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Abstract The unchlonnated precursor 4 of CGA 80000 (lJ was synthestzed enanhoselecttvely 
by two conceptionally dtffetent routes a) by a “choral pool” approach stamng from L-mahc acid 
and b) by enanttoselecttve hydrogenahon of an enamlde mtemediate. catalyzed by chual Rh- or 
Ru-phosphme-complexes 

CGA SO000 Q) 1s the mtemal Cuba-Geigy code number for a new phenylamtde fungicide with the proposed 

common name clozylacon and the systematic name N-(3chloro-2,6-dlmethyl-phenyl)-2-methoxy-N-(tetra- 

hydro-2-oxo-3-furanyI)-acetamide 111 It 1s especially suited for sol1 apphcatlon agamst oomycetes [2] 

Ftgure 1 

1 cGAaocao 
(mcdum cd 4 stemoaomers) 2 X-cl Y-H 

2 X-Ii Y-cl 
5 X-Y-H 

Because of the stereogemc centre (marked with an *), and the atroptsomensm due to hindered rotatton around 

the carbon nitrogen bond (marked with an arrow). 1 (CGA 80000) consists of four stereolsomers, wluch can 

be separated by chromatography I31 Blologrcal tests have shown that the desued funglcldal achvlty arises 

mamly from 2 (CGA 204726). the Isomer with the absolute configuration aS,3R 
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The synthesis of 1 (CGA 80000), as well as the separation and chamctemon of its four stereolsomers and 

the biological achviues of all tested isomers and isomer mtxtures. are the subject of another paper [4] 

The purpose of our work was to develop a technically feasible and compenuve synthesis of 2 (CGA 204726) 

and to provide the stereochemically pure matenal needed for further biological testmg We focussed on an 

enanhoselechve synthesis of the unchlonnated precursor 3 for the following reasons it was known, that 3 can 

be chlormated easily, to afford a mixture of 2 and its atroptsomer 3, which can be separated by crystalhzatton 

Furthermore, a method had been estabhshed to ep1menz.e the undesued isomer 2 to a mixture of 2 and 3 (see 

[4]) In need of a competitive process, we aimed to develop an enanuoselectlve route using, to as large an 

extent as possible, the exrshng knowledge from the large scale synthesis [4] 

Results aud Dlscusaon 

We followed two concepuonally different synthetic routes to the target molecule 4 (see fig 2) 

A) using L-mahc acid (5) from the chual pool, whtch provides both the requued absolute configuration and 

the correct number of C-atoms for the butyrolactone rmg, 

B) mtroducmg the choral mfonnahon m a catalytic key step by a Rh- or Ru-catalyzed asymmetnc hydro- 

genahon of the enamide intermediate & an enantioselechve modtficahon of the large scale synthesis [4] 

2 Figure 

The key intermediate in route A IS (3S)-hydroxy-butyrolactone 4 whrch possesses the opposite absolute 

configuratton of the target molecule 1 A nucleophdic substitution at the acuvated 3-position, with mverslon 

of the configurauon, provides the correct stereochemistry The whole reacuon sequence IS shown in figure 3 

The acid catalyzed reaction of L-maltc acid (5J with chloral afforded the dioxolanone 9 in good yield (8 1 %) 

as a mixture of two dlastereolsomers [5] Reduction of the carboxyhc acid group in 9 with borane-dimethyl- 

sulfide-complex m THF, followed by aqueous work-up, directly provided the (3S)-hydroxy-butyrolactone 6 
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Unfortunately, the yield m thts step varred considerably and remamed unsatisfactory (20-55 %) l) However, 

the following steps were strmghtforwsrd The 3-hydroxy-group m 6 was activated by treatment wrth ttrfhc 

acid anhytide under standard conditions Without Isolauon of the formed tnflate mtermedlate the 

nucleophlbc substitution with 2.6-dunethylamlme was accomphshed using potassium carbonate as a base 

The (3R>andmo-butyrolactone @ was thus obtamed m moderate yield (49 %) but high optical punty 

