

to the n o ~ e l  ring \b\tern 7. to extend th14 work to the hbnthe\~s ot 8. and hopefull) to 

pro1 ~ d e  both cnantlomerb o i  8 of h n o ~  n absolute conf~guratlon. 





6-Mem bered Heterocyclic Rings Containing Oxygen and Nitrogen 

Structural Types and Nomenclature 

Six-membered heterocyclic rings containing oxygen and nitrogen are termed 

oxazines. There are numerous structural possibilities. depending on the relative positions 

of the two heteroatoms and the degree of oxidation of the ring system. 

2H-  1.3 4 H -  I .3- 

Further structural variation occurs when a single benzene ring is fused to the 

hereroc),clt.. leading to benzoulizines. The dibsnzo series are known as phenouazines. 

Although ~ o m e  dibenzo- 1.2-oxulne\ are knoun. thme ba.wd on theel .4- 

\)stern are more common and hake a long hihtory ( 18-2 1 ). 
s5- 

Hydrogenated derivatives of the monocyclic oxazines have also been widely 

htudied. Some of them are so familiu that they are known by their trivial names; for 



example, tetrahydro- l,4-oxazine is better known as morpholine. Some of the structural 

variations are shown below. 

Dihydro- l,2-oxazines 

Tetrahydroxazines 
, , 

0 

Oxazinones 



Although there are many patents describing the antibacterial, antifungal and 

antiprotozoal activites of 1,3-oxazines (22-27), only one 1,3-oxazine derivative, 5 3 -  

diethyltetrahydro-l,3-oxazine-2,4-dione (9) has been introduced into medicine. The 

c6mpound has the trade names Dioxone, Dietadion and Diethadion. Some of its uses are 

as an analeptic and anticonvulsant (28-32). The compound also has central nervous 

\ 

system and antiinflamatory activity (33-35). 

1.1.1 Syntheses of Tetrahydro-1,2-Oxazine I 

The first synthesis of the ketrahydro-1.2-oxazine ring system was 

accomplished by ,I(lng in 1942 (36) by reaction of 1,4- and 2,5-dibromoalkanes with N- 

hydroxyurethanes. Riddell (37) later synthesized a series of tetrahydro- l,2-oxazines using 

this method. 

. -  
The tetrahydro-l,2-oxazines have also been synthesized by hydrogenation of 

dihydro-12-oxazines. accessible by Diels-Alder reactions of nitroso compounds, as 

summarized below. 
b\ 



Reaction of Butadiene with Nitroso Compounds ( 3 8 .  39)  

l i) 

Reaction of Methoxyallenes with ,Vitrosoalkenes (43)  



Reaction of PBromoenol Ether with Nitrosoalkenes (44) 

Br 

1 + Y R -  
EtO o4 EtO BrT'rR 0' 

HAI = Br. C1 
P 

Other approache3 to, the tetrahydro-1.2-oxuine ring system i n c l d e  the 

reaction of phenylselenylating agents with alkenyl oxinles (4.5) and nitrones (46)  and by 

9.10-dicyanoanthracene (DCA )-sensitized irradiation of y.6-unsaturated oximes (47)  as 

svemplified in i, ii and iii below 



None of the above methods was applicable to the synthesis of the I .l--oxazin- 

3-one 8, and a different approach to this ring system had to be devised. 



2. Results and Discussion 

Retrosy~thetic analysis of 8 suggested N-hydroxyglycine 10, R = H. or one of 
\ .# 

its esters, and a four-carbon synthon as the major building blocks. The four-carbon 

synthons examined in this work were y-butyrolactone (11). vinylacetic acid (121, 3.4- 

dihpdroxybutanoic acid (13), succinic anhydride (14). hydroxysuccinic anhydride (15).  
J 

maleic anhydride (16). diketene ( 17) and 2.2.6-trimethyl-4H- ! .3-dioxin-4-one ( 18). 

Scheme 2 summarizes the syntheses of the ethyl, benzyl and t-butyl'esters ot 

p-hydroxyglycine. Treatment of benzaldehyde with hpdroxylamine p v e  E- 
* 

benraldouime 19, which upon treatment with hydrogen chlor~de in retluuing toiuent. 
-*, 

afforded Z- benzaldoxime hydrochlor~de. Neutralization afforded Z-ben~aldouirne 20 

(48)  in 70% overall yield from benzaldehyde. Reaction of the sodium salt of Z -  
I 

benzaldoxime (21) with ethyl bromoacetate in ethanol produced N-lqenzylideneglycine N- 

'oxide ethyl ester 22 (49).  and N-hydroxyglycine e'thyl ester 23 was obtained in XO'T yield 



when 22 was treated with hydroxyiamine (50). The benzyl ester 26 was synthesized by 

NOH 

' 19 

& qH HON I R  = E I  IBU) 

Scheme 2 

"\\. 1, 

the reaction of 21 wkk'bromoacetic acid in ethanol. esterification of the acid 24 2nd .. " 

treatment of the nitrone 25 with hydroxylamine. The t-butyl ester 28 was obtained by 



treatment of 21 with t-butyl bromoacetate in 2-propanol, followed by reaction with 

hydroxylamine (50). 

The methyl ester 30 was obtained by reaction of glyoxylic acid with 

0 

hydroxylamine hydrochloride in  refluxing methanol ( 5  1 )  and reduction of the resulting 

oxime 29 ( R I  = Me, R2 = H) with pyridine-borane ( 5 2 ) .  The use of ethanol as the solvent 

for the initial step led tp the ethyl ester 23. The 0-benzyl ethyl ester 31 ( R I  = Et. R2 = 

OBn) wgs obtained using 0-benzylhydroxylamine hydrochloride in the first step. 

-0 0 
29 

23 R I = R.i = Et. R: = H 
30 R I  = R 3 = M c . R 2 = H  

31 R 1 = R J  = Et. R' = CH2Ph 

2.1. Vinylacetic Acid and Cyclic Anhydrides as Synthons 

The reaction of 31 with benzoyl chloride gave 32. which wah debenzylated by 

treatment with aluminium trichloride and anisole in nitromethane to give 33 ( 5 3 ) .  The 

iame compound w,is obtained upon reaction of N-hqdrouyglycrne ethql t 'itt 'r ulth 

benzoyl chloride. demonstrating that the N-hydroxyglyc~ne function undergoes N- and 

not 0-acylation. 



Following these preliminary experiments, vinylacetic acid and 23 were 

coupled in dichloromethane. using dicyclohcxylcarbodiimide (DCC), to give 

vinylacetamido N-hydroxyglycine ethyl ester 34. The infrared absorption at 1696 cm' I 

typical of an amide functional group was the same as that seen in 33. 

BrominLttion of 34 in chloroform at room temperature gave a dibromide 35 

which upon treatment with sodium bicarbonate yielded a colourless oil. The elemental 

Ltnaljsis and the mass, infrared and proton rimr spectra of this compound were consis ent & 
with the isoxazolidinone structure 36. The infrared absorptions at 1710 and 1755 cm-I 

were assigned to the carb~~nyl  groups of the ester and isoxazolidinone ring. The proton 

f -& 
nmr spectrum showed a downfield shift of the tertiary hydrogen from 3.55 ppm in the 

dibromide 35 to 4.80 pprn in 36. 

The EI mass spectrum showed peaks at m/z 8 5 ,  93 and 95. These were 

assigned to the five-membered ring 37 and the BrCH. side chain of 36. The pccsenc'e of a 



9 
peak at mlz 85 was used subsequently to confirm the presenceoof a 5-substituted 

isoxazolidinone ring. 

The bromide 36 was stable to the action of silver acetate in retluxing acetic 

acid. Attempts to displace the bromine atorn of 36 using sodium formate in 

dimethylformamide ( 5 4 ,  potassium phthalim~de in refluxing toluene ( 5 5 ) .  sodium u i d e  

and tetrabutylammonium bromide in refluxing benzene ( 5 6 )  and triethylamine and formic 
I .  

acid in acetonitrile ( 5 7 )  were not successful (58). Therefore, the benzyl ester 39 was 

synthesized by coupling of N-hydroxyglycine benzyl ester with vinylacetic acid. followcd 





ri.dctlon\ lead~ng to 42. 43 m d  44. are \urnmarlzed In Scheme 3. 

I 

~ c ' r e  ~ d s n t ~ f i s d  d.\ 45 and 46. i n ~ t i a l l  on the b u i s g f  their gc-ms fragmentation patterns. , '  

('.ins L! DB-I column 130 rneter5). the gc exhibited peaks at 8.07 and 8.43 min. The peik 



at 8.07 min exhibited an EI-.MS fragmentation at rnlz 99. assigned to 47, and the peak at 

8.43 min exhibited the EI-MS fragmentation at m/z 85 previously assigned to 37. These 

observations suggested that the two isomers were 45 and 46. and detailed analysis of the 

I Hmr spectrum of 45 and 46 as shoun in Figure 2 and Tables 1 and 2. was in agreement 

u.ith this assignment. 







Table 2: Summary of the ' ~ m r  spectra of 1,2-Oxazin-3-011, 

1 
The solvent was CD( - 1. 

The solvent was D.0 

R = OMe" 
R '  = Et 

R = OMe" 
R '  = t-Bu 

Attempts to \epdrate 45 and 46 by chromatographic method4 (plc m d  hplc) 

failed. Treatment of the mlvture u ~ t h  trimethylsilyl chloride and sodium iod~de  in 

acetonitrile ( 6 5 )  at room temperature or at reflux temperature led to partial separation of 

46. The same result u s  obtained using lithium iodide in refluxing dirnethylformam~de 



The reaction of 48 with N-bromosuccinimide or N-bromoacetamide in 

methanol, followed by a sodium bicarbonate wash, gave the methyl esters of the 5- and 6- 

membered rings (Figure 3) while the same sequence of reactions with 38 and 49 gave a 

mixture of the acyclic bromomethoxy isomers as the major pwducts and only a trace of 

cyclized products. The high resolution chemical ionization mass spectrum of the product 

from 38 had a peak for CIjHlqBrNOi, assigned to 38a or 38b. The high resolution 

chemical ionization mass spectrum of the product from 49 contained peaks for 

C - H I I N O ~ .  assigned to 49a or 49b and CIIHl1,BrNO5 assigned to 19c or 49d. The 
ib 

synthetic route to these mlxtures from the various dkenes is summarized below. 

R = Bn. 38 
Me, 48 
?-Bu, 49 

X = Br, OMe 

4Ya J9b JYd 





A mixture of 50, m/z 33 

obtained when the alkene 48 was 

dioxane. The m / z  85 peak was seen in 52, but the absence of a peak at mlz 99 indicated 

I ,  333, 335. 51. m/z 25 i ,  253 and 52, mlz 189 b a s  

treated with N-bromoacetamide in 50% aqueous 

that a six-membered ring was aot formed. 

2.2. 3.4-Dihy droxy butanoic acid as a 'Synthon 

Sharpless dihydroxylation of the alkene 48 (67) was not successful, and 48 

and the hydroxylactone 55 were obtained when the hydroxylation was performed on the 
b 

alkenes 53 and 54. respectively. 



Treatment of vinylacetic acid,with diphenyldiazomethane in dichloromethane 
, 

afforded 56, which upon dihydroxylation with AD-mix a in 50% aqueous t+utanol gave 

the diol 57 [a];; - 6.33" (c  1 .?6". EtOHI. Hydrogenolysis %f the benzyhydry l ester gave an 

acid which, upon attempted coupling with N-hydroxygiycine esters in 25C6 aqueous 

acetonitrile (68), cyclized to the lactone 55. Therefore, 57 was treated with iodine in 

acetone (69) to give the acetonide 58 [a]: + 3.25' (c  1.23. CH:CI:). Hydrogenolysis of 

58 afforded the acid 59 [a]; - 3.95" (c  0.253, CHICII). 
', 

An alternatrke route to opt~cally active 59 began w ~ t h  (S)-(-1-malic acid 61 

which was converted to (S)-(-)-dimethyl malate 62 [a]:-! I" ic 2.2. EtOH) by treatment 

with acetyl chloride in methanol (70 ) .  Selective reduction of the ester group alpha to the 

hydroxyl group of 62 with borane-dimethyl sulfide and a catalytic amount of sodium 

borohydride in tetrahydrofuran afforded 4 methyl (3s)-3.4-dihydroxybutanoate 63 [a];;'- 

24.9' ( c  2 . 3 3 .  EtOH) (71 1. Reaction of 63 with iodine in acetone, followed by hydrolysis 

gave 59. and coupling of 59 with N-hydroxyglycine methyl ester gave'60 which yielded 
1 

d 

, 26 
a. 



the hydr~x~lac tdne  55 on treatment with tritluoroacetic acid either neat or ciiswlved in 
d 

dichloromethane: 

To circumvent this problem. the benrylidene derivative 61 [a];: + 6.8" ( c  . 

0.76. EtOH) was prepared by reaction of the diol 63  with benzil1dehq.de dimethyl acetal 

and'a catalytic amount of p-toluenesulfonic acid monohydrate in dimethylformarnicte - .  

( 7 2 ) .  Alkaline hydrolys~s of 64 gave the a c ~ d  65 [a]: - 3.70' ( c  0. I I .  CH2C12) T h ~ s  uas  

coupled to N-hydroxyglyc~ne benzyl ester to g ~ v e  66 [ a ]  1 1 '  ( c  0.3. CHClii 

Debenrylatlon o r 6 6  by hydrogenoly313 afforded 67 Attempt3 to cycl~ze 67 br rr;,lctlng i t  

with methanesulfonyl chloride and triethylamine in acetone-d,, methanesulfonyl chloride 

and sodium carbonate in deuterium oxide-acetone-& or p-toluenesulfonyl chlurkk in 

pyridine-di. led to the hydroxylactone 55. 



26, DCC 
C&C12. I h. 

OH 0"- RT 

Carbodiimide coupling of 65 with N-hydroxyglycinr t-butyl o\ter in 

dichloromethme, gave 68 [a];'+ 6.3" (c 0.32 .  CH2C12). which upon hydrogrnolysis 

triethylamine and dimethyformamide In dichloromethane ( 7 3 )  afforded only the formate 

ester 70 or 71, while treatment with triphenylphosphine and diethyl ~tr.ociicarboxplate in 
E ;' 

refluxing tetrahydrofuran (73)  gave the isoxuolidinone 72. Trifluoroacetic acid treatment 

of 72 yielded an acid whose ' ~ m r  and mass spectra were identical to those of the 



hydroxyacid 4Q. There was no reaction when 69 was reacted with triphenylphosphine. 
4. * 
ib 

triethylamine and carbon tetrachlaride in acetonitrile (73) .  

All of the results so far indicate that competition between cyclization to a 6- 

membered ring and cycli~ation to a 5-membered ring favours the latter ( 7 3 ) .  In the 

reactions of the alkenes 34, 48 and 49 with N-bromosuccinimde or N-bromoacetarnide in  

methanol. cyclization to a 6-membered ring was poss~ble because of the formation of 

regioisomeric rnethoxybromides. This reaction was found to be temperaturc dependent. In 

the methyl ester series a I :  1 ratio of isomers was obtained following bicarbonate 

treatment when the reaction was perfomed at 0 'C, the 5-membered ring predominated 

when mttthoxybromination was performed at temperatures greater than 25 .'C, and an 





S K C ~ , ~  ot the 6 - m s m k r r d  :in: u L, ohta~nc.ii :$ h t n  merho\  hro::;:::.it~i~n u .l, i.i:rii.J our 

helou 0 'C I i-'l$ure 4 I 

2.3. Butyrolactones as Synthons 



-. 
h 

Folloir ing thi\ m x e \ \ i u l  re\ult. the hjdroub ldctone 77 u as \qnthe\lzed by 
t . , P 

h )  Jrol>\i\  of meth! i ( R.S 1-3.4-dih)drou)butanodte 76. and protected s the t- 

hut) ldimcthj 1 \ 1 1 >  1 ether 78 i '8 I Tredrment of 78 u ith \ r~meth>l \~lq l  iodide in  rstlu\,ng 
,/ 

Li~chloromethane gai.e ~1 mixture of products belie\,ed tq include 79 and 80. 

