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Abstract: The synthesis of (Ik)-5-homoshikimic acid. its 54uorome thy1 and diiuommethyl analogues are described fmm the cycloadduas of 

5.6-dihydra-l-‘butyloxycarbonylpyridine and metbyl naylate. The adducts on ring opening afford methyl 5-kuroxycarbonylmet5.6~- 

hydrobcnzoate. which may be 3.4-cisdihydroxylated and converted in a s&es of stqx into the title compounds 

The shikimic acid pathway is of major biosynthetic importance leading from glucose to the aromatic 
amino acids’. At a comparatively late stage in the sequence shikimic acid 3-phosphate is converted into 
5-enolpyruvylshikimic acid 3-phosphate and thence into chorismic acid (scheme 1)‘. From chorismic acid the 
pathway branches, leading to the.aromatic amino acids, and a diverse group of compounds. Consequently 
there is much interest in the possibility of selectively inhibiting the enzymes which regulate various steps 
along the pathway3. We have thus targeted 5homoshikimic acid (1) and its fluoro analogues (2) and (3) as 
potential inhibitors of the enzyme S-ESP-3-phosphate synthetase. 
In a preliminary account we have described4 the synthesis of the racemic cyclohexadienylcarbaate (5) from 

the Diels Alder addition of methyl acrylate and 1-‘butoxycarbonyl-1,2-dihydropyridine (4)5. When this 

product is reacted with N-methylmorpholine-N-oxide/osmium tetraoxide the diastereomeric diols (6) (29%) 

and (7)(39%) are formed. 
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Scheme 1 Biosynthetic relationship of shikimic acid and chorismic acid 
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Deprotection of each of the diols by reaction with trifluoroacetic acid, and then ester hydrolysis with 
aqueous sodium hydroxide affords the amino acids (8) and (9). The trifluoroacetamide (10) was obtained 
from the diol (6) by treatment first with trifluotoacetic acid and then with trifluoroacetic anhydride. When 
reacted with sodium nitrite6 this compound afforded the acetate (1 l), which was 0-deacetylated and 
hydrolysed to Shomoshikimic acid (1) by consecutive reactions with ammonia/methanol and then aqueous 

sodium hydroxide at 20 Co. 
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Scheme 2 Reagents: (a) CH&I-ICO,Me, PhMe, d; (b) (TMS)$Li, THP, -78’C; (c) 0~04, NMO, M%cO; (d) 
TPA, 20°C; (e) NaOH, HaO, 20°C 20h; (f) TPA then TPAA, py., DMAP, 2O’C; (g) NaNOz, HOAc, AQO, 
-4-10°C, (h) NHs, H20, MeOH, 2O’C. 

A different sequence (scheme 3) was established for the P,B-diol (7), which was first bisacetylated and 
then converted into the trifluoroacetamide (12). Deprotection then gave the isomeric trihydroxy acid (13). 
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Scheme 3 Reagents: (a) Ac20, DMAP, Et& (b) TPA, 20°C; (c) TFAA, py., DMAP, 20°C (d) NaNO2, 
HOAc, Ac20, -4-1O’C; (e) NH,, HaO, MeOH, 20°C; (f) NaOH, H20,20°C. 

An X-ray crystallographic analysis of diol (6) shows it to adopt the half- chair conformation (14). ‘H NMR 

data confirm that this spatial arrangement is also favoured in solution, and this geometry seems to be adopted 
by most of the other cyclohexene derivatives described in this paper. 
In order to form the fluoromethyl derivative (2) of 5homoshikimic acid the acetonide (15,R=H) was 
prepared, in two steps, from the acetoxymethyl compound (11). Acetonide formation from methyl 

homoshikimate also gave product (15) together with the bimolecular acetal (16). The monofluoro compound 
(2) was obtained by reaction of the acetonide (15, R=H) with morpholinosulphur trifluoride (morph-DAST), 

followed, by diol deprotection (HOAc&O) and hydrolysis (NaOH/H20). Oxidation of the acetonide (15, 
R=H) with pyridinium chlorochromate gave the corresponding aldehyde which following reaction with 

morph-DAST, and deprotection, as above, yielded the difluoro analogue (3). 
In an alternative route to 5-homoshikimate the cyclohexadienylcarbamate (5) was converted in three steps 

into the disulphonimide’ (17, Ns = 4-nitrobenzenesulphonyl) and this product reacted with N-methyl- 
morpholine-N-oxide/OsOb Three diols (18)( 16%), (19)(8%), and (20)( 10%) were obtained. 



8754 M. M. CAMPBELL et al. 

Better selectivity and yields were observed when the disulphonimide (17) was reacted with iodine/silver 
acetate/water (‘wet’ Pr&ost conditions*). Although this reaction gave six products (21), (22). (23), (24). (25), 
and (18), the major components (23) and (24), isolated as a mixture,, have the correct relative stereochemistry 
for conversion into the desired product. The diacetate (21) also has the correct stereochemistry for conversion 
into 5-homoshikimic acid, but this compound could not be separated from its isomeric diacetate (22). 

0-Deacetylation of the mixed hydroxyacetates (23) and (24) afforded the diol (18) in 69% yield. This 
compound was protected as the acetonide and treated with potassium iodide in DMF at 130’ C. This gave the 
iodide (26) (32%), the exocyclic methylene compound (27)(1 l%), and the 0-formyl derivative (28) (17%). 
This last compound was unexpected, but forms as a result of an interaction of the iodide (26) with solvent 

DMF: there is precedent for this type of reaction9. 
An improved yield of the iodide was obtained by reacting the disulphonimide with potassium iodide in the 

presence of 18-crown-6 in toluene solution. The iodide was then converted into the acetoxy derivative (15, 
R=Ac)(63%) by treatment with sodium acetate in DMF at 110’ C. Both the 0-formyl compound (28) and the 
O-acetate (15, R=Ac) were deprotected to give 5-homoshikimic acid in 64% and 61% yields, respectively. An 
X-ray crystallographic structure determination shows the iodide to adopt a half-chair conformation (29)“. 

The methodology described above provides ready access to a range of homologues of shikimic acid, some 

of which have potential as inhibitors, at a relatively late stage, of the biosynthetic pathway leading from 
carbohydrates to aromatic amino acids. We” and other@ have shown that related synthetic mutes lead to 

homochiral products, thus it will be possible to follow similar procedures in the case of the homoshikimic 
acids disclosed here. 



Experimental 

Synthesis of 5-homoshimic acid 
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plus 18 (3%) 

27 23 

All solvents were dried and distilled before use. Petrol refers to petroleum ether boiling in the range 
60-80°C and light petrol refers to that boiling in the range 40-60% Tetrahydrofuran was pre-dried over 
sodium wire and then boiled over sodium benzophenone ketyl under a nitrogen atmosphere until anhydrous. 

This was redistilled immediately prior to use. Osmium tetroxide was used as a solution in f-butanol. 
Medium pressure flash column chromatography was routinely employed using Amicon Matrex or Merck 

9385 silica gel. All dilute aqueous solutions used were 2.0 M unless otherwise stated. 
Infrared spectra were recorded in the range 4000-600 cm-’ using a Perkin-Elmer 1310 spectrophotometer and 
peaks are reported in wavenumbers (cm-‘). Samples were prepared as liquid films, Nujol mulls or chloroform 
solutions, as indicated. ‘H NMR spectra were recorded on a JEOL GX FT 270 (270 MHz) spectrometer 
although, where indicated, JFDL GX FT 400 (400 MHz) or Varian EM-360 (60 MHz) instruments were used. 
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13C NMR spectra were recorded on a IEOL GX FI 270 spectrometer at 67.8 MHz. Chemical shifts (8) are 

expressed in ppm downfield from internal tetramethylsilane. Mass spectra were recorded using a VG 

Analytical 707OE instrument with a VG 2000 data system. Chemical ionisation (C.I.) was employed using 
i-butane as the reagent gas, although where indicated, ammonia was also used. 

A solution of the dihydropyridine (4)4 (15.0 g, 82.8 mmol) and methyl acrylate (14.9 cm3, 165 mmol) in 
toluene (40 cm3) was heated to reflux under a nitrogen atmosphere. After 2 days the solvent and excess 

methyl acrylate was evaporated under reduced pressure to leave an oil-solid mixture. Repeated crystallisation 
from toluene yielded the endo isomer as a colourless crystalline solid (6.58 g, 30%). Column chromatography 
(petrol-ethyl acetate 9:l) of the remaining material yielded the e_xo isomer as a colourless oil (6.52 g, 29%). 

endo isomer: m.p. 113-114’C (toluene); RF 0.50 (petrol-ethyl acetate 4:l); (Found: C, 63.0; H, 8.0; N, 5.3. 
C14H2tN04 requires C, 62.9; H, 7.9; N, 5.2%); v,,(CHC13) 1725 (C-O), 1665 (C=) cm-‘; 8t.t(CDC13) 1.46 
(9H, s, CMes), 1.85 (2H, m, 2 x 8-H), 2.80 (lH, m, 4-H), 2.90 (lH, d, Jse,,, 10.3 Hz, 3-H), 3.06 (lH, m, 7-H), 
3.22 (lH, dd, Jsem 10.3, JsA 2.2 Hz, 3-H), 3.65 (3H, s, OMe), 5.06 (lH, br s, l-H), 6.34 (lH, m, 5-H), 6.43 

(lH, ,6-H); /z (C.I., NH3) 285 (Mm+, 2%), 268 (MH+, 3), 229 (26), 212 (30), 168 (51). 81 (100). 
exe isomer: R, 0.50 (petrol-ethyl acetate 4:l); v,,,, (CHCls) 1725 (C=O), 1665 (C=) cm-‘; Gu(CDC13) 1.43 
(9H, 2 x s, CMq), 1.50 (lH, m, 8-H), 2.10 (lH, , 8-H), 2.54 (lH, m, 7-H), 2.77 (lH, m, 4-H). 2.93 (lH, m, 
3-H) 3.34 (lH, m, 3-H), 3.70 (3H, 2 x s, OMe), 4.94 (lH, m, l-H), 6.44 (2H, m, 5-H, 6-H); m/z (C.I.) 268 
(MH+, 4%), 212 (100). 

Methyl 5-~N-(t-butoxycarbonyl)aminome~yllcyclohexa-1,3-diene-l-carboxylate (5) 

A solution of 1,1,1,3,3,3-hexamethyldisilazane (7.30 cm3, 34.6 mmol) in dry THE (35 cm3) at -78’C was 

treated with a solution of n-butyl lithium in hexanes (1.6 M, 34.6 mmol) under a nitrogen atmosphere. After 
20 min a solution of the adducts prepared above (8.40 g, 31.5 mmol) in THE (90 cm3) was added dropwise 
via a cannula. The reaction mixture was stirred for 10 min at this temperature, allowed to warm to 20°C and 
quenched with saturated aqueous ammonium chloride solution (100 cm3). The mixture was extracted with 

dichloromethane (600, 2 x 200 cm3). The combined extracts were dried (MgS04) and concentrated under 
reduced pressure. Column chromatography (petrol-ethyl acetate 4:l) yielded the title compound as a 

colourless solid (7.00 g, 83%): m.p. 69-7O’C (petrol-ethyl acetate); RF 0.30 (petrol-ethyl acetate 4:l); (Found: 
C, 62.8; H, 8.0; N, 5.1. Ct4H2tN04 requires C, 62.9; H, 7.9; N, 5.2%); v,,,(CHCls) 3450 (NH), 1695 (C=G), 
1640 (C=) cm-t; 8,(CDC13) 1.44 (9H, s, CMe$, 2.34 (lH, ddd, Jgem 19.5, J6p,s 13.5, J6fl.2 1.5 Hz, 6B-H), 2.58 
(lH, ddd parually obscured by 5-H, J,,, 19.5, Jh5 8.5, Jw2 1.5 Hz, 6a-H), 2.60 (lH, m, 5-H), 3.06 (lH, m, 
l’-H), 3.23 (lH, m, 1’-H), 3.76 (3H, s, OMe), 4.72 (lH, br s , N-H), 6.03 (lH, dd, J4,3 9.5, J4.5 3.0 Hz, 4-H), 
6.12 (lH, ddd, 53.4 9.5, J3.2 5.0, J3,5 1.5 HZ, 3-H), 6.99 (lH, dt, 52.3 5.0, J2.h 1.5, Jr60 1.5 HZ, 2-H); 
Gc(CDCl3) 14.1 (CMes), 24.7 (C-6). 28.3 (CMes), 34.3 (C-5), 43.2 (C-l’), 51.6 (OMe), 124.6 (C-3), 126.5 
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(C-l), 132.6 (C-4), 134.8 (C-2), 155.9 (GO), 167.5 (GO); m/z (C.1) 268 (MH+, 2%), 168 (RIO), 137 (70). 