(94 7 % ee. as determined by HPLC on a commercially avadable Chlralcel-OC-column (Datcel)) Acylatlon 

of 2 with methoxyacetyl chlonde afforded the target molecule 4 m almost quanutatlve yield (96 %) In this 

step, as m some of the others, there was slight racemlzahon, that led to an op~cal punty of 88 6 % in the final 

product (as determined by HPLC on a commercially avadable ChuaSpher-column (Merck)) Crystallization 

of the racemate from a 1 I-mixture of hexane and ethyl methyl ketone provided optically pure 4 from the 

mother liquors 

F1mu-e 3 

CCCH 

HO 

* 

Ii Hz%%% ) 
H H 81 x 

Thts method made it possible to synthesize stereochemically pure matenal for biological testmg However, 

for the large-scale-production of 4 It was considered both technically unfeasible and too expensive 

At that stage promising preliminary results m the enantioselechve hydrogenatron of enamide s, and the great 

syntheuc potential of the homogeneous enanhoselecfive hydrogenation demonstrated in numerous studies [6], 

prompted us to concentrate our synthehc efforts on route B The whole reaChon sequence 1s shown in figure 

4 The first step, taken from the large scale synthesis [4], will not be discussed here 
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Several methods for the oxrdauon of the ~lllno-y-but~lactone a to the enamme g were exammed [7] 

Wrth MnO, m refluxmg ether the yreld remamed low (30-40 %) and the transformatron only occurred with 

freshly prepared Mn02 [8] Slightly higher ytelds (44 %) and better reproducibdrty were achieved with cent 

ammonium nitrate as the oxidtzmg agent, but m-CPBA turned out to be the reagent of chome Treatment of 

u with 1 eq of m-CPBA at 0 @C for l-2 hours led, m good yield (280 %), to the N-hy~oxyl~lne of ll, 

which, upon treatment with basic alumma, spontaneously elunmated water and tautomenzed, to afford the 

enamme B in 60 8 overall yield and a very pure, crystalline form The best result was achieved when a 

THP-solunon of the crude N-hydroxylamme of 11 was filtered through a column of basic alumina, whrch had 

not been nnsed with solvent beforehand (cat&on very exothermrct). The fact that other bases lrke NasCOs 

and Na&ZPO~ gave poor yields of 12 indicates that basrc alumma seems to combine both optunal basicrty and 

water-absorption capactty for thts reactron 

While 11 could be acylated almost quanhtattvely, the acylauon of enamme Q under the same reactton 

condmons (methoxyacetyl chloride, toluene, DMF (cat f, reflux) yrelded only 20-50 95 of enamide g 

though many other methods and cond~~ons were tested (methoxyaceuc acrd anhydnde, various acylatron 

methods from pepude chermstry), the yields could not be further unproved The compehtton between N- and 

C-acylauon. a very common phenomenon m acylatton and akylauon reacuons of enammes [P]. 1s probably 

the main reason for these unsattsfactory yrelds Indeed, a rather unstable side-product could be tsolated and 

was iden~~ed as the product of double acylauon of 12 Attempts to cucumvent thrs problem by oxrdizmg 

after the acylatron step farled None of the tested oxtdatton methods gave any of the desued product 5 
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The enanhoselecuve hydrogenation of enamldes has been mvestlgated extensively, manly usmg acetamido 

cmnamlc acid denvatwes beanng a secondary nitrogen atom and chii Rh-phosphme-catalysts The 

asymmetnc hydrogenation of N-substituted enamldes has been studied to a much lesser extent [lo] TO our 

knowledge N-aryl subshtuted enamldes have never been hydrogenated enantmselecWely before Therefore, 

we tested several Rh- and Ru-catalysts and camed out an extensive parameter screening The most mterestmg 

results are summmzed m table 1 The opt~al ytelds (ee-values) were determined by HPLC on a 

commercmlly avmlable ChlraSpher-column (Merck) As menhoned above, optically pure 4 1s easily obtamed 

from the chromatographed hydrogenation products by crystalhzatlon of the racemate 

Table 1 

(Rh(NBD)2]EF,/(4S 5s) DIOP 2 z-65x 

JRh(NSD)2]BFJ(ZS 4S) BDPP 2 rw5Y. 