2.4. 22.6-Trimethyl-4H-1,3-Diosin-4-one and Diketene as 

Synthons 



dihetene ~ 1 1 t h  S-h>dro\>gl>cinc benr)l e\ter In chloroform (80)  afforded an X3:17 

niisture of 83a and 83h In chloroform-d uhich. upon hydrogenol>his. g a w  the a c ~ d  81, 

I+ h ~ c h  cxihts In water ah a 7: 1 t81a : 81b)  mixture of tautonier\ (see Experimental). Table 

3 ,urnrnar~zcs the ' Hrnr .pectr~ of 81a. 82a and 83a. 

The rejcrlnn of J~hetene \ v ~ t h  hrom~ne and henz)l alcohol in d~chloromcthane 



h!drou!gl>cins [-but)] e~rer  produced 88. u h ~ c h  c j c l ~ ~ e d  to 89 \%hen treated u ~ t h  DBU 

(\sheme 4 )  

The jod~um s d t  !N (E 8 )  h a s  ~solated by succeqslce treatment of 89 u ~ t h  

tritluoroacetic acid and sodium bicarbonate. This salt is chemically stable and shows 

antibacterial acti\,itj Leisus .\l 1uiru.s. The ' ~ m r  spectrum is shown in Figure 5 m d  

1 In wh~c'h 10. 81 2nd 90 usre  cornp:!rsd to penicillin G ( 9 1 )  and 

Table 3: Summary of the ' ~ r n r  spectra of 5-hydroxy-5-methyl isoxazolidinones 

I 
I R = H" I R = Et" 

I 
R = Bn" 

I 1 
I 



CHzCI?. DHP 
pTsOH. RT 









3. Conclusions and Suggestions for Further Work 
rZ 

5-Hydroxy- 1.2-oxuin-3-one 90 (r 8) has been synthesized. The compound is 

chemically stable. shows antibacterial activity versus M. 1ltrru.s. and can be prepared 

easily from readily available starting materials. Having achieved one of the objectives of 

this research. I therefore put forward the following suggestions for future work. 

The two enantiomers of 90 with known absolute configuration have to be 

iynthesized. It is expected that this can be accomplished by the reduction of 84 with one 

of Corey's oua~aboro l~d~nes  (82 )  

P-Lactam compounds manifest their antibacterial activity through an ability to 

interfere with cross-linking of peptidoglycan chains, a step mediated by the PBPs ( I 1 .  Thc 

pcptide segment of these chains terminates in  the sequence R-X-D-AI ; I ' -D-AI~ ' ,  which is 

a structural analogue of penicillin ( 1 I ) .  

Application of Strominger'i proposal (83)  regarding the st~.uctural relat~onship 

betheen the peptide segment of the peptidoglycan ( A )  and penicillin ( B )  to 90, leads to 



( C ) ,  which should be accessible by the use of N-hydroxy-D-alanine i n  place of N- 

hydroxyglycine. Qbviously. N-hydroxyglycine can be replaced by other amino acids. h 

+ The substituents on the ring can-be varied. Like penicillin G. 90 is not active 
r 

'against E. ioii. However. ampicillin. a derivative of penicillin G ( I I I .  is a broad spectrum 

antibiotic. If the same'structural variati6n is applied to 90, then the analogue of ampicillin 

h 

would be D. 

1 HO 
I 

I 8 CH; 
I 



4. Experimental 

All solvents were dried and distilled before use according to standard literature 

procedures (84).  Except where indicated. chemicals were of the highest available purity 

from Aldrich. Melting points were determined on rt Fisher-Johns apparatus. and are 

uncorrected. Infraredv(ir) spectra were obtained on a Perkin-Elmer 599B spectrometer 

(\neat film, I-2% KBr pellet or I % solution). ' H  nuclear magnetic resonance spectra (nmr) 

wereobtained from a Bruker AMX 400 NMR spectrometer. Chemical shifts are recorded 

in  parts per million (ppm) downfield from tetramethylsilane. Mass spectra were recorded 

on a Hewlett-Packard 5985 GC/MS/IS system. Elemental analyses were performed by 

Mr. M. Yang on a Carlo Erba model 1106 elemental analyzer. Optical rotations were 

determined with a Rudolph automat' polarimeter model Autopol II, with a cell length of 7 
10 cm. Concentrations are reported in g1100 mL of solvent. Analytical and preparative 

thin layer chromatography (tlc. plc) were carried out ujing precoated Merck silica gel 60 

F-254 plates with aluminium backing. Spots were observed under ultraviolet light and 

visualized with a solution of 17c ceric sulfate and 2% molybdic acid in IO7c sulfuric 

acid. Flash chromatography was carried out w ~ t h  230-400 mesh Merck silica gel 60. 

Benzaldehyde (5.3 g. 0.05 mole) [Fisher] and hydroxylamine hydrochloride (3 .6  g, 0.052 



mole) [Mallinckrodt] were added successively at room temperature to a stirred solution of  

sodium hydroxide ( 5  g. 0.125 mole). Stirring was continued until  a clear solution was 
J 

1 

obtained and the temperature had increased to 70  "C. The reaction mixture was cooled to 
\4 

35 "C, and carbon dioxide was passed in until the pH had decreased from 14 to 10. The 

two layers were then separated. The aqueous layer was extracted with toluene ( 4  x 25 

mL) and the combined organic phase was dried over anhydrous n~agncsium sulfatc. 

filtered and poured Into d 250 mL three necked tlask equipped w ~ t h  a luge-bore gab 

~nlet  tube. \tlrrer. thermometer and condeygr  The flask was heated on an o ~ l  bath m d  

30 mL of toluene were removed by distillation. The remaining solution was reheated to 

boiling. the oil bath was removed and a strong tlow of anhydrous hydrogen chloride was 

sparged through the vigorously stirred solution. Addition of the gas was continued un t i l  

the oil which first separated had solidified and the temperature had fallen to 50 ' C .  The 

resulting vhite slurry was cooled to 10 "C in an ice-water bath. and filtered She white 

crystalline solid was washed with toluene ( 3  u 35 mL) and hexane. and itored in a 
fl 

J' " 
desiccator over potassium hydroxide pellets Diethyl ether (50 mL) was +,dd'ed to a stirred 

.4% 

wlurlon of \odium hqdrox~de ( 4  g. 0. I mole) in  uater (40 mL, T' mixture w a i  cooled 
8- 

to 10 "C and the crude 2-benzaldouime hydrochloride wu'6dded rdp~dly u ~ t h  \tlrring 
& --A# 

Y *  
unt~l  all of the mild had d~\$olved. A \ o l d o n  of ammonlum chloride ( 10 g. 0 187 mole) 

[Fisher] in water (40 mL) was added, k d  the mixture was stirred until a clear soiution 

was obtained. ( 1 mid). The two layers were separated and the aqueous layer was extracted 

with ether ( 3  x 25 mL). The combined ethereal extracts were dried over anhydrous 

magnesium sultate, and concentrated. Hexane (40 mL) was added to the white slurrq and 



the mixture concentrated again. Another 30 mL of hexane were added. the mlxture u , i b  

filtered. and the solid was air dried unt i l  a constant weight was obtained. The Z- 
9 

henzaldoxime was obtained as white needles (4.26 g. 70%) m.p. 13 1 "C. (Iit.(48) m.p .  

130 "C). l ~ m r  (CDC13, 6 ) :  8.19 ( IH.  s. CH=N). 7.60 (2H. m. ArH). 7.45 i3H. m, ArH). 

4.7 1 (2H. s). 4.26 (2H. q,) 1 . I 9  (3H, t ) .  Mass spectrum IEI. mlz): I? 1 (M' 1. Anal. 
d 

Calcd. for C7H7NO: C. 69.32; H,  5.79; N,  1 1.57. Found: C, 69.44: H, 5.96; N ,  10.99 

N-Benzylideneglycine N-Oxide Ethyl Ester (49) 

Ethyl bromoacetate (0 244 ml.. 0.367 g. 2 2 mmole\) added to a \tlrred solut~on ot 

mL). Stirring was continued un t i l  a wet pH 7 was reached. The reaction misture was 

poured into water (20 mL), extracted with ether (2 x 20 mL), dr~ed,  and concentrated 

under reduced pressure. The golden yellow oil was purified by flash chromatography on 

silica gel (3.5 g )  (40% ethyl acetate-hexane), and subsequently crystallized from ethyl 

acet~te-helane. The pale yellou crjstalj ue~ghed  0.298 p ( 7 3 7 ~ ) .  rn p 51•‹C l ~ m r  

(CDCI?, 6 ) :  8.19 ( I H ,  s, (CH=N),  7 60 (2H, m, ArH). 7.45 (3H. rn. ArH).  3 71 c2H. \ ) ,  

4.26 (ZH. q ) .  1.29 (3H. t ) .  1R (Fllm, cm '1 :  1743 (C=O). 1584 (C=N) hlsss spectrum 



(EI.  d z ) :  207 (M' ). Anal. Calcd. for C l l H l ~ N 0 3 :  C, 63,76: H. 6.32; N. 6.76, 

Found: C,6-t.M; H.6.41: N,6.60.  

N-Hydroxyglycine Ethyl Ester (50)  

Method A. N-Benzylideneglycine N-oxide ethyl ester ( 180 mg. 0.87 mmole) was added 

'. 
A to a stirred suspension of sodium methoxide (64.8 mg. i.2 mmoles) [Anachem~a] and 

hqdrouqlam~nc hqdrochloride (83 4 mg. 1.2 mmole\) [Mall~nckrodt] In methanol ( 3  mL)  

The reactton nilvture ud\ hedted on d  cater bdth (40  'C, u ~ t h  jt~rrlng unt~l  the uc t  pH 
C 

u ~ \  sl~ghtlq ~ t c ~ d ~ c  ( 2  rn~n) .  m d  then concentrated under reduced pres\urt. The resldut. 

ua.4 triturated ui th  toluene ( 2  x 10 mL), concentrated. and purified by tla.sh 

c h r o y o g r a p h y  ( 5  g s i l~ca  gel and 40% ethyl acetate-hexanel to give a pale yellow oil 

(82.7 mg, 8 0 ~ 0 .  l ~ m r  (CDC13. 6 ) :  5.89 (2H. br. NH-OH), 4.23 (2H. q. OCH2CHy.  

hlethod B ( 5 1 . 5 2 )  A mllcture of glyouyl~c a c ~ d  ( 1  094 g, 0 0 1 4  moloi [Eastman]. 



h y d r o ~ ~ l a m ~ n e  hydrochloride ( 1 00 g. 14 rnmolesi [hldlincLrcucit] and ~- to luen t .~u l i~? r i~c  

4 

a c ~ d  (0.273 g. I mmoier [F~sher] In dr) ethmol ( 8  ~ L J  u ~ \  he~teci under r s t l u \  for 5 h 
@ 

u ~ t h  remoi al of u ater: u \ l n s  Dean-Stark trap The reaction rnl\turt. ha.\ ~.t~ncc'ntr.ited. 

was stirred unt i l  the p h a e s  became clear. The organic Ia)er uas  separated. ~ a 5 h t . d  ~ . i t h  

haturated ammonium chloride. dried o w  anhydrous magnesium sulfate. and conct.ntr;itt.d 

c I under reduced precjure to yield ethyl glyoxylute oxlme ( 1 . 1  I s. 66? r .  Hmr t CDCI:. 6 ) :  

... 
C02CHICHI).  IR (film. cm ' 1: 3347 (OH, br). 1775 (C=O. \ r .  1623 IC=S. rnr Slass 

spectrum (CI. mlr) 118 134-1 i .  Anal., ~ a l c d :  for CIH7VOI C. -41 03. H.  5 O X .  5 .  . 
11.96. Found: C, 41.41: H ,  6.12: S.  11.43. 

Ethanolic hydrogen chlorldr (6 .76  mL of a 7 N iolut~on prepared b) citlut~ng 30 m L  ot 

i 1.0 g. 8.5 mmolex). and plrid~ne-borane complex (7.16 rnL of 8 31, 17 3 ainiolei) In 

F 
ethanol (10  mL) uas  ddded at,;uch rate thdt the redctlon temperature rerna~ned belou -40 

B 
C 

'C. S t ~ m n g  was cant-~nued for 8 h. u h ~ l e  the reuctlon u a \  rnon~tnred b tlc The rcactlon 

mixture u'aa then concentrated and the pale jellou \qrupq reildut. uu, d ~ s \ o l \ r d  In 

at room ternpkfiture for 30 h. filtered. and the filtrate concentrated under reduced 

prexsure. The crude oil u a s  punfled by !lash chromatography (60C; eth)l 4ct.tdte-hcrane) \ 

to give a pale yellow (0.673 g, 67% ) .  Mass spectrum t CI, ndz r :  120 ( &I+ l J Anal. 
d 

Calcd. for CIH9S03: c'. 40.34: H .  7 . 6  T. I 1 7 6  Found: C. 40.7 1 ; H. 7.55: 5 .  I I 5 4  



h>drochlor~de ( 1.00 g. 0.011 mole) [hlalhnckrodt] and p-toluenesulfonic acid (0.273 g, 

v,dter u\lns a D e m - S t d  trap The redctlon mixture k a h  thcn concentrated. ether (20 m L )  

, OBn 



[Fisher] in dn. ethanol ( 8  mL) was refluxed for 6 h ,  with removal of water using a Dean- 

Stark trap. The reaction m~xture wa.5 concentrated and dichloromethane (50 mL) was 

added to the vello~v oil\ residue. The solution was washed successively with uater (30  

mL). saturated sodium bicarbonate (30 mL) and haturateci hodiurn chloride (30 mL,. dried 

oi,er mhjdrous mugneslurn sulfate. and concentrated under reduced pressure to give a 

I CDCI :. crn ' 1 727 C=O I .  1600 I C = S  >lass spectrum (CI. m / z  ,: 708  ( \ I +  I ) Anal. 

Calcd. for C l l H I , S f i :  C .  63-77;  H. 6.78: 5 ,  6.76; Found: C. 63.06: H. 6.33; N. 7.34 

S-Hydrosyglycine Slethyl Ester r 57 

.A niethmol~c h>drogen chlor~de bolutlon r I8 mL of 7 5 .  prcpdred b) d ~ l u t ~ n s  I5 mL of 

3 6 5  HCI to 25 mL N ~ t h  methmol r uah added drop~cI\e to .i \ t~rred wlu t~on  ot  the ollnic 

I 2 2 5  2 .  11-84 nimole\i. and pbridinc-borme ( 5  57 mL of X \ I .  41 7  rnmole\, In methanol 

dt 0 'C. iiitered. mii [he iiltrate concentrated. The product uas  pur1t'it.d b), tlash 



' chromatography ( 6 0 5  ethyl acetate-hexane) to give a pale yellow oil ( 1.53 g . 67%). 

l ~ m r  tCDClj. 61: 5.95 (2H. br. NH-OH). 3.78 (3H. s ) ,  3.70 (2H. s )  IR (film. ern.'): 

3319 ( 0 - H .  br). 3267 (S-H.  rn), 1735 (C=O). Mass spectrum (EI. mlz): 105 (bl'). 

t Anal. Calcd. for C3H7N03: C. 34.29: H, 6.67; N. 13.33. Found: C,  35.16: H. 6.52; N.  

