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THE SYNTHBSIS OF (-)-ANAMARINB 

S. VALVERDE l , A. HERNANDEZ, B. HERRAD~N, R.M. RAEANAL§, and 

M. MARTIN-LOMAS 

In&iAUo de Quhha Oxghica, C.S.I.C., 

Juan de La CAwa 3, 28006 &kid ISpakl 
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Abnract - Tbe enanticspecific total synthesis of f-)-anamarine. starting from 
D-glucose, has bean carried out. 

Anamarine’ (l), is an o,B-unsaturated klactone isolated 

m our laboratory from an unclassified Hyptis species 

collected at Peru. 

Its synthesis2 can be envisaged (Scheme 1) as the 

reaction of two fragments (a and b) that could be derived 

from an appropriate hexose. Unfortunately, the stereo- 

chemistry of the natural compounds would require the use 

of sugars of the L-series. Consequently, we decided to 

prepare the enantiomers of a and b starting from D- 

glucose as indicated in Schemes 2 and 3. 

1,2-O-kopropylidene- o -D-glucofuranose (2), prepared 

according to literature procedures3, was our starting ma- 

terial (see Scheme 2). Monotosylation of 2 was easily achieved 

(TsCl/pyr), and the 6-desoxyglucose derivative (4) was 

readily obtained (80%) by treatment of 3 with LiAIH4 in 

anhydrous ethyl ether. Compound 

4 was a solid, m.p. 90-91°C, the 

NMR spectrum of which showed 

a C-Me doublet at 6 1.45. Treat- 
ment of 4withethy* thio, and 

concentrated hydrochloric acid, 
4 

at the usual manner , afforded 

the dithiane derivatlve 5 Isignals 

due to two SEt groupings at 6 

1.21 (t) and 2.82 (q)l, that was 
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transformed into the dfacetonide 6 

(two acetalic carbon atom signal at 

6 108.23 and 109.64), by reaction 

with acetone in the presence of 

catalytic amounts of perchloric acid 

at room temperature. Finally, alde- 

hyde 7 was prepared by elimination 

of the dithfane protecting group’ 

through the action of HgC12: HgO. 

A signal at 6 9.85 of its ‘H NMR 

spectrum, integrating for less than 

697 hydrated forms . 
1H, suggested the presence of 

Dial 8 (Scheme 3) was obtained from triacetyl-D-ghrcal following literature procedures8. The 6-mono- 

benzoyl derivative 9 was readliy prepared by selective bensoylation of 8 (BzCl/pyr) at low temperature (O°C) 

(85 % yield). Further mesylation of 9 (MsCl/pyr, O°C) gave the 6-<lbenzoyi, 4-D-mesyl derivative 10 (94 %) 

which was treated with LiAlH4/THF at room temperature. The product of this reaction was the 4-deoxy 

derivative 11, Ial"," -58O. The ‘H and l3 C NMR spectra showed signals due to the new C-4 methylene 

group at 6 2.0 (m) and 26.3 (t) respectively. A new mesylation of 11 at O°C gave the mesyl derivative 12 

(91X), and further treatment of 12 with tetra-n-butylammonium iodide in toiuene at reflux temperature 

gave the iodide 13 (95 X) which was purified by flash chromatography. A signal at 6 8.7 (t) in its 13C NMR 

spectrum confirmed the formation of this product. Finally, compound 13 was treated with an equimoiar 

amount of triphenylphosphine at 90°C for 72 h to afford the required phosphonium salt 14, m.p. 170-173%, 

There are literature precedents’ on the 

Wittig condensations with compound analogs’ of 

synthons 7 and 14. It was obvious that the yiide 

&rived from the phosphonium salt 14 (with a 

g-alkoxy substituted) could undergo a competing 

B-elimination, frustrating thus the course of 

the normal Wittig condensation9. Switching of 

the aldehyde and phosphonium salt group, such 

as it is indicated in Scheme 1 would not solve 

thfs problem. Considerable experimentation was 

required to find the optimum conditions. Finally, 

the conditions used were those described by 

Secrist et at. ’ slightly modified. Thus, the 

phosphonium salt 14 was added to a 2: 1 mixture 

of anhydrous THF/HMPTA cooled at -78OC and 

containing 1.1 moles/equivalent of n-butyi 

lithium. The formation of the corresponding 

ylide was allowed to proceed for one minute, 

and immediately a solution of the aldehyde 7, 

in the same solvent, was added. The reaction 

mixture was then allowed to slowly raise its 

temperature up to -15°C; it was quenched by 

the addition of wet ethyl ether and elaborated 

in the usual manner. Short column chromatogra- 

phy of the crude product afforded the olefin 15 

schonw 4 

I b.d 

l9 mu-j 

l )n-EUU,llW:WPlA(2:1). b)CrOg.HzlJ% ,Ct+OCHg. c)h% 

d)lcl .THF , At*, L. 
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(c 0.4, CHCl3) (1.15 g, 77 %). ‘H NMR (90 MHz) data: 6 1.4 (3H, s, C-Me), 1.45 (3H, d, J 6.0 Hz, H-6), 

1.5 (3H, s, C-Me). 13C NMR (20 MHz) data: 6 18.95 (q, C-6), 67.02, 75.43, 82.26, 85.39 (4d, C-2 to C-S), 

104.91 (d, C-l) (plus signals due to the acetonlde C-Me (26.88, 26.19). 

