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Abstract: (-)-3(R)-Amino-4(R),5(R)-dihydroxy-l-cyclohexene-l-carboxylic acid (the 3(R)-amino analogue 
of (-)-shikimic acid) has been synthesised from (-)-shikimic acid in seven steps. 

The shikimate pathway is a biosynthetic pathway utilized by plants, fungi and micro-organisms for the 

synthesis of several essential aromatic metabolites including the three commonly occurring aromatic L-o~-amino 

acids (Phe, Tyr, Trp) as well as the folate coenzymes and various isoprenoid quinones. 2,3 Through the course 

of evolution the enzymes that catalyse the transformations from acyclic C3 and C4 precursors to aromatics have 

become foreign to all higher species including mammals and the enzymology of the shikimate pathway has thus 

become the subject of intense research; compounds that inhibit the action of the enzymes of the shikimate 

pathway have been highlighted as materials with potential anti-fungal, bacteriocidal or herbicidal activity. 

Indeed the commercially important broad spectrum, post-emergence herbicide glyphosate 4 (marketed as 

Roundup ®) is active against the enzyme 5-enolpyruvyl-shikimate-3-phosphate synthase (5-EPS-3-P synthase, 

E.C. 2.5.1.19) and inhibits the transfer of an enolpyruvyl moiety to the 5-position of the shikimate nucleus. 
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Our long standing interest in the enzymology of the shikimate pathway has led us to instigate a 

programme of research to develop routes to analogues of pathway intermediates, transition states analogues and 

related compounds directly from both (-)-shikimic acid 1 and (-)-chorismic acid 2 with particular emphasis 

being placed upon the synthesis of analogues of (-)-shikimic acid 1 itself. Recently several syntheses of 

specifically substituted analogues of acid 1 containing 3-hydroxymethyl, 5 5-hydroxymethyl, 6 6-fluoro 7-9 and 

2-chloro l° functionalities have been reported and have added weight to the idea that compounds closely 

resembling substrates or pathway intermediates may act as potent enzyme inhibitors. 

In this communication we wish to report on our studies concerned with the introduction of nitrogen 

functionality into the shikimate ring. We describe herein the first successful method for the introduction of 

nitrogen at C-3 of the shikimate nucleus and report the synthesis of the novel T-amino acid 3(R)-amino- 
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4(R),5(R)-dihydroxy-l-cyclohexene-l-carboxylic acid 3 (the 3-amino analogue of 1)11 directly from 

(-)-shikimic acid 1 itself. 
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S c h e m e  1 Reagents and conditions: i, 1% HC1, MeOH, reflux; ii, PhCH(OMe)2, 
TsOH.H20, THF, reflux; iii, NBS, CCLt; iv, K2033, MeOH, TI-IF, 40"C 
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(-)-Shikimic acid 1 was isolated from the ground seeds and carpels of star aniseed 12 according to a 

known procedure; 13 treatment of 1 with acidified methanol gave the known ester 414 quantitatively. Selective 

3,4-cis-diol protection of 4 was effected with various benzaldehyde equivalents under a variety of conditions; 

acid catalysed trans-acetalation using benzaldehyde dimethyl acetal in THF at reflux was found to be most 

consistent both in terms of yield and purity of acetals 5 (72%, R:S 3:2). The (R) and (S) isomers of acetal 5 

were separable on silica but were used as a mixture in subsequent transformations. In NOE studies involving 

the 5(R) isomer, irradiation of the benzylidene hydrogen gave an enhancement in both H-3 and H-4; a similar 

irradiation experiment for 5(S) resulted in an enhancement in the signal corresponding to H-5. 
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15 R=Me, R 1--Bz, R2--H 

16 R=Me, RI=H, R2=Bz 

iv,v L....~, 17 R=RR=Me'I:=R 2=HR I=R 2=H 

S c h e n ~  2 Reagents and conditions: i, NaN 3, MeOH, 40°C; ii, NaOMe, MeOH, 0"C; 
iii, PPh3, H20, THF, reflux; iv, NaOH, H20; v, ion-exchange chromatography 
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Light induced radical bromination of 5 afforded a separable mixture of the allylic bromide 6 (62%) 

together with traces of the isomeric bromide 7 and epoxide 8, (Scheme 1). That stereochemical inversion had 

occurred at C-3 upon formation of bromide 6 was apparent from coupling constant data in the 1H nmr spectrum 

of 6 in CDCI3. The trans-3,4-relationship in 6 resulted in a larger coupling constant between H-3 and H-4 