12.70. 

N-Benzyloxyglpcine Ethyl Ester ( 5 2 )  

Ethanolic hydrogen chloride solution (6 .76  mL of a 7 N solution prepared by diluting 30 

c. 16 91 nirnole\;. m d  p>nd~ns-borane (8.54 mL of 8 &I. 68 3 mmolej) ~n erhmol (10  

mL)  ua.4 added clt such a r'ite that the reactlon ternpcrature d ~ d  not exceed 40 "C S t ~ r r ~ n g  

\\a4 cont~nued tor 13 5 h ,  ~ s i t h  monltorlng b> tic. and the solLent ua4 then rerno~ed The 

I e l l n ~ +  c r u p  u ~ s  d~\\ol\ctd In  d~chloromethme ( 5 0  rnL) and the \olut~on u ~ i s  

ica4hed n ~ t h  S \ o d ~ u m  h~droxlde. dried o \er  anhqdrou\ \od~um sultate. and concentratd 

under reduced yre\\ure The crude 011 uah purlfled b:. flahh chromatograph> u\lng 2C; 

ethmol In d~chlorornsthme A the eluent. The pale )ello% 011 therebq obtuned u e ~ g h e d  

IR (cDC1:. Lm ' )  32'3 ( 3 - H  . u). 1739 tC=O. s )  Mass spectrum (CI. mlz):  210 



( M + l ) .  Anal. Calcd. for CIIH15N03N: C. 63.16; H. 7.18; N. 6.70; Found: C. 63.37; H.  

N-Benzylidene Clycine 3-Oxide (50) 

Sodium (0.46 s, 0.02 g-atom) and Z-benzaldoxime 20 ( 1.2 1 g. I0 mmoles) in ethanol (40 

n1L) LLere stirred un t i l  the sodium dissolved. Then a-bromoacetic acid (1.53 g, I I 

h at 70 "C and the sol\.ent %,as remo1,ed. A suspension of the residue in water ( 10 mL). 

W;LS cooled. acidified ~ v i t h  0.1 S hydrochloric acid (9 .5  mL) and filtered. The white 

i ~ ) ~ t ; l l ~  were collrfcted and dried at 1 torr to gi\,e I .2 1 g. (66C;. of product, m.p 175- 177 

'C t l i t  (50) :  178- 179 'C).  1R (KBr. cm"): 3069. 1724. 161 7.  \lass spectrum ( € 1 ,  rdz): 

5-Benzylidene-Glycine S-Oxide Benzyl Ester (50)  



dimethylformamide ( 2  mL) was added triethylamine (0.141 mL. 103 mg. 1.01 mmoles). 

f followed by dropwise addition of bsnzyl bromide (0.120 mL. 0.173 g, 1.01 mmoles) 

[Sigma]. The reaction mixture was stirred for 13 h, poured into water (10  mL) and 

extracted with chloroform ( 2  x 10 mL). The chloroform extract was dried over anhydrous 

sodium sulfate. concentrated. and the residue was purified by column chromatography 

1 (60% ethyl acetate-hexanes) to give 0.191 g (70%) of product. Hmr (CDCI,. 6 ) :  8.75 

(2H. m. Ar  + =CHI, 7.35-7.33 (9H.  m. Ar), 5.27 (ZH, s, CH:Ph). 4.76 (ZH, s, CHI).  IR 

t CHIC12, cm- '  ): 3054. 1753, 1587. Xiass spectrum (EI.  m/z ): 769 (%I+). Anal. Calcd. 

for C16HINO-3: C. 71.37; H, 5.58; N. 5.20. Found: C. 71.13; H. 5.80; N. 5.40. 

N-Hydroxyglycine Benzyl Ester (50)  

A suspension of S-benzylideneglycine N-oxide benzyl ester ( 1.35 g. 5.07 mmoles) and 

hydroxylumine hydrochloride (752 mg. 5.02 mmoles) [,Clallinckrodt] in ethanol ( 10 mL) 

is.ah brought into wlut~on b> heating. The solution was concentrated and the rehidue taken 

remo~eci under reduced pre\\ure The product ud\ purlfled by tla\h chromatograph> 

t60q ethtl dcetdte-helane,) to gl \e  777 me (85%) of uhlte so l~d  ' ~ m r  (CDCI:. 6 )  

- I 
76 t5H. s .  Ar). 9 27 { 2H. s. PhCH;), 3 73 (7H. 4 .  NCH?) IR I C H - C I ~ ,  cm 3200. 



3055. 1741. Mass spectrum (El, d z ) :  18 1 (M'). Anal. Calcd. for C8HIIN03: C,  

59.67; H, 6.08; N, 7.73. Found: C. 59.74; H. 6.07; N, 7. I I .  

t-Butyl Bromoacetate (50) 

A solution of oxaly l chloride (6.18 mL. 8.99 g,  0.07 1 mole) in dichloromethane ( I0 mL) 

was added to a cooled ( 0  "C) solution of bromoacetic acid (8.21 g,  0.050 mole) 

[Lancaster] and dimethylformamide ( 3  drops) in dichloromethane (40 rnL). The pale 

yellow solution was stirred for 1 h at 0 "C . then at room temperature for 3 h ,  

concentrated to about 10 mL and \ l o ~ I y  added to a cooled wlut~on of t-butanol (5.1755 s. 

0.07 1 mole) m d  trieth>larn~ne ( 10.7 1 mL. 7.78 g. 0.077 mole) in dizhlorom;thunt: (45 

mLj. The dark broum iu~psnsion was stirred for 45 min at O 'C. then fur 3 h at room 

temperature. and poured into water (60 mL). The organic layer u,as separated and the 

aqueous layer extracted u ~ t h  dlchloromethans ( 2  x 15 mL). The organic extract was 

uashed u,ith saturated sodium bicarbonate (50 mL). dried o ~ , c r  anhydrous magnesium br 

* 
\ulfute and concentrated to g i ~ , s  4.48g ( 3 9 5  I of crude product ' ~ m r  ICDCII. 61: 3.74 

t 2H. 3 ) .  1*.-47 (9H.  s )  \lass spectrum t CI. mlz): 197: 195 ( I .  l 

5-Benzjlidene Glycine S-Oxide t -But~l  Ester (50)  

2-Benzaldouime (5.64 2. 36.6 1 mmole5) and t-butyl bromoacet,ite ( 7  58 mL. I O g. 5 1.27 



atom) of sodium metal in 1-propanoi (120 mL). The dark brown suspension was stirred 

.for 2 h at room temperature. poured into water (100 mL) and extracted u,ith 

dichloromethane ( 5  x 20 mL). The combined organic extract was dried over anhydrous 

magnesium sulfare and concentrated. The crude product Mras purified by tlash 

I chromatography (60q ethyl acetate-hexanes) to give 8.74 2 (80%) of an 1311. Hmr 

ICDCI;.  6 ) :  8.24 (1H. rn. Ar + =CHI. 7.42 i4H. m, Ar). 4.61 i1H. q. CH:). 1.51 (9H. s. t -  

B u , .  IR (CH2C12. c m '  ) :  3054. 1746, 1580. 1160. Mass spectrum (CI. mlz): 736 (&I+ I 1 .  
* 

Anal. Calcd. for CI.~HI7NO3: C.66.38: H. 7.23: N. 5.06. Found: C, 66.78: H. 7.10: N 

N-Hydroxyglycine t-Rutyl Ester i 50)  

mtthou~de (0.41 8 2. 7.74 mrno1t.s) [Anachttm~a] and hqdrouylam~ne h)drochlor~de ( 0 . 5 3 8  

H-N, 

2. 7.74 mmoles 1 [h l~l i~nckrodt j  in methanol ( 6  mL). The reactton mivture W ~ S  placed i n  

J water bath ( 5 0  'C )  and stirred un t i l  311 of the nltrone had d1~so1vt.d. then concentr~ted 

and the reh~duc. uah d ~ s w l \ e d  In d~chloromethane (50 mL). filtered and conccntrated. The 

re,ultmt oil purified b) tlahh chromat&raPhy (60L7c ethyl ace ta te-henr in~ to gic,c 

0,650 g i 8iK I of rhe praduci ' ~ m r  i CDCI:. 61: 5 4 6  (1H. hr. HNOH). I 6 7  12H. ;. CH:i. 

1 .A9 19H. ,. t-Bu ) .  IR t film. c m '  1 :  3179. 1735. hlass spectrum (CI,  r n l ~ ) :  148 c M+ 1 1. 



Anal. Calcd. for C6HI3No2: C.48.98; H. 8.84; N. 9.52. Found: C. 48 13; H. 8 65; N 

9.44. 

N-Benzoyl, N-Benzyloxyglycine Ethyl Ester 

Benzoyl chlortde (0.028 mL. 0.034 g, 0.23 mmole) [Fluka] was added dropwtse to a 

cooled ( 0  "Cl solutton of N-benzyloxyglycine ethyl ester (18 mg , 0 . 2 3  mmole) and 

triethylamine (0.032 mL. 0.023 g. 0.023 .mmole) in dichloromethane (0.5 mLi. The 

cloudy solution was stirred for 20 min, diluted with dichloromethane (25 mL) and washed 

~uccessivrly with saturated s o d i m  bicarbonate ( 10 mL) and saturated sodium chloride 

cb 

r 10 mL). dried over anhydrous magnesium sulfate and concentrated to a pale yellow oil 

170.7 mp. 98%). ' ~ m r  r CDCI;. 6) :  7.7 1-7.07 ( IOH. m. Ar). 4.7 1 (2H. s. OCH2h-1. 1.12 

I ( 2 H .  s. CHI) .  4 24 (IF-1. q. C02CH2CHl).  1 29 (3H. t .  C 0 2 C H I C H ~ )  IR ( f ~ l m .  cnl r 
,/' 

1746 (C=O. 1;). I626 $lass spectrum t CI. m/z) 3 14 (hI+ 1 ) 

Synthesis of 33 

\lethod A A solut~on of 32 i 38 2 rng. 0 I? mmole) and a n ~ w l c  (0 053 mL. 0 -lC> mmole) 

[BDH] In dlchloromethant: t l mL) uah added d r o p u ~ w  at 0 C to cl wlution ot 

aluminium trichloride (48.8 mg, 0.37 mmole) [Anachemia] in nitromethane ( I mL).  The * 
I 

resultant pink solution was stirred at 0 "C for 90 min, and then at room temperature for 10 



min. The reaction mixture was diluted with ethyl acetate (30 mL) and washed 

successivelv with .N hydrochloric acid ( 10 p L )  and 4 '-Z sodium bicarbonate (40 mL). The 

bright orange oil which was purified by plc (30% EtOAc-hexane). The product weighed 

1 & z L ~ ~ ~ ~ ~  
0 

33 

b 

13.5 mg (35%) and was identical to the product obtained from method B 
,- 

# 

Method B .  Benzoyl chloride (0.016 mL. 0.019 g, 0.14 mmole) [Fluica] ~bits added 8 

organic layer was dried over anhydrous magnesium sulfate and concentrated to give a 

mmole) and tr~ethylamine (0.0 19 mL. 0.0 I3 g. 0.013 mmole) in dichloromethane (0.5 
a 

mL). The suspension was stirred for 1 h and the solvent was then remowd. The residue 
1 

was redissolved in ether ( I0 mL). filtered and the filtrate concentrated. The oil was 

hubjected to plc i60"1 ethyl dcet.lte-hcxaner) to glve 14 8 mg (41 O )  of the product. ' ~ m r  
t 

I (CDCII. 6 ) :  7.72 t5H. m. Xr). 4.47 (3H. 5 ) .  4.35 (2H. q ) .  1.30 (3H. t ) .  IR (film. cm ) 

1733 (C=O. 3). 1626. >lass spectrum (CI. rn/z). 723 (M+ I ) .  

4 
Vinylacetamido 3-Hydroxyglycine Ethyl Ester 

To a stirred solution of N-hydroxyglycine ethyl ester ( 117 mg. 0.98 mmole) in 

dichlor'omethane ( 2  mL) uas added ~inylacetic acid (0.088 ml. 0.089 g. 1.03 mmoles) in 

one portion. The solution uas cooled to 0 • ‹C  and a solution of dicyclohexylcarhodiimidt. 

( 2  13 mg. 1.03 mmoles [BDH] in dichloromethane ( 2  mL) WAS added dropwise during 10 



min. Stirring was continued for I 1  h while the mixture warmed to room temperature. The 

mixture was then concentrated under reduced pressure and the residue was extracted kith 
W '  

ether ( 2  x I0 mL).  The combined organic extracts were dried, concentrated, ilnd the crude 

product was purified by tlash chrornabgraphy (30 g silica gel and 40% ethyl acetate- 

hr rans)  to pl\e a pale j e l l o ~  o ~ l  194 mg, 51%) l ~ m r  (CDCI?. 61 5 98-5 91 ( I H .  m. 

e 
(3H. t ) .  IR (film, crn-4 1 :  33 18 (0 -H.  br), 3083 (C=C. w ) ,  1742 iC=O, s).  1626 (WCIO),  ' 

s , .  Mass spectrum (EI. rn/z): 187 (M+). 

Bromination of 34 

A wlution of brom1ne70.041 mL. 0.128 g, '0.80 mmole) [Fisher] In chlorolorm ( I mL) 

iLnr added d r o p a ~ \ e .  under nitrogen. at room iemperature to a r e d  \?ulution of 
/ 

vinylscetmido N-hydroxyglycine ethyl ester (0.125 g. 0.66 mmole) in chl&form (0.6 

mL). Stirring was cont~nued for 2 h and the solvent was then removed to give a deep . 

orange oil ( O I 4 S p .  0 0 ~ .  l ~ m r ( C D C I j . 6 ) :  7 , 8 7 1 l H . O - H .  b r ) , ) . S 5 ( I H .  m ) . 4 . 5 0  

i2H. 3 ) .  4.33 (?H.  q ) .  3 8 6  12H. ddi. $38 (2H. ddj. 1 3 0  (ZH. t i  IR (film. cm-I i :  ??I I 

( 0 - H .  br) .  1745 iC=O). 1650 (N-CiO)) .  %lass spectrum (EI. m/z): 345 : 347 : ,349 

( l : 2 :  1 ). The oil u.& di-ssolved in dichloromethane ( 2  mL). and saturated sodium 

bicarbonate ( 3  mL) was added. The mixture was stirred for 2 h, washed with saturated 



sodium chloride (5  mL), dried, and concentrated. The crude product was purified by plc 

i 

(60% ethyl acetate-hsxane) to give a colourless oil 36 (0.077p. 5 0 % )  l ~ m r  ICDCII. 81: 

4.80-4.75 ( IH.  m),  4.29 ( I H ,  d. CHH, 17 Hz). 4.28 ( I H ,  d, CHH, 17Hz). 3.58 ( I H .  dd, 

10.78. 5.52 Hz), 3.53 ( I H ,  dd. 10.78, 6.76 Hz), 3.02 ( I H ,  dd. 16.8, 8.24 Hz). 2.83 ( I H .  

dd. 16.8, 7.04 Hz), 4.23 (2H, q, C02CH2CH3 ), 1.29 (3H, t, C02CH,CH3). IR (film, 

cm-1): 1750. 17 18 (C=O). >lass spectrum (EL m/z);(relative intens~ty 267 ( 12.1 ). 265 
'I, . 