Osmium tetroxide catalvsed cis-hvdroxvlation of the cvclohexadienvlcarbamate (5) 

A solution of the cyclohexadienylcarbamate (5) (7.00 g, 26.2 mmol) in acetone (100 cm3) was treated with a 
solution of osmium tetroxide in r-butanol (0.5% w/v, 1.0 cm3), N-methylmorpholine N-oxide (3.37 g, 28.8 
mmol) and water (1.0 cm3). The reaction mixture was stirred at 20°C for 48 h and then concentrated under 
reduced pressure to yield a black oil-solid mixture. Trituration with diethyl ether and crystallisation from 
ethyl acetate yielded methyl 3a,4a~hydroxy-5~-~N-(t-butoxyc~~nyl)-a~nomethvllcyclohex-l-ene- 
-l- carboxvlate (6) as a colourless solid (2.25 g, 29%): m.p. 181-182°C (ethyl acetate); RF 0.28 (petrol-ethyl 

acetate 1:l); (Found: C, 56.0; H, 7.8; N, 4.65. Ct4HzN06 requires C. 55.8; H, 7.7; N, 4.65%); v,,,,(Nujol) 
3400 (OH), 3280 (OH), 1705 (GO), 1670 (C=C) cm-l; GR(D6-DMSO) 1.38 (9H, s, Uses), 1.86 (lH, br dd, 
.I sem 18.0, Jbp.5 8.5 Hz, 6P-H), 1.96 (lH, m, 5-H), 2.38 (lH, br dd, Jsan 18.0, Jaas 4.0 Hz, 6a-H), 2.84 (lH, 

ddd, Jgc,,, 14.0, Jtt,5 8.0, J~I,~R 5.5 Hz, 1’-H), 3.12 (lH, dt, Jgem 14.0, Jt’,5 5.5, Jtr,NH 5.5 Hz, 1’-H). 3.39 (lH, 

m, 4-H), 4.06 (lH, m, 3-H), 4.52 (lH, d, JoHA 5.5 Hz, 4-OH), 4.89 (lH, d,JoH,3 6.0 Hz, 3-OH), 6.66 (lH, br 
d, J23 4.0 Hz, 2-H), 6.80 (lH, br t, J 5.5 Hz, NH); &-Q-DMSO) 26.7 (C-6), 28.4 (CMe3), 35.8 (C-5), 41.6 
(C-l’), 51.8 (OMe), 65.0 (C-4), 69.6 (C-3), 77.7 (CMe3), 130.0 (C-l), 138.6 (C-2), 156.1 (GO), 166.9 
(GO); m/z (C.I.) 302 (MH+, l%), 228 (100). 

The remaining material was purified by column chromatography (petrol-ethyl acetate 1:l) to yield methvl- 
3D,4D-dihvdroxy-50-rN-(t-butoxy-c~~nyl)~in~~thyl~cyclohex-l-ene-l-carboxylate (7) as a colourless 

oil (3.08 g, 39%): RF 0.28 (petrol-ethyl acetate 1:l); (Found: C, 56.2; H, 7.6; N, 4.7. Ct4HuN06 requires C, 
55.8; H, 7.7; N, 4.65%); v,,(liquid film) 3380 (OH), 1700 (GO) cm-t; GH(D6-DMSO) 1.38 (9H, s, Wes), 
1.82 (2H, m, 5-H, 6-H), 2.15 (lH, d m, Jsm 16.0 Hz, 6a-H), 2.99 (2H, m, 2 x l/-H), 3.67 (3H, s, OMe), 3.70 

(3H, br s, 4-H), 4.12 (lH, br s, 3-H), 4.39 (lH, br s, 4-OH), 5.00 (lH, br s, 3-OH), 6.53 (lH, br s, 2-H), 6.83 
(lH, br t, J 5.5 Hz, NH); %I&-DMSO) 24.1 (C-6), 28.2 (We3), 37.0 (C-5), 42.5 (C-l’), 51.5 (OMe), 66.9 
(C-4), 68.8 (C-3), 77.5 (CMe$, 129.1 (C-l), 140.8 (C-2), 155.8 (GO), 166.5 (C=O); m/z (C.I.) 302 (MI-I+, 
28%), 246 (95), 228 (90), 202 (100). 

3a,4a-Dihydroxy-5~-(aminomethyl)cyclohex-l-ene-l-carboxylic acid (8) 

The ester carbamate (6) (61 mg, 0.20 mmol) was treated with trifluoroacetic acid (4 cm3), the solution stirred 
at 20°C for 5 min and then concentrated under reduced pressure. The residue was dissolved in water (4 cm3) 
and a 1.0 M aqueous sodium hydroxide solution was added dmpwise until the solution was alkaline and then 

a further 0.3 cm3 was added. The solution was stirred at 20°C under an argon atmosphere for 20 h. Amberlite 
IR 120 (+) ion exchange resin was added and the mixture filtered. The resin was washed with water (3 x 10 
cm3), the washings discarded and the product washed from the resin with dilute aqueous ammonia solution (3 
x 8 cm3). Lyophilisation yielded the title compound as an off-white powder (30.5 mg, 80%): RF 0.55 (reverse 
phase silica, water); SR(DzO) 2.02 (lH, dd m, Jsan 17.0. Jav 11.0 Hz, 6g-H), 2.15 (1H. m, 5-H), 2.59 (lH, 
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dd, Jgm 17.0. Jm 4.5 Hz, 6u-H). 3.03 (lH, dd, Jgm 13.0, JIt5 6.0 Hz, 1’-H), 3.24 (lH, dd, Jgm 13.0. J1t5 

7.0 Hz, l’-HI, 3.72 UH, dd, 545 10.8, J4.3 4.0 HZ, 4-H), 4.25 (1H. dd, JsA 4.0, J3,2 5.0 Hz, 3-H). 6.49 (lH, m, 
2-H); &@20) 28.7 (C-6). 32.2 (C-5). 42.0 (C-l’), 65.2 (C-4), 71.8 (C-3), 129.6 (C-2). 137.3 (C-1). 175.0 
(C=Q; m/z (C.I., NH3) 188 (MH+. lOO%), 172 (35), 152 (44). 

3~,4~-Dihvdroxv-5O-(aminomethvlkvclohex-l-ene-l-carboxvlic acid (9) 

The ester carbamate (7) (93 mg, 0.31 mmol) was treated with trifluoroacetic acid (5 cm3), the solution stirred 
at 20°C for 10 min and then concentrated under reduced pressure. The residue was dissolved in water (5 cm3) 
and a 1.0 M aqueous sodium hydroxide solution was added dropwise until the solution was alkaline and then 
a further 0.4 cm3 was added. The solution was stirred at 20°C under an argon atmosphere for 20 h. Amber&e 
IR 120 (+) ion exchange resin was added and the mixture filtered. The resin was washed with water (3 x 10 
cm3), the washings discarded and the product washed from the resin with dilute aqueous ammonia solution (3 
x 9 cm3). Lyophilisation yielded the title compound as an off-white powder (34 mg, 58%): RF 0.55 (reverse 

phase silica, water); 6#20) 2.14 (2H, m. 5-H. 6l3-H), 2.41 (lH, d m, Jgem 16.0 Hz, 6a-H), 3.13 (lH, dd, 
J gem 13.0, Jt’,5 6.8 Hz, 1’-H), 3.24 (lH, dd, Jgm 13.0, J1f,5 6.0 Hz, 1’-H), 4.04 (lH, m, 4-H). 4.44 (lH, m, 
3-H), 6.35 (lH, br s, 2-H); 8,$&O) 24.1 (C-6), 35.0 (C-5), 41.3 (C-l’), 67.3 (C-4), 68.2 (C-3), 132.3 (C-2), 
135.1 (C-l), 175.0 (C=O); m/z (C.I., NH3) 188 (MH+, lOO%), 170 (62), 126 (68). 

Methyl 3a,4a-dihvdroxv-5O-CN-(trifluoroacetvl)~inomethvllcvclohex-l-ene-l-carboxvlate (10) 

The carbamate (6) (3.85 g, 12.8 mmol) was added slowly to trifluoroacetic acid (45 cm3). After stirring at 
20°C for 30 min the reaction mixture was concentrated under reduced pressure and taken up in pyridine (50 
cm3). The solution was treated with trifluoroacetic anhydride (9.60 cm3, 68.0 mmol), DMAP (catalytic) and 

stirred at 20°C for 3 days. The reaction mixture was then concentrated under reduced pressure and poured 
into water (100 cm3). Dilute aqueous hydrochloric acid (200 cm3) was added and the mixture extracted with 
ethyl acetate (3 x 150 cm3). The combined extracts were dried (Na2S04) and concentrated under reduced 
pressure. Column chromatography (petrol-ethyl acetate 1:3) yielded the title compound as a colourless 
crystalline solid (2.90 g, 76%): m.p. 116-117’C (petrol-ethyl acetate); RF 0.33 (petrol-ethyl acetate 1:3); 
(Found: C, 44.5; H, 4.8; N. 4.65. CrtHt4F3N05 requires C, 44.4; H, 4.75; N, 4.7%); v,,,,(Nujol) 3400 (OH), 

3310 (OH), 1735 (GO), 1705 (GO), 1655 (C=C) cm-‘; &&-Acetone) 2.00 (lH, dddd, Jgm 18.0, Jap,5 9.5, 

J~P,~ 2.4, Jse,3 1.2 Hz, 6P-H), 2.20 (lH, m, 5-H), 2.58 (lH, br dd, Jge,,, 18.0, Jbcs5 5.0 Hz, 6a-H), 3.45 (lH, m, 
1’-H), 3.60 (2H, m, 4-H, 1’-H), 3.71 (3H, S, OMe), 3.90 (2H, br S, 2 x OH), 4.26 (lH, br t, 53.4 4.5, J3,2 4.5 Hz, 
3-H), 6.82 (lH, ddd, J2.3 4.5, J2.a~ 2.4, Jzh 1.0 Hz, 2-H), 8.50 (lH, br s, NH); Gc(Ds-Acetone) 27.7 (C-6), 
35.3 (C-5), 41.8 (C-l’), 51.4 (OMe), 65.5 (C-4), 71.1 (C-3), 116.5 (q, JC,F 268 Hz, CF3), 131.3 (C-l), 137.2 
(C-2), 157.4 (C=O), 166.9 (GO); m/z (C.I., NH3) 315 (MNl&+, lOO%), 297 (M+, 38). 
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Homonuclear decoupling experiment data for (10): 

Signal Irradiated Observed Resonance 

(Chemical shift, 6) 2-H 3-H 6a-H 6p-H 

Original resonance ddd brdd br dd dddd 

3-H (4.26) dd ddd ddd 
18.0.5.0. 1.0 Hz 

6a-H (2.58) dd ddd ddd 
45.4.5.1.2 Hz 

Methyl 3a,4a-dihydroxy-50-(acetoxvmethvl)cyclohex-l-ene-l-carboxvlate (11) 
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A solution of the trifluoroacetamide (10) (0.38 g, 1.28 mmol) in acetic anhydride (100 cm3) and glacial acetic 

acid (50 cm3), was cooled to -4°C under a nitrogen atmosphere. Sodium nitrite (0.88 g, 12.8 mmol) was 
added, and the reaction mixture was stirred at -4 to 10°C for 17 h. The solution was concentrated under 
reduced pressure and poured into water (50 cm3). Saturated brine (50 cm3) was added and the mixture 
extracted with ethyl acetate (3 x 100 cm3). The combined extracts were dried (Na2S04) and concentrated 

under reduced pressure (azeotroping with toluene). Column chromatography (petrol-ethyl acetate 1:3) yielded 
the title compound as a yellow oil (98 mg, 31%): RF 0.43 (petrol-ethyl acetate 1:3); v,,(CHC13) 3450 (OH), 

1710 (C=O), 1655 (C=C) cm-‘; &(CDCl$ 2.10 (3H, s, Me), 2.18 (2H, m, 5-H, 6P-H), 2.64 (lH, m, 6a-H), 

2.73 (lH, br s, OH), 3.21 (lH, br s, OH), 3.58 (lH, dd, J4,5 9.5, J4,3 4.5 Hz, 4-H), 3.77 (3H, s, OMe), 4.15 

W-L dd, Jgem 11.4, J1’,5 3.4 Hz, 1:-H), 4.34 (lH, dd, J3,2 5.0, J3,4 4.5 Hz, 3-H), 4.43 (lH, dd, J,,, 11.4, J1’,5 

4.4 Hz, 1’-H), 6.90 (lH, ddd, J2,3 5.0, Jz,ae 2.0, Jz,aa 1.0 Hz, 2-H); Gc(CDC13) 20.8 (Me), 27.0 (C-6), 34.6 
(C-5), 52.0 (OMe), 64.7 (C-l’), 65.3 (C-4), 69.2 (C-3), 132.2 (C-l), 135.8 (C-2), 167.0 (GO), 171.8 (C=O); 
m/z (CL) 245 (MH+, l%), 167 (100). 