I~~(O~)2(s)-S~~pl 2 .05x 

IRU(~)2(SWN.w 0025 .95x 

30.71%. nd 

75 x nd 

67% nd 

66% I 63% 

Of all the Rh-diphosphme-catalysts tested [Rh(NBD),]BF,/(4S,SS)-DIOP [l I] and [Rh(NBD)2]BF,,/ 

(2S,4S)-BDPP [12] (NBD [2,2,l]-b1cyclohepta-1.3-d1ene) gave the highest opucal yields Interestingly, 

l+drphosphme hgands, which can form a SIX- or seven-membered metallacycle, lead generally to a higher 

enanbomenc excess than 12-dlphosphmes 

Rplure 5 

H 

0 

xc 

PPhl 

0 PPb 

H 
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The best result (75 % ee at 2S°C, 35 bar HZ) was achieved with the Rh/(2S,4S)-BDPP catalyst No sigmticant 

mfluence of either the temperature or the pressure was observed (range 25-50 “C! and 35-98 bar Hz) With the 

Rh/(4S,SS)-DIOP catalyst maximum optical yields of 7 1 96 were obtamed at 20°C and 33 bar Hz In contrast 

to the Rh/BDPP catalyst, the enanttoselecuvlty of the RMXOP catalyst proved to be strongly dependent on 

temperature and pressure (range 20-50°C and 33-100 bar HZ) Increasmg temperatures led to poorer 

enanhoselectiviues, whereas increasing pressures favoured higher optical yields These findmgs mdicate that 

both catalysts do not work accordmg to the mechamsm described by Halpem [ 13.141 

With both catalysts substrate/catalyst-ratios greater than 100 1 led to a strong catalyst deacuvauon and 

mcomplete convewon, even when carefully punfied starting matenal was used No efforts were made to 

elucidate the cause of this deachvatlon, however, two posslbdmes are traces of decomposed startmg matenal 

or a strong coordmatton of the product to the catalyst. 

Shghtly lower optical yields (66 % ee at 50°C, 100 bar) were obtained wltb the Ru/BINAP catalyst The 

enanhoselechvlty was not influenced by temperature and pressure in the range 22-50 ‘C and 4-100 bar H, 

The fact that no mdlcahon of any deactlvatlon, even at a substrate/catalyst-ratio of 4000 1, was found, made It 

the catalyst of choice for this synthesis, well suited for large-scale-production 

We can conclude that the enantioselective key step fulfills our ObJectives, even though It would be desirable 

to mcrease the optical yield by catalyst optlmlzatlon In order to guarantee techmcal feasibility of the whole 

process the synthesis of the enamlde mtermedlate & needs further improvement 

Expenmental 
All reagents were purchased from Fluka or Aldnch and were used without further punficauon [Rh(nbd)JBF, 
and [Ru(OAc)#-BINAP)] were synthesized accordmg to published procedures [15,16] The hgands 
(4S,SS)-DIOP, (2S,4S)-BDPP and (S)-BINAP were purchased from Strem Chem and Fluka, respecttvely 
Solvents were acquu-ed from Fluka or Merck and stored over molecular sieves Methanol for the 
hydrogenation reactions was dned over sodium methoxlde and stored under argon For flash chromatography 
s&cage1 60 (0 040-O 063 mm, Merck) was used, thm layer chromatography was camed-out on silicagel 
plates 60 F-254 (Merck) HPLC was perfoned on commercmlly avalable choral columns usmg HPLC-grade 
solvents Meltmg points are uncorrected NMR spectra were recorded on a Bruker AM-300 instrument, 
chemical shifts are reported m ppm relative to internal TMS-standard (= 0 ppm) 

(3SJ-D~hvdru-3-h~dro~-2(3HJ-furumne @) Under argon, 7 5 ml (0 15 mol) of a 2 M soluuon of 
borane-dimethylsulfide m THF were slowly added to a solution of 39 5 g (0 15 mol) of 9 [5] m 200 ml THF at 
-20°C The reaction mixture was allowed to warm up to rt and was stoned overnight It was quenched with 
50 ml HZ0 and extracted with ether The organic phase was washed with 1 N NaHCO,-solution and bnne, 
dned over Na,SO,, filtered and the solvent removed under reduced pressure Dlshllation (103-105c%/O 1 
Torr) yielded 7 4 g (80 mmol, 55%) of fi as a colourless 011 R, (hexane/ethyl acetate 1 1) 0 75 ‘H-NMR 
(300 MHz CDCl,) 2 21-2 40 (m, lH, H-C(4)), 2 57-2 70 (m, lH, H-C(4)), 3 34 (very br s, lH, OH), 4 25 
(ddd, J=6Hz, 9Hz and lOHz, lH, H-C(5)), 4,40-4 59 (m, 2H, H-C(3) and H-C(5)) IR (film) 3380, 1775, 
1640, 1485, 1455, 1425, 1380, 1290, 1270, 1222, 1185 MS m/z 103 (M++l, 14%). 86 (20%). 75 (42%), 57 
(100%) 

