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Abstract Fwst total syntheses of AK%0 (I), a gastroprotecttve substance from Bacillus pwmlus AI-77, was achieved 

WI a stereoselecnve and convergent manner In tks syntheses. the dthy&otsocoumartn part 2 was constructed tn one step 

through I)-adaitron of the benzylac anwn 17b to Boc-L-leucmal7b The hydroxy ammo actd 4 was elaborated from 

(R)-glutamtc and m a highly stereoselectwe manner Condensatwn of 2*HCl and 4, rntramolecular Pinner reacnon. 

followed by mdd hydrolysts @ordedAl-77-B (I) 

AI-77’&4 were isolated as the &hydrolsocoumarm anahoucs with charactensttc fluorecense from a 

cultured broth of B~~chspmlus AI-77 UI 1982 The stereostructure of the mayor product AI-77-B (1) was 

determmed by means of X-ray crystallographic analysis together with chemical degradation stu&es and 

revealed to consist of a hydroxy ammo acid and a dihydrolsocoumarm with the side cham havmg the 

stereostructure of (S)-leucme as shown below The absolute stereochermsmes of 1 at five asymmemc 

centers have been also determmed to bear (S)-configurations. In the pharmacolo@cal stu&es,5 1 has been 

found to exhlblt unique antmlcerogemclty action agamst stress ulcer m rats without antlcholmerglc, 

ant&staxmnerglc, and central suppressive effects This mticmally mterestmg molecule has led the efforts 

aimed at total synthesis by a few groups mcludmg us.236 

HO 0 

Al-77-B (1) 

8635 
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In connecnon with our mterest in the syntheses of ammo sugars and ammo aclds wrth bloloflcally 

mterestmg actlvlty.7 we have undertaken the fit total synthesis* of AI-77-B (1) III a stereoselectwe and 

convergent manner. 
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Scheme 1 

Scheme 1 outhnes the key features of our synthetic sequence mvolvmg the two fragments, the 

&hydrouocoumann 2 and the hydroxy ammo acid 3 The tiydro~~oumann 2 can be denved from 5 by 

acid-mtiated intramolecular cychzauon of a carboxyhc acid group on a nelghbonng double bond which 

process 1s the 6-end-Tng cychzatlon and favors on Baldwm rule 9 The xeqmslte 5 can be obtamed from alkyl 

6-methyl sahcylate 6 and the cc-ammo aldehyde 7 Altemanvely, 2 would be derived through 1,Zaddmon to 

the N-protected leucmal 7 with a suitable benzyhc anion equivalent of 6 The hydroxy ammo acid 3 1s 

equivalent to the protecuve denvatlve 4 which is dissected the lactam 8 havmg the cls-dlol funcuon and Cl- 

unit. The lactam 8 would be denved from commercially avalable (R)-glutarmc acid by the formauon of y 

lactam rmg followed by the stereoselecnve introduction of the cls-&ol function On the basis of tlus 

retrosynthetlc analysis, we have succeeded the stereoselecave synthesis of AI-77-B (1) as described below 
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Scheme 2 

6a 10 R=H 
bCl1 R=Br 

13 9 14 15 

(a) (CH3CO)2O, pyndme, room temperature, 3 h, quant (b) N-bromosuccmimde, 
benzoyl peroxlde, CC14, reflux 4 h, 93% (c) Ph3P, EtOAc, reflux, 17 h, 90% (d) 
CH3CH0, Et3N DMSO, 120°C, 21 h, 99% (e) p-toluenesulfimc acd toluene, reflux, 
6 5 h, quant (f) NaOH, EtOH, reflux, 5 h, 96% (g) see Table I 

Table I Acid-medated Cychzanon 

entry acid (eqmv ) solvent 

1 d-CSAa(5) CF3CO2H 

reacnon 

conddlons 

rt, 24 h 

isolated yield (%) 

14 15 

9 9 

2 d-CSA (5) PhF reflux, 22 h 10 9 

3 CH3S03H rt, 18h 36 43 

4 TMSOTfb(2) CH2C12 rt, 23 h 35 43 

(a) d-CSA d-camphor-lo-sulfonlc acid (b) Th4SOTf tnmethylsllyl mfluoromethanesulfonate 

Preparation of the Dlhydrolsocoumarin Fragment 2 

First, we mvestlgated the 6-endo-Tng process by use of 9 as a model compound which was denved m 

6 steps from ethyl 6-methylsallcylate (6a) The starting matenal6a was prepared by shght modlflcatlon of 

the Hauser’s method10 in 53% overall yield and subjected to denvatlzatlon m 4 steps as follows (1) 

acetylatlon of 6a with acetlc anhydnde and pyndme, (2) benzyhc brommatlon with N-bromosuccuurmde m 

carbon tetrachlonde, (3) reachon of the resulting brormde 11 with tnphenylphosphme, and (4) Wlmg reacnon 

of the phosphomum salt 12 with acetaldehyde m the presence of tnethylamme In dlmethyl sulfoxlde The 

ethyl sahcylate 13 thus obtamed was found to be a mixture of Z- and E-isomers with a ratio of 43 57 The 

geometncally pure (E)-isomer 9 was obtained by lsomenzation of 13 with p-toluenesulfimc acldll m 

refluxmg benzene and sapomficatlon of the two ester functions of 13 with sodium hydroxide followed by 

recrystalhzaaon The results of the acid-mediated cychzatlon of the carboxyhc acid 9 are bnefly summarized 

m Table I The desired 6-endo-Tng cychzatlon of 9 proceeded m acldlc media to give melem12(14), 

although the competing 5-exo-Tng cychzatlon also favored on Baldwin’s rule took place as anticipated to 

produce the phthallde 15 After several experiments, we discovered that use of a large amount of 
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methanesulfomc acid or shght excess of mmethylsllyl tnfluoromethanesulfonate m methylene chlonde was 

effecnve in this reacnon However, we &d not pursue this approach since 5-exo-Tng cychzaaon was major 

pathway 

Alternatively, we exammed one-step construction of the tiydro~~oumann rmg system from the alkyl 

dmethylsahcylate and (Wleucmal denvahve, which process contamed dlastereoselecuve addmon followed 

by spontaneous lactone formanon The reqmslte denvatlves 16b, 17a, and 17d for generatmg the benzyhc 

amon or its synthenc equivalent were routmely denved from 6a as shown Scheme 3 The results on reactton 

of the cr-ammoaldehyde 7b13 wrth 16b, 17a, and 17d are summanzed m Table II Inmally, we took the 

Barbler type reaction (entry l-3) using the bromide 16b In the coupling reacuon of 7b and 16b, the use of 

magnesium m THF gave the desired dlhydrouocoumann 18a as a mixture of chromatographlcally separable 

dlastereomers m poor yield owmg to undesired side reaction Ultrasonic agtatlon for accelatmg the reachon 

was ineffective Replacement of magnesium with samanum drlo&de14 enhanced the reacuon rate but 

resulted m low yield and no dlastereoselectlvlty The stereochermstry of the major product 18a was 

unambiguously confirmed to be the desired (S,S)-isomer by conversion to 2*HCl and its comparison with a 

sample denved from natural AI-77-B as follows , (1) deprotectlon of the methyl ether and Boc funcaons by 

reaction urlth boron mbrormde m methylene chloride, and (2) conversion of the resultmg hydrobronude to the 

corresponding hydrochlonde 2*HCl which was identical with naturally denved one by TLC, mp, specific 

rotation, IR, lH-NMR, and 13C-NMR spectra 

Next, we investigated the benzyhc amon 17b for this reacuon l5 Deprotonatlon of 17a was carned 

out by reaction with a nuxture of LDA and TMEDA at -74’C for 0 5 h m THF Complete deprotonanon at the 

benzyhc positron was proved by quantltatlve production of the s~lyl denvanve 17c by trapping of the 

correspondmg amon 17b with chlorotnmethylsllane and methylamme Thus, the amon 17b generated as 

above reacted with a slight excess of 7b at -7S’C. affordmg a mixture of the dastereomers 18b and 19b m a 

combmed yield of 33% with no &astereoselectmty (entry 4) Their stereochemlcal assignments were agam 

made by conversion to the corresponding hydrochlondes 2*HCl and 20*HCl and their compansons with 

naturally denved 2*HCl In the case of an excess of LDA (entry 5), improved dlastereoselectlvlty up to 81 19 

was observed, though the yield together with the recovery of 6a stdl remained unsatisfactory In this 

reaction, the cl-ammoaldehyde was seemed to be deprotonated with an excess of base to generate the N- 

lithium denvatlve which rather than the NH carbamate served as internal llgand for chelation-control as 

shown m Scheme 4 In contrast to the hthlo reagent 17b, the benzyl ntamum reagent prepared by addmon of 

htaruum tetrachlonde to the above expenment gave the dlhydrolsocoumanns (Mb and 19b) m moderate 

yield but reversed &astexeoselectlvuy (entry 7) 