3a,4a-Dihydroxy-5O-(hvdroxymethvl)cvclohex-l-ene-l-carboxvlic acid (5-homoshikimic acid) (1) 

(la) A solution of the diol acetate (11) (30 mg, 0.12 mmol) in methanol (3 cm3) was treated with aqueous 
ammonia solution (1 cm3) and stirred at 20°C under a nitrogen atmosphere for 21 h. The solvents were 

evaporated under reduced pressure. Column chromatography (ethyl acetate) yielded methyl 3a,4a- 
dihydroxy-5P-(hydroxymethyl)cyclohex-l-ene-l-carboxylate as a colourless powder (21 mg, 84%): m.p. 

115-115.5’C (ethyl acetate); RF 0.25 (ethyl acetate); (Found: C, 53.3; H, 7.1. C9H1405 requires C, 53.5; H, 
7.0%); v,,(Nujol) 3250 br (OH), 1715 (GO), 1655 (C=C) cm-l; &(D20) 2.11 (2H, m, 5-H, 6p-H), 2.55 
(lH, m, 6a-H), 3.64 (lH, dd, Jgm 12.0, J1*,5 6.0 Hz, 1’-H), 3.73 (2H, m, 4-H, 1’-H), 3.75 (3H, s, OMe), 4.28 
(lH, dd, J3,* 4.5, J3,4 4.5 Hz, 3-H), 6.83 (lH, dd, Jz3 4.5, Jz,ae 1.5 Hz, 2-H); &-(DzO) 25.4 (C-6), 35.9 (C-5), 
51.9 (OMe), 61.7 (C-l’), 64.8 (C-4). 68.7 (C-3), 131.4 (C-l), 135.9 (C-2), 168.9 (C=O); mfz (CL NH3) 220 
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(MNH,+, lCO%), 202 (M+, 22). 
(lb) The acetonide for-mate (28) (38 mg, 0.14 mmol) was dissolved in dry methanol (3 cm3), Amberlyst-15 
ion exchange resin was added and the reaction mixture stirred at 20°C for 17 h. The resin was filtered off and 
the methanol evaporated under reduced pressure. The residue was dissolved in glacial acetic acid (1 cm3), 
water (1 cm3) and THF (1 cm3) and heated at 6O’C under an argon atmosphere for 3.5 h. Removal of the 
solvents under reduced pressure and column chromatography (ethyl acetate) yielded methyl 3a,4a-di- 
hydroxy-5~-(hydroxymethyl)cyclohex-l-ene-lcarboxylate as a colourless powder (18 mg. 64%). identical 
with the sample described above. 
(lc) A solution of the acetonide (lS,R=H) (40 mg, 0.17 mmol) in glacial acetic acid (1.5 cm3>, water (1.5 
cm3) and THF (1.5 cm3) was heated to 50&K under an argon atmosphere for 17 h. Evaporation of the 
solvents under reduced pressure and column chromatography (ethyl acetate) yielded methyl 3a,4o-di- 

hydroxy-5P-(hydroxymethyl)cyclohex-l-ene-l-carboxylate as a colourless powder (23.5 mg, 70%), identical 
with the sample described above. 
(2a) Methyl 3a,4a-dihydroxy-5~-(hydroxymethyl)cyclohex-l-ene-l-carboxylate (34 mg, 0.17 mmol) in water 
(3 cm3) was treated with aqueous sodium hydroxide solution (1.0 M, 0.17 cm3) and stirred at 20°C under an 
argon atmosphere for 5.5 h. The solution was acidified by the addition of IR-120 ion-exchange resin. The 
resin was filtered off and washed with water. The combined aqueous phases were lyophilised to yield the 
5-homoshikimic acid as a colourless microcrystalline solid (32 mg, quantitative): RF 0.83 (reverse phase 

silica, water); v,,(Nujol) 3410 (OH), 3370 (OH), 3280 (OH), 1685 (C=O), 1645 (C=C) cm-*; St&O) 2.09 
(2H, m, 5-H, 6P-H), 2.53 (lH, dd, Jsm 22.0, J&s 9.0 Hz, 6a-H), 3.64 (lH, dd, Js_ 11.2, Jt*,5 6.0 Hz, 1’-H), 

3.74 (2H, m, 4-H, 1’-H), 4.28 (lH, dd, J3,4 4.5, J3,2 4.5 Hz, 3-H), 6.79 (lH, dd, J2,3 4.5, J2,ae 2.0 Hz, 2-H); 
gc(D20), 25.8 (C-6), 36.2 (C-5), 62.0 (C-l’), 65.1 (C-4), 69.0 (C-3), 132.4 (C-l), 135.6 (C-2), 170.9 (C=O); 
m/z (CL, NH,) 206 (MNH,+, 100%). 
Homonuclear decoupling experiment data for (1): 

Signal Irradiated Observed Resonance 

(Chemical shift, 6) 2-H 3-H 4-H I’-H 1’-H 

Original resonance dd dd m m dd 

3-H (4.28) d d dd dd 
2.0 Hz 9.0 Hz ll.OHz 

4.2 Hz 
4-H, I’-H (3.74) dd d m 

6&H, 5-H (2.09) d dd m d d 
4.5 Hz ll.OHz ll.OHz 

(2b) A solution of methyl 5-homoshikimate (see below) (34 mg, 0.17 mmol) in water (3 cm3) was treated 
with aqueous sodium hydroxide solution (1.0 M, 0.17 cm3) and stirred at 20°C under an argon atmosphere for 
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5.5 h. The solution was acidified by the addition of IR-120 ion-exchange resin. The resin was filtered off and 
washed with water. The combined aqueous phases were lyophilised to yield 5homoshikimic acid as a 
microcrystalline solid (32 mg, quantitative). 

Methyl 3D,4Bdiacetoxv-5D-lN-(trifluoroacetvl)~ino~thvllcvclohex-l-ene-l-carboxvlate (12) 

(1) A solution of the diol (7) (9.90 g, 32.9 mmol) in dichloromethane (100 cm3) was treated with 
triethylamine (11.5 cm3, 82.3 mmol), acetic anhydride (7.76 cm3, 82.3 mmol) and DMAP (catalytic). The 
reaction mixmre was stirred at 20°C under a nitrogen atmosphere for 21 h. The solution was diluted with 
dichloromethane (100 cm3), washed with dilute aqueous hydrochloric acid (2 x 100 cm3). saturated aqueous 
sodium bicarbonate solution (100 cm3), dried (MgSOJ and concentrated under reduced pressure. Column 
chromatography (petrol-ethyl acetate 7:3) yielded methyl 3g,4g-diacetoxy-Sg-[N-(t-butoxycarbonyl)amino- 
methyllcyclohex-1-ene-1-carboxylate as a colourless oil which crystallised on standing (9.00 g, 71%): m.p. 
94-96’C (petrol-ethyl acetate); RF 0.70 (petrol-ethyl acetate 1:l) (Found : C, 56.1; H, 7.1; N, 3.6. CtsHnNOs 
requires C, 56.1; H, 7.1; N, 3.6%); v,,(CHCl,) 3420 (NH), 1710 br (C=O) cm-‘; SR(CDCl3) 1.44 (9H, s, 

CMe3), 2.06 (3H, s, Me), 2.08 (2H, m, 5-H, 6@-H), 2.09 (3H, s, Me), 2.47 (IH, d m, Jsm 17.0 Hz. 6a-H), 2.85 
(lH, m, 1’-H), 3.28 (lH, m, 1’-H), 3.78 (3H, s, OMe), 4.95 (lH, br t, J 6.0 Hz, NH), 5.45 (lH, m, 4-H), 5.57 
(lH, m, 3-H), 6.64 (lH, m, 2-H); &(CDCl3) 20.7 (2 x Me), 24.4 (C-6), 28.3 (C!k&), 36.4 (C-5), 41.2 (C-l’), 
52.0 (OMe), 66.3 (C-4), 69.3 (C-3), 79.5 (CMes), 132.0 (C-l), 134.4 (C-2), 155.8 (GO), 166.2 (GO), 170.0 
(GO), 171.1 (GO); m/z (C.I.) 386 (MI-I+, l%), 368 (l), 330 (55), 286 (50), 226 (100). 
(2) Methyl 3~,4~-diacetoxy-5~-[N-(t-butoxycarbonyl)aminomethylJcyclohex-l-ene-l-carboxylate (1.05 g, 
2.72 mmol) was added portionwise to trifluoroacetic acid (10 cm3). After stirring for 10 min at 20°C the 
reaction mixture was concentrated under reduced pressure, taken up in pyridine (8 cm3). Trifluoroacetic 
anhydride (0.37 cm3, 3.90 mmol) and DMAP (cataiytic) were added and the reaction mixture stirred at 20°C 

for 1.5 h. After diluting with ethyl acetate (200 cm3), the solution was washed with dilute aqueous 

hydrochloric acid (2 x 100 cm3), saturated aqueous sodium bicarbonate solution (100 cm3), dried (MgSOJ 
and concentrated under reduced pressure. Column chromatography (petrol-ethyl acetate 7:3) yielded the title 
compound as a colourless solid (1.01 g, 97%): m.p. 117-l 18’C (petrol-ethyl acetate); RF 0.70 (petrol-ethyl 

acetate 1:l); (Pound : C, 47.0; H, 4.6; N, 3.6. Ct5H1sF3N07 requires C, 47.25; H, 4.8; N, 3.7%); v,,(Nujol) 
3280 (NH), 1710 (C=O) cm-‘; GH(CDC~~) 2.08 (3H, s, Me), 2.12 (lH, m, 6g-H), 2.13 (3H, s, Me), 2.30 (lH, 
m, 5-H), 2.54 (lH, br dd, Jsem 17.5, J&s 5.5 Hz, 6a-H), 3.00 (lH, m, 1’-H), 3.61 (lH, m, I’-H), 3.79 (3H, s, 
OMe), 5.37 (lH, m, 4-H). 5.58 (lH, m, 3-H), 6.67 (IH, br s, 2-H), 7.32 (lH, br t, J 6.0 Hz, NH); m/z (CL) 
382 (MH+, 3%), 322 (100). 