Compound 5.- The monoacetonlde 4 (370 mg, 3.7 mmol) was added to a cooled flask (0-SOC), 

containing ethylthiol (620 mg, 10 mmol). Concentrated HCI (0.75 mL) was added to this mixture that was 

kept at 0-S°C for 10 mln and at 1-t. for 40 min. Neutralization (NH40H) and extraction with CH2C12 

provided crude 5, that was purified by crystallization, m.p. 97-98oC, Iclg -4S” (c 0.7, H20) (430 mg, 42%). 

‘H NMR (300 MHz, pyr-d6) data: 6 1.21 (6H, t, J 7.5 Hz, S-CH2CH3), 1.70 (3H, d, J 6.2 Hz, H-6), 2.82 

(4H, q, J 7.5 Hz, S-CH2CH3). 13C NMR (20 MHz, pyr-d6) data: 6 21.03 (q, C-6), 55.88 (d, C-l), 68.53, 

71.20, 76.88, 77.95 (4d, C-2 to C-5), Iplus two signals due to two S-CH2 (25.42, 25.49) and S-CH2CH3 

(14.80, lS.OO)(. (Found: C, 44.72; H, 8.40; S, 23.67. Calcd. for C10H2204S2: C, 44.44; H, 8.15; S, 23.70). 

corpound a- Powdered 5 (450 mg, 1.67 mmol) was dissolved in anhydrous cooled acetone (10 mL, 

O-PC). A catalytic amount of HC104 was added to this solutlon. The solution was maintained at 0-S°C 

for 1 h and at r.t. for 20 h. Pyridine (a few drops) was added to this solution and the solvent was 

evaporated. The residue was purified in a short column, yielding 6 (90%), m.p. 53V, Ia 1;’ -9S” (c 0.4, 

CHCl3). 13C NMR (50 MHz) data: 6 15.13 (q, C-6), 52.60 (d, C-l), 72.91, 76.15, 78.02, 79.79 (4d, C-2 to 

C-5) I(plus signals due to S-CH2CH3, (14.27, 14.40), S-CH2CH3 (25.44, 25.44), and acetonides at 109.62 

and 108.22 (acetalic carbon atoms) and C-Me at (25.36, 26.66, 27.17, 27.17) I.(Found: C, 55.0; H, 8.94; S, 

18.0. Calcd. for C16H3004S2: C, 54.70; H, 8.83; S, 18.23). 

CO~Ouftd 7.- HgC12 (652 mg, 2.4 mmol) and HgO (1,573 g, 7.2 mmol) were added to a solution of 

6 (300 mg, 0.8 mmol) in aqueous acetone (90: 10, 34 mL). This mlxture was stlrred at r.t. for 7 h; It was 

poured on aqueous saturated NaHC03 (11.0 mL). The solids were filtered off and washed with acetone. 

Most of the acetone was evaporated under reduced pressure and the resulting solution was extracted with 

CH2C12. This extract was washed with aqueous Kl and brine. It was dried and evaporated to yield a sirupy 

oil (180 mg, 92X), loIko -500 (C 0.7, CHC13). ‘H NMR (90 MHz) data: 6 9.85 (less than lH, d, J 2 Hz). 

13C NMR (20 MHz) data: 6 201.6 (d, C-l). 

Corpomuf 9.- Benzoyl chloride (1.64 g, 11.7 mmol) was added to a cooled (OV) solution of 8 (1.74 g, 

10 mmol) in pyridine (8 mL). The reaction was allowed to proceed at O°C for 2.5 h. This mixture was 

poured on a cold saturated aqueous NaHC03 solution. The solution was extracted with CH2C12. Flash 

chromatography of the residue obtained by evaporation of the solvent, yielded the 6-monobenzoyl derivative 

9, thick oil, 1 al”,” -18“ (c 0.5, CHC13) (2.4 g, 85%). 

coapouad lO.- A solution of 9 (3.5 g, 12.6 mmol) in pyridine (35 mL) was cooled at O°C and then 

MsCl (1.6 g, 1.1 mL, 13.9 mmol) was added to this solution. The reaction mixture was maintained during 5 

hours at S°C and then poured on a cold aqueous NaHC03 solution. This mlxture was extracted with ethyl 

ether and this solvent was dried and evaporated to yield almost pure 10. Compound 10 slowly decomposed 

on standing (even when stored at low temperature); consequently, It was normally used in the following 

step, without further characterization. ‘H NMR (90 MHz) (CDC13): 6 6.0 (2H, m, H-2 and H-3)- 