Finally, we investigated N-benzylsulfonyl-(S)- 

leucmal beanng the easily removable NH proton with the 

hope that complete convernon of the sulfonamide to the N- 

hthlum sulfonanude might lead to improved stereoselectlvlty 

through the chelation pathway 16 Thus, the leucmal 7c, 

prepared from methyl leucmate hydrochlonde m 2 steps, 

was converted to the N-hthlo denvatlve 21b with n-butyl 
21a R=Boc 
2 1 b R = PhCH,.SO,- 

hthmm prior to addition reaction and treated with the 

benzyllc anion 17 b at -75°C to afford the Scheme 4 

&hydrolsocoumann 22 as a nearly single isomer m 30% 
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Scheme 3 
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(a) 1N NaOH, EtOH, reflux, 5h, 95% (b) MeOH, H2SO4, reflux, 27h, 90% (c) Me1 (3 eq), K2CO3 
(1 2 Mol eq), acetone, reflux, 25h, 100% (d) NBS, benzoyl peroxtde, CC14, reflux, 95% (e) 
CH30CH2C1(2eq), G’r2NEt (3eq), CH2C12, O’C, lh, rt, 3h, 97% (f) LDA (12 eq), TMEDA (0 83 
eq), THF, -74’C, 0 5h (g) Then, Me3SiCl (2 5 eq), Et3N (0 25 eq), -74’C, 43 5h, 97% (h) Then, 
Me3SnCl (1 5 eq), THF, -78’C, 2h, 82% (I) see, Table II (J) BBr3 (8 1 eq), CH2Cl2, -75OC, lh, rt, 
18h 

Table II One-step construction of the &hydrolsocoumann 

entry sahcylate leucrnal Ieacnon isolated ratlo of 
condmons vleld (%‘I . 

1 16b 7b(O 5eq) Mg, THF, O’, 7 5h 14 76 24 

2 16b 7b(O 5eq) Mg, THF, O’, 4ha 25 71 29 

3 16b 7b(O 5eq) Sm12, THF, rt, 2mm 21 50 50 

4 17a 7b(l 4eq) LDA( 14eq), TMEDA 33 57 43 
THF, -75”--73O 

5 17a 7b(l 4eq) LDA(2 6eq), TMEDA 32 (6l)b 81 19 
THF, -75O--73O 

6 17a 7b(l 4eq) LiIMP,TMEDA 29 63 37 

7 17a 7b(l 4eq) LDA(2 8eq). TMEDA 58 26 74 
then TlC14(2eq) 

8 17d 7b( 1 4eq) BuLI, THF 41 50 50 

9 17d 7b(l 4eq) BuLl, TMEiDA 53 52 48 
THF 

(a) The reactlon was carned out under sonochermcal condmons (b) The parenthesis number 1s 
yield based on consumed startmg matenal 17a 
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yteld The SteRochemtstry was tentatively asslgned by analogy to the above expenment Unfortunately, we 

could not find the reacfion condmons for deprotecaon of the N-benzylsulfonyl group 

MOM0 0 

17a + 7~ - NHSO&H,Ph 

Scheme 5 

Preparation of the Hydroxy Amino Aad Fragment 4 

We chose the btcychc lactam 23 suitable as a startmg mate& which was prepared from (R)-glutanuc 

acid m 4 steps accordmg to the method 17 of the Squibb group for the (S)-enantlomer Introducnon of the 

double bond to the lactam 23 was performed by a sequence of selenylatlon and deselenoxylatlon The lactam 

23 was treated wtth LDA at -7O’C and then phenylselenyl bronude generated m situ from &phenyl &selemde 

tn THF Deselenoxylanon of the resultmg selemde 24 was exammed by 2 ways as follows (A) reaction of 
30% hydrogen peroxide m the presence of pyndme and (B) oxldatlon with owne 111 CH2C12 The latter 

procedure was somewhat effective and gave the a&unsaturated lactam 25 m 75% yield The unsaturated 

lactam 25 was, as anhclpated, labile owmg to the possible nng tension Stereoselectlve mtroductton of the 

drol function to the lactam 25 was achieved by catalyac osmylahon together with N-methyl morpholme N- 

oxide (NMMO) as cooxldant m aqueous acetone The &sued lactam 26 was obtamed as a major isomer m 

65% yield with stereoselecnvlty of 98 4 1 6 after chromatographlc separation of the minor isomer 27 

Stereochermstry of the lactam 26 was tentatively assigned on the basis of osmylatlon from the less hindered 

convex face In &us reaction, the benzyhdene acetal of 25 serves as the N,O-protectmg group as well as face 

dlfferenttatmg one and leads high &astereoselectlvlty The lactam 26 has the reqmred contmuous three 

asymmemc centers for 4 Protectton of the &ol function of 26 with 2,2-hmethoxypropane and pyndmmm 

p-toluenesulfonate (PPTS) furnished the acetomde 28 in vertually quanntanve yield Removal of the 

benzyhdene acetal of 28 was unexpectedly tificult Hydrogenolysls usmg palladmm on carbon or reductive 

cleavage with sodmm metal m hquld ammonia was meffectlve Fortunately, by use of hydrazme hydrate as a 

hydrogen source on the transfer hydrogenation using 5% palladmm on carbon,18 the desired lactam 29 was 

obtamed after treatment at reflux for 30 mm m 95% yield One carbon homologanon was camed out by the 

method19 developed by us Thus, reachon of the alcohol 29 with tn-n-butyl phosphme, carbon 

tetrachlonde, potassnun cyamde, and l&crown-6 m acetomtnle sluggishly proceeded at mom tempera- to 

give the mtermtiate chlonde 31 instead of the nlmle 30 The elevated temperature. however, afforded the 

desired mmle 30 with full carbon skeleton of the hydroxy ammo acid 3 m 71% yield Mild hydrolytic 

cleavage of the lactam nng was accomplished after attachment of the Boc funcnon at mtrogen, affordmg the 

hydroxy ammo acid 4 in 70% yield 

Construction of AI-77-B (1) 

With the required &hydrolsocoumann and hydroxy ammo acid fragments m hand, we have 

accomphshed the construction of AI-77-B (1) Condensation of the hydroxy ammo acid 4 and 
&hydrolsocoumann 2*HCl with &ethyl phosphorocyamdate (DEiPC, (C2H50)2P(0)CN)20 and 
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23 X=H 25 26 27 
24 X= SePh 
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4 

(a) LDA (1 3 eqmv ), THF, -70°C, 0 5 h, then PhSeBr (1 2 equlv ). THF, -7OY!, 15 mm (b) ozone, 
CH2Cl2, -74’C, 2 h, pyndme, -74°C-+room temperature, 75% from 23 (c) 0~04 (0 1 eqmv ), 
NMMO (1 4 eqmv ), aqueous acetone, room temperature, 15 h, 65% (d) 2.2~&methoxypropane 
(excess), PPTS (cat), acetone, room temperature, 10 h, 98% (e) 5% W-C, NH2NH2eH20, 
MeOH, 95% (f) KCN (2 equlv), 18-crown-6 (0 lequlv), Bu3P (1 1 eqmv), CC4 (1 1 eqmv ), 
CH$N, 30-40°C, 1 h, then 70-80°C, 2 h, 71% (g) (Boc)20 (1 12 equlv ), DMAP (cat ), CH$N, 
room temperature, 1 h, 92% (h) LlOH, 70% aqueous TX-IF, room temperature, 30 mm, 70% 

methylamme was slightly sluggish and after additional reagents afforded the anude 33 wtth full carbon 

skeleton of 1 Hydrolysis of the mtnle function to the carboxyhc one was thfficult problem owing to 

coexistence of the internal amtde bond, which was solved by use of the mtramolecular Pmner reactlon The 

amide 33 was treated with 5% hydrogen chlonde in MeOH m the presence of mmethyl orthoformate at 5’C 

and the resulting ammo ester 34 was hydrolyzed by ad&non of water at room temperature to produce the ^I- 

lactone denvative The final transformation of the y-lactone to 1 in the presence of the Glactone funcuon was 
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performed by careful addmon of 0 1N aqueous sodmm hydroxide mamtammg at pH 9 0 m aqueous MeOH 

