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Abstract: The first stereospecific synthesis of the naturally occurrng drpepnde 
antlbronc, alahopcm, startmg from (&spartx acrd 1s described 

Recently we reported the fust total synthesis of the novel ammo-acid dealanylalahopcm 11 We now descnbe 

the first total synthesis of the parent &pepade alahopcm 2, wa the common m-ate 3 1 
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Alahopcm (B-52653) 2 was first Isolated by mgashlde et al from a culture of a sub-species of Streptomyces 

albulus2 and was shown to be an active anablotlc agamst both Gram-posltlve and -negative bactena, with 

especially strong acavlty against Staphylococcus aureus 4R, previously an anahoac resistant mutant It was also 

found to mhlblt prolyl collagen hydroxylase both in vlvo and rn wtro and to have a samulatory effect on the 

production of bactenal a-amylase in mice 2 Also, alahopcm 2 has been shown to be identical to nourselmycm, 

an antimetabolite of (L)-prohne 3P 

Imaally, mtermedate 3 was reacted with p-toluenesulphomc acid (2 leq ) m methanol for 18 hours yielding 

the free a-armno 2-oxopynohdme 4 m 94% yield Couplmg of the two C-5 epimers of the free amme 4 with the 

requlslte protected &)-alanme was camed out using the I-hydroxybenzomazole (HOBt)-catalysed 

dlcyclohexylcarbodurmde (DCCI) coupling procedure 5 Thus, ZV-Boc-Q&alamne, HOBt and DCCI were stmed 

m chloroform at OT After 2 hours, a solution of the a-ammo 2-oxopyrrohdme 4 m chloroform was added and 

the resultant suspension stirred for a further 20 minutes before being filtered (Scheme 1) The filtrate was 

evaporated to dryness and the residue punfied by flash chromatography to yield the two C-5 eplmers of fully 
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protected d~pepnde a, p (raho of 1 1.1) m a 71% yield from the pamally protected ammo acti 2 The couplmg 
was seen to proceed with no evidence of racetmsanon at either a-centre as Judged by SOOMHz ‘H NMR analysts 

of the crude coupled product. 

Reagents 
I) pTSA (2.leq ). MeOH. then extract mto CH&!I, washmg with aqueous WOH, 

II) IV-Boc &)-alanme, HOBt, DCCI, chloroform 

scheme 

A two step deprotecnon scheme was then employed to release alahopcm 2 (Scheme 2) Hydrogenolysls of the 
two epimers of the protected &pepmie a& (H2,10% Pd/C, NaHCO$ for 3 hours gave the hydroxannc acid 6, 

which was not punfied, the remammg protectmg groups were then efficiently removed using aqueous acid (1M 

HCl) m 1,4-dioxan. over 24 hours The crude product was punfied by Ion exchange chromatography on a 

Dowex-SOW-X8(H) column ~th l&j ammomum hydroxide as the eluent The nmhydrm-active fracnons were 
lyophlhsed, re-dissolved m water and then loaded onto a column of Amberhte IRA-68 which was eluted with a 

grtient from water to 0 2M aqueous acetic acid Nmhydnn acnve frachons were lyoph~bsed to yield alahopcln 

2 as an off-white pow&r (59% from dlpepn& 9 which &splayed consistent spectral data [ lH NMR (figure l), 

13C NMR, and ntlz] and speck optical rotanons [a],” +50 3” (c=l 0, H20), +64 9’ (c=l 0, 18 HCl) [ht ,2 

[a]$) +52 7’ (c=l 0, Hfi), +62 0’ (c=l 0, lu HCI)] to those reported m the literature 2 

Reagents 
I) H,, 10% Pd/C, 
n) 1N HCl l,Cd~oxan (1 1) 

Scheme 2 
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Infrared (IR) spectra were worded on ather a Perkm-Elmer 681 or Perkm-Elmer 17 10 lT-IR spectrometers 

with only selected absorpnons bemg mported Nuclear magnefic resonance (NMR) spectra were recorded on a 

Bruker AM-500 spectrometer Spectra were measured using CDC13 as solvent with chenucal shifts quoted m 

parts per nullion (6 p p m ) using the residual solvent peak as an internal reference, except when stated 

otherurlse Coupling constants (J) axe quoted to the nearest 0 5Hz l3C spectra were run using DEPT edmng. 