(12.6) .  193 (78.4). 192 (68.3). 149 (58.2.). 147 (57.31, 95 (7.4). 93 (8.71, 85 i 17.8). " Anal. 

Calcd. for C g H 1 ~ N 0 4 B r :  C, 36.1 I: H. 455 :  N ,  5.26. Found: C. 35.75: H. 4.58: N.  

Iodocyclization of 34 

Iodine (0.41 g. 1.60 mmole4) and sodium bicarbonate (0.27 g:3.21 mmnlrs) were added 
U 

to a solution of 34 (0.20 g, 1.07 mmoles) in act2tonitrile ( 5  rnL). The solution was stirred 



2' 
4- .-l 

saturated sodlum thiosulfate (30 mL), water (30 mL) and saturated s9dium chlorlde (30 
I 

mL), dried over anhydrous magnesium sulfate-tand evaporated under reduced pressure. 
. 

The product was purified by flash chromatography (60% ethyl acetate-hexanes) to glve an 
L 

oil 93 mg (28%). l ~ m r  (CDC13. 6 ) :  4.70-4.63 ,( IH. m). 4.26 ( IH. d. CHH. 17.9 Hz). 

4.24 ( I H .  d. CHH. 17.9 Hz). 4.22 (2H. q) .  3.39 ( IH.  dd. 10.40. 5.5 Hz). 3.35 ( IH.  dd. 

10.40. 7 . 4  Hz), 3.0 ( I H ,  dd, 16.8. 8.0 Hz), 2.76 ( IH.  d b 1 6 . 8 ,  .a- 7.24 Hz ). 1.28 (3H, t ) .  IR 

(film. cm-I) :  17.50, 17 18 (C=O). 

Oxidation of 39b 
+ .  

*J' 'I 

m-Chloroperbenzo~c acid (45 mg of 85q, 0 22 mmoles) was added to a wlutlon of 39b 

(46 mg. 0.15 mmole) in dichloromethme (2 mLi. The purple solution was stirred for 5 h. 

then diluted with dlchloromethane (10 mL), washed with saturated sodium thiosulfate ( 10 

mL) and dried over anhydrous magnesium sulfate. The residue was purified by plc (80% 

ethyl acetate-hexme\) to give 8 mg of product (75%). l ~ m r  (CDCI3. 61: 4 69-4 63 ( I H .  

17.80. 7.40 Hz), 3 67 ( I H ,  dd. 12 80. 4.0 Hz). 2.96 ( I'H. dd. 16.60. 8.70 H L ) .  2.90 ( I H .  

dd. 16.60, 6.70 Hz ). 1 30 (3H. t ) .  IR (CHCI?. cm-1): 1747. 1703 (C=O).  Mass 

fd 
spectrum (CI, d z ) :  204 ( M + l ) .  (El ,  d z ) :  203 (M ) 

P 



Vinylacetamido N-Benzyloxyglycine Ethyl Ester 

Method A .  Dicyclohexylcarbodiimide (0.197 g, 0.96 mmole) [BDH] was added in one 

portion to a cooled ( 0  "C) solution of vinylacetic acid (0.08 mL, 0.08 I g. 0.96 mmole) 

and N-benzyloxyglyc~ne ethql ester (0.200 g, 0.96 mmole) In d~chloroniethane ( 5  mL) 

The mixture was stirred fq5 30 min at 0 "C, wnd then for 3.5 h at room temperature. and 

-. filtered. The filtrate was concentrated to give a deep orange oil which was purified by 

Method B. A mixture of vinylacetam~clo' N-hydroxyglycine ethyl ester. (27.6 mg. 0.15 

mmole) and 1,8-diazabicyclo[5..3.0]undec-7-ene (0.022 mL. 0.022 g. 0.15 rnmole) in 

dichloromethane ( 1  mL) was stirred at 0 "C for 5 min and benzyl bromide (0.018 mL, 

0 026 g. 0 15 mrnole) [S~gmcl] ucls added In one portlon The cvol~ng bath u,ls remokrd 
4 .  

f 

and htirring of the golden yellow solution was continued for 2.5 h. The reaction mixture 

was then diluted with dichloromethane (30 mL), washed successively with water (20  

mL). 0.5 hI hdr~T-At-or~c a c ~ d .  saturated sod~um bicarbonat; (10  mL) and uturated & 
sod~um chlor~de ( 10 mL), d r~ed  oker anhydrouj magnejlum sulfate, and concentrated. 

The product u a s  purified by plc (30% ethyl acetate-hexane) to give an orange 011.  1 1 . 1  

5.10 (2H. dd, CH=CH2). 4.90 ( 2 H ,  s, 0CH2Ph),  4.29 ( 2 H ,  s, NCH2C02Et),  4.20 (2H. q,  



I 0CH2CH31. 3.24 (2H. dd. CH2CH=CH2). 1.27 (3H. t ,  OCHZCH?). 1R (CDCII. cm' 1: 

3086 (C=C. w ). 1748 (C=O. s). 1670 (NC(O),  s). Mass spectrum (CI. d z ) :  278 (%I+ 1 1. 
P 

Anal. Calcd. for Cl5HI9NO4: C. 64.98: H. 6.86. Found: C. 61.99: H .  7.00. 
L 

- Epoxidation of Yinylacetamido IS-Benzyloxyglycine Ethyl Ester 

m-Chloroperbenzoic acid (315 mg of 85%. 1.56 mmo1t.s) [Sigma] was added In one 

4 
i 

OBn 
I 

portion to a cooled ( 0  ' C )  dichloromethane ( 5  mL) solution of ~~in>.Iacetanlido X- 

benzyloxyglycine ethyl ester ( 174.4 mg, 0.63 mole). The cltx~d> reaction mluture WLLS 

stirred for 23 h and allo\r.ed to u .am to room tempcraturs. Then drchloromethm r20 

mL) u a \  added m d  the mixture u ~ s  ua\hed u ~ t h  sdturatt.d \odium blcdrbondtt. 120 rriL) 

The orgmlc Idcer u~ separdted. drlad oLer mh>drou\ mclgne\lum \ul td t t .  drid 

concentrated und>r reduced pre\\ure The crude product u as purl t led b t l a h  

I chromdograph) ( 4 0 5  eth! I acetate-heuane) to glLe 137 mg I 74'; ) ot .i >e l io~+  o ~ l  Hmr 

i 

tCI. mlz): 294 t\i+l i. Anal. Calcd. for CI5HIUNO5: C. 61.43: H .  6.48. Found: C. 



i'in~lacetamido S-t-Butox~carbonyloxyglycine Ethyl Ester 



Epoxidation of Vinylacetamido N-t-Butoxycarbonyloxvglvcine Ethyl Ester 

m-Chloroperbenzoic acid ( 133 mg. 0.66 mmole) [Sigma] was added in one portion to a 

'-2 
cooled t O  'Ci dichlor$ethnne ( I  mLi solution of vinylacetamido N-t- 

\ \ a \  s t~rred tor 24 h m d  aiioiied to u x m  to room temperature Then d~chloronlethane ( 2 0  

r n L ~  ua.4 added and the mixture \\.us ivashed with saturated sodlurn b~carbonate (20 mL).  

The organic 1a)r.r u a s  ~eparated. dried over anhydrous magnesium sulfate and 

concentrated under reduced prehsure. The crude product uus  purified by flush 
-1 

I chromatopritphj. OC; sth)! acetate-hesanei to _ ~ i \ , e  63 mg ( 6 3 W  of a jellow. O I I .  Hrnr 

I ~ H .  y. C0CH;CH;). 3 3 1 i 1H. mr. 7 86-2 83 (2H. m), 2.57-2.49 ( 2 H .  m ) .  1.53 (OH. s, 

~ r n ~ d e ,  4 i .  Anal. Calcd. for CIIH21SO:: C. 51.49; H.  6.93: S .  4.62.  Found: C. 51.43: 

H .  ' 13. 5 .  1 S.7 

Acetoacetamido S-Benz:, lo\:,gl:,cine E:th,I Ester (79 ,  

.ii ~nlut ion o t  S- t . lsnz>lo\>gl~cine cth!l ester ( 0  159 g. 0.76 mmole) and 2.2.6-tr~methjl- 

4H- l . .~ -d1~>\1n- J -one  ( 0  i mL. 0 76 rnmole) In toluene (0 76 mL,  u a s  ~mmersed In ~i 



preheated ( 110 'C) 011 bath and the solution was stirred vi~orously for 4 h and monitored 

bv tlc. The reaction mixture was then concentrated under reduced pressure and further 

7.10 (5H. s, 0CH2Ph).  4.88 (2H. s. 0CH2Ph). 4.32 (2H, s.  (0)CC'H2C(O)). 4.22 (2H. q.  

0CH:CH;). 3.55 (2H. s,  SCHICOZEt). 2.25 (3H. S. CHIC(0)r .  1.29 (3H. t .  OCH-CH:). 

IR i CDCI 1 .  cm-'  1: 1719 i C=O . c r .  1670 ( SCc 0 ) ) .  1Iass spectrum (CI. ndz): 704 ( \ I +  I 1. 

Anal. Calcd. for Cl5Hi9SO5: C. 61.43: H. 6.48: N. 4.78; Found: C. 62.2 1 : H. 6.74; S .  

5.14. 

Hydrogenolysis of Acetoacetamido 5-Benzyloxyglycine Ethyl Ester 

Palladium on carbon I lo?) (97 mg) was added to a solution of act.touct.tanlidu N -  

\u>pt.n>ion L + L ~ >  iitted u ~ t h  balloon. flushed thrice with hydrogen and then htirred under 

h>drogen for I h at room temperature, After filtration through Celite and 9nd e~,aporation 



of the filtrate. the oil was punfied by chromatography through a short column of silica gel 

using 60% ethyl acetate- hexanes. The colourless oil isolated weighed 65.2 mg (91%) and 

%,at; identified as an 83: 17 mixture of 82a and 82b. ' ~ m r  (CDCI?. 6): 82a: 4.5  I ( IH,  d. 

18.2 Hz).  4.24 (2H.  q ) .  4.12 ( I H ,  d. 18.2 Hz).  3.03 ( I H .  d. 16.8 Hz),  2.75 ( I H .  d. 16.8 

Hz),  1.60 i3H, s ) .  1 2 9  (3H. s), 82b: 4.54 (ZH, s) .  4 .23 (2H. q ) .  3.75 i2H. s) .  2.29 (3H. s). 

1.29 (3H,  s ) .  IR (film. cnl-I):  3390, 1746. 1687. Mass spectrum (CI, rn/z): 203 ( M + I ) .  

Anal. Calcd. for CsHl3h'O5: C. 17.29: H. 6.70: N. 6.20: Found: C. i7 .57:  H. 6.40; N,  

6.90. 

F'inylacetamido 3-Hydrouyglycine hfethyl Ester 

Vin!.lacetic acid (0.834 mL. 0.845 g. 9.52 mmoles) was added in one portion to a stirred 

wlution of X-hydroxyglqcine methyl ester ( 1.0 g, 9.52 mmo:es)'in dichloroniethane 

160 mL).  The resulting solution was cooled to -5 "C and a solution of DCC ( 1.97 g. 9.52 

rnmoles) [BDH] In ciichlorornrthane ( 2 0  mL)  was added dropwise. ui th  stirring. during 

! O  mln. Srrrring ua5 c ~ ~ r i t ~ n u e d  for -3 h uhile the reaction was ;~IIowed to narm to room 

ti 'mpxiture.  The \oI\.ent \i,i.s then r e m o ~ e d  under reduced preshure anit the product wah 



tC=O. s ) .  1630 (C=O. aniide. s) .  %lass spectrum (CI, d z ) :  174 ( M +  I ). Anal. Calcd. 

for C 7 H I I N 0 4 :  C. 48.55: H. 6.36; 3, 8.09. Found: C, 48.94: H, 6.55; N. 7.80. 

Synthesis of 81 (80)  

Diketene (0.13 mL. 0.12 g. 1.67 mmoles) was added to a solution of N-hydroxyglycine 

benzyl ester (0.303 g. 1.67 mmoles) in chloroform ( 3  mL). The solution was stirred for 3 

h at room temperature. concentrated under reduced preesure and purified by plc (60''; 

I Et0.k-hexanes) .  The yellow solid weighed 0.16 g (36%).  Hmr (CDCI;. 6 ) :  7.37-7.32 

(5H. rn. Ar). 5.18 (2H. s, CH2Ph), 4.53 ( I H ;  d, 18.1 Hz), 4.19 ( I H .  d, 18.1 Hz). 3 ( I H ,  d. 

16.8 Hz). 2.76 ( I H ,  d. 16.8 Hz). 1.60 (3H. s. CH3). Mass spectrum (CI. ~ rdz ) :  266 

I ) ,  The solid ( 150 nig. 0.57 mmole) ikas dissolved in ethanol and palladium on 

c.arh~)n ( 150 nig. 1 0 5  i ~ $ 2 3  ~1ddt.d. Tht. huipensiun u a s  fitted u , ~ t h  a balloon. flushed 

thrice 1% ~ t h  h>drosen and then stirred under-hydrogen for I h at room temperature. filtered 

through Celits and ei.aporated. The oil was redissolved in water ( 10 mL). filtered and the 

filtrate ~,rl. \  I>ophil~zed to s l \ e  a b r o w  \olid 80 mg (81%). identified as an 83: 17 mixture 

o i 8 l a  and 8lb .  ' ~ m r  rD:O. 6): 81a: 4.39 ( IH. d. 17.7 Hz). 4.20 ( I H ,  d. 17.7 Hz), 3.17 



'B 

Coupling of N-Hydroxyglycine Benzyl Ester and Vinylacetic acid 

Dicyclohexylcarbodiimidr ( 1.38 g,  6.68 mmoles) [BDH] w ~ s  added to a cooled solution 
9 

of N-hvdroxyglycine henzyl ester ( 1.15 g, 6.36 mmoles) and vinylacetic acid (0.57 mL. 

0 5 h at 0 -C and then tor 3 5 h at room temperature, f~ltered and concentrated Thc 
-L 

result~ng oil uas purified b) tla\h chrom~togrdph! (60% ethql acetate-hexme) to ~ I L C  

912 mg 0 8 5 )  of the product. 1 ~ m r  (CDCI?. 6 ) :  7.38-7.33 i5H.  m. Ar) .  6.02-5.89 i IH. 

IR ( t'llm. cm ' I .  32(M t OH. s ) .  1719 t C=O. \ I ,  1633 tC=O. arn~de. 5 ) .  ,\.lass spectrum 

(CI. : 0 I . Anal. Calcd. for C13HIN04: C.  67.65; H. 6.02: N. 5.62. 

Found: C. 62.88: H .  6.112; S.6.00. 

Iodine ( I .23 g. 4.83 mmoles) and sodium bicarbonate (0.41 g. 5.83 mmoles) were added 

to ;f solution of38 (0.40 g ,  1.61 mrnolch) In acetonitrile ( I0 mL . The holution was stirred 



1 

for 3 11 at 0 "C and then diluted with ether (20 rnL) and washed successively with 

saturated sodium thiosulfate (20  mL) and saturated sodium chloride ( 2 0  mL). dried over 

anhydrous magnesium sulfate and evaporated under reduced pressure. The product was 

purified by flash chromatography (608 ethyl acetate-henanes) to give an oil 0.345 g 

(57%) .  l ~ m r  (CDC13. 6 ) :  7.38-7.33 (5H. m. Ar). 5.21 ( I H .  d. CHHPh. 12.08 Hz),  5.19 

( I H .  d. CHHPh. 12.08 H r ) .  4.61-4.58 ( I H ,  m), 4.33 ( I H .  d. C H I .  17.8 Hz),  1 .30  ( I H ,  d. 