After neutrahzatlon with 0 1N hydrochlonc acid, the crude 1 was punfied on Amberhte XAD-2 followed by 

Sephadex G-10, yleldmg the pure mater& which was identical with the natural product III all respects 

Scheme 8 
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(a) 2*HCl , DEPC (1 25 equiv ), Et3N (3 2 equlv ), DMF, O’C, 3 h, room temperature, 20 h, 
then an ad&tlonal DEPC (0 45 equlv ), an additional Et3N (1 47 equlv ), room temperature, 11 
h, 70% (b) 5% HCl-MeOH, mmethyl orthoformate (excess), S’C, 44 5 h (c) H20, 12 h, 0 1 
N NaOH (pH 9), aqueous MeOH, room temperature, 3 h, 0 1 N HCl (pH 6 5), 76% from 33 

In summary, we have achieved the first total synthesis of AI-77-B (l), the unique 3,4- 

&hydrolsocoumann antlblotlc, m a stereoselectlve and convergent manner which involved (1) one-step 

construction of the 3,4-&hydrolsocoumarm 18b wltb moderate stereoselecuvity, (2) highly &astereoselecuve 

osmylatlon of the blcychc c&unsaturated lactam 25, and (3) mild conversion of the rumle 33 to 1 using the 

mtramolecular hnner reaction This synthesis will provide an easy entry to many other congeners required 

for pharmacolog& evaluation 

ExperImental 

Melting points are uncorrected IR spectra were recorded on a JASCO IRA-2 spectrometer NMR 

spectra were recorded on JEOL FX-100 or GSX-400 spectrometers m CDC13 using tetramethylsdane as an 

internal standad EI and FAB mass spectra were obtained with a JEOL DX-300 spectrometer Optical 

rOtahOnS were determined on a JASCO DIP- 140 automatic polanmeter Analyucal TLC was performed on a 

silica gel plate (E Merck Art 5715) Normal column chromatography was camed out with silica gel BW- 

820MH (FUJI Davison Co ) and flash chromatography was performed with s&a gel BW-200 (FUJI Davison 

Co ) 

Ethyl 6-methylsahcylate (6a). Prepared according to the slightly modified method of Hauser’s 

one10 as follows to a stirred solution of ethyl acetodcetate (220 ml, 1 75 mol) and freshly prepared sodium 

ethoxlde (50 mmol) m EtOH (450 ml) at O’C was added dropwise crotonaldehyde (143 ml, 1 73 mol) over 30 
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mm and the mactlon rmxture was allowed to warm to amhent temperature. After bemg shned for 50 h, the 

reaction rmxture was retooled to ice-bath temperature, saturated with hydrogen chloride, allowed to warm 

agam to amblent temperature, and smred for 40 h Removal of the volaale gave the crude ethyl 6-methyl-2- 

oxo-3-cyclohexenecarboxylate as a brown 011 which was dm~tly used for the next reacaon wlthout further 

punficatlon 

The above matenal was added dropwise to a stn-red nuxture of cupnc chlonde (322 g, 2 4 mol) and 

hthium chlonde (73 g, 1 7 mol) in dnnethylformanude (400 ml) at 90°C over 3Omm and the reacnon rmxture 

was kept at this temperature for 2 5 h Then, the reacuon rmxture was poured into ice (400 g) and the 

precipitate was formed After removal of the prectpltate by filtraaon, the filtrate was extracted 5 ames with 

EtOAc-PhH (2 1,500 ml) The organic layer was washed with water (400 ml x 5) and saturated bnne (300 

ml x 2), dned over Na2S04, and concentrated m vacua to leave 265 g of the crude ethyl 6-methylsahcylate as 

a brown 011 Dlstlllatlon of the residue (bp 95-100°C at 0 1 mmHg) gave the pure matenal(165 5 g, 53 % 

from crotonaldehyde) as colorless crystals, which were recrystalhzed from n-hexane mp 44-45°C (lit 10 mp 

42“C from aqueous MeOH), IR %ax (KBr disc) 3400,1660,1605,1250 cm-l, lH NMR 6 143 (3H, t, J = 

7Hz), 2 55 (3H, s), 4 45 (2H, q, J = 7Hz), 6 73 (lH, d, J = 8Hz), 6 87 (lH, d, J = 8Hz), 7 35 (lH, t, J = 

8Hz), 11 83( lH, s, disappeared with D20) 

Ethyl 0-acetyl-6-methylsalicylate (10). Ethyl 6-methylsahcylate (6a) (18 g, 0 1 mol) was 

dissolved m pyndme (50 ml) and acetlc anhydnde (20 ml, 0 2 mol) was added at room temperature After 

being sarred for 3 h, the reaction nuxture was diluted with EtOAc (500 ml), washed with 10% hydrochlonc 

acid (until lower layer became pH 2), water (100 ml x 2), saturated aqueous NaHC03 (100 ml), and saturated 

bnne (100 ml), and dned over Na2S04 Fdtratlon followed by evaporaaon of the filtrate gave the acetate 10 

(22 9 g, quant ) as colorless crystals which were recrystalhzed from n-hexane mp 36 5-37”C, IR urnax (KBr 

&SC) 1770, 1720, 1600, 1265cm- l, 1H NMR 6 1 17 (3H, t, J = 7Hz), 2 07 (3H, s), 2 23 (3H, s), 4 23 

(2H, q, J = 7Hz), 6 87 (lH, d, J = 8Hz), 7 01 (lH, d, J = 8Hz), 7 23 (IH, t, J = 8Hz) Anal calcd for 

C12H1404 C, 64 85, H, 6 35 Found C, 64 59, H, 6 40 

Ethyl 0-acetyl-6-bromomethylsalicylate (11) A mixture of the acetate 10 (555 mg, 2 5 

mmol), N-bromosuccmlmde (490 mg, 2 75 mmol), and benzoyl peroxlde (60 mg, 0 25 mmol) m carbon 

tetrachlonde was heated at reflux for 4 h After coolmg, the reaction nuxture was filtered and the filtrate was 

condensed in vacua to give the crude product (793 mg) as a yellow 011 contauung the bromide 11 (690 mg, 

92%) and a small amount of starting material (43 mg, 7 7%) along with a trace of the correspondmg 

dbromlde (Judged by lH NMR) The crude bromide 11 IR XI max (CHC13) 2980, 1770, 1725,1372,1285, 

1195 cm-l, 1~ NMR 6 1 37 (3H, t, J = 7Hz), 2 26 (3H, s), 4 40 (2H, q, J = 7Hz), 4 67 (IH, s), 7 03-7 56 

(3H, m) The crude matenal was directly used for the next reactlon 

3-Acetoxy-2-ethoxycarbonylbenzyltrlphenylphosphonium bromide (12) A mixture of 

the bromide 11 (13 4 g, 45 mmol) and tnphenylphosphme (14 2 g, 54 mmol) m EtOAc (200 ml) was heated 

at reflux for 17 h dunng which nme the precipitate came out of the soluaon The reacnon mixture was filtered 

through smtered glass filter and washed with EtOAc to give the phosphomum salt (22 8 g, 90%) as colorless 

crystals which were recrystalhzed from EtOH-EtOAc mp 194-196’C, IR umax (KBr &SC) 1765,1720,1440, 

II 10 cm-l, 1H NMR 6 1 13 (2H, d, J = 15Hz), 2 23 (3H, s), 3 96 (2H, q, J = 7Hz), 5 83 (2H, d, J = 

15Hz), 7 O-8 1(18H, m) Anal calcd for C3OH2gBfiqP C, 63 95, H, 5 01 Found C, 64 16, H, 4 82 

