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SYNTHESIS OF SHIKIMIC ACID AND ITS PHOSPHONATE ANALOGUE
VIA KNOEVENAGEL CONDENSATION

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

Abstract: The Knoevenagel condensation and intramolecular olefination have been

successfully exploited in a novel synthesis of shikimic acid 1 and i1s phosphonate

analogue 2 from D-lyxose 5-aldehyde 7.
The importance of shikimic acid (1) as a biosynthetic intermediate 1s well recognized as the shikimate
pathway is the major metabolic route leading to the formation of aromatic compounds in plants and
microorganisms [1], [2]. Many synthetic studies have been prompted {3], not only by the challenge of
stereospecific and chiral synthesis of this trihydroxycarboxylic acid, but also because of the possibility of
preparing structural variants as potential regulators of a range of biological processes in plants and

hacteria.
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The anions of phosphorylacetates such as 3 are generally used for Horner-Wittig olefination (4], their
condensation with aldehydes in the presence of base/TiCly or TiCHOCHMe,); is known to yield
Knoevenagel products § [3], [6]. Tetraalkyl methylenediphosphonates 4 react under identical conditions in
the same way giving 6 [5] (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 5-aldehyde 7 [7] with wiethyl phosphonoacetic acid, in the presence of
N-methylmorpholine, TiCly, CCL/THFE afforded E/Z mixture of esters 8 (79%) [8]. This mixture was
hydrogenated (H,, 10% Pd-C, EtOH) to give the hemiacerals 9 which underwent intramolecular
olefination (NaOEYEIOH) |3] furnishing the protected carbocyele 10 in 60% overall yield from 8.
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Finally, saponification (NaOH/EtOH) followed by deacetonation (Dowex 50WX4, H,0) led to shikimic
acd 1 (R7% from 10) |9}
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N-methylmorpholme, TiCly, CCls, THF (799%), b) Ha, 10% Pd-C. EtOH, ¢) NaOEt, EtOH (60%), d) 1N NaOH,

E1OH then Dowex 50 WX4, HoO (879%)

D-lyxose S-aldehyde 7 was further used 1n the synthesis of the phophonate analogue 2 as outhined in
Scheme 3 Condensatton  (N-methylmorpholme, TiCl, CCI/THF) of 7 with tetraethyl
methvlenediphosphonate furmshed the tetrahydrofurylidene demvauve 11 (64%) [10] 1nstead of the
eapected intermediate 12 But this was of little consequence since 11 was hydrogenated (H,, 10% Pd-C,
EtOH) siereoselectively to the hemmacetals 13, which underwent intramolecular olefination (NaQEY/EtOH)
1o generate the carbocyelic precursor 14 (42% from 11) [11] Finally, 14 was subjected to hydrolysis of the
phosphonate ester and cleavage of the acetemide (MeyS1Br, CHCl; then H,0) 1o afford the trihydroxy
phosphonate 2 1n 93% yield [12]
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N-methylmorpholme, TiCly, CCly, THE (64%), b) Hy 10% Pd-C, EiOH, ¢) NaOFEr, EtOH (428:), d) MeqSiBr,

in conclusion, Knoevenagel condensanon of sugar atdehydes opens up possibrhines for an easy excess to

highly tunctionahized carbocycles
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The tauo (E/Z = 2'1) Both isomers wete easily separated by flash chromatography

[7-8 [0]®0 = -7 8 (c=1, CHCly); IRCCHCL;) 1715, 1620 um™!, TH-NMR (250 MHz, CDClLy) § 7 54
(1H, dd, J =7.J (P.H) = 45, vinylc H), 3/ P-NMR (100 MHz. CDCl; ppm downfield from HyPQ,)
510 82]. [E-8 [a]2%; = -24 9 (c=1, CLICLy), IR(CIICly) 1715, 1628 cm't; I-NMR (250 MHz,
CDCly) 87 13 (1H, dd, T = 6, T (P,IN=23, vinylic H), M'"P-NMR (100 MHz, CDCl3) § 12.49].
Identical with an autheuc sample (Fluka AG, Buchs).

Data of 11: [o]?V = -17 7 (c=1, CHCL), IR(CHCL3) 1690 cm !, TH-NMR (300 MHz, CDCl;) &
379 (1H, dt J=11, J(P.H)=23).4 90 (1H,dt,J= 11, I(P.ID) = 5.5), *C-NMR (75 MHz, CDCly) &
36.70.(dr,. (P, = 135.8),.93 16 (sx.asymmerne . UP). = 104,10 1).. 137 77 (dx.asymmetnct,
JP,.Cy=12.6, 11.9), *P-NMR (100 MHz, CDCl4) 8 18 86 (d, XP,P) = 3 5, 1P), 19 38 (d, J(P,P) =
35, 1P)

Data of 14 [0]2= -46 5 (c=0.8, CIICly), '-NMR (300 MHz, CDCl3) § 6.73 (1H, md, J(P,H) =
21 vinyhic H)

Compound 2 TH-NMR (300 MHz, D,0) 8 2 04 (1H, m), 2 55 (1H, dt, J = 17, 6 3), 3.56 (1H, dd, J
=9,45),3.82 (1H, m), 4 22 (1H, m), 6 20 (1H, md, J(P,I1) = 20, vinylic H), 31P-NMR (100 MHz,
D,0) 8 11 66.

Bis-sodium salt of 2 [6]%°p = -76 7 (c=1 1, H,0). "H-NMR (300 MHz, D,0) § 6 15 (1H, md,
J(P,H)=20, vinylic H).

Bis-1sopropylamine salt of 2 TH-NMR (300 MHz, D,0O) &1 1(12H.d,J=7), 3.32 2H, m, Wz =7),
6 14 (1H, md, I(P,H) = 20, vinylic H)
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