CHH, 17.8 Hz). 3.33 ( I H ,  dd, 10.36, 5.52 Hz),  3.28 ( I H ,  dd. 10.36. 7.56 Hz) ,  2.98 ( I H ,  

dd. 16.80. 8.0-1 Hz). 2.73 ( I H ,  dd. 16.80. 7 .21  Hz ) .  IR (film. cm- I ) :  1750. 1718 ( C = 0 ) .  . 

>lass spectrum (EI.  d z ) :  375 (34'). 

Oxidation of 39 ( 6  1 I 

m-Chloroperbenzoic acid ( 6 8 3 ) .  (35  1 mg, 1.38 rnrnoles) was addcd to u solution of 39 

(345  mg. 0.92 mmole) in dichloromethane ( 6  mL). The purple solution ivas stirred for 24 

h. then d~luted tiith ether ( 5 0  m L ) .  bashed with saturated hodium thiosulfutc ( I0 m L )  and 

dried o t e r  mhldrous m q w s i u m  wlfclte The re\idue uds  purlfled by plc ( 8 0 5  ethyl 

ncetate-hexanes) to git,e 66 mp of product (27%).  l ~ m r  (CDC13. 6): 7.38-7.33 t5H. m. 
* 

A r ) .  5.21 ( I H ,  d. C W h .  12.08 Hz) ,  5.19 ( I H .  d, CHHPh, 12.08 Hz),  4.66-1.60 ( 1  H. 

m). 4.57 ( I H ,  d ,  CHH, IS Hz).  4.13 ( I H .  d. CHH, 18 Hz).  3.87 ( I H .  dd. 12.80. 2.48 Hz) .  

3.66 ( IH. dd. 12.80. 4.24 Hz,. 2.92 ( I H ,  dd. 16.7. 8.56 Hz).  2.87 ( I H ,  dd. 16.7. 6.68 Hz I .  

1R (CHC13, cm' ) :  1750. 17 I8 iC=O).  >lass spectrum (CI, d z ) :  266 (M+1)  



Synthesis of 40 

Palladium ( 10% on carbon ) (250 mg) was added to a solution nf the benzyl ester ( 190.5 

rnc. k 0.72 rnmole) i n  ethanol (10 rnL). The resulting suspension was fitted with a balloon. 

.en for 1 h dt room temperature ilu,hed t%,ce u ~ t h  h\drogen and then \tined under hydro, 

.After filtration through Celitt. and and evaporation of the filtrate. the o ~ l  was r r d i s s o l ~ e d ~  

in water ( 10 mL). filtered and the filtrate was lyophilized to give a pale green viscous oil 

i I20 rng ( 9 5 % )  ' ~ m r  (D.0. 61: 4.74 (1H.m). 4.36 i l H .  d. 18.2 Hz). 4.34 ( IH. d. 18.7 

Hz). 3.78 ( I H .  dd. 17.9. 3.2 Hz). 3.74 ( I H ,  dd. 13.9. 5.64 Hz). 3.07. i IH. cid. 17.04, 5.76 
I 

H z ) .  2.79 ( 1H. dd. 17.04. 7.68 Hz). Mass spectrum iCI. d 7 ) :  176 (M+i ) 

Vinylacetamido N-Hydroxyglycine t-Butyl Ester 

Dicycloheylcarhodiirnidc. (0 .79  g, 3.83 rnmoles) [BDH] was added to a ~ o o l e d  solution 
< 

of 28 (0.563 g. 3.83 mmules) and vinylacetic (0.33 rnL, 0.33 g. 3.83 mrnolq)  in 

dichloromethme 140 mLi The cloud\ mlrture Has jtirred for 0.5 h at 0 'C m d  then for 



3.5 h at room temperature. filtered and concentrated. The resulting oil was purified by 

tlash chromatography 160"~ ethyl acetate-hexane) to g v e  425 mg ( 5 2 C + )  of the product. 

l ~ m r  (CDC13. 6 ) :  690-5.92 ( 1 H. m). 5.22-5 17 (ZH. m). 4.40 (ZH. $1. 3.34 (2H. d) ,  I .49 

(9H. s ) .  IR (film. cm ' ) :  3200 (OH),  1749 (C=O), 1633 tC=O, amide). Mass spectpm 

Synthesis of 42 (64)  

Succinic anh?dride ( 10 mg. I mmole, was suspended In d~chloromethane ( 0  5 mL) and a 

solutlon of N-hccirou)slqcine ben.z]il ester ( 18 1 mg. 1 mmole) In dichlorometh~ne 

uus added with stirring. Stirring was continued for 
0 

The 

then f~ltered and the uhltc. wild u a \  dried at 1 ton to g l ~ e  I83 ms  ( 6 5 ' 7 )  of the product 

i _ Hmr ( t  C D l ) 2 C 0 .  81 7 4 I-? 33 (5H. m. Ar,, 5 17 (3H. j. CH2Ph).  4 4  l c 2H. s ) .  2 87-7 5 5  
t 

( 4H rn. i CH- );) The h cfrou) \uccinam~c d c ~ d  ( 175 6 mg. 0 63 mmoltt ) u a\ su\pended In 

Jichlororncthane (0.65 mL) under nitrogen at 0 "C and dlcycloheuylcarbodiimidl. (128 

\ 

mg. 0 62 mmole~ u ~ h  d d e d  In one ponlon Stlrrlng was continued for 4 h at 0 dC The 
I 

m i ~ t u r e  u ~ ~ h  then filtered through Cel~te and the filtrate concentrated under rcduced 

I05 rng i6-151 ot the product an oil ' ~ m r  ICDCII. 61: 7 41-7 3 3  i5H. m. h r ) .  5 21 



(ZH. s. CH2Ph). 4.19 (2H.  s). 2.91-2.87 i2H. m) .  2.77-2.74 (2H. m). Mass spectrum (CI. 

m/z): 264 (M+ I ) .  

4 

5-Xcetoxy-Tetrahydro- 1.2-Oxazin-3.6-dione i 64) 
I 

J 

N-Hydronyglycine benzyl e\ter ( 3 6 2  me.  2 mmoles) in d ~ c h l o r o k t h a n e  i I mL) u a s  

added n i t h  stirring to a solution of acetoxysuccinic anhydride (4 .  I I mg, 2.6 mmoles) in 

fllts;ed and thc u h ~ t c  4011d SLFI collected and d r ~ e d  at 1 torr to g ~ ~ t :  5 18 7 mg (80C4 ) o f  

the product. ' ~ m r  I ICD-  ):CO. 61 7 41-7 33 ( i H .  m. Ar ) .  i X i  i I H. dd.' 1 6 8 ,  2 76 H r ) .  

7.72 Hz I .  7 .59 ( 1 H. dd. 17.1 H z ) .  1Iass spectrum (CI. d z ) :  340 (h.I+I ) .  The  above 

product 1500 mg. 1 5 5  mmcle\ i  u a r  \u\pended under nltrogcn in d ~ c h l o r o m e t h m e  i I 5 

mL). the ,u\penslon ujh cooled 0 ' C  and dicycloheuqlc~rbod~~m~Jr ( 3 1 4  mg, 1 55  

LL L\ then t~ l t e red  rhrough Ccl~tr :  and the i ~ l t r ~ t e  concrntrdted under reduwci pre\\ure Thc 

1 thc product L\ dn 011 Hmr i CDCI;. 61  i -I 1-7 3 1  i5H. m. h i .  5 6 I I H:~*s,. I 1 2 . 



Hz). 5 20 (2H. s, CH,Ph). 4.58 ( IH .  d. 18.1 Hz). 3.19 ( IH .  d. 18.1 Hz) .  3.22 ( I H ,  dd. 

16.7, 11.2 Hz). 3.34 ( I H .  dd. 16.7, 5.28 Hz). Mass spectrum (CI. rn/z): 322 ( M + l ) .  

Synthesis of 44 

Maleic anhydride (98 mg. 1 mmole) was suspended in dichloromethane (0.5 mL) and a 

solution of N-hydroxyglycine benzyl ester (181 mg, 1 mmole) in  dichloromethane (0.5 

rnL) was added with stirring. Stirring was continued for 16 h. The 3uspension was then 

filtered and the uhite soliditas dried I ton to give I78 mg (64%).  ' ~ m r  t CDCI:. 6 ) :  

7.41-7.32 (5H. m. Ar),  7.1 l ( I H .  d, 12.9 Hz), 6.35 ( I H ,  d. 12.9 Hz), 5.22 (2H, s. CH2Ph). 

4.59 17H. s ) .  The solid ( 17 1 m i .  0.6 1 mmole) was suspended under nitrogen i n  

dichloromethane ( 1 mL).  the suspension was cooled 0 "C. and dicyclohexylcarboliimidt: 

i 126.5 mg. 0.61 mmole) was added in one portion. Stirring has  continued at 0 'C for 4 h .  

The \lurrq h d b  then filtered through Cel~te dnd the filtrate concentrated under reduccd 
' 4  

$ 

pressure to afford an 0114 residue. Purification by plc c40q ethyl acetate-hexanes) gave 
, 

154 rng ( 9 6 3 )  of the product A a ~ e l l o u  hotid. ' ~ m r  (CDCI;. 6 ) .  7 30-7 .32  (5H. m. Ar). 
P: 

701  ( IH. d. I0 1 Hz).  6 78 ( IH. d. I0 2 Hz) .  5.20 11H. 5 .  CH.Ph). -I 66 i2H. \ I ,  Mass 
-* 

spectrum (CI. nu'zr. 261 ( \ I t 1  1. 
'> 



Reaction of 34 with NBS in Methanol 
.-. 

A solution of the alkene 34 ( I00  rng. 0.53 rnmole) in dry methanol ( 5  mL) w ~ s  cooled in . 
an ~ce-water bath. and N-bromosuccin~mide (95 mg, 0.53 mmole) [BDH] wah added In 

i 

one portion. Stirring u a s  continued at 0 "C for 15 min and then at room temperature fot 
!, 
K 

45 min. The reaction mixture was concentrated, and the residue was iubjected to flash 

chromatography (60% ethyl acetate -hexarm).  Two products were separated. These were 

dissolved in dichlGomethane ( 3  mL). washed with saturated sodium bicarbonate ( 2  mLi. 

dried over anhydraus sodium sulfate and~oncentrated to give 36 ( 9 . 6 m g )  and a mixture 
I 

of 45 and 46 (25 h g i .  ' ~ m r  (CDCII, 6 ) :  46: -1.5 1 ( IH, d, 17.8 HI. CHH). 4.23 ( l H. d. 
I 

1.7.8 HZ. CHH~. 6.33 ( I H .  dd. 1 1  9. 6.0 Hz. CHH). -1.23 i?H. q. O C H ~ C H J I ,  4.07 ( I H .  

dd. 11.9. 3.6 Hz, CHH). 4.02-3.98 ( IH .  m. CHI. 2.80 ( IH .  dd. 16.0 Hz, 5.8 Hz. cHH), 
I 

5 

7 68 ( I H ,  dd, 16% Hz, 4.7 Hz, CHH), 1.30 (3H. t ,  0CH2CHI) .  45 4.75-4.73 ( IH ,  m, -. 

3.62 ( I H .  dd. 10.9. 6.2 Hz. CHH). 3.54 (H. dd. 10.9. 3.6 Hz, CHH). 2.81 i IH. dd. 16.6. 

8.2 Hz. CHH). 2.75 IH. dd. 16.6. 8.8 Hz. CHH). 1.30 (3H. r .  OCHKH;) .  IR (fi lm. cm 

'a 

2k ' ) :  1793, 175 1. l7OO. >lass spectrum (EI.  d z ) :  7 (M ). 144. 1 12. 99. 85. t CI, mlz):  

218 (hI+l) .  GC-51s (CI. d z ) :  218 (51+l) ,  99.' 218 (hl+l- 



Reaction of 38 with NBS in Methanol 

A solution of 38 (120.3 mg. 0.44 mmole) in methanol ( 3  mL) was cooled in an ice-water . 

bath and N-bromosuccinimide (164 mg. 0.92 mmole) [BDH] was added in one portion. 

-. Stirring was continued at 0 "C for I5 min then at room temperature for 3 h. The solvent 

was removed and the residue was redissolved in dichloromethane (20 mL), and washed 
llrp3 

successivelv with water ( 10 mL) and saturated sodium bicarbonate (30  mL), dried over 

anhydrous sodlum sulfate and concentrated. Purtfication by plc (60% ethyl acetate- 

79 hexane) afforded the product. Mass S p e c h m :  Calcd. for C14Hll ,  BrNOi c XI+ 1 1: 

360.0403. Found (HR-CIMS): 360.0435. Calcd. for C ~ ~ H ~ Q " B ~ N O ~  ( M + I ) :  362.0378. 

Found (HR-CILMS 1: 362.04 14. 

Reaction of 48 with NBS in Methanol 

'4 solution of 38 (601 mg. 3.47 mmoles) i n  methanol ( 10 mL) was cooled in an ice-water 
4 

bath and N-bromosuccin~mide (618 mg, 3.47 mmoles) [BDH] wah added In one portion. 



Stirring was continued at 0 "C for 15 min then at room temperature for 2.25  h. The 

solvent was removed and the residue was redissolved in dichloromethane (50 mL).  and 

washed successively with water I 20 mL) and saturated sodium bicarbonate ( 3 0  mL). dried 

over anhydrous sodium sulfate and concentrated. Column chromatograph i60C; ethcl 

acetate-hexane) aifordsd the products 36 ( 155 mg,, and ;t mixture of 45b and 46b ( 282 

mg).  ' ~ m r  (CDCI:. 61: 36: 1.75 i l H .  m) .  1.29 (IH.  d. 17.0 Hz,. -1.28 ( IH .  11. 17.0 Hz). 

3.58 t lH. dd. 10.8. 5 .5  Hz,. 3.53 ( IH ,  dd. 10.8. 6 7 Hz). 3.01 ( IH .  dd .  16.8. 8.2 Hz). 2.83 

i IH. dd, 16.8. 7.0 Hz): 16b: 4 . i l  r IH. d. 17.8 Hz. CHH). -1.23 (1H. d. 17.5 HI. CHH) :  

1.33 ( IH. dd. 11.9 HL. 6 HL.  CHH,. 4.07 c IH. dd. 11.9 Hz. 3.6 Hr, C H H I .  4.02-3 9 8  t 1 H. 

m. CHI .  2.80 (1H. dd. 16 Hz. 5 .8  Hz. CHH). 2.68 ( IH ,  dd. 16 Hz. 4.7 HL.  'cHH), 3.JO 

17.8 Hz.  CHH). 362 ( IH .  dd. 10.9 Hz. 6.2 Hz. CHH). 354  I H .  dd. 109 HL. 3 6  HI .  

CHH). 2 81 (1H.  dd. I 6 6  Hr. S 2 Hz. CHH). 2 75 ( IH .  dd. 166 H1. 8 S HI. CHHI. 3 32 

(3H. s. COICH,l IR  [CDCI:. c'm I 1755 iC=Ol, 1694 iC=O. clmldct I \fa\\ \pectrum 

tGC->IS. rnlz) 203.  14. 99. 71. 45. 20-3. 171. 144. 112. 102. h5. 75. 5 s .  45 Anal. 