Ethyl (E)-0-acetyl-6-(l-propenyl)salicylate (13) The phosphomum salts 12 (563 mg, 1 

mmol) was dissolved m DMSO (5 ml) and tnethylamme (180 ~1, 1 2 mmol) and acetaldehyde (150 pl, 2 7 

mmol) was added The reactlon mixture was heated to 12O’C for 21 h, then allowed to cool to ambient 
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temperature, poured into Ice-water (25 ml), and extracted three trmes wnh ether (each 50 ml). The orgamc 

layer was washed wrth water (50 ml) and saturated bnne (50 ml), drred over Na2S04, filtered. and 

condensed m vacua to afford the crude product as an orl Chromatographrc punficatron of the resrdue 

(EtOAc-hexane = 1.9) gave the title compound (245mg. 99%) as a rmxtum of geomemc rsomers wnh a rauo 

of 43 57 (Z E) Judged by GLC analysrs on 2% SE-30 (2 m). The mrxtum (100 mg, 0 4 mmol) was 

dtssolved m droxane (1 ml) and p-toluenesulfimc acid (6 mg, 0 04 mmol) was added The reactron rmxture 

was heated at reflux for 6 5 h and drluted wrth EtOAc (40 ml) The whole was washed wrth saturated 

aqueous NaHC03 (8 ml x 2) and saturated brute (20 ml x 2), dned over Na2S04, and concentrated m vacua 

to afford the (E)momer 13 (100 mg, 100%) with 94% geomemc punty IR umax (neat) 1770.1725, 1270, 

1200 cm-l, 1H NMR 8 1 36 (3H, t, J = 7Hz), 1 86 (3H, dd, J = 7Hz, 2Hz), 2.26 (3H, s), 4 36 (2H, q, J = 

7Hz), 6 16 (lH, dq, J = 17Hz, 7Hz), 6 50 (lH, dq, J = 17Hz. 2Hz). 6 90-7 04 (1H. m), 7 16-7 30 @I-I, 

m) 

6-(l-Propenyl)salicylic acrd (9) A mrxture of the ester 13 (1 37 g. 5.5 mmol) and 1N NaOH 

(16 ml, 16 mmol) m EtOH (30 ml) was heated at reflux for 5 h After removal of the solvent, the resrdue was 

actdrfied to pH 2 with 10% hydrochlonc acid, diluted with water (10 ml), and extracted three trmes wrth 

EtOAc (each 20 ml) The orgamc layer was washed with water (25 ml x 2) and saturated brme (25 ml), drred 

over Na2S04, and concentrated m vacua to grve the sahcyhc acid 9 (941 mg, 96%) as colorless crystals mp 

145 5-146’C, IR Umax (KBr dlSC) 3500-2500. 1640. 1600, 1435 cm-l, 1H NMR (CDCl3-DMSO-d6) 6 

1 86 (3H, dd, J = 7Hz, Wz), 5 66-6 33 (lH, m), 6 82-7 06 (3H, m), 7 43 (lH, t, J = 8Hz), 8 33-9.5 (W, 

br s, &sappeared with D20) I-hgh mass calcd for Cl0HlO03 178 0629 Found 178 0616 

Melein (14) (1) With d-camphor-lo-sulfomc acid---The sahcyhc acid 9 (70 mg, 0.39 mmol) was 

&ssolved m mfluoroaceuc acrd (1 ml), and d-camphor-lO-sulfomc acid (460 mg, 2 mmol) was added at room 

temperature After being stnred for 23 h. the reacnon nuxture was concentrated in vacua, neutrahzed wnh 

saturated aqueous NaHC03 (lml), and extracted with CH2C12 (20 ml x 2) The organic layer was washed 

with water (5 ml) and saturated bnne (5 ml), drred over Na2S04, and removed m vacua to give the product 

(68 mg) as a crude or1 The residue was punfred on srhca gel plate (Merck Art 5744) using EtOAc-hexane 

(1 4) to afford melem (14) (19 mg, 27%) and the phthahde 15 (18mg, 26%) 14 mp 43-44’C (from Et20- 

n-hexane) (lit 12 (R)-isomer mp 38°C from CH2C12-n-hexane), IR Umax (soluuon in CHC13) 3150. 1675, 

1620, 1460, 1120 cm-l, 1H NMR 6 154 (3H, d, J = 7Hz), 2 92 (2H, d, J = 7Hz), 4 56-4 88 (lH, m), 

6 72,6 88 (2H, d, J = 8Hz), 7 40 (lH, t, J = 8Hz), 1102 (1H. s, disappeared wrth D20) High mass calcd 

for Cl0HlO03 178 0628 Found 178 0618 15 mp 71-72 Y’C, IR Umax (solunon in CHC13) 3400,173O 

cm-l, 1~ NMR 6 104 (3H, t, J = 7Hz), 160-2 30(2H, m), 5 53 (lH, dd, J = 7Hz, 4Hz). 6 90,6 92 (2H, 

d, J = 8Hz) 7 56 (lH, t, J = 8Hz), 7 80 (lH, br s, drsappeared wtth D20) I-hgh mass calcd for Cl0I-Il003 

178 0629 Found 178 0633 

(11) With mmethylstlyl mfluoromethanesulfonate (TMSOTf)---To a stured soluuon of the sahcyhc acid 9 (40 

mg, 0 22 mmol) m CH2Cl2 at room temperature was added a 0 4 M soluuon of TMSOTf in CH2Cl2 (1 1 ml, 

0 44 mmol) After being stured for 23 h, the reactton nuxture was quenched with saturated aqueous 

NaHC03 (5 ml) and extracted with CH2C12 (30 ml x 2) The organic layer was washed with water (20 ml) 

and saturated bnne (20 ml), dned over Na2S04, and removed in vacua to gtve a yellow orl(35 mg) which 

was punfled as above to afford 14 (14 mg, 35%) and 15 (17 mg, 43%) 

Ethyl 2-methoxy-6-methylbenzoate (16a) Ethyl 6-methylsahcylate (6a) (9 01 g. 50 mmol) 

was dissolved m acetone (70 ml) and potassmm carbonate (8 29 g, 60 mmol) and mdomethane (9 3 ml, 150 

mmol) were added The reactton mrxture was heated at reflux for 25 h After coohng, the reactton nnxture 
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was filtered and the filtrate was concentrated m vacua. The residue was dduted ~nth ELOAC (200 ml), washed 

with water (50 ml) and saturated bnne (50 ml). dned over Na2S04, and concentrated 111 vacua to gwe the utle 

compound 16a (9 68 g, 100%) as a pale yellow 011. IR umax (neat ) 1730.1580,1470 cm-l, lH NMR 6 13 

(3H, t, J = 7Hz), 2 3 (3H. s). 3 82(3H. s). 4 43 (2H, q), 6 76-6 92 (W, m), 7 33 (lH, t, J = 8Hz) 

Ethyl 3-0-methyl-6-bromomethylsalicylate (16b) A muture of the ethyl 6-methylsahcylate 

16a (4 86 g, 25 mmol), N-bromosuccunmde (4 89 g, 27 5 mmol), and benzoyl peroxlde (0 16 g. 0 65 

mmol) m carbon tetrachlonde (60 ml) was heated at reflux for 8 h. After cooling, the reaction nuxture was 

filtered and the filtrate was condensed m vacua The residue was diluted with EtOAc (200 ml), washed with 

saturated aqueous NaHC03 (100 ml), water (100 ml), and saturated bnne (100 ml), and dned over Na2S04 

Evaporanon of the solvent followed by chromatographlc punficanon of the residue (BW-200, 200 g, n- 

hexane-EtOAc = 10 1) gave the brormde 16b (6 33 g, 93%) as a shghtly yellow 011 IR Vmax (neat) 1770, 

1725, 1372, 1285 cm-l, 1~ NMR 6 137 (3H, t, J = 7Hz), 2 26 (3H, s), 4 40 (2H, q, J = 7Hz), 4 67 (2H, 

s), 7 03-7 56 (3H,m) 

6-Methylsalicylic acid (6b) Prepared by hydrolysis of 6a with 1N NaOH (2 9 equlv ) and EtOH 

(5 5 ml/mmol) under reflux m 95% yield Recrystalhzahon from EtOAc-n-hexane gave the pure matenal as 

colorless needles mp 170-172’C, IR Umax ( KBr &SC) 3400-2500,164O. 1440 cm-l, 1H NMR 6 2 56 (3H, 

s), 6 63,6 73 (2H, d, J = 8Hz), 7 20 (lH, t, J = 8Hz), 8 33-8 83 (2H, br, dsappeared with D20) Anal 

calcd for CgH803 C, 63 15, H, 5 30. Found C, 62 97, H, 5 14 

Methyl 6-methylsalicylate (6~) The sallcyhc acid 6b (18 24 g, 0 12 mol) was dissolved m 

MeOH (100 ml) and concentrated sulfunc acid (5 ml) was added The reaction rmxture was heated at reflux 

for 27 h After removal of the solvent, the residue was taken up m EtOAc (200 ml), washed with saturated 

aqueous NaHC03 (50 ml x 2) and water (50 ml), and dned over MgS04 Evaporation of the organic layer 

gave the ester 6c (18 g, 90%) as colorless crystals which were recrystallized from n-hexane mp 32’C, IR 

Vmax (KBr disc) 1660, 1440 cm-l, 1~ NMR 6 2 63 (3H, s), 3 10 (3H, s), 6 90, 7 10 (2H, d, J = 8Hz). 