3g,4g-Dihvdroxv-SO-(hydroxymethvl)cvclohex-1 -ene- I-carboxvlic acid (13) 

(1) A solution of the trifluoroacetamide (12) (0.70 g, 1.84 mmol) in glacial acetic acid (70 cm3) and acetic 
anhydride (140 cm3) was cooled to -4’C under a nitmgen atmosphere. Sodium nitrite (1.27 g, 18.4 mmol) was 
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added and the solution was stirred at -4 to 10°C for 18 h. The reaction mixture was concentrated under 
reduced pressure and poured into water (50 cm3). Brine (50 cm3) was added and the mixture extracted with 
ethyl acetate (3 x 100 cm3). The combined organic phases were dried (Na$304) and concentrated under 
reduced pressure (azeotroping with toluene) to leave a yellow oil (0.70 g). This crude product was dissolved 
in methanol (40 cm3) and treated with dilute aqueous ammonia solution. After stirring at 20°C for 19 h the 
reaction mixture was concentrated under reduced pressure. Column chromatography (ethyl acetate) yielded 

the methyl 3~,4~-dihydroxy-S~-(hydroxymethyl)cyclohex-l-ene-lcarboxylate as a pale yellow solid (0.18 g, 
48%), m.p. 127-128’C (ethyl acetate); RF 0.28 (ethyl acetate); (Found : C, 53.6; H, 6.7. CgHt40~ requires C, 
53.5; H, 7.0%); v-(Nujol) 3320 (OH), 3220 (OH), 1710 (GO), 1640 (C=C) cm-‘; 8&&O) 1.97 (W, m, 
5-H, 6p-H), 2.35 (1H. br d, 6u-H), 3.58 (1H. dd. Jsem 11.0, Jt’> 6.0 Hz, 1’-H), 3.70 (1H. dd, JBem 11.0, J1tJ 
7.2 Hz, 1’-H). 3.76 (3H. s, OMe), 4.08 (1H. m, 4-H), 4.42 (lH, m, 3-H). 6.68 (lH, br s, 2-H); &(DzO) 22.2 
(C-6). 38.3 (C-5), 52.0 (OMe). 62.1 (C-l’), 66.2 (C-4), 68.7 (C-3), 130.0 (C-l), 138.8 (C-2). 168.8 (c--O); 
m/z (CL) 185 (M+-OH, 70%), 167 (39), 153 (lOO), 137 (62). 
(2) A solution of methyl 3~,4~-dihydroxy-5~-(hydroxymethyl)cyclohex-l-ene-l-carboxylate (81 mg, 0.40 
mmol) in water (8 cm3) was treated with aqueous sodium hydroxide solution (1.0 M, 0.42 cm3) and stirred at 
20°C under a nitrogen atmosphere for 18 h. The solution was acidified by adding Amberlite IR 120 (+) ion 
exchange resin and filtered. The resin was washed with water (3 x 5 cm3) and the combined filtrate and 
washings lyophilised to yield the title compound as an off-white solid (75 mg, quantitative): m.p. 192-193°C 
(acetonitrile); RF 0.72 (reverse phase silica , water); Su(D20) 1.94 (2H, m, 5-H. 6g-H), 2.31 (lH, br d. Jgun 
16.0 Hz, 6a-H), 3.57 (lH, dd, Jsan 11.0. J~J,~ 6.0 Hz, 1’-H), 3.69 (lH, dd, Js,, 11.0, J1t,5 7.5 Hz, 1’-H). 4.06 
(1H. m, 4-H), 4.41 (lH, m, 3-H), 6.65 (lH, br s. 2-H); 8,$20) 22.2 (C-6), 38.3 (C-5), 62.1 (C-l’), 66.2 (C-4), 
68.7 (C-3). 130.6 (C-l), 138.5 (C-2), 170.4 (GO); m/z (C.I.) 189 (MI-I+, 5%), 171 (46), 153 (100). 

Methvl 30.4~-diacetoxv-58-(acetoxvmethvl)cvclohex-l-ene-l-c~xvlate 

A solution of the trifluoroacetamide (12) (5.00 g, 13.1 mmol) in glacial acetic acid (120 cm3) and acetic 
anhydride (240 cm3) was cooled to -4’C under a nitrogen atmosphere. Sodium nitrite (9.06 g, 131 mmol) was 
added and the solution was stirred at O’C for 18 h. The reaction mixture was concentrated under reduced 

pressure and partitioned between ethyl acetate (400 cm3) and water (150 cm3). The aqueous phase was 
extracted with ethyl acetate (2 x 200 cm3) and the combined organic extracts dried (NasSO& concentrated 

under reduced pressure and azeotroped with toluene. Column chromatography (petrol-ethyl acetate 41 to 7:3) 
yielded the title compound as a colourless oil (0.48 g, 11%): RF 0.43 (petrol-ethyl acetate 7:3); v_(liquid 

film) 1740 (GO), 1650 (C=C) cm-‘; G&JDCls) 2.05 (3H, s, Me), 2.07 (3H, s, Me), 2.08 (3H, s, Me), 2.18 
(lH, m, 6b-H), 2.33 (lH, m, 5-H), 2.50 (lH, br dd, Js,, 17.5, Jtis 5.5 Hz, 6a-H), 3.79 (3H, s, OMe). 3.97 

(lH, dd, Js,, 11.2, Ji*,s 6.3 Hz, I’-H), 4.03 (lH, dd, JBem 11.2, Jit.5 8.2 Hz, I’-H), 5.51 (lH, m, 4-H), 5.60 

(lH, m, 3-H), 6.65 (lH, br s, 2-H); 8&L!DCls) 20.7 (2 x Me), 20.8 (Me), 23.4 (C-6), 52.0 (OMe), 63.4 (C-l’), 
65.4 (C-4), 68.9 (C-3), 131.7 (C-l), 134.4 (C-2), 166.1 (GO), 170.0 (C=O), 170.4 (GO), 170.8 (GO), m/z 
(CL) 329 (MH+, 3%), 269 (100). 
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Methvl 3a.4a-isop~~ylidenedioxy-5~-(acetox~thyl~ycl~lohex-lene-l-carboxvlate (lS,R=Ac) 

The diol (11) (80 mg, 0.33 mmol) and p-TSA (rra~e) were dissolved in acetone (3 cm3) and 2.2~dimeth- 
oxypropane (3 cm3). The reaction mixture was stirred at 20°C under a nitrogen atmosphere for 18 h after 
which solvents were evaporated under reduced pressure. Column chromatography (petrol-ethyl acetate 3:l) 
yielded the title compound as a colourless oil (88 mg, 94 96): RF 0.80 (petrol-ethyl acetate 1: 1); v,,,,(CHCls) 
1710 (GO), 1645 (C=C) cm-‘; 6&DC13) 1.36 (3H, s,Me), 1.40 (3H, s, Me), 2.02 (2H, m, 5-H, 6l3-H), 2.03 
(3H, s, Me). 2.61 (lH, dd, Jgrm 21.0, Jass 8.0 Hz, 6a-H), 3.74 (3H, s, OMe), 4.04 (lH, dd, Jsem 11.0, J1f15 6.0 

Hz, 1’-H), 4.07 (lH, dd, J4.5 8.5, JdJ 6.0 I-Ix, 4-H), 4.24 (lH, dd, JBan 11.0. Jr*,5 4.0 Hz, 1’-H), 4.58 (1H. m, 

3-H), 6.89 (lH, m, 2-H); k(CDCl3) 20.8.(Me), 24.8 (C-6). 25.7 (Me), 28.0 (Me), 36.5 (C-5), 52.0 (OMe), 

64.3 (C-l’), 71.0 (C-4), 73.9 (C-3), 109.2 (CMei), 132.8 (C-l), 133.7 (C-2), 166.6 (C=O), 170.8 (GO); m/z 
(CL) 285 (MH+, I%), 269 (36), 167 (RIO), 149 (67). 

Methyl 3a,4a-isonropyliden~ioxy-58_0lvdroxvme~yl)cvclohex-l-ene-l-carboxvlate (15, R=H) 

(a) A solution of the acetate (15, R=Ac) (85 mg, 0.30 mmol) in methanol (4 cm3) was treated with aqueous 
ammonia solution (1 cm3) and stirred at 20°C under a nitrogen atmosphere for 48 h. The solvents were 
evaporated under reduced pressure. Column chromatography (petrol - ethyl acetate 1:l) yielded the title 
compound as a colourless oil which crystallised on standing (63.5 mg, 87%): m.p. 52-53’C (petroldiethyl 
ether); RF 0.40 (petrol-ethyl acetate 1:l); (Found: C, 59.3; H, 7.6. C12H1s05 requires C, 59.5; H. 7.5%); 
v,,,(CHCls) 3500 (OH), 1710 (GO), 1655 (C=C) cm-l; 6#DCl,) 1.40 (3H, s, Me), 1.47 (3H, s, Me), 1.96 
(lH, m, 5-H), 1.98 (lH, m, 6P-H), 2.13 (lH, br s, OH), 2.60 (lH, dd, Jsem 22.0, JbR5 9.0 Hz, 6&H), 3.75 (2H, 
m, 2 x 1’-H), 3.77 (3H, s. OMe), 4.16 (lH, dd, Jd5 8.5, J4,3 6.0 Hz, 4-H), 4.62 (lH, ddd, J3,4 6.0, J3,a 3.5, J3,aa 
1.0 Hz, 3-H), 6.94 (lH, m, 2-H), &$ZDCls) 24.8 (C-6), 25.8 (Me), 28.0 (Me), 39.0 (C-5), 52.1 (OMe). 64.9 

(C-l’), 71.4 (C-4), 76.4 (C-3), 109.4 (CM%), 133.5 (C-l, C-2), 166.7 (GO); m/z (E.I.) 242 (M+, l%), 227 
(65), 153 (45). 137 (100). 

(b) Methyl 5-homoshikimate (6Omg, 0.30 mmol) and p-TSA (truce) were dissolved in acetone (3 cm3) and 
2,2-dimethoxypropane (3 cm3). The reaction mixture was stirred at 20°C under a nitrogen atmosphere for 22 

h, after which the solvents were evaporated under reduced pressure. Column chromatography (petrol-ethyl 
acetate 4:l then 1:l) yielded the title compound as a colourless oil which crystallised on standing (60.5 mg, 

84%) identical with the sample described above and the ketal (16) as a colourless oil (12.5 mg, 8%): RF 0.80 

(petrol-ethyl acetate 1:l); &(CDC13) 1.33 (3H, s, Me). 1.39 (3H, s, Me), 1.42 (3H, s, Me), 1.95-2.20 (2H, m, 
5-H, 6g-H), 2.64 (lH, m, 6a-H), 3.35-3.57 (2H, m, I’-H), 3.76 (3H, s. OMe), 4.15 (lH, m, 4-H), 4.58 (lH, m, 
3-H), 6.87 (lH, m, 2-H); Gc(CDC13) 24.8 (Me), 26.0 (Me), 28.2 (Me), 37.3 (C-5), 52.0 (OMe), 60.5 and 60.7 
(C-l’), 71.1 (C-4), 74.0 and 74.1 (C-3), 99.8 (CM%), 108.8 (CM%), 132.9 (C-l), 133.8 and 133.9 (C-2), 
167.0 (C=O). 
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Methyl 3a.4a-diacetoxv-5~-(acetoxymethvl)cvclohex-lene-l-carboxvlate 

A solution of methyl 5homoshikimate (12 mg, 0.06 mmol) in pyridine (1 cm3) was treated with acetic 
anhydride (0.5 cm3) and DMAP (catalytic) and stirred at 2O’C for 15 h. The reaction mixture was poured into 
ethyl acetate (10 cm3) and washed with dilute aqueous hydrochloric acid (3 x 10 cm3) and water (10 cm3). 