Caicd. for C8Hl~SO2: C. 4- 29. H. 6 40. 5 . 6  90 Found C .  47 0-4. H. 6 ii. \ i 2.3 

4 
Reaction of 49.with NBS in 3Iethanol 

Stlrrlne ud., sont~nued dt O C t o r  1i min then dt room temperature tor 1 h The solicnt 



anh>droub \od~um 4uliate and concentrated. Purification by plc ( 6 W  ethyl acetatc- 

hesane 1 afforded the products. .A: &lass Spectrum: Calcd. for C:H12S05 (>I-C4Hx) 

-9 
190.0682. Found I HR-CnIS 1 :  190.07 10. B: Calcd. for C I  , H 2 ]  BrNOi  (M+l , ) :  

326.0558. Found t HR-CL\IS\: 326.0592. Calcd. for c I I H ~ I ~ ' B ~ Y o ~  ( M + I ) :  328.0523. 

Found ( HR-CIltlS, 318 0570 

JIeth? I \'in, lacetate 

.A bolutlon of \ I n >  l a~s t l c  acid ( 1 rnL. 1 01 3 g. 1 mrrole) 

\ L A  cooled In an ~ c e - u  ater bath m d  d~uornethane [prep 

in  d~chlorornethane ( 80 mL) 

ared b pah\lng nitrogen p s  o\er 



ethanol gave diphenylh>.drazone as white needles m.p. 98-100•‹C Activated manganese 

t IV) oxide ( 3  g of 85% purity. 0.03 mole) was added 'in portions to a cooled (0  "C) 

suspension of diphen>,lhydruone ( 1.61 g. 0.008 mole) and anhydrous magnesium sulfate .. ----" - 

(0.886 g. 0.006 mole) in d q  dichloromethane ( 17 mL). The purple reaction mixture was 

itirred at 0 'C for 2.5 h. at room temperature for 2 h ,  filtered and concentrated. The 

product was rec~)itaIlized from httxane to g i w  1.59 g ( 100C>) of diphenyldiuomethune. 

Benzhydryl Ester of \'inylacetic Acid 

.A \elution oi diphen) 1dlzzorne;hans (495 mp. 2 . 5  mmolcs in dichioronrrthane ( 5  mL) 

\+as added d rop i \ i~s  to a \olutlon ot \ in)  lacetlc acid 10.706 mL. 0.709 g. 2.17 rnrnolei) i n  

ci~chloromethane ( 5  mL 1 .  The reaction mixture was stirred at room tttmpcrature. The 

colour became . e l lou  lifter 10 mln. St~rring waa continued tor 70 min a ~ d  thc mlvcnt 

t 1 H .  dr. 6 %. 1 4 H r .  CHHI IR , t ~ l m .  i m  ' I 703 1 .  1739 \lass spectrum (CI. mlz) 



S harpless Hydroxylation of 56 (a-mix ) (67 ) 

A mlxture of t-butbl alcohol (20 mL) and Nrater (20 mL) were added to AD-m~u a (5.42 

g i  The \u\penjlon u ~ \  kt~rred A room temperature u n t ~ l  most ot the joltd had d ~ \ \ o l ~ e d .  

cooled In an Ice-\.+drer b ~ h .  m d  56 i 1 008 g. 4 mmoles) u a \  added In one portlon The 

mluture ud4 jt~rred at 0 -C for 12 h. \odium \ulf~te ( 1 5 g, 1 1  90 mrnole\) ua\ d d e d .  and 

the ~se-bath \.{as rerno~sd.  S t ~ r r i n ~  %,a?; continued for I h. The re..;ultin_c grey slurry wah 

estractcd u,ith eth>l acetate ( 3  .x 15 mL). and the extract was dried o w  anhydrous 

w d ~ u m  sulfate and e\  aporated. The cruds product was purified by flash chromatography 

, 6 0 5  ethbl acetate-heane) to gi1.e 708 mg (62%) of the product. ' ~ m r  (CDCI;. 6): 7.39 

( 10 H. b. CHPhIi. 6.90 1 IH. \. CHPI?:!. 4.15 ( I H .  m). -3.67 ( I H ,  dd. 11.2. 3.28 Hz.  CHH). 

X5'7 ( I H .  dd. 11.2. 6.12 Hz. CHH). '7.69 r IH.  dd. 16.6. 3.97 Hz. CHH).  2.63 ( l H .  dd. 

16.6. 8 .64  Hz. CHHi. IR  {film. cm ' ) :  3391 (OH. b). 3088 (C-H. aromatic). 1732 (C=O). 

Jlass spectrum ( E L  nv'zr: 209 (11-Ph) .  1131 (Ph.CH0I-I). 167 (CHPh.), 103 (M- 

OCHPh: I .  Rotation: [ a ] :  - 6 . 3 3  c 6 .  EtOH). 



(5.42 g ) .  The suspension was stirred at room temperature unt i l  most of the solid had 

dissolved. cooled in an ice-water bath and 56 ( 1.008 p. 4 mmoles) was added in one 

portion. The mi.xturi. ua., \tined at 0 ' C  for I2 h. o d i u m  sulfite ( 1.5 g. 11.90 mmolec) 

u A, added. and the ice-bath L~L, removed. St~rring was  continued for 1 h. The resulting 

trrek. s l u m  WLS extracted 151th ethj.1 acetate ( 3  x 15 mL). and the extract was dried over 
L - 

anh~drous  sodium sulfate and e~.aporated. The crude product u.as purified by tlash 

chromatography t60q ethjl xetate-hexane) to give 708 mg 167Cc) of the product. 

Rotation: [u]; ,  + 6.33' , c 1.26. EtOH ) .  

Con~ersion of 57 to the Acetonide ( 69) 

Iodine t 67 mg. 0 7s rnmoie I U L ~  .sdded to ~1 ~ l u t ~ o n  ot 57 1273 mz. 0 78 mrnole) i n  

,icetone I 3 mL1 The d.uL hroun mixture u~ \t~rred at room temperdture for 7 h. and 

105 d i u m  th~o,uli~rr: 15 mL) u ~ t ,  then added The rebultlng c o l o u r l e ~ ~  mixture uah 



extracted with chlorotorm ( 3  x 70 mL). The extract was washed with saturated sodium 

n;-.L, 

chloride ( 10 mL). dried oLtr anhydrous sodium sulfate and concentrated to give 203 mg 

(80%) of product after purification by flash chromatography (75% ethyl acetate-hexant.). 

1 Hmr (CDClr. 6): 7.39 i I0 H. s. CHPh:), 6.90 ( l H .  s. CHPh?). 4.50 ( I H .  m). 4.12 (1H. 

dd, 8.36. 5.96 Hz. CHHr. 3.61 ( IH, dd. 8.36. 6.4 Hz, CHM,  2.84 ( I H ,  dd. 15.8, 6.24 Hz, 

CHH 1 .  7.63 ( 1 H. dd.  15.8. 7.36 Hz. CHH). IR (film. cm- '  1: 3088. 307 1 .  1738 (C=O).  

\lass spectrum (CI. rnir I :  167 I CHPh?). I84 (HOCHPhI). Rotation: [a] ,  +3.25' ( c  

1.73. CHIICII). 

Conversion of 57b to the Acetonide ( 6 9 )  

Iodine 1 157 rng. 0.67 rnrnole I ua.4 added to a solution of the diol 57b (527 mg. 1.83 

rnmolc,) i n  Licetone ( 12 mL1. The dark brown mlxturt. u . 1 ~  st~rred at room ternperaturc for 

- h .  and 10'7 wci!urn rhiowii~te t 10 m t ) w a \  then 

rntxrurc. uah e l r rx ted  u ~ t h  chlorutorm ( 3  x 20 mL)  The extract uah ua4ht.d u ~ t h  

xa!uratd , c d ~ u r n  chlor~dr 120 mL). dried o ~ e r  mhjdrous \od~um sulfate and concentrated 

;,I C I L C  5 2  I mg I ' i S 1 c  itoi prduct  d ter  ~.ol,it~on b) t l ~ \ h  chromatopph)  ( 7 i C ;  ethyl 

. ~ ~ c t ~ i t c - h i . \ ~ i n e ~  ' ~ m r  CDCI. dl ' 33 I 10 H.  \. C H P I I ~ I .  6 90 ( IH. \ .  CHPh.1. 4 50 

i H. !I?\. 1 12 1 I H. Jd. h ?6. 5 36 H Z .  CHH 1. 61 t 1 H. dd. 3 -36. 6 1 HZ. CHH).  7 84 t 1 H. 



dd. 15.84. 6.24 Hz. CHH).  2.63 i IH, dd, 12.84. 7.36 Hz, C H H )  IR (film. cm-I): 3088, 

303 1 .  1738 (C=O).  Mass spectrum (CI. d z ) :  167 (CHPh2). 184 (HOCHPhz). 

Hydrogenolysis of 58 

, Palladium (550 mg. 10'5) was added to a solutlon of the benzhydn.1 ester 58 (564 mg. 

tlubhed thrice ~ i t h  h!drogcn and then stirred under hydrogen for 1 h at room temperature. 

f t c r  filtration throuph Celite and and ei,aporation of the filtrate. the oil \ras washed with 

cthcr and dried at 1 t on  to g11e"277 mp 195%) of product. l ~ m r  (CDCI;. 6 ) :  4.43 ( IH. 

ml. 4.12 ( 1H. dd. 8.44. 6 H Z ) .  -7.6L( IH. dd. 8.51.  6.16 HZ).  1.69 i IH. dd. 16.2. 6.88 Hz). 

2.54 ( IH. dci. 16.2. 5.52 Hz). 1.41 13H. s ) ,  1.36 (3H. 5 ) .  IR (film, cm") :  3460 (OH) .  1715 

C = O )  \lass spectrum (CI.  m/zi I61 ( \ I+ ]  ) Rotation: [a] ' ,  -3 95' i c  O 253. C H ~ C I : ~ ?  
c .> 

Coupling of 59 with 3-H,  dros? g l ~  cine 31ethyl Ester 

D~c!slohe\!lc~rbod~~n~~de 132 2 5  nlp. O l h  mmolc) [BDH] udh d d e d  do cl cooled ( 0  'C) 



solution of 59 (25 mg. 0.16 mmole) and N-hydroxyglycine methyl ester ( 16.4 mg, 0.16 

mmoler in dichloromethane ( 2  mL). The resulting suspension was $tined for 7 h ,  allowed 

to warm to room temperature, and then filtered and concentrated under reduced pressure. 

The crude product was  purified by column chromatography (60% ethyl acetate-he~ane). 

' ~ r n r  (CDCII, 6 ) :  4.47 (2H. dl. 4.18 ( I H ,  dd, 8.4, 6.04 Hz, C H H ) ,  3.69 ( I H ,  dd, 8.4, 

7.04 Hz. CHH).  3.77 (3H.  i. C0:CH:i. 3.00 i lH ,  dd, 15.2, 6.36 HZ, CHHi. 2.79 ( I H .  dd. 

15.7, 5.96 Hz. CHHI. 1.42 13H.s). 1.15 (3H. s ) .  IR (CDCI:. c m ' ) :  3246. 1750 (C=O). 

Dimethyl (S)-(-)-Malate i 70)  
'. * 

L ( - 1  Malic acid ( I0 s. 0.075 mole). u u  dissolved in a solution prepared by addition of 

acetbl chloride ( 3  37 mL1 [F~sher]  to methanol (67  mL). ?he  wlution Ads stirred at room 

chromarograph) 1 6 0 ~  sth>l xeiate-hexanes) to give a cnlourless o ~ l  (10.5 g, 87c7~) .  

' ~ m r  (CDCI:. 8): 4.44 , IH, br. 7.75 c3H. 5). 3.65 (3H. 3 ) .  3.18 ( I H .  b ) .  2.81 ( I H .  dd. 

1 6 . 4 .  4.76 H L I .  2 7 4  ; l H .  iid. 16.48. 6.12 Hz). IR (film. cm-I):  3470. 1732. Mass 

spectrum , CI. mlr i: 16.3 1 \ I +  1 I .  Anal. Calcd. for C6HIoOI: C. 4 4 . 4 :  H. 6.17. Found: 

C .  44.20. H 6.1-7. Rotation: [ u ] :  - I  1.01' li 2.21. EtOH). 



Dimethyl (R)-(+)-Malate 

R-i+)-Mal~c acid ( 5  g. 0.037mole). w l u  d~ssolved In a iolutlon prepared by additlon of 

acetvl chloride ( 2  mL) [F~sher] to methanol (34 mQ..The solution was stirred at room 

temperature for 13 h .  and then concentrated The product has  purlfled by tlajh - 

chromatography (605  eth>l acetate-heyme\) to gibe a colourle\\ 011 5 89 g (98%) 

Rotation: 8.76' ~c 2 . 2 7 .  EtOH). Lit. (72).  [a];'+ 9.1' ic 2 . 7 2 .  EtOH i 

Dimethyl (R,S)-Malate 

D,L-blalic acid (20  2. 0.15 mole). WLS dissolved in a solution prepared by addition of 

acstyl chloride (6 .7  mLi [Fisher] to methanol ( 134 mL). The silution w ~ j  stirred at room 

temperature for 15 h. and then tuncsntrated. The product was purified by flash 

chromatography (60% eth>l acetate-hexanes) to give a colourless oil ( 18.5 g. 77%). 

( S  )-(-b3.4 Dihydroxybutanoate 3lethyl Ester ( 7  1 ) 

Borane-dimethyisulfide (6.25 mL of 10 &I. 0.063 mole). w2s added dropwiw to a 

HO& OMe 

> drofuran ( 175 mL i. The 



solut~on was stirred at 20 T for 30 min and rod~um borohydr~de (0. .  1 17 g. 3. I mmole) 

[BDH] was added in one portion. Stirring was c & i h g d  for 30 rnin. methanol (40 mL) 
,, .. 
i... '.- . "., \ 

. . 

was added dropwise. and after an additional 30 min the s o i i w t  was removed under 

reduced pressure. The product was purified by flash chromatography (60% ethyl acetate- 

1 hexanes) ro give a colourless viscous oil (5.88 g. 71%). Hmr (CDCII. 6 ) :  4.07 ( I H. my..% 

3.66 (3H. sl. 3.61 ( lH. dd. 11.4. 3.52 Hz). 3.46 ( I H ,  dd, 11.4, 6.2 Hz), 2.80 (2H. br). 2.50 
f 

( 1 H .  dd. 16.6. 8.52 Hz). 2.44 i lH. dd, 16.6, b.16 Hz). IR (film. cm ' 1 :  3414, 1738. Mass 

spectrum (CI, m/z 1: 135 i M+ I 1. Anal. Calcd. for CSH1004: C. 44.78; H. 7.46. Found: 

C. W 12: H. 7.55 Rotation. [a]:'- 249" (c  2.44, EtOH) 

t R)-( +)-3.4 Dihydroxybutanoate hiethyl Ester 

Borane-dimethylsulfide (3 .4  mL of I0 >I. 0.034 mole). uas added dropwise to a solution 

- 

1 I dme 
i I 

R-63 

. 
or' R-(+I-d~methylm~late t5 487 g. 0 034 mole) In tetrahydrofuran (65 ~ L I  The colutlon 

HA\ i t~rred ut 20 'C for 30 min and sodium borohydride (0.063 g. 1.7 mmole I [BDH] w s  

added In one portion Stirring u ~ j  continued for 30 mln. methanol (22  mL) was added 

dropuise. m d  atter an Jdd~tional 30 min the solvent w ~ s  removed under reduced 

pre3sure. The product u Li purlfied by flash chromatography (60% ethyl acetate-hexane~ 



>- 
3,4-Dihydroxybutanoate Methyl Ester 

Borane-dimethylsulfide ( 1 1 mL of 10 M. 0.1 1 mole), was added dropwise to asolution of 

R.S-dimethylmalate ( 17.80 g. 0 . .  1 1 mole) in tetrahydrofuran (220  mL).  The solution was 

s t~rred ~t 20 'C for 30 mln m d  w d ~ u m  borohydrlde (0.208 g. 5.5 mmole) [BDHJ h a s  

added in one port~on. S t ~ r r ~ n g  u a s  continued for 30 min, methanol ( 7 0  mL) was added 

clropw~w and after an d d ~ r ~ o n d  30 min the wlvent u a\ rernocsd under reduced prc4surc 

The product was pur~fied b) flash chromatography (60% ethyl acetate-hexant?;, to give a 
. 

colourless viscous oll t 12.27 g. 83% ) .  A 

\ 

Lactonization of R I - i  + 1-3.4-~ihydroxybutan6ate Methyl Ester 

The w i u t ~ o n  aks . i~rred far ?O mln mci the s o l ~ e n t  was then remobed. The rrhl$ue was 

u ~ i h c x i  u ~ r h  ethll xerdtc  I 20 mL) and redisiolked in water ( 2 0  mL) .  The iolution was 



The & p i c  extract was dried over anhydrous sodium sulfate and concentrated to g v e  

380 rng of a golden yellow oil (74%). ' ~ m r  (CDCI 3 .  6): 1.73-4.70 ( l H. m).  4.54 ( l H. 

dd. 10.48, 4.16 Hz). 4.36 ( IH. dt, 10.48. 1.04 Hz),  2.97 ( IH ,  dd. 18.3, 5.96 Hz), 2.52 ( I H .  
d 

+ 
dt, 18.3. 1 .Z  Hz). IR (Film. ern.'): 3429: 1770. Mass Spectrum (EI. m/r): I02 ( M  1. 