7 53 (lH, t, J = 8Hz), 1142 (lH, s, hsappeared with D20) Anal calcd for CgH1003 C, 65 05, H, 6 07 

Found C, 64 58, H, 5 97 

Methyl 2-0-methoxymethyl-6-methylsalicylate (17a) To a steed solution of methyl 6- 

methylsallcylate (11 63 g, 70 mmol) m CH2C12 (100 ml) at Ice-bath temperature was added dropwlse 

dusopropylethylamme (36 6 ml, 210 mmol) and chloromethyl methyl ether (10 6 ml, 140 mmol) The 

reacuon mixture was stmed at the same temperature for 35 h After addmon of 10% aqueous clmc acrd, the 

whole was extracted twice with CH2C12 (200 ml) The orgamc layer was washed with water (200 ml x 2) 

and saturated bnne (100 ml), dned over Na2S04, and concentrated m vacua to leave the title compound 17a 

as a brown oll(l5 35 g, 97%) Dlstdlatlon (bp 114“C at 1 mmHg) gave the pure matenal(14 2 g, 90%) as a 

colorless 011 IR urnax (neat) 1720, 1580, 1460 cm- *, 1H NMR 6 2 26 (3H, s), 3 43 (3H, s), 3 86 (3H,s), 

5 13 (2H, s), 6 79 (lH, d, J = 8Hz), 6 92 (lH, d, J = 8Hz). 7 23 (lH, t, J = 8Hz) &gh mass calcd for 

Cl 1H1404 210 0892 Found 210 0895 

Methyl 2-O-methoxymethyl-6-trimethyls~lylmethylsal~cylate (17~) To a stirred solution 

of dnsopropylamme (0 5 ml, 3 5 mmol) and TMEDA (0 38 ml, 2 5 mmol) m THF (4 ml) was added n-BuLi 

(159 M solution m n-hexane, 2 2 ml, 3 5 mmol) at -74’C under argon After the mixture was stuTed at -74’C 

for 0 5 h, the methyl sahcylate 17a (630 mg, 3 mrnol) m THF (2ml) was added and the nuxture was kept at 

thus condmon for 1 h with surnng A rmxture of chlorommethylsdane (0 95 ml, 7 5 mmol) and methylamme 

(0 1 ml, 0 75 mmol) m THF (2 ml) was added dropwlse After being sarred at this temperature for 4 5 h, the 

reacuon nuxture was quenched with saturated aqueous NaHC03 (10 ml) and water (10 ml) and allowed to 
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warm to amblent temperature The whole was extracted twice with ether (100 ml) and the orgamc layer was 

washed with saturated bnne (30 ml), dned over Na2S04, and concentrated 1n vacua to give a yellow 011 

Punfication of the residue by bulb-to-bulb tisnllation gave the silylated product 17c (818 mg, 97%) as a 

colorless 011 bp 95105’C at 1 mmHg, IR Umax (neat) 1730, 1580, 1260 cm-l, 1~ NMR 6 0 (9H, s), 2 10 

(2H, s), 3 46 (3H, s), 3 89 (3H, s), 5 13 (2H, s), 6 56, 6 69 (2H, d, J = 8Hz), 7 17 (lH, t. J = 8Hz) 

tigh mass calcd for Cl4H22O4S1 282 1287 Found 282 1256 

Methyl 2-O-methoxymethyl-6-trimethylstannylmethylsa~~cylate (17d). To a stmed 

solunon of LDA (3 5 mmol) and TMEDA (2 5 mmol) in THF (4 ml), prepared as 1n the preparation of 17c, 

was added dropwise the methyl salicylate 17a (630 mg, 3 mmol) 1n THF (4 ml) at -75°C and the reacuon 

rmxture was kept at the same conditions with sturmg A solution of tnmethylstannyl chlonde (725 mg, 3 6 

mmol) 1n THF (4 ml) was added dropwise After being stmed at -78°C for 2 h and at room temperature for 2 

h, the reaction mixture was concentrated 1n vacua Chromatographlc punficauon of the residue followed by 

bulb-to-bulb &sdlahon gave the stannane 17d (916 mg, 82%) as a colorless 011 bp 130-135’C at 0 4 mmHg, 

IR urnax (neat) 1720, 1600, 1460 cm-l, 1 H NMR 6 0 03 (9H, s), 2 2(2H, s), 3 33 (3H, s), 3 73 (3H,s), 

5 03 (2H, s), 6 56 (lH, t, J = 8Hz) High mass calcd for C14H2204Sn 374 0539 Found 374 0539 

tert-Butoxycarbonyl-(S)-leucinal (7b) Prepared by our method13 and punfied by bulb-to-bulb 

&st1llat1on bp 85’C at 0 5 mmHg, [a]D21+17 55” (c 0 99, CH2C12) 

(3S)-3-[(1S)-N-tert-Butoxycarbonylam~no-3-methylbutyl]-8-methoxymethyloxy-3,4- 

dihydroxyisocoumarm (18b). LDA (1 4 mmol) was prepared by the ad&t1on of n-BuL1 (1 45 M 

solution 1n n-hexane, 1 ml, 1 4 mmol) to a solution of dusopropylatnme (0 2 ml, 1 4 mmol) and TMEDA 

(0 2 ml, 1 4 mmol) 1n THF (9 ml) at 0°C and allowed to cool to -75“C A solution of the methyl sallcylate 

17a (210 mg, 1 mmol) 1n THF (1 ml) was added dropwise v1a cannula to this solution and the mixture was 

stirred at -75’C for 1 hr Then a solution of tert-butoxycarbonyl-(S)-leuclnal(301 mg, 1 4 mmol) 1n THF (1 

ml) was added dropwlse via cannula and the resultmg solution was kept at the same condmons for 3 h with 

stunng After berg quenched ~th saturated aqueous ammonium chlonde (5 ml), the mixture was allowed to 

warm to ambient temperature, diluted with water (5 ml), and extracted with ether (50 ml x 2) The organic 

layer was washed with saturated bnne (20 ml), dned over Na2SO4, filtered, and concentrated 1n vacua to 

leave a yellow 011(367 mg) The crude matenal was chromatographed on s111ca gel (15 g) using EtOAc-n- 

hexane (1 5) to give the crude product (190 mg) as a mixture of dlastereomers Further punf1cahon on s111ca 

gel plate (Merck Art 5744) using EtOAc-n-hexane (1 2) gave the desired (S,S)-isomer 18b (73 mg, 19%) 

along with the (S,R)-Isomer 19b (56 mg, 14%) 18b [cz]D25-92 8” (c 1 13, CH2Cl2), IR vmax (neat) 

3350, 1732, 1715, 1705, 1520, 1507, 1254, 1156, 1049, 1022 cm-l, lH NMR 6 0 96 (6H, d, J = 6Hz), 

1 48 (9H, s), 1 28-l 76 (3H, m), 2 68-3 28 (2H, m), 3 56 (3H, s), 3 80-4 08 (lH, m), 4 80-4 92 (lH, m), 

5 34 (2H, dd, J = 8Hz, 7Hz), 6 92 (lH, d, J = 8Hz), 7 16 (lH, d, J = 8Hz). 7 48 (lH, t, J = 8Hz) High 

mass calcd for C2lHglNO6 393 2151 Found 393 2139 19b IR urnax (neat) 3360, 1732, 1717, 1700, 