except when otherwise stated Mass spectra were recorded on V G Muzomass ZAB 1F (DCI), V G 20-250 

@CI/CI/FAB+) or V G BIO-Q(Electrospray) spectrometers, percentage mtenslues are recorded m parenthesis 

Optical rotation were measured using a Perkm-Elmer 241 polanmeter, at 2OT ~rlth a pathlength of ldm Hrlth 

concentranons given m g/lOOml Melting points were obtamed using a Buchl 510 capillary melting point 

apparatus and are uncorrected Microanalyses were performed Hnthm the Dyson Pemns 

Flash chromatography was accomphshed on silica gel usmg SorbsdTN C60 Thm layer chromatography 

was performed on alurmmum sheets pre-coated with Merck silica gel 60 F254, plates being vlsuahsed ~nth UV 

(254nm) or lO%w/v ammomum molybate m 2M sulphunc acid, followed by heat Ammo acids were located on 

t 1 c by 3%w/v mnhydrm m ethanol 

Ion exchange resins were prewashed before use Dowex-SOW-XI(H) (50-100 mesh) was washed with 1N 

HCI, water (to pH 7), 1N ammomum hydroxide. water (to pH 7). 1N HCl, and finally water (to pH 7), 

Amberllte IRA-68 was washed ~tltb 1N ammomum hydroxide. water (to pH 7), 0 2M acefic acid, water (to pH 

7), 1N ammomum hydroxide, and finally water (to pH 7) 

Methanol was dned before use by &stillahon from magnesium methoxide Anhydrous p-toluenesulphomc 

acid was prepared by refluxmg p-toluenesulphomc acid monohydrate in toluene using a Dean and Stark 

apparatus 



(3B)-3-[(1’S)-t-ButyZ l’-(amino)acetate]-l-benzyloxy-5-methoxy-2-oxopyrroZidine 4 

(3a)-3-[(l’s)+Butyl l’-(f-butyloxycarbonylarmno)acetate]-l-benzyloxy-5-hydroxy-2-oxopyrrol~~~ne 3 

(841mg, 1.85mmol) was dissolved in methanol (2Oml) and anhydrous p-toluenesulphomc acid (678mg, 

3 94mmol) was added After stnnng for 18 hours the solvent was removed The cnly residue was taken into 

rllchloromethane @ml) and washed v&h 1M ammonmm hydrox& (2x6Oml), brme (60ml) and dned (MgSO4) 

Removal of the &chloromethane yielded 4 (646mg. 94%) as a pale brown ml, Rf O-O 1 (EtzO), vmax (CHC13) 

3080-28OO(m, N-H), 173O(C=@, 1370(s), and 1090(m); 6H(5mh’fHZ, CDCl3) 151 (9H, s, C(C&)3), 164 

(2H, s, N&, both epnners), 165-l 87 & 2 31-2 45 (2H, 2xm, 4-H, mmor epimer), 1 93-2 22 (2H, m, 4-H, 

mayor epmer), 2.77-2 88 (lH, m, 3-H, mmor epimer), 3 08-3 20 (lH, m, 3-H, mayor eplmer), 3 43 (3H, s, 

OCI&, maJor epimer), 3.52 (3H, s, OC&, mmor epnner), 4 54 (lH, d, J 6Hz, a-H, maJor epimer), 4 67 (lH, 

dd, J 5, lOHz, a-H, mmor epuner), 5 04 (2H, s, C&Ph, maJor eplmer), 5 00 & 5 18 (2H, ABq, J lOHz, 

C&Ph, minor epimer), and 7 37-7 48 (5H, m, Ph), &(125 8MHz, CDC13), 27 1 & 27 6 (4-C), 27 8 

(C(W3)3), 40 8 (3-C), 55 1 & 55 8 (a-C), 56 5 & 57 0 (OcHj), 77 3 8~ 78 1 CHzPh), 81 9 (c(CH3)3), 

88 3 & 88 8 (5-C), 128 6-129 9 (Ph), 135 2 (Ph tpso C), and 163 4, 170 0 & 172 7 (C=O), m/z [Direct 

CI(NH3)l 351 (MH+, 90), 295 (loo), 249 (33), 111 (53), and 91 (62%) 