Rotation: [a]:; + 76 5" i c  2 3. EtOH). ( L l t  1711 Rotation: [d.-+ 77.3" (c 2 0. EtOH)) 

Lactonization of 3,4-dihydrouy butanoate %ethyl Ester 

Sodium hydrox~de (138 mg. 5 94 mmolcs) w a  added to a soluuon-hf (R.S)-3.4- 

dlh>droijbutanoate methjl erter 1795 8 mg. 5 9 1  mrnoles) in methanol water (10.3 rnL) 

washed with eth>l xeratc 120 mLi and redissolvedin ware;(?0 m L )  The solut~on was 

r ex id i t~ed  u ~ t h  N h>drochloric acid and extracted u ~ t h  ciichloromethme 13 A 15 mL) 

The orsanic extract u ~ \  dr~ell o \s r  mhqdroui; sod~um sulfdte and concentrdted to glce 

507 mi. .. ot a golden yellou oil 1 

4 

t-Butyldimethylsi1,I Ether ( 7 8  \ 

, R.S 1-3-H>drox>but]croIai'tone ( 3 7 8  5 mg. 3 7 1 mmoles ua.4 Jissol\ed under nltrogen In 

D\IF i 1 ~ L I .  Imiduole 1 6 ~ 2  mg. 9.28 mmoles) qnd t-butyId~meth>~lsilyl chloride (671 



mg. 4.45 mmoles) were added. The solution was stirred for 34 h and d~lu ted  w ~ t h  

dichloromethane (50  mL) ,  then washed successively with saturated ammonium chloride 

( 2  n 20 m ~ ) ' a n d  saturated sodium chloride ( 2  x 20 mL). dried over &hydrous magnesium 

I t-Bu(Me),SIO 
I 

r 
0 

78 

julphate and concentrdted Pur l f i c~ t~on  by flash chromatography (600r Et0 .k-heuane\ )  B 

gabe 9 3  mg i 8 5 9  I of product ' ~ m r  (CDCIj. 6 ) :  1 6  1-4 57 ( l H. mi. 2.68 t l H. Jd.  17.5 

6?56 Hz). 2.44 ( I H .  ddd, 17.5. 2.88. 0.8 Hz),  0.88 (9H, s),  0 .08 (6H. j). 

Benzylidene Derivative of S-63. i 72 1 

X solution of (S)-63 (5 .88  g. 43.85 mmoles). benzaldehyd: dimethyl acetal ( 6 . 3  mL. 6.39 

g.  4 1.97 mmolrs)  and p-tolurnrsulfonic acid monohydrate t 1 1 3.5 mg, 7.17 mmole) 

[Fisher ] in d~methylformarnids ( 7 0  mL) was stirred at room temperature 

rhrn poured Into ice-uater 125 mL)  and extracted with ethyl acetate ( 3  x 

~ r g a n i c  extract via.!! viahed with saturated sodium chloride ( 2 0  mL)  
4 

for 7 2  h and 

40  mL). The 

. dried over 

mh>drous sodium sulfate ~ n d  concentrntd. Pur~fication by column chromatography 



7.49-7.35 (5H. m. Ar). 5.96 ( I H ,  s). 5.86 ( I H ,  s) ,  4.68-4.60 ( l H .  m 

6.72 Hz). 4.12 ( I H .  dd. 8.44. 6.16 Hz). 3.98 ( I H ,  dd, 8.44, 6.60 Hz 

), 4.2  1 ( l H, dd. 8.28. 

), 3.86 ( l H. dd. 8.28. 

5.68 Hk) .  2.85 ( I H ,  dd, , 16.06, 6.36 Hz), 2.82 ( I H ,  dd, 16.06, 6.36 Hz), 2.66 ( I H ,  dd, 

16.06. 7.20 2.65 ( 1 H. dd. 16.06. 7.32 Hz). I R  (film, ern.'): 3034. 1737 (C=O). Mass 
'6 

spectrum (CI. d z ) :  223 (M+l  ) .  Rotation: [a]: + 6.6" (c  @.76. CH2C12). 

Benzylidene Derivative of R-63 

X solution of the .methql e5ter (R) -63  (423  mg. 3 16 mmoles). benz'tldehqde cilmplhql 
IC' 

acetal 10 474 mL, 3.16 mmole5) and p-toluenesulfon~c a c ~ d  monohydnte ( 3 0  mg. 0.16 

- 1 

I 

1 

rnmolc) [Fisher] in dirnethqlfomamlde ( 2  mL) was stirred at room temperature for 24 h ' 

and then poured into ice-water 13 mL)  and extracted with ethyl acetate ( 3  x I0 mL) .  The 

organic extract \*as ~\;1hed with saturated sodiuv chloride t 10 mL). dried over 

mhydrous sodium sulfate and concentrated. .Purification by column chromatography t 

160Cr ethyl acetate-hsxans*, gave 710 rng (65%)  of n colourlrss oil. ' ~ m r  (CDCI,. 6 ) :  

A 
7.49-7.35 ( 5 H . m .  A r , , 5 , 9 6 r l H .  s ) . 5 . 8 6 ( l H ,  s ) . 4 . 6 8 4 , 6 0 ( 9 H .  m ) , 4 . 2 1  t l H , d d .  -? 8.28? 

6.72 Hz,,4.-12 (1H. dd. 8.44. 6.16 H Z ) .  3 . 9 8 i l H . d d , 8 . 4 4 , 6 . 6 0  HZ). 3 . 8 6 i l H . d d .  8.28. 

5.68 Hz).  2.85 I IH. dd. 16.06. 6.36 Hz). 2.82 ( I H .  dd, 16.06. 6 .36  Hz) .  2.66 ( I H ,  dd. 

16.06. 7 .20 Hz) .  2.65 i l H. dd. 16.06. 7.32 Hz, .  IR (film. cm ' ) :  3034. 1737 (C=O). Mass 

spectrum (CI.  m/z,:  223 (> I+  I 1. 



Benzylidene derivative of (RS 1-63 

dlrneth>l cicetd't 1 1 rnL. I I 15 g. 3 16 mmole \ ,  and p-toluznssulfon~c ciild nlc)nuh)drcite 

( 8  I2 ms .  4 27 rnrnoic I [Fi \her j  In ciimeth>lforrncimide r 2 0  rnL) u;lh ~ t l r r d  .it room 

. temperature for 21 h cind then poured into ice-uciter 150 TILI mJ ertracted ~ i t h  ethql . +  

Sildium h!droul& '4 -- n;L or \\I 24 77 rnrnole\) \iL3 ~ J d e d  t o  &I \~tiurion ot rhc 



dd. 16.4. 6.96 Hz), 2.68 ( IH, dd, 16.4, 6.80 Hz). IR (film, crn" ) :  3037. 1713 (C=O). 

>lass spectrum (CI. miz) :  209 (M+I ) .  Rotation: [a];' -3.70" (c  0. I I ,  CH:C12). 

Alkaline Hydrolysis of Racemic 64 

Sodium hydroxide (25 mL of 1 M, 25 mrnoles) was added to a solution of the methyl 

ester (5.75 g, 25.9 mrnoles) in methanol (40  mL). The reaction mixture was stirred for 30 

min and the solvent ha.'; then removed. The residue was taken up in ethyl acetate (50  rnL) 

~ n d  water (30  rnL). The solution layer"was acidified with N h1,drochloric acid and 

extracted wtth dichloromethane ( 4  x 30 rnL). The organic extract was drted over 

anhydrous sodium sulfate and concentrated to give 3.16 g. (59%) o t  product. ' ~ m r  

(CDCI;. 6): 7.49-7.36 15H. m. Xr). 5.96 rIH, s ) ,  5.82 ( I H ,  s) .  4.68-4.60 ( I H .  m). 4.37 

( IH. dd. 8.50, 6.20 Hz). 4.1 1 ( I H .  dd. 8.32, 6.72 Hz), 3.99 ( I H .  dd. 8.31. 5.48 Hz). 3.75 

IH. dd, 16.4. 6.60 Hz) ,  2.71 ( I H .  dd. 16.4. 6.96 Hz) .  2.68 t IH, dd. 8.50. 6.60 Hz). 2.88 i 

i IH. dd, 16.4. 6.80 Hz). IR (f i  

209 (M+I ). 

Irn. cm"): 3037. 17 13 (C=O).  >lass spectrum tCI. ndz): 

Coupling of S-65 and N-H?droxyglycine Benzyl Ester 

Dtccloheu~Icarboditmide ( 0  991 g ,  4 81 mmole\) [BDH]  ah d d e d  to a cooled \olutton 

of S-65 ( 1 g. 4 8 1 mmolebr m d  S-h>drox)gl>c~ne benzyl ester (0  870 g ,  4 8 1 rnrnole\) In 



dichloromethane (10 mL). The cloudy mixture was stirred under nitrogen at 0 "C for 0.5 

h ,and then at room temperature for 3.5 h ,  filtered and the filtrate concentrated. 

a 
Purification b> flub chromatography i605 ethyl acetate-hexme) ga\.e 01363 g (20%) of 

the pr&uct. IR (film. c m ; ) :  3250, 1749. 1650 Mass spectrum (CI, ndz) :  372 (M+I) .  

Anal. Calcd. for C20H21%06: C. 64.70: H, 5.70: N.  3.80. Found: C,  6 4 . 5 8 :  H, 6.25; N, 

4. I I .  Rotation: [a];: + 10' ic 0.3. CHCI?). 

Hydrogenolysis of 66 

Pdludium on carbon I 105 \ 10.364 g )  u;is added to a so l~ t ion  of 66 (0.363 g. 0.98 

I 
I 
I 
i 
i 
j 
i 

mmole) In tetrah!drofuran ( 1.2 mL).  The system was flushed thrice with hydrogen and 

% 

then htirred under h>drogen for 48 h .  filtered through Celite and the filtrate was 

concentrated. The oil u u  dlssol\.ed in hater. filtered and the filtrate was Iyophilized to 

1 g11e 0.144 g (76rc) of a pale >elloiv \.iscous oil. Hmr cD:O. 6 ) :  4.36 ( I H ,  d, 18 Hz, 

CHHl.4.43 ( I H .  d. 18 Hz.CHH). 4 .10 i lH.  rn). 3.58 ( I H .  dd. 11.8.4.W Hz. CHH). 3.50 

( 1H. dd. 1 1  8. 6.48 Hz. CHHI. 2.75 (1H. dd. 15.5. 8.4 Hz.  CHH). 2.68 (1H. dd. 15.5. 4.8 

Hz. CHH,. >lass spqctrurn t CI. mlz): 194 (>I+] ) 

Coupling of 28 and S-65 

D ~ c > ~ c l o h e s > ~ ! c a r M ~ i n ~ ~ d e  10.859 g.  4.16 mmoles) [BDH] w ~ s  added to a cooled solution 

of S-65 (0.87 g. 4. 16 mmoieb) and 5 - h d r o x g l y c i n e  t-butyl ester 28 (0.60 g. 4.09 



mmoles) in dichloromethane ( 2 0  mL). The cloudy mixture was stirred at 0 O C  for 0 .5 h 

and a room temperature for 4 h and then filtered and thc filtrate concentrated. 

Purification of the oil b) f l a -h  chromatography (60% ethyl acetate-hexane) gave 0.650 g 

i d 7 5 1  of the product * ~ m r  (CDC1-j. 6 ) :  7.49-7.35 (5H. m. Ar).  5.96 ( I H .  s), 5.86 ( IH. 

17.8 Hz) .4 .31  ( 1 H . d .  17.8 Hz1.4 .29  (1H.d .  17.7 Hz1.4.25 ( I H .  dd. 8 .20 .6 .80Hz . ) .  3.89 
% 

( IH. dd. 8.20, 5.84 Hz).  3.79 ( l H ,  dd, 8.56, 7.12 Hz), 3.20 t IH. dd, 15.9, 6.12 Hz),  3.02 

\ r lH.  dd, 15.5.5.60 Hz,. 2,97 ( I H .  dd, 15.5, 7 Hz), 2.81 ( I H ,  dd, 15.9, 7.16 Hz). 1.48 ( 9H, 

' h .  t-Butyl) IR (film. cm-I) :  3249. 1739. 1641. !Mass spectrum (CI. d z ) :  338 (Mcl). 

Anal. Calcd. for C17H2JS06 : C.60.53: H. 6.82: N,  3.15. Found: C. 60.84; H. 7.07; N 

4.36. Rotation: [a];: + 6.31' tc 0.32. CH:C12). 

Hydrogenolysis of 68 

P~lllclci~um on carbon t 10%) (0.400 g )  wxs added to a solution of 68 iO.400 g, 1.19 



mmoles) in tetrahydrofuran (15 mL). The suspension was flushed thrice with hydrogen, 

. then stirred under hydrogen for 3 h, filtered through Celite, and the filtrate concentrated. 