1522, 1509, 1266, 1238, 1157, 1042 cm- I, lH NMR 6 0 96 (6H, d, J = 6Hz), 143 (9H, s), 1 23-2 13 

(3H, m), 2 8-3 13 (2H, m), 3 5 (3H, s), 3 83-4 13 (lH, m), 5 23 (2H, s), 6 8 (lH, d, J = 8Hz), 7 07 (lH, 

d, J = 8Hz), 7 36 (lH, t, J = 8Hz) High mass calcd for C2lH3lN06 393 2151 Found 393 2066 

(3S)-3-[(1S)-Amlno-3-methylbutyl]-8-hydroxy-3,4-dihydrolsocoumar~n 

hydrochloride (2*HCI) 1) From 18a---The dlhydrolsocoumarln 18a (116 mg, 0 32 mmol) was 

dissolved 1n CH2C12 (50 ml) and cooled to -75°C Boron mbromlde (0 25 ml, 2 6 mmol) 1n CH2C12 (5 ml) 

wds added dropwise and the redct1on mixture was kept at this temperature, allowed to warm to ambient 

temperature, and st1rred for 18 h The reaction mixture was extracted three times with water (25 ml) and the 
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aqueous layer was condensed m vacua The residue was treated with saturated aqueous NaHC03 (10 ml) 

and extracted t\K1ce wth CHC13 (50 ml) The orgamc layer was dned over Na2SO4, filtered, concentrated in 

vacua to leave a hght brown 011 (61 mg) which was treated with 10% HCl-MeOH (1 ml) to form the 

hydrochlonde (63 mg, 69%) as hght brown crystals The crystals were recrystallized from EtOH-Et20 mp 

206-207’C (fit 5 mp 21O’C from water), [a]D 22-47 42’ (c 0 11, MeOH) (authentic sample [CK]D2”47 45’(c 

0 11, MeOH)), IR urnax (KBr &SC) 1680 cm- 1,lH NMR (DMSO-d6) 6 0 92 (6H,d, J = 6Hz), 148-l 92 

(3H,m), 2 48-2 56 (2H, m), 3 12-3 42 (lH,m), 4 76-4 96(1H, m), 6 84, 6 90 (2H, d, J = 8Hz), 7 42 (lH, 

t, J = 8Hz), 8 42 (3H, br, &sappeared with D20) Anal calcd for Cl4HlgN03*HCI C, 58 84, H, 7 05, N, 

4 90 Found C, 58 77, H, 6 93, N, 4 95 

n) From lSb---The protected 18b (60 mg, 0 15 mmol) was &ssolved m 10% hydrogen chloride-MeOH at 

room temperature and the rmxture was snrred for 4 h Removal of the volatdes gave the title compound 

2*HCl as pale yellow crystals wluch were recrystallized from EtOH-Et20 This compound was identical with 

the authennc sample 

(3R)-3-[(1S)-Amlno-3-methylbutyl]-8-hydroxy-3.4-dihydro~socoumarin 

hydrochlorrde (20*HCI) This compound was prepared as m preparation of 2*HCI from 18a m 63% 

yield and recrystalhzed from EtOH-Et20 mp 202-203“C, [a]D22+34 89”(c 0 1, MeOH), IR m (KBr &SC) 

1680 cm-l, 1H NMR (DMSO-d6) 6 0 80 (3H, d, J = 6Hz), 0 92 (3H, d, J = 6Hz), 128-l 80 (3H, m), 

2 44-2 52 (m), 3 08-3 52 (m), 4 96-5 10 (lH, m), 6 88-6 96 (2H, m), 7 56 (lH, t, J = 8Hz), 8 70 (3H, 

broad, disappeared with D20), 10 76 (lH, broad, chsappeared with D20) 

Methyl N-benzylsulfonyl-(S)-leucmate Methyl (S)-leucmate hydrochlonde (1 82g, 10 mmol) 

was suspended m CH2C12 and cooled m an ice-bath Then, benzylsulfonylchlonde (2 lg, 11 mmol) 

followed by tnethylamme (1 6m1, 20 mmol) was added and the reaction mixture was steed at Ice-bath 

temperature for 1 h and at amblent temperature for 18 h After filtration of the resulnng salts, the filtrate was 

washed twice with water (2Oml), dned over Na2S04, filtered, and concentrated m vacua to gve the title 

compound (2 78g, 94%) as a colorless 011 after chromatographlc punficatlon (BW-200, lOOg, EtOAc-n- 

hexane = 1 4) IR Vmax (neat) 3250, 2950, 1740, 1330 cm-l 1H NMR 6 0 89 (6H, d, J = 6Hz), 1 33- 

176 (3H, m), 3 66 (3H, s), 3 66-4 00 (lH, m), 4 25 (2H, s), 4 94 (lH, broad d, J = 9Hz), 7 33 (5H, s) 

High mass calcd for Cl4H2lNO4S 299 1191 Found 299 1172 

N-Benzylsulfonyl-(S)-leucinal(7c) Prepared by reduction of methyl N-benzylsulfonyl-(S)- 

leucmate m CH2C12 with ch~sobutylalummum hydnde m hexane m 86% yield 7c colorless oil, 

[a]D25+14 35’(~ 4 5, CH2Cl2), IR umax (neat) 3250,2950, 1730, 1320 cm-l, 1H NMR 6 0 89 (6H, d, J = 

6Hz), 1 40-l 78 (3H, m), 3 53-3 86 (lH, m), 4 26 (2H, s), 5 50 (2H, d, J = 9Hz), 7 33 (5H, s), 9 40 (lH, 

s) 

(3S)-3-[(1S)-N-BenzyIsulfonylamino-3-methylbu~yl]-S-me~hoxy-3,4-d~hydroxy- 

lsocoumarin (22) N-Benzylsulfonyl-S-leucmal (7~) (27mg, 0 1 mmol) was dissolved m THF (1 ml), 

cooled to -75’C and treated with n-B&l (67p1,O 1 mmol) at -75’C for 20 mm and at -2O’C for 5nun Then, 

the benzyl lithium 17b (0 1 mmol), prepared as in the preparation of 17c, m THF at -75°C was added 

dropwise via cannula to the above N-lithium aldehyde After being stured for 3 h at the same conditions, the 

reaction mixture was quenched with saturated aqueous ammonium chlonde (2 ml) and water (5 ml) The 

whole was extracted twice with ether (each 30 ml) The orgamc layer was dried over Na2S04 and 

concentrated in vacua The residue was punfied on a preparanve thm layer chromatography (Merck Art 5744, 

EtOAc-n-hexane = 1 2) to give the title compound 22 (14 mg, 30%) as a pale yellow ml IR urnax (neat) 

3350, 1720, 1320 cm-l 1 H NMR 6 0 90-O 96 (6H, m), 1 28-l 80 (3H, m), 2 36 (2H, m), 3 46 (3H. s), 
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4 28-4 44 (3H,m), 5 18 (2H, s), 5 24-5 40 (1H. m), 6 96 (lH, d, J = 8Hz). 7 08 (lH, d, J =8Hz), 7 32 

(lH, t, J = 8Hz). 7 44 (5H, s) FAB mass for C23H29NO6S (glycerm) m/z (M+l) = 448. 