The organic phase was dried (MgS04) and concentrated under reduced pressure (azeotroping with toluene) to 
yield the title compound as a colourless oil (17 mg. 87%): RF 0.74 (petrol-ethyl acetate 1:l); &&DCls) 2.04 
(3H, s, Me), 2.06 (3H, s, Me). 2.09 (3H, s, Me), 2.33 (lH, dddd, Jsa 18.0, Jea,s 9.9, Jss,a 2.4, Jaas 1.2 Hz, 
6S-H), 2.49 (lH, m, 5-H), 2.75 (lH, br dd, Js.,,, 18.0, Jhs 5.2 Hz, 6&H), 3.78 (3H. s, OMe), 4.09 (lH, dd, 
J gem 11.2, J1’,5 3.8 Hz, l’-H), 4.20 (lH, dd, Jgm 11.2, J1:5 5.5 Hz, l’-H), 5.04 (lH, dd, J4,5 10.8. JA3 3.9 Hz, 

4-H), 5.65 (lH, br dd, J3,2 5.3, J3,4 3.9 Hz, 3-H), 6.78 (lH, ddd, J2,3 5.3, J2,ae 2.4, J2,6a 1.3 Hz, 2-H); 
Gc(CDCl3) 20.8 (3 x Me), 27.3 (C-6), 32.5 (C-5), 52.2 (OMe), 63.2 (C-l’), 64.9 (C-4), 69.0 (C-3), 131.8 
(C-2) 134.3 (C-l), 166.3 (Go), 170.1 (Go), 170.9 (2 x Go) 

3a.4a-Dihvdroxy-5B-(fluorome~yl)cyclohex-l-ene-l-carboxylic acid (2) 

(1) A polythene reaction vessel fitted with a septum cap was charged with dichloromethane (4 cm3) and 
morpholino-DAST (0.14 cm3, 1.14 mmol) under a nitrogen atmosphere and cooled to -78’C. A solution of the 
alcohol (15, R=H) (275 mg, 1.14 mmol) in dichloromethane (2 cm3) was added via cannula and the solution 
stirred for 30 min before warming to 2O’C and stirring for a further 2 days. Silica gel was added and the 
dichloromethane evaporated under reduced pressure. The pm-absorbed product was added to the top of a 
silica gel column and eluted with petrol-ethyl acetate (9:l) to yield methyl 3a,4a-isopropylidenedioxy- 

-5P-(fluotomethyl)cyclohex-1-ene-1-carboxylate as a colourless oil (180 mg, 65%): RF 0.50 (petrol-ethyl 
acetate 4:l); v,(CHCls) 1715 (GO), 1645 (C=C) cm-‘; Gt&DC13) 1.41 (3H, s, Me), 1.44 (3H, s, Me), 1.99 

(lH, d m, J~,F 25.6 Hz, 5-H), 2.15 (lH, ddt, Jgm 17.3, Jas,s 9.7, Jae,2 1.9, J6a9 1.9 Hz, 6P-H), 2.70 (lH, br dd, 
J gem 17.3, Jea5 4.1 Hz, 6a-H), 3.78 (3H, s, OMe), 4.16 (lH, dd, J4,5 9.0, J4,3 6.0 Hz, 4-H), 4.54 (lH, ddd, JIt,F 

49.0, J,, 9.5, J,‘,5 4.0 Hz, l’-H), 4.59 (lH, ddd, JIf,F 49.0, J,,, 9.5, J1t,5 5.1 Hz, I’-H), 4.65 (lH, m, 3-H), 

6.94 (lH, ddd, JZs3 3.5, Jz,as 1.9, J2.h 1.0 Hz, 2-H); S&DCls) 24.4 (d, JQ 4 Hz, C-6), 25.7 (Me), 28.1 (Me), 
38.3 (d, J~,F 18 Hz, C-5), 52.1 (OMe), 71.1 (C-4), 72.9 (d, J3.F 4 Hz, C-3), 83.7 (d, J1/,F 170 Hz, C-l’), 109.2 
(CMe*), 133.1 (C-l), 133.7 (C-2), 166.6 (C=O); m/z (E.I.) 244 (M+, l%), 229 (M+-CH,, 229.0867 Ct2Ht7F04 
requires 229.0876,55%). 

Further elution with petrol-ethyl acetate (4:6) yielded the unmatted alcohol (15, R=H) (65 mg, 23%). 

(2) A solution of methyl 3a,4a-isopropyliden~ioxy-5~-(fluoromethyl)cyclohex-l-ene-l-carboxylate (175 
mg, 0.72 mmol) in THF (5 cm3), glacial acetic acid (5 cm3) and water (4 cm3) was heated to 50-60°C under a 
nitrogen atmosphere for 2 days. The solution was concentrated under reduced pressure and chromatographed 
(petrol-ethyl acetate 1:3) to yield methyl 3a,4a-dihydroxy-5~-(fluoromethyl)cyclohex-l-ene-l-carboxylate as 
a colourless oil which crystallised on standing (142 mg, 97%): m.p. 78-79’C (petrol-ethyl acetate); RF 0.25 
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(petrol-ethyl acetate 1:l); (Found : C, 52.95; H, 6.45. C&&O4 requires C, 52.9; H, 6.4%); v_(C!HCIs) 
3550 (OH), 3400 (OH), 1715 (GO), 1650 (C=C) cm-l; S&DCls) 2.06-2.32 (2H, m, 6p-H), 2.47 (2H, br s, 2 

x OH), 2.67 (lH, m, 6a-H), 3.77 (3H, s, OMe). 3.78 (1H. m, 4-H). 4.33 (IH, dd, JsA 4.0. Js,s 5.OHz. 3-H), 
4.55 (lH, ddd, Jtt,F 47.0, JBem 9.0, J1’5 3.8 Hz, l’-H). 4.72 (lH, ddd, JttJ 47.0, Jsem 9.0, Jtt5 4.0 Hz, 1’-H), 
6.91 (lH, ddd, J,, 5.0, Jz6a 2.0, Jzk 1.0 Hz, 2-H); &(CDCl,) 26.2 (d, JaF 7 Hz, C-6). 36.0 (d. J5,F 18 Hz, 
C-5), 52.1 (OMe), 65.5 (C-4), 69.0 (d, J3,F 4 Hz, C-3), 84.1 (d, Jtt,F 168 Hz, C-l’), 132.8 (C-l), 135.4 (C-2), 

166.9 (C=O); m/z @I.) 204 (M+, 2’S), 96 (100). 

(3) A solution of methyl 3~,4a-dihydroxy-5~-(fluoromethyl)cyclohex-l-ene-l-carboxylate (68 mg, 0.33 
mmol) in THF (5 cm3) was treated with aqueous sodium hydroxide solution (1 .O M, 0.35 cm3). Water (cu. 4 
cm3) was added to give a homogeneous solution, which was stirred at 20°C under a nitrogen atmosphere for 3 
h. Amberlite IR 120 (+) ion exchange resin was added and the mixture filtered. The resin was washed with 
water and the combined filtrate and washings were concentrated under reduced pressure and 1yophilise.d to 

yield 3a,4a-dihydroxy-5~-(fluoromethyl)cyclohex-l-ene-l-carboxylic acid as an off-white solid (59 mg, 
93%): RF 0.50 (reverse phase silica, water); v,,,, (Nujol) 3300 (OH), 3140 (OH), 1685 (GO), 1650 (c--C) 

cm-‘; 6@20) 2.17 (2H, m, 5-H, 6g-H), 2.54 (lH, m, 6a-H), 3.75 (lH, dd, J4,s 10.3, J4,3 4.0 Hz, 4-H), 4.27 
(lH, dd, 53.4 4.O,J3,2 5.0 HZ, 3-H). 4.55 (lH, ddd, J~‘,F 47.0, Jgm 9.3, J1t,5 3.2 Hz, 1’-H), 4.66 (lH, ddd, J,,, 

47.0, Jgo,,, 9.3, Jf5 4.2 Hz, 1’-H), 6.70 (1H. dm, J21 5.0 Hz, 2-H); h(D20) 26.0 (d, J,5F 4 Hz, 6-H). 34.8 (d, 
J5,F 18 Hz, 5-H), 64.9 (C-4). 68.2 (d. J3,F 4 Hz, 3-H). 84.3 (d, J l’,F 163 Hz, 1’-H), 133.7 (C-l), 134.0 (C-2), 
171.8 (C=O); m/z (EL) 190 (M+, 190.0643 CsH1tF04 requires 190.0641, l%), 96 (100). 

3a,4a-Dihydroxy-50-(difluo~methvl)cvclohex-I-ene-l-carboxvIic acid (3) 

(1) A solution of the alcohol (15,R=H) (260 mg, 1.07 mmol) in dichloromethane (12 cm3) was treated with 

pyridinium chlorochromate (0.35 g, 1.61 mmol) and stirred at 20°C for 4 h. The reaction mixture was added 
directly to the top of a silica gel column and eluted with petrol-ethyl acetate (7:3) to yield methyl 

3a,4a-isopropylidenedioxy-5P-formylcyclohex- 1-ene- I-carboxylate as a colourless oil (182 mg, 7 1%): RF 

0.55 (petrol-ethyl acetate 7:3); v,,(liquid film) 1715 (GO), 1650 (C=C) cm-l; GH(CDC13) 1.42 (3H, s, Me), 
1.43 (3H, s, Me), 2.49 (lH, ddt, Jg, 18.0, Jab,5 7.0, Jae,2 1.6, JaaS3 1.6 Hz, 6g-H), 2.75 (lH, ddt. Jgm 18.0, 
Jba,s 5.7, Jba2 1.5, Jk3 1.5 Hz, 6a-H), 2.93 (lH, ddd, J5,ae 7.0, J.j4 6.3, J5,aa 5.7 Hz, 5-H), 3.78 (3H, s, OMe), 
4.51 (IH, dd, J4,5 6.3, J4,3 6.3 Hz, 4-H), 4.72 (lH, m, 3-H), 6.89 (lH, ddd, Jz3 3.5, J2,6p 1.6, J2.& 1.5 Ha, 
2-H), 9.79 (lH, d, J 0.5 Hz, CT-IO); Sc(CDCl3) 20.5 (C-6), 25.7 (Me), 27.7 (Me), 49.6 (C-5), 52.0 (OMe), 70.6 
(C-4), 71.8 (C-3), 109.2 (CMe& 130.4 (C-l), 134.8 (C-2), 166.2 (GO), 201.3 (CHO); m/z (EL) 241 (MH+, 
lo/o), 225 (M+-CH3, 225.0768 C1tHt305 requires 225.0763,21), 156 (100). 

Homonuclear decoupling experiment data for methyl 3a,4a-isopropylidenedioxy-5~-formylcyclohex-l-ene- 
- 1 -carboxylate: 
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Signal Iradiated 

(Chemical shift, 6) 2-H 

Observed Resonance 

3-H 4-H 5-H 6a-H ap-H 

Original resonance ddd m dd ddd ddt ddt 

2-H (6.89) 

3-H (4.72) 

dm dd ddd ddd ddd 
63Hz 

dd m ddd ddd ddd 

4-H (4.51) 

5-H (2.93) 

ddd m dd ddt ddt 
simptifics 5.7.7.0 Hz 

ddd m d dt dt 

6a-H (2.75) 

6p-H (2.49) 

dd m dd m m 
simplifies 

dd m dd m m 
simplified 

(2) A polythene reaction vessel fitted with a septum cap was charged with dichloromethane (10 cm3) and 
morpholino-DAST (0.11 cm3, 0.91 mmol) under a nitrogen atmosphere. A solution of methyl 3a,4c+iso- 
propylidenedioxy-5~-formylcyclohex-l-ene-l-carboxylate (182 mg, 0.76 mmol) in dichloromethane (4 cm3) 
was added via cannula and the reaction mixture stirred at 20°C for 2 days. Silica gel was added and the 
dichloromethane evaporated under reduced pressure. The pm-absorbed product was added to the top of a 
silica gel column and eluted with petrol-ethyl acetate (9:l) to yield methyl 3a,4a-isopropylidenedioxy-5l3- 
(difluoromethyl)cyclohex- 1-ene-1-carboxylate as a colourless oil (18 1 mg, 9 1%): RF 0.74 (petrol-ethyl 
acetate 7:3); v,,,,(CHCls) 1715 (GO), 1645 (C=C) cm-l; 6n(CDCl3) 1.41 (3H, s, Me), 1.46 (3H, s, Me), 2.14 
(2H, m, 5-H, 6S-H), 2.78 (lH, m, 6-u-H), 3.79 (3H, s, OMe), 4.20 (lH, dd, J4,3 6.2, J4j 9.0 Hz, 4-H), 4.66 

(lH, m, 3-H), 6.02 (lH, td, Jltp 56.0 Hz, Jt’> 2.0 Hz, 1’-H), 6.97 (lH, ddd, J2,3 3.5, J2,6B 2.0, Jracl 1.0 Hz, 

2-H); G&DC13) 19.7 (t. J&F 5 Hz, 6-H), 25.5 (Me), 27.9 (Me). 41.4 (t, J5,F 20 Hz, 5-H), 52.1 (OMe), 70.9 
(C-4), 72.0 (d, J~+F 7 Hz, 3-H), 109.5 (CMes), 116.0 (t, J~‘,F 241 Hz, 1’-H), 132.4 (C-l), 133.3 (C-2), 166.2 
(C=O); m/z (RI.) 248 (M+-CI-$, 248.0853 CllHt4F204 requires 248.0860,3%), 247 (M+-CH3, 39) (C.I.) 263 