Pecpcmc~tion 06 II.- To a solution of 10 (5 g, 14 mmol) in dry THF (75 mt), under N2 ad with 

stirring at room temperature it ws slowly added LIAlH4 (1.5 g, 39.5 mmol). Stirring was continued for 

two hours and excess hydride was destroyed by the slow addition of a cold saturated aqueous Na2S04 

solution. The solids were flltered off and the aqueous solution was extracted with CH2C12. The residue 

obtained by evaporation of the CH2C12 extract was purified by flash chromatography yielding compound 11, 

thick oil (80% yield). IuI’~ -SE0 (C 0.74, CHC13). ‘H NMR (90 MHz) data: 6 1.2 (3H,t, 1 6 Hz, CH3), 2.0 

(2H, m, H-4), 3.4-4.2 (complex signal, SH, H-5, H-6, OCH?), 5.0 (lH, H-l), 5.8 (ZH, m, H-2, H-3). 13C 

NMR data: 6 15.3 (q, -CH3), 26.3 (t, C-4), 63.2 (t, 0CH2), 65.0 (t, C-6), 67.2 (d, C-S), 94.5 (d, C-l), 

125.7 (d, C-3)*, 128.4 (d, C-2)*. 

l These signals can be exchanged. 
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added until the solution became neutral. The acetone was evaporated at reduced Pressure and the aqueous 

solution was extracted with CHCl2 to yield the corresponding Iactones 17 
1s or ia 

17, solidified spontaneously, m.p. lSO°C, IalE -6S” (c 0.4, CHC$). ‘H NMR (200 MHz) data: b 1.34 

(3H, d, J 6.5 Hz, 12-Me), 2.36 (ZH, m, H-4), 3.47 (lH, &I, J 8.6 and 1.3 Hz, H-9), 3.73 (lH, dd, J 6.5 

and 1.3 Hz, H-lo), 4.33 (lH, quhrt., J 6.5 Hz, H-11), 4.55 (lH, ddd, J 6.6, 8.6 and 0.8 Hz, H-8), 5.39 (lH, 

quint., J 7.5 Hz, H-S), 5.53 (lH, ddd, J 11.3, 8.6 and 1.0 Hz, H-7), 5.81 (lH, ddd, J 11.3, 8.6 and 1.0 Hz, 

H-6), 6.00 (lH, dt, J 10.0 and 2.0 Hz, H-2), 6.81 (lH, dt, J 10.0 and 4.3 Hz, H-3). 

18, oil, ‘H NMR (300 MHz) data: b 2.43 (ZH, m, H-4), 3.58 (lH, dd, J 6.6 and 1.3 Hz, H-lo), 3.95 

(lH, dd, J 6.6 and t.3 Hz, H-9), 4.40 (2H, m, overlapping H-8, H-11), 4.94 (lH, m, H-S), 5.85 (lH, dd, 

J 15.2 and 7.5 Hz, H-7), 6.00 (lH, dd, J 15.2 and 6.0 Hz, H-6), 6.06 (lH, dt, J 10.0 and 2.0 Hz, H-2),6.88 

(lH, m, H-3). 

P&cperretioa 01 t&-l.- Three different routes have been followed. 

1. Acid mysis of 18 followed b acotyhtla~. 

A mixture of 10% aqueous HCl and THF (1: 1, 1.3 mL) was added to a flask containing 18 

(18.6 mg, 0.05 mmol). The mixture was heated at an oil bath at 6S°C during 10 mln. The solvent was 

evaporated at reduced pressure and the residue was acetylated (Py/Ac20) to afford ent-1, after purification 

by preparative t.1.c. (70%); Ial D 2o -1ScC (c 0.02, CHC13). ‘H NMR (200 MHz) data: 6 1.12 (3H, d, J 6.4 Hz, 

12-Me), 1.96, 2.01, 2.06 (3H, 6H, 3H, s,sg, COCH3), 2.38 (2H, m, H-4), 4.85 (lH, m, overlapping with H-3, 

H-11), 4.89 (lH, m, overlapping with H-11, H-S), 5.11 (lH, dd, J 7.0 and 3.0 HZ, H-lo), 5.27 (2H, m, H-8, 

H-9), 5.76 (2H, m, H-6, H-7), 5.99 (lH, dt, J 10.0 and 1.9 Hz, H-2), 6.89 (lH, m, H-3). 13C NMR and IR 

spectra were also identical with those obtained with an authentic specimen of the natural compound’, 

isolated in this laboratory. 

2. IrtatUat1cer of 17 followed by acid ItydroIysfs and acetyIaUa~ 

A cyclohexane solution of 17 (8.2 mg, 0.02 mmol) and diphenyl dIsuIfide (4.4 mg, 0.02 mmoI) 

was irradiated with a medium-pressure Hg-lamp for 9 hours. Compound 18 was obtained by preparatlve 

t.1.c. (60%). This compound could be subjected to the same conditions as in route 1. 

3. Add hydrolyrds of 17, followed by rcetylotion and irradiatioo. 

The acid hydrolysis and acetylatlon of 17 (36 mg, 0.1 mmol) was carried out as in route 1 to 

obtain 19 (70%). Irradiation of 19 (45 mg, 0.1 mmol) using the same conditions as in route 2 gave a 

mixture of ent-1 and 19 (= 4: 6) which was separated by t.1.c. (18 mg, 40%). 
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