Coupling of (3B)-3-[(l’S)-t-butyI I’-(amino)acetate]-I-benzyloxy-5-melhoxy-2- 

oxopyrrolidine & with N-Boc-(L)-alanine 

N-Boc- W-Alanme (384mg, 2 03mmol), 1-hydroxybenzotnazole (275mg. 2 03mmol) and 

&cyclohexylcarbodmmde (419mg, 2 03mmol) were sarred at OT 111 chloroform (15ml) for 1 hour The solution 

was then allowed to warm to room temperature and shrred for a further hour A solution of (3B>-3-[(1’S)-r-but 

l’-(armno)acetate]-l-benzyloxy-5-methoxy-2-oxopyrroli~ne 4 (646mg, 1 84mmol) m chloroform (1Oml) was 

added and the resultant suspension was stmed for 20 mmutes Removal of the the chloroform )nelded a pale 

brown sohd wluch was washed ~llth &ethyl ether The ether washmgs were combmed and then evaporated to 

afford a pale brown foam which was then punfied by flash chromatography [S@ (4Og), elutmg with &ethyl 

ether petrol 1 31 to yield (3%)-3-( (1’S)-r-butyl l’-N-[(t-butoxycarbonyl)-~-~~ylarmno]acetate)-l-benzyloxy- 

5-methoxy-2-oxopyrrohdme [720mg (maJor epimer, a, 372mg, mmor eprmer, & 348mg, 71% from a as 

white foams [Found (maJor epuner), C, 59 86, H, 7 66, N, 8 12 C2&@gN3 requires C, 59 87, H, 7 67, N, 

8.07%), Rf 0 5 (maJor epimer), 0 3 (mmor epimer) (1 1 chethyl ether petrol), [a]D2’ (maJor eplmer) -45 2O 

(c=O 84, CHC13), vmax (CHC13) (both eplmers) 3400(w), 1725(s, C=O), 1715(s, C=O), 1500(m), 1370(m), 

1240(m), 1160(s), and 1080(m), &(5OOMHz, CDCl3) (maJor eplmer) 1 38 (3H, d, J 7Hz, 5’-H), 1 44 & 1 49 

(2x9H, 2xs, 2xC(cH3)3), 194-l 97 & 2 02-2 06 (2xlH, 2xm, 4-H), 3 35-3 40 [4H(3H+lH), m, OC& + 3- 

H], 4 12-4 15 (lH, m, 4’-H), 4 52-4 55 (lH, m, l’-H), 4 62-4 64 (lH, m, 5-H), 5 02 (2H, s, C&Ph), 5 06 

(lH, d, J 7Hz, N-fl), 6 49 (lH, d, J 8Hz, N-m, and 7 34-7 42 (5H, m, Ph), &(5OOMHz, CDC13) (rnmor 

epnner) 1 38 (3H, d, J 7 Hz, 5’-H), 144 & 1 51 (2x9H, 2x& 2xC(cH3)3), 1 81-1 86 & 2 31-2 37 (2xlH, 

2xm, 4-H), 3 10-3 14 (lH, m, 3-H), 3 43 (3H, s, OCHA), 4 22 (lH, m, 4’-H), 4 56 (lH, dd, J 3, 8Hz, l’-H), 
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4 71 (lH, dd, J 4, 8H2, S-H), 5.01 & 5 11 (2H, ABq, J lOHz, C&Ph), 5 11 (lH, d, J 9Hz, N-H), 6 65 (lH, 

d, J 8Hz, N-H), and 7.37-7 45 (5H, m, Ph), &(I25 8MHz, CDC13) (mayor eplmer) 18 8 (5’C), 27 5 (4-C), 

27 9 & 28 3 (2xCaH3)3), 40 2 (3-C). 50 4 & 519 (both a-C), 56 6 (OcHg), 77 9 (I=HzPh), 83 0 (both 

c(CH3)3), 88 1 (5-C). 128 5-129 4 (Ph), 135 0 (Ph IPSO C), and 155 1, 168 5, 169 1, & 173 8 (C=O), 

k(125 8MHz, CDCl3) (mmor eplmer) 18 9 (5’-C), 26 5 (4-C), 27 9 & 28 3 (2xCm3)3), 40 3 (3-C), 50.5 & 

52 8 (both a-C), 56 9 (KH3). 78 0 (QIxPh), 83 0 (both G(CH3)3), 88 7 (5-C), 128 5-129 5 (Ph), 134.9 (Ph 

rpso C), and 155 1, 168 3, 173 2 (GO), m/z [DCI(NH3)] 522 (Ml?, 14), 466 (18). 410 (14), 151 (40), 108 