(MH+, lOO%), 247 (42), 205 (63). 
(3) A solution of methyl 3a,4a-isopropylideneioxy-5P-(difluorometyl)cyclohex- 1-ene- 1-carboxylate (178 
mg, 0.68 mmol) in THF (5 cm3), glacial acetic acid (5 cm3) and water (4 cm3) was heated at 60°C under a 
nitrogen atmosphere for 3 days. The solution was concentrated under reduced pressure. Column 
chromatography (petrol-ethyl acetate 4:6) yielded methyl 3a,4a-dihydroxy-5S-(difluoromethyl)cyclo- 
hex-1-ene-1-carboxylate as a colourless oil which crystallised on standing (148 mg, 98%): m.p. 100-lO1°C 
(petrol-ethyl acetate); RF 0.32 (petrol-ethyl acetate 1:l); (Found: C, 48.4; H, 5.5. GHt2F204 requires C, 
48.65; H, 5.4%); v,,(Nujol) 3260 (OH), 1700 (GO), 1640 (C=C) cm-t; GH(D6-acetone, DzO) 2.26 (lH, 

dddd, Jge,,, 17.6, Jae5 10.5, J6a.2 2.5, J6s.3 1.0 Hz, 6S-H), 2.46 (lH, m, 5-H). 2.61 (lH, br dd, Jgm 17.6, J,jd 
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5.3 Hz, 6a-H), 3.72 (lH, dd, 545 10.4, J43 4.0 Hz, 4-H), 3.77 (3H. s, OMe), 4.30 (1H. m, 3-H), 6.26 (lH, td, 
JIt,p 57.0, J,t,5 2.2 Hz, I’-H), 6.89 (lH, ddd, Ja3 5.2, Jaw 2.5, Jzh 1.1 Hz, 2-H); 8&!DCls + Ds-acetone) 

21.2 (t, Jep 5 Hz, C-6), 38.6 (t, Jgp 20 Hz, C-5), 51.7 (OMe), 64.7 (C-4), 67.7 (d, J3p 9 Hz, C-3). 116.3 (t, 
J1’,p 240 Hz, 1’-H), 131.3 (C-l), 135.3 (C-2), 166.4 (GO); m/z (RI.) 222 (M’, 3%). 96 (100). 
(4) A solution of methyl 3a&-dihydroxy-5@-(difluoromethyl)cyclohex- 1 -ene- l-carboxylate (26 mg, 0.12 
mmol) in water (3 cm3) was treated with aqueous sodium hydroxide solution (1 .O M, 0.12 cm3,) and stirred at 
20°C for 5 h. Amberlite IR-120 (+) ion exchange resin was added and the mixture filtemd. The resin was 
washed with water (3 x 3 cm3) and the combined filtrate and washings were lyophilised to yield 
3a.4a-dihvdroxv-56-(flu~methvl)cvclohex-l-ene-l-carboxvlic acid (2) 
as a colourless solid (21 mg, 86%): RF 0.35 (reverse phase silica, water); v,,(Nujol) 3350 (OH), 3240 (OH), 

1680 (C=O), 1630 (C=C) cm-‘; &(400 MHz, DzO) 2.28 (lH, br dd, Jgm 17.5, JbBss 10.1 Hz, 68-H), 2.40 (lH, 
m, 5-H), 2.60 (lH, dd, Jgcm 17.5, Jw 5.2 Hz, ~CZ-H), 3.86 (lH, dd, J4,5 10.6, Jd3 4.1 Hz, 4-H), 4.29 (lH, m, 

3-H). 6.14 (lH, td, J~‘,F 57.0, Jf.5 2.3 Hz, I’-H), 6.84 (lH, d m, J2.3 4.1 Hz, 2-H); &c@zO) 21.6 (t, JaF 5 Hz, 
C-6), 37.8 (t. J~,F 20 HZ, C-5). 64.9 (C-4), 67.7 (d, J~,F 7 HZ, C-3). 117.0 (t, J~R,F 239 HZ, 1’-H), 131.6 (C-l), 
135.6 (C-2), 170.4 (C=O); m/z (C.I., NH3) 226 (MI’II-It+. lOO%), 210 (88), 208 (M+, 13); (E.I.) 190 (M+-H*O, 
190.0432 CsHsF& requires 190.0442,18%). 

Methyl 5-~N,N-di(~-niaobenzenesulphonvl)aminomethyllcvclohexa-l.3-diene-l-carboxvlate (17) 

(1) The cyclohexadienylcarbamate (5) (28.8 g, 0.11 mol) was added portion-wise to trifluoroacetic acid (100 
cm3). After stitring for 5 mins, excess TFA was evaporated under reduced pressure to leave a yellow oil. 
Sodium hydroxide (1.0 M, cu. 400 cm3) was added cautiously until the solution was alkaline to litmus. The 
solution was extracted with ethyl acetate (2 x 500 cm3), dried (MgS04) and evaporated to give methyl 

5-(aminomethyl)cyclohexa-1,3-diene-1-catboxylate as a yellow oil (15.7 g, 85%): RF 0.80 (dichloromethane - 
methanol - aqueous ammonia 20:8:1); v,(liquid film) 1700 (GO), 1630 (C-C), 1565 cm-‘; 6R(CDCls) 2.35 
(lH, m, 6p-H), 2.51 (lH, m, 5-H), 2.60 (lH, m, 6a-H), 2.77 (2H. m, 2 x 1’-H), 3.73 (3H, s, OMe), 4.29 (2H, 

br s, NH& 6.02 (1H. dd, Jd3 9.5, J4,5 3.0 Hz, 4-H), 6.11 (lH, dd, J3.4 9.5, J3,* 5.3 Hz, 3-H), 6.96 (lH, d, Jz3 

5.3 Hz, 2-H); &-(CDCl,) 24.8 (C-6), 37.1 (C-5), 45.1 (C-l’), 51.6 (OMe), 124.3 (C-3), 126.1 (C-l), 132.8 

(C-4), 135.8 (C-2), 167.8 (GO); m/z (C.1) 168 (MH+,lOO%), 151 (22). 
(2) A solution of methyl 5-(aminomethyl)cyclohexa-13-diene-1-carboxylate (15.7 g, 93.9 mmol) in dry THF 
(250 cm3) was treated with p-nitrobenzenesulphonyl chloride (22.9 g, 0.103 mol) and triethylamine (14.4 
cm3, 0.103 mol). After stirring for 40 h at 20°C the reaction mixture was poured into water (500 cm3) and 
extracted with ethyl acetate (3 x 500 cm3). The combined extracts were dried (MgS04) and evaporated under 

reduced pressure to give a dark brown oil. Column chromatography (petrol-ethyl acetate 4:1 to 1:1) yielded 
methyl 5-[N-(p-nitrobenzenesuIphonyl)aminomethyl]cyclohexa-l,3-diene-l-carboxylate as a pale yellow 
solid (20.7 g, 63%): m.p. 130-132°C (petrol-ethyl acetate); RF 0.30 (petrol-ethyl acetate 7:3); (Found: C, 51.1; 

I-L 4.6; N, 7.9. C1sHr6N~06S requires C, 51.1; H, 4.6; N, 7.95%); v,,(CHC13) 1695 (GO), 1350 (SO*), 
1160 (St&) cm-‘; GH(D6-acetone) 2.31 (lH, ddd, Jge,,, 16.9. J6p,5 10.9, Jas.2 1.7 Hz, 6S-H). 2.53 (lH, ddd, Jgcm 
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16.9,Jhs 8.4, Jha 1.5 Hz. 6a-H), 2.62 (lH, m, 5-H), 3.03 (2H, m, I’-H), 3.70 (3H, s, OMe), 6.06 (1H. ddd, 
Jh3 9.5, .I,+5 3.5, J4,* 1.5 Hz, 4-H), 6.12 (HI, ddd, J3,4 9.5, J3,2 5.1, J3,5 1.5 Hz, 3-H), 6.93 (H-I, m, 2-H), 7.01 
(IH, br t, J 6.2 Hz, N-H), 8.12 (2H, d, J 9.0 Hz, Ar-H), 8.42 (2H, d, J 9.0 Hz, Ar-H); &(CDCl,) 24.5 (C-6), 
33.8 (C-5). 45.6 (C-l’), 51.8 (OMe), 124.4 and 128.2 (aromatic CH), 125.4 (C-3), 126.2 (C-l), 132.5 (C-4), 
133.1 (C-2), 145.8 and 150.0 (aromatic C), 167.5 (C=O); m/z (C.1) 353 (MH+, 9%), 321 (100). 
(3) Sodium hydride (0.28 g, 11.6 mmol) was added slowly to a stirred solution of methyl 5-[N-@- 
-nitrobenzenesulphonyl)aminomethyl]cyclohexa-1,3-diene-l-wboxylate (3.15 g, 8.94 mmol) in dry DMF 
(50 cm3) over 7 min. The resultant black solution was stirred at 20°C for 1 h and then p-nitrobenzene- 
sulphonyl chloride (2.57 g, 11.6 mmol) added. After 1.5 h water (200 cm3) was added and the mixture 
extracted with ethyl acetate (3 x 200 cm3). The combined extracts were washed with brine (100 cm3), dried 

(MgS04) and evaporated under reduced pmssure to leave a dark brown oil. Column chromatography 
petrol-ethyl acetate 4:l to 1:l) yielded 5-[N,N-di(p-niaobenzenesulphonyl)aminome~yl]cyclohexa-1,3-di- 
ene-1-carboxylate (140) as a pale yellow solid (3.37 g, 70%): m.p. 178-179’C (petrol-ethyl acetate); RF 0.50 
(petrol-ethyl acetate 7:3); (Found: C, 46.9; H, 3.4; N, 7.6. ~tH1~N301aS2 requires C, 46.9; H, 3.6; N, 7.8%); 
v,(CHCls) 1700 (GO), 1350 (SOz), 1170 (SOZ) cm-‘; &(CDCl3) 2.39 (2H, m, 6-H), 2.92 (lH, m, 5-H), 
3.73 (2H, m partially obscured by OMe, 2 x I’-H), 3.75 (3H, s, OMe), 5.88 (lH, dd, J4,3 9.3, JaJ 4.4 Hz, 4-H), 
6.16(1H,ddd, J3,d9.3, J335.2, J35 1.6Hz, 3-H), 7.01 (lH,d, J2,3 5.2Hz, 2-H), 8.28 (4H,d, J9.0Hz,Ar-H), 
8.45 (4H, d, J 9.0 Hz, Ar-H); &$DCls) 24.3 (C-6), 32.7 (C-5), 51.0 (C-l’), 51.8 (OMe), 124.4 and 129.9 
(aromatic CH), 126.0 (C-3), 126.6 (C-l), 131.4 (C-4), 132.1 (C-2), 144.5 and 150.9 (aromatic C), 166.7 
(GO); m/z (C.I., NH3) 555 @INI-&+, lOO%), 538 (MH+, 18). 

Reaction of dienyl disulnhonimide (17) with notassium iodide 

The dienyl disulphonimide (17) (195 mg, 0.36 mmol) and potassium iodide (132 mg, 0.80 mmol) were 
suspended in DMF (2 cm3) and heated at 1lO’C under a nitrogen atmosphere for 16 h. TLC on silica gel 
indicated one major product plus a trace of unreacted starting material. The reaction mixture was diluted with 
water (35 cm3) and extracted with ether (3 x 30 cm3). The combined extracts were dried (MgSO4) and 

evaporated to leave a brown oil. Column chromatography (petrol-ethyl acetate 9:l to 17:3) gave recovered 
starting material (3.5 mg, 2%) and methyl 3-methylbenzoate (32) (35 mg, 64%) as a colourless oil: &(60 
MHz, CDC13) 2.50 (3H, s, Me), 3.98 (3H, s, OMe), 7.20-8.00 (4H, m, Ar-H); m/z (C.I.) 151 (MH+, lOO%), 

119 (54), 91 (34). 

