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SYNTHESIS OF SHIKIMIC ACID AND ITS PHOSPHONATE ANALOGUE 
VTA RNOEVENAGEL CONDENSATIOh 

Sohail Mma* and Jeremy Harvey 
Central Research Laboratories, CIBA-GEIGY Ltd., CH 4002 Basel, Switzerland 

The importance of shikimic acid (I) as a biosynthetic intermediate is well recognized as the shikimate 

pathway is the major metabolic route leadin, 0 to the formation of aromatic compounds in plants and 

rlric~c,c,l’ganisrns [I 1, [2]. Many synthetic studies have been prompted [3], not only by the challcngc of 

srereospecific and chiral synthesis of this trihydroxycarboxylic acid, but also because of the possibility of 

pr-spar-irtg structural variants as potential rqulntors of a range of’ biological processes in plants anti 

b.tcrzri;i. 

The anions of phosphorylacetates such as 3 are generally used for Homer-Wittig alefination 141, their 

condensation with aldehydes in the presence of basr/TiC& or TiC1(OCIIMe9)y is known to yield 

Knoevenagel products 5 IS], [SJ. Tetmalkyl Inethylznediphosphotlates 4 react under identical conditions in 

rhe \;rnle way giving 6 I.51 (eq. 1). 
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The synthesis of 1 based on this approach is illustrated in Scheme 2. Thus, the condensation of the suitably 

protected D-lyxose S-aldzhyde 7 [ 7[ with triethyi phosphonoacetic acid, in the presence of 

S:mcthy lmorpholine, TiCI,, CClflIT; afforded E/Z mixture of esters 8 (79%) IX]. This mixture was 

hydrogenated (HL, 10% Pd.C, EtOH) to give the hemiacetals 9 which underwent intramolecular 

olcfination (SaOEt/EtOH) [?] furnishing the protected carbocyclc 10 in 60% overall yield from 8. 
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Fmally, sdpontftcation (NaOH/EtOH) followed by deacetonanon (Dowex SOWX4, H,O) led to shlkuntc 

acrd I (87% from 10) [9J 

2. Scheme 
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a) (EtO) zcH co Et’ N-methylmorpholmc, TICI~, CC14, THF (79%), b) l12. 10% P&C. EtOH, c) NaOEt, EtOH (60%), d) 1V N&OH, 

? 22 

EtOH then Dowe, 50 WX4, Hz0 (87%) 

D-lpxose Saldehyde 7 was further used rn the syntheses of the phophonatc analogue 2 as outlmed In 

SC i1Unc 3 Condensation (N-methylmorphol~ne, TIQ, CCl&HF) of 7 wrth tetraethyl 

methylenedtphosphonate furntshed the tetrahydrofurylrdene denvanve 11 (64%) [lo] instead of the 

expected intermediate 12 But this was of littlc consequence since 11 was hydrogenated (Hz, 10% Pd-C, 

EtOH) stereoselectrvely to the hemracetals 13, which underwent mtramolecular olefmation (NaOEt/EtOH) 

IO generate the carbocychc precursor 14 (42% from 11) [ 1 l] Finally, 14 was subjected to hydrolyses of the 

phosphonate ester and cleavage of the acetonrde (Me&Br, CHCI, then H,O) to afford the trihydroxy 

phosphonate 2 tn 93% yield [ 121 
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Scheme 3. 
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a) ,(EtOl 1, CH .Y-mcthylmorpholmne, TC14. ‘X14, THF (MC/), b) H2 10% Pd.C, ErOH, c) NaOEr, ErOH (42%j, d) Mc+Br, 

22 2 

CHCl3 then Hz0 (93%) 

h7 concius~on, Knoevenagci condznsatlon of sugar aldehydes opens up posslblhnss for an easy excekc to 

highly functlonahzcd carbocycles 
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\l_T RrEt7_~R Pr,tzs_, M von~Bz+arxJ, CL’izmn Rer i 19X7, 120; 121. 

1. .$. ~Kl.tXWUZld33,.~ ~JL13fd~,.t_~ ;?; .~Kk?L,. 1 ~hCW. ~%‘?,C c,. 1_%ti,. &%1_. 

The 13~1~7 (E/Z = 2.1) Both isornels were easily separated by flash chromatography 

[Z-X [tr]‘“,, = 7 X (c=l, CHCl,); IR(CHC1,) 1715, 1620 emu’, ‘H-NMR (250 MHz, CDCl,) 6 7 54 

(lH, dd, J = 7. J (P,H) = 45, ~mylic Hj, 31PmNMR (100 MHz. CDCI, ppm downfield from H,PO,) 

6 10 821. [E-X [a]“, = -24 9 (c= 1, CIICI,). IR(CIIC1,) 1715, 162X cm-l; ‘II-NMR (250 MHz, 

CUCI,) S 7 13 (I H, dd, .I = 6, J (P,II)=23, vmyhc H). “I’-NMR (I 00 MHz, CDCI,) 6 12.491. 

Identical with an authetx sample (Fluka AG, Buchs). 

Data of 11: la120D = -17 7 (c=l, CHCI,), IR(CHC1,) 1690 cm I, ‘H-NMR (300 MHz, CDCl,) 6 

3 79 (lH, dt J = I I, J(P,H)=23). 4 90 (IH, dt, J = 11, J(P,II) = 5.5), 13C-NMR (75 MHz, CDCl,) 6 

36 71). (dr,_ t(P,C) = 135. X),.9?. 1.6 ~~x.asytnrnwrc t,. t(PiC). = LO. 4,. 1.0. l_)__ 1.47 77 (.dxasymmtirlr: t, 

J(P,C) = 12.6. 11.9), “P-N‘MR (100 XIHz, CDCI?) 6 18 86 ((1, J(P,P) = 3 5, lP), 19 38 (d, J(P,P) = 

-3 5, 1Pj 

D,lt,l of 11 Icr]"',,= -36 5 (c=O.X, CIICl,), ‘II-NMR (700 MHz, CDCI,) 8 6.73 (lH, md, J(P,H) = 

21 vm>llL Hj 

Compound 2 !H-NMK (300 MHZ, D,O) 6 2 04 (lH, mj, 2 55 (HI, dt, J = 17, 6 3), 3.56 (IH, dd, J 

= 9, 4 5), 3.82 (lH, m), 4 22 (111, m), 6 20 (111, md, J(P.ll) = 20, vmyllc H), 31P-NMR (100 MHz, 

D,Oj 6 11 66. 

Blsmsodlum qalt of 2 [a] Z5D = -76 7 ic=l 1, HzOj. ‘H-NMR (300 MHz, D@j F 6 15 (lH, md, 

JtP,H)=20, vmyllc H). 

Bls~lsopropylamme salt of 2 ‘H-NIMK (3011 -MHz, D,O) 6 1 1 (12H. d, J=7), 3.32 (2H, m, Wt = 7), 

6 14 (III, rnd, J(P,H) = 20, vmyhc H) 
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