(-/3,4 7.5 Hz) when compared to those resulting from the 3,4-cis-sterochemical arrangements of 1, 4 and 5 

(J3,4 4-5 Hz). Bromide 6 was smoothly converted into the epoxy-ester 9 (82%) (a natural product from the 

fungus Chalara microspora) 15,16 when treated with basic methanol possibly via the intermediacy of 7 and 8. 

Displacement of bromide in 6 with azide ion afforded a separable mixture of three isomeric azides 

(Vmax 2100 cm -t) U (8%), 12 (48%) and 13 (13%) (Scheme 2); interestingly none of the fourth possible 

isomeric azide 10 could be isolated. Staudinger reduction 17 (triphenylphosphine/water) of the major 

tx-azide 12 (J~,4 4 Hz) proceeded smoothly in THF at 64*C. The resulting amine 15 proved to be unisolable 

because of rapid accompanying condensation and migration processes involving the internal 4-benzoate 

functionality; dihydrooxazole 18 and benzamide 19 were isolated in 42% and 37% yield respectively. 

Compounds akin to 18 have recently been highlighted in the synthesis of potent antiviral agents that are active 

against influenza: s In stark contrast, the isomeric ct-azide 13 (J3,4 4 Hz) reduced cleanly under identical 

conditions to afford amine 16 (82%). Attempted saponification of 16 (NaOH, H20, 0°C) resulted in substrate 

aromatization; the extreme efficacy of the aromatization process was presumed to be a direct result of the 

presence of the 5-benzoate functionality in 16. 

Controlled removal of the benzoyl functionalities of 12 and 13 prior to azide reduction was seen as the 

key to the solution of these problems. Thus a mixture of azides 12 and 13 was deprotected with methoxide ion 

at 0*C to afford the tx-azidodiol 14 (84%). Reaction temperature proved crucial to the success of this 

procedure; similar reactions performed at or near to room temperature invariably afforded mostly aromatized 

products. Azidodiol 14 reduced cleanly (PPha/H20) in THF at 64*C to yield the amino ester 17 (80%). 

Saponification of 17 gave the laevorotatory amino acid 3 (84%) after ion-exchange chromatography [Amberlite 

IR- 120(H)]. 
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Figure: 1H Nmr spectra of 3 and 1 measured in D20 at 250 MHz 
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The similarity between 1 and its 3co-amino analogue 3 was apparent from their 1H and 13C nmr spectra 

recorded in deuterium oxide (Figure); both 1 and 3 show six resonances in their 1H (two of which overlap in 

the spectrum of 3) and seven signals in their 13C spectra. Spectral data (coupling constants) showed the 

solution structures of 1 and 3 in D20 to be similar; replacement of the 3¢x-hydroxyl functionality of 1 with an 

amino group in 3 therefore has little effect upon preferred molecular conformation. Noticeably in amino acid 3 

the 1H and 13C resonances corresponding to H-3 and C-3 (the point of substitution) are shifted upfield relative 

to those in 1 (by 0.43 and 14.7 ppm respectively) as a result of the lower electonegativity of nitrogen when 

compared to oxygen, similarly H-2 and C-2 are somewhat deshielded in 3 relative to 1 although to a lesser 

extent. 

Previously reported attempts to introduce nitrogen functionality at C-3 of the shikimate nucleus have 

centred around the formation of 3-imino species by the addition of primary amines to both 3-dehydroshikimic 

and 3-dehydroquinic acids.19 These studies proved inappropriate for the synthesis of 3-amino derivatives of 

shikimate and quinate as aromatization of the carbocyclic ring invariably occurred under the reaction conditions; 

our studies thus provide the first examples of methods suitable for the introduction of nitrogen functionality at 

C-3 of the shikimate nucleus. 
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