Osmium tetroxide catalysed cis-hydroxvlation of dienyl disulnhonimide (17) 

N-Methylmorpholine N-oxide (0.62 g, 5.29 mmol) in acetone (10 cm3) and water (25 cm3) was treated with a 
0.5% (w/v) solution of osmium tetoxide in r-butanol (11.1 cm3, 0.05 equiv). The diene disulphonimide (17) 
(2.37 g, 4.41 mmol) in THF (50 cm3) was added slowly and the reaction mixture stirred at 2O’C for 24 h. TIC 
(petrol-ethyl acetate 1: 1) indicated three close running products and baseline material. THF and acetone were 
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evaporated under reduced pressure and the reaction mixture diluted with water (400 cm3), acidifkd wltb 2M 

hydrochloric acid and carefully extracted with ethyl acetate (1000 cn?, 2 x 500 cm3). The combined extracts 

were dried (MgSO4) and preabsorbed onto silica gel. Column chromatography (petrol-ethyl acetate 54~46) 
yielded (in order of elution): 
Methvl l,2-dihvdroxv-56-~N,N-di(D-nitrobenzenesulohonvl~~nome~vllcvclohex-3-ene-l~xvla~ (20) 
(0.25 g, 10%): m.p. 217-218’C (ethyl acetate); RF 0.32 (petrol-ethyl acetate 1:l); (Found: C, 44.0; H, 3.7; N, 
7.2. ~tH2tNaOtaSa requires C, 44.1; H, 3.7; N, 7.35%); v,,(Nujol) 1735 (GO), 1360 (SO& 1170 (SOi) 
cm-‘; GR@,-DMSO) 1.52-1.72 (2H. m, 2 x 6-H), 2.84 (lH, m, 5-H). 3.65 (3H, s, OMe), 3.74 (1H. m, 1’-H), 
4.00 (lH, m, 1’-H), 4.30 (lH, m, 2-H). 4.91 (lH, s, l-OH), 5.03 (1H. d, JZoH 7.9 Hz, 2-OH). 5.51 @I-I, m, 
3-H, 4-H), 8.21 (4H, d, J 9.2 Hz, Ar-H), 8.47 (4H, d, J 9.2 Hz, Ar-H); &-&DMSO) 32.4 (C-5), 34.9 (C-6), 
52.1 (OMe), 53.8 (C-l’), 69.1 (C-2), 74.8 (C-l), 124.9 and 129.8 (aromatic CH), 126.8 (C-4), 130.9 (C-3), 
143.5 and 150.9 (aromatic C), 175.2 (GO); m/z (C.I) 554 (MI-I+-H20, 4%), 536 @III+-2H20, 46%), 504 
(lOO), 402 (52), 349 (60), 319 (70). 
Methvl 3~,4~-dihvdroxv-5~-~N.N-di(~-ni~~n~nesul~honyl)~nomethyl~cyclo-hex-l-ene-l-carboxvlate 

(19) (0.20 g, 8%): m.p. 212-213T (ethyl acetate); RF 0.25 (petrol-ethyl acetate 1:l); (Found: C, 43.7; H, 3.7; 
N, 7.2. CztH2tNaOtaSa requires C, 44.1; H, 3.7; N, 7.35%); v,,(Nujol) 3420 (OH), 1685 (C--O), 1350 (S&), 
1175 (SOa) cm-l; &@6-DMSC) 1.90 (2H, m, GH), 2.23 (lH, m. 5-H), 3.63 (3H, s, OMe), 3.65 (1H. m 
partially obscured by OMe, 4-H), 3.98 (2H, m, 1’-H), 4.16 (lH, m, 3-H), 4.73 (lH, d, J4,0H 3.3 Hz, 4-OH). 

5.17 (lH, d, J3,or.l 6.4 Hz, 3-OH), 6.53 (lH, s, 2-H), 8.26 (4H, d, J 8.9 Hz, Ar-H), 8.49 (4H, d, J 8.9 Hz, 
Ar-I-I); Gc(D6-DMSO) 23.4 (C-6), 37.1 (C-5), 51.6 (OMe), 52.1 (C-l’), 66.3 (C-4), 68.5 (C-3), 124.9 and 
129.8 (aromatic CH), 128.4 (C-l), 140.7 (C-2), 143.5 and 150.9 (aromatic C), 166.2 (GO); m/z (C.1) 536 
(MI-I+-2H20, 1 l%), 388 (100). 

Methvl 3~,4~-dihvdroxv-5~-~N,N-di(o-nitrobenzenesulphonyl)aminometvllcvclo-hex-l-ene-l-carboxvlate 
(18) (0.4Og, 16%): m.p. 198-199°C (petrol-ethyl acetate); RF 0.21 (petrol-ethyl acetate 1:l); (Found: C, 44.0; 

H, 3.7; N, 7.3. C&H2rNsOt$2 requires C, 44.1; H, 3.7; N, 7.35%); v,,(Nujol) 3480 (OH), 3360 (OH), 1715 
PO), 1350 (Soa), 1165 (SO& cm“; GH(D6-DMSO) 1.88 (lH, dd, Jse,,, 17.8, J6s.s 9.0 Hz, 6S-H), 2.18 (lH, 

dd, Jgem 17.8, Jas5 4.8 Hz, 6a-H), 2.37 (lH, m, 5-H), 3.43 (lH, m, 4-H), 3.62 (3H, s, OMe), 3.85 (lH, m, 
l’-II), 4.10 (HI, m, 3-H), 4.14 (lH, m, 1’-H), 4.69 (lH, d, J4,0H 6.8 Hz, 4-OH), 5.11 (lH, d, J3,0H 6.2 Hz, 
3-OH), 6.70 (lH, m, 2-H), 8.23 (4H, d, J 9.0 Hz, Ar-H), 8.48 (4H. d, J 9.0 Hz, Ar-H); g&I&-DMSC) 26.8 

(C-6), 34.6 (C-5), 51.7 (OMe), 52.5 (C-l’), 64.7 (C-4), 70.2 (C-3), 124.9 and 129.8 (aromatic CH), 129.4 
(C-l), 138.4 (C-2), 143.5 and 150.9 (aromatic C), 166.5 (GO); m/z (C.1) 536 (MH+-2H20, 6%), 388 (100). 
‘Wet’ Prevost reaction upon diene disulphonimide (172 

A mixture of silver acetate (0.31 g, 1.86 mmol) and iodine (0.24 g, 0.93 mmol) in glacial acetic acid (20 cm3) 
was stirred at 20°C until all the iodine was consumed The diene disulphonimide (17) (0.50 g, 0.93 mmol) 
was added and the reaction mixture heated to reflux under a nitrogen atmosphere for 2 h. Water (0.2 cm3) was 
added and heating continued for a further 2 h. The reaction mixture was allowed to cool, filtered and 
concentrated under reduced pressure (azcotmping with toluene). TLC indicated four products which were 
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separated by column chromatography (petrol-ethyl acetate 7:3 then 1:l) to yield (in order of elution): Methvl 
3~,4~-di~etoxv-5~-lN,N-di(p-nitrobenzen-l-ene-l-carboxvla~ (21) and 
methvl 38,4a-di~etoxv-56-lN,N-di(D-nitro-benzenes~uhonvl~~omethvl~cvclohex-l-ene-l-carboxvlate 
(22) as an inseparable mixture, pale yellow solid (124 mg, 20%): RF 0.78 (petrol - ethyl acetate 1:l). 
Diacetate (21): &.&DCl,) 1.99 (3H. s, Me), 2.10 (lH, m, 68-H). 2.12 (3H, s, Me), 2.53 (lH, dd, fsrm 18.4, 
J&5 5.4 Hz, 6a-I-0. 2.73 (1H. m, 5-H), 3.75 (3H. s, OMe). 3.76 (lH, dd. Jgm 15.0, J1:5 8.2 Hz, l’-H), 3.89 

(IH, dd. Jge,,, 15.0, J1’,5 6.0 Hz, l’-H), 4.97 (lH, dd, Jq 10.1, Jds 4.0 Hz, 4-H), 5.67 (lH, dd. Js3 5.0, JsA 4.0 
Hz. 3-H), 6.74 (lH, d m, J2,3 5.0 Hz, 2-H), 8.32 (4H, d, J 9.0 Hz. k-H). 8.45 (4H, d, J 9.0 Hz. Ar-H); 
Diacetate (22): &(CDCl$2.05 (3H, s, Me), 2.06 (3H, s. Me), 2.10-2.60 (3H. m, 5-H. 2 x 6-H), 3.73 (3H. s, 
OMe), 3.70-3.83 (W, m, 2 x I’-H), 5.04 (lH, dd. J4,5 10.2, Jdg 7.1 Hz, 4-H). 5.56 (1H. d m, J3.4 7.1 Hz, 3-H), 
6.62(1H,t, J232.0, JZa2.0Hz,2-H), 8.30(4H,d, Jg.OHz,Ar-H),8.45(4H,d, Jg.OHz,Ar-H). 
Methvl 3~acetoxv-4~-hvdroxv-5~-~N.N~(~-~~~nzenesul~h~vl)~no~thvll-cvclohex-l-ene-lcarb- 
oxvlate (25) as a pale yellow solid (19 mg, 3%): RF 0.59 (petrol-ethyl acetate 1:l); 8t.t@6DMSO) 2.00 (2H, 

m, 2 x 6-H), 2.06 (3H, s, Me), 2.35 (lH, m, 5-H), 3.65 (3H, s. OMe), 3.81 (lH, m, 4-H), 3.90 (lH, dd, JF 

15.0, J1’$ 7.5 Hz, 1’-H), 4.09 (lH, dd, Jgem 15.0, J1’,5 6.8 Hz, 1’-H). 5.24 (2H, br s, 4-OH. 3-H), 6.45 (lH, br 
s, 2-H), 8.29 (4H, d, J 9.0 Hz, Ar-H), 8.49 (4H, d, J 9.0 Hz, Ar-H). 
Methyl 3a-acetoxv-4u-hvdroxv-56-~N,N-di(p-ni~oben~nesul~honvl~~inome~vl~cyclohex-l-ene-l~~b- 
oxvlate (23) and methvl ~-acetoxv-3a-hvdroxv-5~-~N,N_di(p-ni~~n~nesulohonvl)~ome~yllcvcl~ 
hex-I-ene-l-carboxvlate (24) as an inseparable mixture, pale yellow solid (294 mg. 52%): RF 0.51 

(petrol-ethyl acetate 1:l); m/z @I.) 613 (M+, 3%), 186 (32). 153 (45). 122 (35), 43 (100). 
Hydroxyacetate (23): &+(CDCl,) 1.95-2.21 (lH, m, 6P-H), 2.16 (3H, s, Me), 2.40-2.59 @I-I, m, 5-H. 6a-H). 

3.70-3.92 (2H, m, 2 x 1’-H), 3.73 (3H, s, OMe), 4.18 (H-I, dd, J4,5 11.0, J4,3 4.4 Hz, 4-H), 5.45 (lH, dd, Js3 

4.6, J3/, 4.4 Hz, 3-H), 6.79 (lH, dd, Jz3 4.6, Jz,ae 1.6 Hz, 2-H), 8.33 (4H, d, J 9.2 Hz, Ar-H), 8.45 (4H. d, J 9.2 

Hz, Ar-H). 

Hydroxyacetate (24): 6&ZIXl~) 1.95-2.21 (lH, m, 6a-H), 2.02 (3H, s. Me), 2.40-2.59 (lH, m, 6&H), 2.82 
(lH, m, 5-H), 3.70-3.92 (2H, m, 2 x 1’-H). 3.74 (3H. s, OMe), 4.53 (lH, dd, J3,2 4.5, J3,4 4.0 Hz, 3-H), 4.87 
(lH, dd, J4,5 10.0, J~s 4.0 Hz, 4-H), 6.84 (lH, d m, Jz3 4.5 Hz, 2-H), 8.32 (4H, d, J 9.2 Hz, Ar-H), 8.44 (4H, 
d, J 9.2 Hz, Ar-H). 

3a,4a-Dihvdroxv-5D-lN,Ndi(~-niaobenzenesul~honvl)a~nome~vllcvclohex-l- ene-1-carboxvlate (26) as a 
pale yellow solid (15 mg, 3%): Rp 0.21 (petrol-ethyl acetate l:l), identical with the sample prepared via the 
osmium tetroxide route. 