(41), 91 (lOO), and 90 (80%) 

(3B)-3.[(l’s)-1 ‘-((~-AZanyZamzno)acetate]-I,S-dihydroxy-2-oxopyrroZidine (Aiahopcin) 2 

(3R)-3-t (1’S)-r-Butyl l’-N-[(r-butoxycarbonyl)-~-alanylam~no]acetate}-l-benzyloxy-5-methoxy-2- 

oxopyrrohdme b,h (716mg, 1 37mmol), and sodmm hydrogen carbonate (250mg) were added to a suspension 

of 10% Pd/C (1OOmg) m methanol (20ml) and placed under a balloon of hydrogen for three hours The resultant 

suspension was filtered through Cehte@ and the solvent removed to yield crude (3E)-3- (( 1’S)-r-butyl l’-[N-(t- 

butoxycarbonyl)-(1~-alanylam~no)acetate]-l-hy~oxy-5-me~oxy-2-oxopy~ol~~ne (6) as a pale yellow 011 

(510mg) S~(500MHz, CDC13) 140 & 142 (2x3H, 2xd, J 7 Hz, 5’-H), 1 44-l 51 (4x9H+lH, 4xs+m, 

4xC(C&)3, 4-H), 158-2 00 & 2 51-2 58 (3xlH, 3xm, 4-H), 3 03-3 10 (2H, m, 2x3-H), 3 48 (6H, s, 

2xOMe), 4 30-4 41 (2H, m, 2x4’-H), 4 66-4 71 & 4 73-4 79 (2xlH, 2xm, l’-H), 4 83-4 92 (2xlH, 2xm, H- 

5), 5 30 (lH, d, J 5Hz, N-H), and 5 48 (lH, d, J 5Hz, N-H) This 011 was lmmedlately dissolved m 1,4- 

&oxan (15ml) 1N HCl(15ml) was added and the resultant solution was stured for 24 hours The solunon was 

then washed with ethyl acetate (2x2Oml) and the remammg aqueous portion was lyophlhsed to yield crude 

alahopcm 2 (400 mg) This crude product was then dissolved m water and passed through a pre-washed 

Dowex-SOW-X8(H) (20ml) column, washing with water then elutmg wrth 1N ammomum hydroxide After 

lyophlhsatlon of the nmhydnn-active fractions, the resultant pale brown solid (250mg) obtamed was dssolved m 

water and passed down a pre-washed Amberhte IRA-68 (2Oml) column, elutmg with a gradient from water to 

0 2M aqueous acettc acid The nmhydnn active fractions were collected and lyophlllsed to yield 2 (21Omg, 59% 

from aa, b) as an off-white powder, [a]~~0 +50 3’ (c=l 0, HzO), +64 9’ (c=l 0, 1H HCI) [ht .2 [U]Dzo +52 7” 

(c=l 0, H20), +62 0’ (c=l 0, l& HCl)], 6H(50obfHZ, D20, ref HOD S 3 63) 1 48 (6H(2x3H), d, J 7Hz, 5’- 

H, both eplmers), 1 51-l 65 & 2 52-2 68 (2H, 2xm, 4-H, mmor eplmer), 1 95-2 00 & 2 07-2 11 (2H, 2xm, 4- 

H, major eplmer), 2 94-2 97 (lH, m, 3-H, minor eprmer), 3 07-3 10 (lH, m, 3-H, major eplmer), 4 02 

(2H(2xlH), q, J 7Hz, 4’-H, both eplmers), 4 47-4 49 (2H(2xlH), m, II-H, both eplmers), 5 13 (lH, dd, J 3, 

4Hz, 5-H, minor eplmer), and 5 19 (lH, m, 5-H, major eplmer), Sc(125 8MHz, D20, ref 1,4 dloxan S 67 3) 

17 1 (5’-C, Me), 28 8 (4-C, CHg), 40 3 & 40 9 (3-C), 49 9 (4’-C), 55 8 & 56 1 (l’-C), 82 0 & 82 2 (5-C), 

and 1710,171 1 & 1717 (C=O), mlz (Electrospray) 279 (M+m+, IO), and 262 (MH+, 100%) 
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