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Abstract 2,3-Dihydroxy-4-dimethylamlno-5-methoxypentanoic acid (2) with 

(2R,3R,4R)-conflguratlon has been stereoselectively prepared from (Sj-pyroglutammol (3) 

and revealed to be the enantlomer of the compound derived from calyculms (1), which 

provides the conclusive evidence on the absolute conflguratlon of calyculins 

Calyculins, isolated from the marine sponge Dlscodermra ca/yx,2 have unique 

structures shown in 1 as well as lntrlgulng biological activities, e g , cytotoxlclty, 

antltumor activity,2 inhibition of protein phosphatases,3 etc Attempts to synthesize 

calycullns have been actively undertaken by several groups 4 

The structures of calycullns have been established by X-ray diffraction and spectral 

studies except their absolute conftguration 2 Very recently, Matsunaga and Fusetani have 

disclosed5 that hydrolysis of a mixture of calyculms A, 8, E, and F afforded 2,3-dlhydroxy- 

4-dlmethylamlno-5-methoxypentanolc actd, the C33-C37 portlon of calyculms, which has 

been revealed to have (2S,3S,4S)-conflguration by the CD spectral studies, and hence the 

absolute conftguratlon of calycullns should be depicted as the structures 1 

Calyculins (1) 

ACN H H E 62 isomer of A 
BH CN H F 62 mmer of B 
C CN H CH3 G 6Z Isomer of C 
D H CN CH3 H 6Z Isomer of D 
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We now wash to report a stereoselectrve synthesis of 2,3-drhydroxy-4- 

cflmethylamrno-5-methoxypentanolc acid (2) with (2R,3R,4R)-configuration, which 

unambiguously determines the absolute configuration of calyculms (1) 
The synthesis commenced with (S)-pyroglutammol (3),6 which was treated with p- 

methoxybenzyl chloride (MPMCI) under basic conditions to give the his-MPM-pyrrolrdmone 

4, mp 58 5-59 5 “C, [a]D24 +32 2” (c 1 25, CHCI3), as shown in Scheme 1 Selective 

removal of the 0-MPM function with DDQ7 followed by methylatron afforded the methoxy 

derivative 5 as a colorless 011, [a]D24 t85 5” (c I 2, CHC13) Successrve treatment of 5 

with lithium dllsopropylamlde (LDA), PhSeCI, and hydrogen peroxide8 yielded the a, p- 

unsaturated lactam 6 as a colorless oil, [a]D24 -10 4” (c 2, CHC13) cis-Dlhydroxylation 

via catalytic osmylatron followed by acetomde formation furnished the acetomde 7, mp 

74-75 “C, [a]D26 +40 6” (c 0 5, CHCl3), as a single diastereoisomer Apparently, attack of 

osmium tetroxrde has mainly occurred from the opposite srde to the methoxymethyl 

group 8,9 Removal of the N-MPM moiety of 7 was accomplished by use of cent ammonium 

nrtrate (CAN),16 while trrfluoroacetic acid1 1 as well as the electrochemical method’ 2 

was not effective at all The deprotected product 6 was treated with dl-tert-butyl 

dlcarbonate (Boc20) to give the required Boc derivative 9 as a yellow 011, [a]D24 -92 3” (c 

1, CHC13) Hydrolytic ring-cleavage with lrthrum hydroxide followed by methyl 

estenfrcatlon with tnmethylsllyldrazomethane (TMSCHN2)13 quantrtatively afforded the 

ester 10 Although selective removal of the Boc functron easrly proceeded with 

tnmethylsilyl trrflate (TMSOTf), neutralization after the reachon furnished the cyclized 

product 8 instead of the required ammo acrd methyl ester 11 However, after hydrolytrc 

ring-cleavage of 9, treatment wrth benzylamine in the presence of drphenyl 

phosphorazidate (DPPA, (Ph0)2P(0)N3)14 and tnethylamme afforded the benzylamide 12, 

mp 122-123 “C, [aID +26O (c 0 56, CHCl3), in 78% yield The benzylamrde 12 smoothly 

underwent (1) removal of the Boc group with TMSOTf, (2) catalytic, reductive N,N- 

dlmethylatlon, and (3) reprotechon of the dial as the acetomde, giving the N,N-&methyl 

benzylamrde 13 as a colorless oil, [a]D 24 +50 5” (c 0 52, CHCl3), in 83% yield Final acid 

hydrolyses afforded (2R,3R,4R)-2,3-dihydroxy-4-dimethylamino-5-pentanoic acid (2) mp 

95-99 “C, [CX]D22 +36” (c 0 09, EtOH-H20Il 1) Its 1 H-NMR spectrum was completely 

identical with that of the sample from calyculms, 5 but the sign of the specific rotatronl 5 

and the Cotton effect curve of the CD spectrum were reversed 

This synthesis provides not only the conclusive evidence on the absolute configuration 

of calyculrns (1) but also an efficient entry into the total synthesis of the biologically 

interesting calyculins (1) 
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Scheme 1 

a) MPMCI, NaH, DMSO, rt, 24h, 73% b) DDQ, CH2C12-H20 (19 l), rt, 4h, CH31, NaH, THF, rt, 

lh, 75% c) LDA, THF, -7WC, 30mrn, PhSeCI, -78’C, 30mm, 30% aq H202, EtOAc, rt, 30mm, 

49% d) 0~04, N-methylmorpholtne N-oxrde, toluene-acetone-water, rt, 12 5h, 2,2- 

dlmethoxypropane, p-TsOH H20, rt, 5h, 67% e) CAN, CH3CN-H20 (7 3), O”C, 20mm then rt, 

1 5h f) Boc20, 4-(N,N-dimethylammo)pyridme, CH3CN, rt, IOh, 45% from 7 g) LIOH, THF- 

H20, 0°C 30mm, TMSCHN2, benzene-methanol, quant h) TMSOTf, CH2Cl2, O”C, lh, aq 

NaHC03, 83% I) LIOH, THF-H20, O”C, 30mm, PhCH2NH2, DPPA, Et3N, DMF, O”C, ih then rt, 

41h, 78% J) TMSOTf, CH2Cl2, 0°C ih, 37% aq HCHO, AcOH, 5% Pd-C, H2, MeOH, rt, 60h, 2,2- 

dlmethoxypropane, p-TsOH H20, rt, 3h, 83% k) 6N aq HCI, MeOH, 130°C 1 5h, 58% 
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