(R)-Pyroglutaminol To a stirred suspension of (R)-glutanuc acid (38 4 g, 0.261 mol) m EtOH 

(375 ml) at O’C was added dropwise thlonyl chlonde (45 ml, 0 617 mol) The reaction nurture was allowed 

to warm at ambient temperature, stmed for 1 h. and then heated to reflux for 30 mm After cooling. the 

rmxture was concentrated m vacua, &ssolved in a small amount of EtOH. neutralized with saturated aqueous 

potassium carbonate, and extracted three hmes with chloroform-ether (1*1,250 ml) The organic layer was 

removed m vacua to leave the crude &ethyl glutamate as an oil which was heated to 150°C at 15 mmHg for 

1 5 h Ethyl pyroglutamate (32 8 g) thus obtained was used for the next reducuon wlthout further 

punficanon 

The crude ethyl py-roglutamate was dissolved m EtOH (300 ml), cooled to O’C, and mated with sodmm 

borohydnde (7 9 g, 0 21 mol) After being stu-red at room temperature for 2 h, the reacaon nuxture was 

cooled m an ice-MeOH bath, acidified urlth concentrated hydrochlonc acid, concenvated III vacua, and filtered 

to leave the title compound (33 g) as a crude 011 Chromatographlc punficaaon (BW-200,350 g, EtOAc- 

EtOH = 4 1) gave the (R)-pyroglutammol (23 7 g, 79%) as colorless crystals mp 70-73°C (lit 21 mp 71- 

73’C), IR urnax (neat) 3300,1660,1420,1280 cm-l 

(2S,SR)-2-Phenyl-l-aza-3-oxabicyclo[3.3.Oloctan-8-one (23) A mixture of (R)- 

pyroglutammol(22 g, 0 191 mol), benzaldehyde (23 5 g), and p-toluenesulfomc acid (0 45 g) m toluene (140 

ml) was heated to reflux with vigorous stu-nng and water formed was azeotroplcally removed by using a 

Dean- Stark water separator with molecular sieves 4 A (20 g) After cooling, the reacuon mixture was 

washed wtth 5% NaHC03 (50 ml x 2), saturated aqueous sodmm sulfite (50 ml x 2), water (50 ml x 2), and 

saturated bnne (50 ml x l), dned over Na2S04, filtered, and concentrated m vacua The resultmg brown 011 

was punfied by &sttllatlon (15O’C at 0 1 mmHg) to give the blcychc lactam 23 (20 g, 72%) as a yellow 01 

[a]D22-252 2’ (c 1, CHC13) (lit 17 (S)-enannomer [a]D 22+269 6’ (c 1, CHC13)) This mate& was 

ldenhcal with the reported (S)-enannomer by IR, lH NMR, and l3C NMR spectra 

(2S,SR)-2-Phenyl-l-aza-3-oxabicyclo[3.3.Oloct-6-en-S-one (25) To a stn-red solution of 

LDA (14 mmol, prepared by treatment of dusopropylamme (2 0 ml, 14 3 mmol) m THF (40 ml) with 16 M 

butylhthmm (9 0 ml) m n-hexane) at -7O’C under argon was added dropwlse a soluhon of the benzyhdene 

acetal23 (2 28 g, 11 2 mmol) m THF (4 ml) and the solution was steed for 30 mm To the resultmg enolate 

was rapidly added a solution of phenylselenyl brormde (freshly prepared by treatment of &phenyl&selemde 

(2 1 g, 6 7 mmol) m THF (4 ml) with bromme (0 35 ml, 6 6 mmol) at 0°C under argon) m THF After 

15mm, the reaction mixture was poured into a mixture of 0 5 N HCl(50 ml) and ether-pentane (1 1,50 ml) 

The orgamc layer was separated, washed with water (50 ml x l), saturated aqueous NaHC03 (50 ml x l), 

and saturated bnne (50 ml x l), and dned over Na2S04 Flltratlon and evaporation gave the selemde 24 

(4 15 g) as a yellow 011 which was used for the next step wlthout punficanon 

A solution of the above crude selemde 24 (4 14 g) m CH2Cl2 (50 ml) was cooled to -74°C and 

ozonlzed (02,2 Kg/cm3,60 V 1 hr-+80 V 1 hr) untd the colorless soluuon turned to pale blue m color For 

removal of excess ozone, argon gas was bubbled through the solution After addmon of pyndme (1 9 ml), 

the reacuon mixture was allowed to warm to ambient temperature and poured into a nuxture of 7% aqueous 

NaHC03 (30 ml) and CH2C12 (50 ml) The organic layer was separated and the aqueous layer was extracted 

with CH2Cl2 (30 ml x 3) The combined organic layer was washed with 10% HCl(30 ml x 1) and saturated 

bnne, dned over Na2S04, filtered, and concentrated in vacua to give the a$-unsaturated lactam 25 (3 4 g) 

as a brown 011 This crude matenal was punfled by chromatography (silica gel, EtOAc-n-hexane = 1 1) to 
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yield the a&unsaturated lactam 25 (1 69 g, 75% from 23) as a pale yellow sol& mp 85-86’C, [a]D22- 

215 6O (c 105, CHC13), IR vrnax (neat) 2850, 1705.1490, 1445, 1330,1225 cm-l, lH NMR 6 3 38 (lH, 

t, J = 8Hz). 4.22 (lH, t, J = 8Hz). 458 (lH, dt. J = 3H2, 8Hz). 6 13 (lH, dd, J = 3Hz, 6Hz), 6.18 (1H. 

s), 7 24 (lH, dd, J = 3Hz, 6Hz), 7 40 (5H. m), 13C NMR 6 61 135. 65 113, 87 344, 126 132. 128 355, 

128 940, 129 583, 138 651, 148 07. 176 912 I-hgh mass calcd for Cl2Hl lNO2- 2010789 Found 

2010794 

(2S,SR,6S,7S)-2-Phenyl-6,7-dibydroxy-l-aza-3-oxabicyclo[3.3.O]octan-8-one (26) 

To a suned solution of the o&unsaturated lactam 25 (637 mg, 3 1 mmol) in water and acetone (1 8,27 ml) 

was added N-methylmorphlme N-ox& (742 mg, 6 3 mmol) and then 0 1M OS04 m t-BuOH (3 1 ml, 0 31 

mmol) under coohng by a water bath After berg stmed at room temperature for 15 hr, the reaction mtxture 

was poured into saturated aqueous NaHS03 (30 ml) with ice-coolmg and vigorously stu-red for 15 mm The 

whole was extracted with EtOAc (50 ml x 4) The organic layer was washed with saturated brme (100 ml x 

1), dned over Na2S04, and concentrated in vacua to gve the ~a-&0126 (964 mg) as a pale yellow 011 The 

matenal was punfied by chromatography (silica gel, EtOAc-n-hexane = 9 1) to afford the CLS-&ol 26 (482 

mg, 65%) as a white sohd mp 164-166V, [a]D25-221’ (c 1 14, MeOH), IR umax (KBr &SC) 3280,2900, 

1680, 1410, 1350, 1100, 1030,920 cm-l, 1H NMR (CDCl3- DMSO-d6) 6 3 72 (lH, dd, J = 6Hz, 8Hz), 

4 00-4 50 (4H, m), 4 60 (lH, br, disappeared with D20), 5 72 (lH, br, disappeared with D20), 6 28(1H, 

s), 7 40 (5I-L m), l3C NMR (CDC13-DMSO-d6) 6 64 674, 69 402, 71 498, 74 471, 86 801, 126 035, 

128 375, 128 618, 137 927, 175 114 Anal calcd for Cl2Hl3N04 C, 61.27, H 5 57, N, 5 95 Found 

C, 60 81, H, 5 55, N, 5 80 

(2S,5R,6S,7S)-2-Phenyl-6,7-(isopropylidene)dioxy-l-aza-3-oxabicyclo[3.3.O]octan- 

g-one (28) To a stirred solutton of the dlol26 (1 1 g, 4 6 mmol) m acetone (15 ml) at room temperature 

was added 2,2&methoxypropane (3 ml, 24 6 mmol) and PPTS (10 mg, 0 04 mmol) and the reaction rmxture 

was stured for 10 h. After removal of the solvent, the crude rmxture was punfied by chromatography (slhca 

gel, EtOAc-n-hexane = 1 1) to give the acetomde 28 (1 26 g, 98%) as a colorless 011 IR urnax (neat) 3400, 

1720, 1380, 1220, 1100 cm-l, 1H NMR 6 140 (3H, s), 153 (3H, s), 3 42 (lH, dd, J = 8H2, lOHz), 40- 

5 0 (4H. m), 6 32 (lH, s), 7 40 (5H, br s) Anal calcd for Cl5H17N04 C, 65 44, H, 6 22, N, 5 09 

Found C, 65 43, H, 6 35, N, 4 98 

(3S,4S,5S)-3,4-(Isopropylidene)dioxy-2-hydroxymethylpyrrolidin-l-one (29) To a 

stirred solution of the acetorude 28 (865 mg, 3 mmol) in MeOH (60 ml) at room temperature was added 5% 