Methvl 3a,4a-dihvdroxy-5~-~N,N-di(~-nitroben~nesulphonvl)~inomethyl]-cvclohex-l-ene-l-carboxvlate 

(18) 

A solution of the mixed hydroxyacetates (23 + 24) (3.00 g, 4.89 mmol) in methanol (140 cm3) was treated 
with dilute aqueous ammonia solution and stirred at 2OT under a nitrogen atmosphere for 23 h. Methanol 
was evaporated under reduced pressure and the resultant slurry was lyophilised to leave a pale yellow solid. 
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Crystallisation from ethyl acetate yielded the tide compound as a cream colouted solid (1.94 g, 69%). 
identical with the sample prepared via the osmium tetroxide route. 

General procedure for acetvlation of methyl 3.4dihvdtoxv-3.4.5.~tetrahvdrobenzoates 

A solution of the diol in pyridine (4 cm3) was treated with acetic anhydride (0.5 cm3), DMAP (catalytic) and 
stirred at 20°C for 24 h. The reaction mixture was poured into chloroform (30 cm3) and washed with dilute 
aqueous hydrochloric acid (4 x 25 cm3) and water (25 cm3). The organic phase was dried (MgS04) and 
concentrated under reduced pressure (azeotroping with toluene). Column chromatography (petrol-ethyl 
acetate 7:3) yielded the diacetate. 

Methyl 3a,4a-diacetoxy-5~-~N,N-di(p-nitrobenzenesulvhonyl)aminomethvll-cvclohex-l~ne-l-c~boxvlate 

(21) 

Acetylation of the diol (18) (64.5 mg, 0.11 mmol) using the general procedure described above gave the tide 
compound as a pale yellow solid (60 mg, 81%): m.p. 214-215“C (dec.) (petrol-ethyl acetate); RF 0.78 
(petrol-ethyl acetate 1:l); (Found C, 45.8; H, 3.8; N, 6.3. f&HzsN30t4SZ requires C, 45.8; H, 3.8; N, 6.4%); 
v,,,,(Nujol) 1730 (GO), 1705 (GO), 1375 (SO*), 1170 (SOZ) cm-‘; Gt&DC13) 1.99 (3H, s, Me), 2.10 (lH, 
m, 6g-H), 2.12 (3H, s, Me), 2.53 (lH, dd, Jsem 18.4, JQss 5.4 Hz, 6u-H), 2.73 (lH, m, 5-H), 3.75 (3H, s, 
OMe), 3.76 (1H. dd, Js. 15.0, Jt’,5 8.2 Hz, 1’-H), 3.89 (1H. dd, Jsem 15.0, J1’,5 6.0 Hz, 1’-H), 4.97 (lH, dd, 
J4.5 10.1, J43 4.0Hz, 4-H), 5.67 (lH, dd, 52.3 5.0, J3,44.0Hz, 3-H). 6.74 (lH, d m, 32.3 5.0 Hz, 2-H). 8.32 (4H, 
d, J 9.0 Hz, Ar-H), 8.45 (4H, d, J 9.0 Hz, Ar-H); &-(CDCl,) 20.8 (2 x Me), 27.6 (C-6), 33.1 (C-5), 51.1 
(C-l’), 52.3 (OMe), 64.8 (C-4), 70.5 (C-3), 124.4 and 130.1 (aromatic CH), 132.0 (C-2), 133.0 (C-l), 144.1 
and 151.0 (aromatic C), 165.8 (C=O), 169.8 (GO), 170.0 (GO); m/z (C.I., NH3) 673 (MNI$+, 81%). 488 

(100). 

Methyl 3a,4a-isonropyliden~ioxy-5~-~N,N-di(p-nitrobenzenesul~honvl)aminomethyllcvclohex-l-ene-l-car- 
boxylate 

The diol disulphonimide (18) (2.80 g, 4.90 mmol) was suspended in 2,2-di-methoxypropane (10 cm3) and 
acetone (10 cm3). A catalytic amount of JPTSA was added and the reaction mixture stirred at 20°C under a 

nitrogen atmosphere for 22 h. The suspension cleared and then a fine white precipitate fotmed. Evaporation 
under reduced pressure and trituration with acetone yielded the title compound as a white powder (2.80 g, 
94%): m.p. 220-220.5’C (ethyl acetate); RF 0.72 (petrol-ethyl acetate 1:l); (Found : C, 47.1; H, 4.2; N, 6.9. 
CxH,5NsOt$3z requires C, 47.1; H, 4.1; N, 6.9%); v,,.,,(Nujol) 1715 (GO),1350 (SO& 1240, 1165 (SO*) 
cm-‘; Gn(D,-DMSO) 1.30 (3H, s, Me), 1.38 (3H, s, Me), 1.85 (lH, dd, Jgm 16.5, Jses 9.0 Hz, 6p-II), 2.11 
(lH, m, 5-H), 2.20 (lH, dd, Jge,,, 16.5, Jti 3.7 Hz, 6o-H), 3.64 (3H, s, OMe), 4.02 (3H, m, 4-H, 2 x 1’-H), 
4.68 (lH, m, 3-H), 6.79 (lH, m, 2-H), 8.21 (4H, d, J 9.0 Hz, Ar-H), 8.49 (4H, d, J 9.0 Hz, Ar-H); m/z (C.I., 
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NHs) 629 (MNI-&+, lOO%), 612 (MH+, 5). 

Reaction of acetonide disulphonimide with notassium iodide 

The acetonide disulphonimide from the previous experiment (309 mg, 0.51 mmol) and dry potassium iodide 
(419 mg, 2.53 mmol) were suspended in dry DMR (4 cm3) and heated at 13O’C under a nitrogen atmosphere 
for 21 h. The reaction mixture was poured into water (50 cm3) and extracted with ethyl acetate (3 x 50 cm3). 
The combined extracts were washed with aqueous sodium thiosulphate solution (2% w/v, 25 cm3), dried 
(MgS04) and concentrated under reduced pressure. TIC on silica gel (petrol-ethyl acetate 4:l) indicated three 
products and baseline material. Column chromatography (petrol-ethyl acetate 17:3 to 4:l) gave (in order of 
elution): 

Methvl 3a.4a-isouropvlidenedioxv-5-methvlenecvclohex-l-ene-l-carboxylate (27) as a colourless oil (12.5 

mg, 11%): RF 0.49 (petrol-ethyl acetate 4:l); v,,(CHCls) 1715 (C--O), 1660 (C=C) cm-l; &.,(CDCl,) 1.38 

(3I-L s, Me), 1.41 (3H, s, Me), 3.04 (IH, d, Jse,,, 19.0 Hz, 6-H), 3.17 (lH, dm, Js,, 19.0 Hz, 6-H), 3.78 (3H, s, 
OMe), 4.63 (lH, d, J4.3 5.2 Hz, 4-H), 4.70 (lH, m, 3-H), 5.14 (1H. m, 1’-H), 5.26 (lH, m, 1’-H), 6.74 (lH, m, 
2-H); Go(CDC13) 26.6 (Me), 28.0 (Me), 28.6 (C-6), 52.0 (OMe), 74.3 (C-4), 76.9 (C-3), 109.6 (CM%). 115.7 
(C-l’), 130.6 (C-l), 135.3 (C-2), 139.9 (C-5), 166.8 (C=O); m/z @I.) 209 (M+-CH,, 209.0799 CttH,,04 
requires 209.0812,75%). 

Methyl 3a,4a-isoprouvlidenedioxv-58-(iodomethvl)cvclohex-l-ene-l-carboxvlate (26) as colourless crystals 

(56.5 mg, 32%): m.p. 69-71’C (light petrol); RF 0.44 (petrol-ethyl acetate 4:l); (Found: C, 40.8; H, 4.9. 

Cr2Ht7I04 requires C, 40.9; H, 4.9%); v,,(CHC13) 1710 (GO), 1655 (C=C) cm-t; GH(CDC13) 1.40 (3H, s, 
Me), 1.44 (3H, s, Me), 1.56 (lH, m, 5-H), 2.05 (lH, ddt, Jgem 17.7, J6B,s 10.3, J68,3 2.2, Jaa,2 2.2 HZ, 6g-H), 
2.69 (lH, br dd, Jgm 17.7, Jdss 4.4 Hz, 6&H), 3.34 (lH, dd, J,,, 10.1, J,‘,5 6.4 Hz, 1’-H), 3.47 (lH, dd, Jee,,, 

10.1, J1’,5 3.7 Hz, 1’-H), 3.78 (3H, s, OMe), 4.01 (lH, dd, J4,5 9.2, J4,3 6.2 Hz, 4-H), 4.63 (lH, ddd, J3,4 6.2, 
J3,* 3.9, J3,ep 2.2 Hz, 3-H), 6.94 (lH, ddd, JZ3 3.9, J2,6p 2.2, J2,& 0.7 Hz, 2-H); &(CDCl,) 10.2 (C-l’), 25.8 
(Me), 28.2 (Me), 29.0 (C-6), 38.6 (C-5), 52.1 (OMe), 71.3 (C-4), 76.7 (C-3), 109.5 (CMe& 133.4 (C-l), 
133.5 (C-2), 166.5 (C=O); m/z (EL) 352 @I+, 2%), 337 (66), 149 (33). 

Methvl 3a,4a-isopropvlidenedioxv-5O-(O-fo~vlhvdroxvmethvl)cvclohex-1-ene-l-carboxylate (28) as a 
colourless oil (24 mg, 17%): RF 0.25 (petrol-ethyl acetate 4:l); v,,(CHCls) 1715-1725 (C=O) cm-‘; 

G~(cDcls) 1.40 (3H, s, Me), 1.44 (3H, s, Me), 2.05 (2H, m, 5-H, 6g-H), 2.68 (lH, br dd, Jgan 21.0, J&s 9.0 
Hz, 6(x-H), 3.78 (3H, s, OMe), 4.10 (lH, dd, J4,5 8.5, J43 6.0 Hz, 4-H), 4.20 (lH, dd, J,,, 11.0, J1t,3 5.5 Hz, 
1’-H), 4.38 (lH, dd, Jgem 11.0, J1n,5 3.5 Hz, 1’-H), 4.63 (lH, ddd, J3/, 6.0, J3,* 3.5, J3,ee 1.5 Hz, 3-H), 6.95 

(lH, ddd, J2,3 3.5, J2.6~ 2.0, J2,hn 1.0 Hz, 2-H), 8.10 (lH, d, J 0.5 Hz, CHO); Gc(CDC13) 25.0 (C-6), 25.8 (Me), 
28.1 (Me), 36.7 (C-5), 52.1 (OMe), 63.9 (C-l’), 71.1 (C-4), 73.9 (C-3), 109.4 (CMe2), 133.0 (C-l), 133.7 
(C-2), 160.8 (CHO), 166.6 (C=O); m/z (E.1) 270 (M+, 0.4%), 255 (39), 149(100). 
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Homonuclear decoupling experiment data for (26): 

Signal Irradiated 

(Chemical shift, 8) 

Original resonance 

2-H (6.94) 

3-H (4.63) 

5-H (4.63) 

Observed Resonance 

2-H 3-H 4-H 1’-H 1’-H 6ct-H 68-H 

ddd ddd dd dd dd br dd dddd 

dd dd dd dd dd ddd 

dd d dd dd dd ddd 

ddd ddd d d d br d ddd 

Homonuclear decoupling experiment data for (28): 

Signal Irradiated 

(Chemical shift, 6) 2-H 

Observed Resonance 

3-H 4-H l’-H 1’-H 6u-H 

Original resonance ddd ddd dd dd dd br dd 

6a-H (2.68) dd ddd dd dd dd 

6/S-H & 5-H (4.28) dd dd d d d d 
LOHZ 

Methyl 3a,4a-iso~ro~vlidenedioxy-5~-(iodomethvl)cvclohex-l-ene-lcarboxvlate (26) 

A suspension of 18-crown-6 (0.57 g, 2.16 mmol) and dry potassium iodide (0.65 g, 3.93 mmol) in toluene 

(130 cm3) was stirred at 2OT for 10 mins. The disulphonimide (17) was added and the reaction mixture 
heated to reflux under a nitrogen atmosphere. After 3 days additional potassium iodide (0.50 g, 3.01 mmol) 

and 18-crown-6 (0.50 g, 1.89 mmol) were added. After a total of 7 days, toluene was evaporated under 

reduced pressure, ethyl acetate was added and the suspension was filtered and concentrated under reduced 
pressure. Column chromatography (petrol-ethyl acetate 4:l) yielded the title compound as colourless crystals 
(435 mg, 63%), identical with the sample described above. 
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