The residue As purified by plc (80% ethyl acetate-hexanes) to give a viscous golden oil 
\ 

1 0.150 g (51%). Hmr ( D 2 0 ,  6): 4.37 ( lH ,  d, 17.7 Hz), 4.30 ( IH,  d. 17.7 Hz), 4.13 ( IH,  

m), 3.62 ( IH,  dd, 11.8, 3 Hz). 3.53 ( IH,  dd, 11.8, 6.88 Hz), 2.78 ( IH,  dd, 15.2, 8.24 Hz), 
C 

2.7 1 ( IH ,  dd, 15.2, 4.96 Hz), 1.49 (9H, s). IR (film, cm-') :  3362, 1737, 1635. Mass 

spectrum (CI, rn/z): 250 (M+ 1 1. Anal. Calcd. for CloH1~N0~ .1 .5H20:  C,43.47; H, 7.37; 

S. 5.07. Found: C. 43.45; H.7.29: N 5 .26 Rotation: [a]: - 10.7" (c 0.28. CH2C12). 

Synthesis of 72 (75) 

A mixture of the diol 69 (68.8 mg, 0.28 mmole), triphenylphosphine (78.3 mg. 0.30 

mmole) and diethylazodicarboxylate (65 pL. 72 mg, 0.41 mmole) in tetrahydrofuran ( 9  

mL) ults stirred for 24 h at room temperature and then concentrated under reduced 

pressure. The residue B,as purified by plc (60% ethyl acetate-hexanes) to give 72 (68 mg). - 

'~mr(CDCI~.6):4.64-~.59(lH.m),4.37(lH,d, 17 .8Hz) ,3 .98 ( lH .d ,  17.8 Hzl.3.86 

( I H .  dd. 12.6, 2.68 Hz), 3.65 ( IH,  dd, 12.6, 4.16 Hz), 2.89 (IH, dd, 16.6, 8.52 Hz), 2.85 
t 

( IH. dd. 16.6, 6.64 Hz), 1.17 (9H, s). IR (film, cm.'): 3279, 1735. Mass spectrum (El,  
d 

d z ) :  23 1 (%I*). (CI, d z ) :  232. The above compound was dissolved in trifluoroacetic 



acid (0.5 mZ) and stirred under a nitrogen atmosphere for 1.5 h. The solution was then i 

18.2 Hz), 4.34 ( lH ,  d, 18.2 Hz), 3.78 ( IH,  dd, 12.9, 3.2 Hz), 3.74 ( IH,  dd, 12.9, 5.64 Hz), 

3.02, ( 1 H, dd, 17.0, 8.76 Hz), 2.29 ( 1 H, dd, 17.0, 7.68 Hz). Mass spectrum (CI, mlz): 
-b 

176 (M+l ) .  /' 

4-Iodobutanoic acid (77) 
* 

Trimethylsilyl chloride (5.0 mL. 4.28 g. 33.4 mmoles) was added dropwise under 

nitrogen to a suspension of sodium iodide (5.84 g, 34.0 mmoles) in dichlorornethane (60 

mL). The mixture has stirred for 15 rnin and y-butyrolactone (2.0 mL, 2.24 g, 3,6.0 

mmoles) was then added dropwise ( 15 min). Stirring was continued at room temperature 

for I ? .  h .  Water (50 rnL) and e ~ h e r  (400 mf.) were added and the organic layer was 

separated and washed successively with 1070 sodium thiosulfate (50 mL), saturated 

sodium chloride (50 mL), dried over anhydrous sodium sulfate and evaporated under 



reduced pressure to give 2.06 g (74%) of a yellow oil. ' ~ m r  (CDCI,. 6): 3.25 (?H, t ,  6.72 

Hz), 2.52 (2H, t, 7.28 Hz), 2.13 (2H, q). Mass spectrum (CI, d z ) :  215 (M+I) .  

Reaction of 73 with N-Hydroxyglycine t-Butyl Ester 

Dicyclohexylcarbodiimide (51 mg, 0.25 mmole) [BDH] was added under nitrogen to a 

cooled ( 0  "C) solution of the acid 73 (65 mg. 0.30 mmole) in dichloromethane (2 mL). 
, 

and a solution of N-hydroxyglycine t-butyl esterf34 mg, 0.23 mmole) in dichloromethane 
, 

(2  mL) was added dropwise, with stirring. The cloudy mixture was stirred for 12 h at 0 

"C - room temperature and was then filtered. The filtrate was evaporated and thesresidue 

was purified by tlash chromatography (40% ethyl acetate-hexane) to give 16.8 mg (2 1%) 

of a yellow oil whichgave a positive Beilstein test. ' ~ m r  (CDCI,. 6 ) :  4.38 (2H. s. CH?). 

3.28 (2H. t ,  6.72 Hz, 0CH.L 2.69 (2H. t ,  7.12 Hz, CH?CO), 2.16 (2H. m), 1.47 (9H, s). 

IR (film, cm-') :  3224. 1739, 1626. Mass spectrum (CI, mlz): 333 (M+ 1 ). 

This oil 71 (4  mg. 0.012 mmole) was dissolved under nitrogen, in dichloromethmt: (5 

S 
mL). triethylamine (13 pL, 9.44 mg.. 0.093 mmole) was added, and the solution stirred 



for 3 h. Then DBU (4 pL, 4 1 mg. 0.027 mmole) was added and stirring was continued 

f 

$. for 3.5 h.. The solvent was then removed. The residue was dissolved in ethyl acetate (5 

mL), washed with saturated sodium chloride, dried over anhydrous sodium sulfate, and 

concentrated to give 3 mg of 75. ' ~ m r  (CDCI3, 6): 4.28 (ZH, s, CH,), 4.16 (2H, t ,  6.84 

Hz, OCH,), 2.55 (3H. t ,  7.2 Hz, CH,CO), 2.14 (2H, m), 1.47 (9H, s). IR (film, cm-I): 

1743. 1668. Mass spectrum (EL d z ) :  2 15 I M +  ). Anal. Calcd. for CIUH17N04 : C. 
% 

55.81: H, 7.91; N. 6.51. Found: C, 55.65; H,  7.95; Pi, 6.88. 

The oil* (72 mg. 0.34 mmole) was treated with trifluoroacetic acid ( 1  mL) for Ih and 
, 

concbtrated. The residue was dissolved in water (2 mL), filtered and lyophilized to give 

oreen sticky salid. ' ~ m r  (CDCI3, 6): 4.18 (2H, s, CH?), 4.14 (211, t ,  6.51 Hz, OCH,), C 

2.52 (2H. t.,7. I6 Hz. CH,CO). 2. I0 (?H. m). Mass spectrum (El, d z ) :  159 (M' 1. 

Diketene (500 pL, 545 mg, 6.5 mmoles) was dissolved, under nitrogen, in methylene 

chloride (30 mL), cooled to -25"C, and treated_dropwise with a solution of bromine (333 

pL. 1.02 g. 6.5 mmolesl in rnethylene chloride (2 mL) After the additlon was complete 



(10 min) the solution was stirred at -25•‹C for 15 rnin, and benzyl alcohol (700 pL, 732 

mg. 6.8 mmoles) was added dropwise. Stirring was continued for 15 min, and the pale . - 

yellow solution was warmed to room temperature and evaporated. The residue was , 

dissolved in ether (20 mL), washed successively with saturated sodium bicarbonate (2 x 

20 mL), water (20 mL) and saturated sodium chloride (20 mL), dried over anhydrous 

1 magnesium sulfate and concentrated to give benzyl y-bromoacetoacetate. Hmr (CDC13. 

6 ) :  7.36 (5H. m), 5.19 (2H. s). 4.02 (2H, s), 3.75 (2H, s). IR (film, cm-I): 3033. 1733. 

1653. Mass spectrum (CI. mh): 273:27 1 ( 1 :  1 ) .  Anal. Calcd. for C I I H I I B r 0 3  : C. 48.69: 

H.4.05. Found:C948.55;H,3.94.  

The benzyl y-bromoacetoacetate (500 mg, 1.84 mmoles) was dissolved in a mixture of 

tetrahydrofuran (9 mL) and methanol ( 1 rnL), the solution was cooled to 0•‹C. and sodium 

borohydride (72 mg. 1.90 mmoles) was  addeqin one portion. Stirring was continued for 
L 

15 min at 0•‹C. and ethyl icerate (50 mL) and M HCI ( 1  5 mL) were added The aqueous 

layer was separated. extracted with ethyl acetate (20 mL), and the combined organic 
k 

layers were washed with saturated bicarbonate (40 mL), dried over anhydrous magnesium 

sulfate and evaporated to give benzyl 3-hydroxy-4-bromobutanoate (433 mg, 8 6 7 ~ ) .  

I Hmr (CDCI!, 6): 7.36 (SH, s), 5.17 ( 2 H ,  s), 4.26 (IH, m), 3.50 ( IH,  dd, 10.5, 5.0 Hz), 



3.47 ( IH,  d$ 10.5, 5.6 Hz), 3.06 (1H. d, 5.1 ,Hz), 2;72 ( I H ,  dd. 165.  5.0 Hz), 2.69 ( IH,  

dd. 16.6, 7.3 Hz) .  IR (film. cm-I): 3443. 3064. 173 1.  1624. Mass spectrum (CI.' d z ) :  

275:273 ( 1 :  1 ) .  Anal. Calcd. for C l l H 1 ~ r 0 3 . 0 . 5 H Z 0  : C. 46.82; H. 5.0. Found: C, 

Tetrahydropyranyl Derivative of Benzyl3-Hydroxy-4-Bromobutanoate (8 1 ) 

The bromohydrin ( 160 mg . 0.59 mmol) was dissolved in methylene chloride ( 2  mL), and 

dihydropyran (56 pL. 52 m;, 0.61 mmol) and p-toluenesulfonic acid monohydrate ( 3  

crystals) were added. The solution was stirred at room temperature for 35 min, an 
P 

additional 20 pL of dihydropyran were added, and stirring was continued for 1.5 h. Ether 

(20 mL) was'then Lidded, and the solution was washed with saturated bicarbonate ( 3  x 25 
, I 

mL). dried over anhydrous sodium sulfate and evaporated. The product was purified by , 

chromatography on silica gel. and eluted with 30:70 ethyl acetate:hexane to give 182 mg 
C 

I (87%) of 86 AS a I :  1 mixture of diasteromers. IR (film. cm-') :  3033. 1737. Mass 

spectrum (CI, rn/z): 359:357 ( 1 :  1 ). Anal. Calcd. for C16H21Br04: C. 53.75: H. 5.88. 

Fdund: C, 53.65; H, 5.60. 

Tetrahydropyranyl Derivative of 3-Hydroxy-4-Bromobutyric Acid , 

The benzyl 3-0-tetrahydropyranyl-4-bromobutanoat (95 mg,.0.27 mmol) was ci~hsolved ' j 
f 



in tetrahydrofuran (2.6 mL) and 10% PdIC (54 mg) was added. The mixture was flushed 

several times with hydroken and then stirred under hydrogen for 2 h. An additional 30 

mg of catalyst was added and stirring was continued, under hydrogen, for 1 h. The 

mixture was filtered through Celite, the Celits was rinsed with ethyl acetate (20 mL), and 

the filtrate was evaporated to give 87. which was taken directly to the next step. IR (film. 

cm- '  ):  17 1.5. Mass spectrum (CI, r n l z ) :  269:267 ( 1 : 1 ). 

Coupling of 87 with t-Butyl-N-Hydroxyglycine 
t 

The acid 87 (85 mg. 0.32 mmol) was dissolved, under nitrogen, in methylene chloride ( 3  

mL), the colution was cooled in iln ice-bath, st~rred, and dicyclohexylcarbodiimide (70 

mg, 0.34 mmol) was added. followed by a solu~iop of 28 (46.8 mg, 0.32 rnrnol) In 

methylene chloride (3  mL). The cloudy mixture was stirred under nitrogen. initially at 0 

"C, and allowed to warm to room temperature. After 12 h, ether (20mL) was added, the 

mixture was filtered, and the filtrate was evaporated. The product was purified by 

chromatography on s i l~ca  gel. Elutwn w ~ t h  30:70 etkjil acrtate:hexane gave 8 1 mg (64%) 



of a viscous 011 88. IR (film. cm.'):  3240. 1740, 1636. Mass spectrum (CI. d z ) :  398:396 

( 1 :  I ). Anal. Calcd. for CISH26BrN06: C, 45.42; H, 6.56; N, 3.53. F ~ u n d :  C, 45.42; H, 
@ 

6.96; N, 3.45. 

Protected 2-Carboxymethyl-5-Hydroxy-1,2-Oxazine-3-one 

- 1 
A portion of this oil 88 (37 mg. 0.093 mmoli has  dissolved in methylene chlori 

mI,), and triethylamine ( I4 pL, 10.2 mg, 0.10 rnmol) was added. The solution was left, 

under nitrogen. for 1 h and di-uabicycloundecene (DBU) (7.0 pL, 0.047 mmol) was 
-+ 

added followed, after 2.5 h. by an additional 5.0 pL (0.033 mmol) of DBU. Stirring was 

continued under nitrogen for 3.2 h ,  and the reaction mixture was then diluted with 

methylene chloride ( I 
I I 

. 0  mL), washed with water ( I 0  mL), dried 

4 

over anhydrous sodium 

\ulfate and evaporated. Chromatography o n  s ~ l ~ c a  gel ahd elation w ~ t h  35:55 ethyl 

acetate:hexane gave the protected oxuinone 3s a semisolid as a I :  I mixture of 
<% 

diastereomers. ' ~ m r  (CDCI I.  6): 4.66 ( I  H. m. THP proton, OF isomer), 4.41 ( I H. m. 

THP proton, second isomer), 4.32-4.45 (2H, m. both isomers), 3.83 ( IH, m, 5-H of one 

isomer), 2.94-2.62 (2H, both isomers. two ddd). 1.8 (2H, m), 1.7 (ZH, m). 1.55 (2H, m),  

1.47 (9H, s). IR (film. cm" ): 1737, 168 1 .  Mass spectrum (CI, d z ) :  3 16 ( M +  1 1. Anal. 

Calcd. for CISH25N06: C, 57.08; H ,  7.99: N, 3.34. Found: C, 56.92; H, 8.24; N ,  4.5 1 .  



2-Carboxymethyl-5-Hydroxy-1,2-Oxazine-3-one 

The'protected oxazinone ( 1  1 mg, 0.035 mmol) was dissolved, under nitrogen, in 

methylene chlor~de ( 1  mL), cooled in an ice-bath, and trifluoroacetic acld ( 3  pL) was 

added. Add~tlonal trlfluoroacet~c a c ~ d  5300 pL) was added after 15 mln, after m 
i 

additional 20 min (500 pL). and after an additional 30 min (300 pL). After an additional 

55 min, the solvent was removed. The residue was redissolved in trifluoroacetic acid 

(500 pL) ,  evaporated after 30 min to give semi-solid residue. ' ~ m r  ( D 2 0 ,  6): 4.5 1 ( IH, 

m), 4.49 ( I H ,  d. "18.04 Hz), 4.38 ( IH,  d, 18.04 Hz), 4.34 ( I H ,  dd, 12.1, 4.72 Hz), 4.04 
.- 

( I H ,  dd, 12.1. 3.2 Hz), 2.93 ( IH,  dd, 16.8, 5.8 Hz), 2.53 ( IH,  dd, 16.8, 3.3 Hz). Mass 

spectrum (CI. mlz): 176 (M+ I ) .  Anal. Calcd. for C6HsNO5.0.25H20: C. 40. l 1 ; H. 

5.29; N, 7.80. Found: C, 39.85; H, 5.28; N;  7.90. 

The residue shaken with ethyl acetate ( 2  mL), water ( I  mL) and sodium bicarbonate ( 3  

mg). The aqueous phase was separated, washed with ethyl acetate. and lyophilized to give 

2-carboxymethyl-5-hydroxy- 1.2-oxruin-3-one as the m h u m  salt. ' ~ m r  ( D 2 0 ,  6 ) :  4.49 

( IH.  m), 4.29 ( IH,  dd, 12.1, 4.6 Hz), 4.28 ( IH,  d, 18.2 Hz), 4.15 ( I H ,  d, 18.2 Hz), 4.02 

( I H ,  ddd, 12.1, 3.24, 0.8 Hz), 2.92, ( IH,  dd, 16.8, 5.9 Hz), 2.52 ( IH,  ddd, 16.8, 3.16 Hz). 
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