Pd-C (875 mg) and 100% N2Ii4*H20 (3 ml) The suspension was heated at reflux with vigorously stu-nng 

for 30 min The catalyst was filtered and washed with MeOH The combined filtrates were evaporated in 

vacua and the residue was punfled by chromatography (silica gel, EtOAc-EtOH = 5 1) to give the lactam 

alcohol 29 (558 mg, 95%) as a white solid mp 141-142’C, [a]~~~+46 7’ (c 103, MeOH), IR urnax (neat) 

3300, 1705, 1385, 1275, 1085 cm- l, 1H NMR 6 1 37 (3H, s), 145 (3H, s), 3 70 (3H, m), 4 50 (lH, 

br s), 4 62 (2H, m), 7 70 (lH, br s) Anal calcd for CgHl3N04 C, 51 33, H, 7 00, N, 7 48 Found C, 

51 12, H, 7 14, N, 7 42 

(3S,4S,5S)-3,4-(Isopropylidene)dioxy-2-cyanomethyl-pyrrolidin-l-one (30) To a 

stu-red suspension of potassium cyarude (130 mg, 2 mmol), the lactam alcohol 29 (187 mg, 1 mmol). and 

18-crown-6 (26 mg, 0 1 mmol) in CH3CN under argon at 0-5’C was added dropwlse a solution of carbon 

tetrachlonde (169 mg, 1 1 mmol) m CH3CN (1 ml) The reacuon mixture was surred at 30-40°C for 15 h 

The addltlonal carbon tetrachlonde (85 mg, 0 55 mmol) was added to the mixture, and the solution was 

stirred at 70-8O’C for 2 h After cooling, the solvent was removed in vacua and the crude product was 
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punfied by chromatography (s&a gel, 40 g, EtOAc-EtOH = 10 1. then EtOAc-EtOH = 4 1) to afford the 

cyanide 30 (139 mg, 95%) as a pale brown oil IR u max (neat) 3250.2940, 1720, 1380,1220, 1100.760 

cm-l, lH NMR 6 1 37 (3H, s), 140 (3H, s), 2 63 (2H. d. J = 5Hz. 3.97 (1H. m), 4 50-4 75 (2H, m), 7 57 

(lH, br s) This matenal was crystalhzed as colorless needles mp 207-208°C. [u]D26+420 (c 0 84, MeOH) 

Anal calcd for CgHl2N203 C,55 08, H, 6 18, N, 14 28 Found C. 55,05, H, 6 20, N, 14 04 

(3S,4S,SS)-N-(tert-Butoxycarbonyl)-3,4-(~sopropylidene)dioxy-2-cyanomethyl- 

pyrrolidin-l-one (32) To a stmed solution of the cyanide 30 (54 mg, 0 27 mmol) and DMAP (3 mg, 

0 02 mmol) m CH3CN (3 ml) was added a solution of dr-tert-butyl &carbonate (68 mg, 0 31 mmol) m 

CH3CN (2 ml) After being stmed at room temperature for lh, the nuxture was tiuted with EtOAc, washed 

with 10% aqueous clmc acid (10 ml x l), water (10 ml x l), and saturated bnne (10 ml x 1). and dned over 

Na2SO4 The solvent was removed m vacua and the residue was punfled by chromatography (slhca gel, 4 g, 

CH2C12-EtOAc = 9 1) to give the lactam 32 (75 mg, 92%) as a colorless 011 IR urnax (neat) 2900,2350, 

1800, 1765, 1730, 1380, 1310, 1180 cm- l, 1H NMR 6 1 34 (3H, s), 140 (3H. s), 149 (9H, s), 2 84 (2H, 

d, J = 6Hz), 3 84-4 55 (2H, m), 4 81 (lH,d, J = 6Hz) High mass calcd for Cl4H2ON2O5 296 1372 

Found 296 1398 

(2S,3S,4S)-2,3-(isopropylidene)dioxy-4-(N-tert-butoxycarbonyl)amino-5-cyano- 

pentanoic acid (4). To a steed soluuon of the lactam 32 (75 mg, 0 25 mmol) m THF-H20 (7 3, 10 ml) 

at ice-bath temperature was added a soluuon of LlOH*H20 (32 mg, 0 75 mmol) m water (0 7 ml) After 30 

mm, the solvent was removed and the residue was &luted with water (4 ml) The solution was acitified with 

10% aqueous clmc acid and extracted four umes with ether (20 ml) The organic layer was washed with 

saturated brme (10 ml x l), dned over Na2S04, and concentrated m vacua to gve the hydroxy ammo acid 4 

(80mg, 70%) as a white sohd IR Umax (neat) 3700-2500 (br), 2350, 1720 (br), 1530cm-1, lH NMR 6 138 

(3H, s), 1 43 (9H, s), 1 57 (3H, s), 2 80 (2H, m), 4 0 (lH, br s), 4 57(1H, t, J = 7 3Hz). 4 71 (lH, d, J = 

6 6Hz), 5 31 (lH, br d, J = 8 lHz), 6 20-7 30 (lH, br) Anal calcd for Cl4H22N206 C, 53 48, H, 7 07, 

N, 8 91 Found C, 53 43, H, 6 95, N, 8 65 

The protected AI-77-B 33 To a soned solution of the &hydrolsocoumann 2*HCl (20 mg, 0 07 

mmol) and the hydroxy ammo acid 4 (18 mg, 0 058 mmol) in DMF (0 4 ml) with an ice-bath were added 

DEPC (11 ~1, 0 074 mmol) and Et3N (26 ~1, 18 mmol) under argon After 3h, the solunon was allowed to 

warm to ambient temperature and stmed at room temperature ovemlght Then a solution of atitlonal DEPC 

(4 ~1, 0 02 mmol) m DMF (0 2 ml) was added to the mixture at room temperature After 1 h, addmonal Et3N 

(12 ~1, 0 08 mmol) was added to the solution The mixture was stmed for 11 h at room temperature The 

reaction was diluted with PhH-EtOAc (2 1,45 ml), washed with 10% aqueous cimc acid (10 ml x l), and 

dned over Na2S04 The solvent was removed in vacua to give the crude product 33 (59 mg) as a pale 

yellow 011 The residue was punfied on preparative TLC (CHC13-EtOAc = 2 1) to afford the protected AI-77- 

B 33 (22 mg,70%) as an 011 IR Z)max ( solution m CHC13) 2900, 1710 (s), 1665, 1620, 1470, 1200, 1160, 

1110, 920 cm-l, lH NMR 6 0 97 (3H, d, J = 2 9Hz), 0 99 (3H, d, J = 3Hz), 1 38 (3H, s), 1 45 (3H, s), 

177 (lh, m), 2 82 (2H, dd, J = 3Hz, 16 4Hz), 3 0 (lH, dd, J = 12 8Hz, 16 5Hz), 3 83 (lH, br s), 4 28 

(IH, m), 459 (2H, d, J = 25Hz), 463 (lH, dt, J = 11 7Hz, 19Hz), 5 35 (lH, brs), 669 (lH, d, J = 

7 3Hz), 6 87 (2H, m). 7 41 (lH, t J = 7Hz, 8 4Hz) 

AI-77-B (1) The nltrlle 33 (5 4 mg, 0 01 mmol) was dissolved m 5% hydrogen chlonde in MeOH 

(2 ml) under argon with ice-MeOH bath and mmethyl orthoformate (0 05 ml, excess) was added The 

rmxture was smred for 44 5 h at 5’C Water (3 ml) was added to the solution After being stmed at ambient 

temperature for 12 h, the solution was diluted with 50% aqueous MeOH (2 ml) and 0 1N NaOH was added 
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dropmse mamtammg at pH 9 with stunng After 3 h. the pH was adJUSted to 6 5 with 0 IN hydrochlonc 

acid The mixture was charged on an Amberlrte XAD-2 column (10 ml m water) The column was washed 

urlth 20% aqueous MeOH (100 ml) and eluted \~lth 80% aqueous MeOH Frachons contauung AI-77-B were 

combined and then evaporated The residue was &ssolved us water and punfied by column chromatography 

(Sephadex G-10,9 ml, H20) to afford AI-77-B (1) (3 2 mg. 76%) [alD22-72 2” (c 0 07, MeOH) (authentic 

sample [a]$2-78 2’ (c 0 08, MeOH)) The synthetic matenal was identical with the natural one by TLC, 

1~ NMR and FAB mass spectral compansons 
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