J3RJ-1(2,6-Dlmethvlphenvl)Munol-dlhydro-e (10) Under argon, 4 1 ml (25 mmol) of tnfk 

anhydnde were dissolved in 25 ml Ccl, and cooled to -20°C A solution of 2 50 g (25 mmol) of 6 and 2 0 ml 
(25 mmol) of pyndme m 5 ml Ccl, was added dropwise, and the mixture slowly warmed to R Then 3 8 g 
(27 5 mmol) of K&O, were added to the white suspension Upon addition of a solution of 3 4 ml 
(27 5 mmol) 2.6-dimethylamlme m 5 ml Ccl,, at O°C, the colour turned red After sturmg ovemlght at rt, the 
reaction mixture was taken up m ether and washed with 1 N HCl and brine The orgamc phase was dned over 
Na$O,, filtered and the solvent removed under reduced pressure Chromatography on silicagel (hexanelethyl 
acetate 3 1) yielded 2 50 g (12 mmol. 49%. 94 7% ee) of 2 as a brownish oil Rf (hexane/ethyl acetate 2 1) 
0 22 HPLC hexaneli-propyl alcohol 90 10, flow=1 5 ml/mm, Chlracel-OC (Dticel) 15 7 mm (mam 
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enantiomer). 19 7 mm (mmor enanuomer) ‘H-NMR (300 MHz, CDCl,)- 2 13-2 36 (m. IH. H-C(4)); 2 35 (s, 
6H. CH,). 2 55-2 68 (m. IH. H-C(4)). 3 53 (very br s, 1H. NH); 3 96 (dd. J=8 5Hz and J=lO 5H2, 1H. 
H-C(S)), 4 18 (ddd. J=5 5Hz. 1OHz and 10 5Hz. 1H. H-C(5)), 4 37-4 45 (m. 1H. H-C(3)), 6 89 0. J=7Hz, 1H. 
H-C(4’)). 7 03 (d. J=7Hz, 2H, H-C(3’) and H-C(5’)) IR (film) 3385. 1775. 1595, 1478, 1378, 1265, 1220, 
1170, 1140, 1020. MS m/z. 205 (M+, 54%). 177 (2%). 161 (5%), 146 (20%), 144 (24%). 132 (100%). 117 
(26%) 

/3R~-N-(2,6-D~methvlvhenyl~-2-methoxv-N-(tetrahvdro-2-o~-3-~r~yl~-acet~de w 
Route A- A mixture of 2 00 g (9 76 mmol) of @, 15 ml (16 4 mmol) of methoxyacetyl chlonde and 3 drops 
DMF in 30 ml toluene was stirred for 2 h at 1OoOC The solution was concentrated and chromatographed on 
sdicagel (ether/chloroform 1 1) to afford 2 60 g (9 38 mmol, 96%. 88 6% ee) of 4 as a yellow 011 R, (dlethyl 
ether/dichloromethane 1.1) 0 35 HPLC hexaneil-propyl alcohol 95 5, flow=lml!mm, ChiraSpher (Merck) 
46 8 mm (minor enanhomer), 515 mm (mam enanhomer) *H-NMR (300 MHz, CDCl,) 2 27 (s. 3H. CH,). 
2 46-2 64 (m, IH, H-C(4)), 2 53 (s, 3H. CH,), 2 86-3 02 (m, lH, H-C(4)). 3 37 (s. 3H, OCH$; 3 57/3 66 (2d 
of AB-system, J=16Hz, 2H. CI-i,OCH,), 3 88 (t. J=lO Hz, IH, H-C(3)), 4 21-4 31 (m. 1H. H-C(5)), 4 65 (dt, 
J=3 Hz, and 8Hz, IH, H-C(5)). 7 10-7 29 (m, 3H, aromatic Hs) IR (film) 1780, 1678, 1471. 1450. 1412, 
1385, 1314, 1288, 1225. 1170 MS m/z 277 (M+, 20%). 247 (8%), 232 (30%). 204 (22%), 146 (20%). 144 
(20%). 132 (24%), 45 (100%) 
Route B (mth RuLS-BINAP-catalyst) Under argon, a solution of 4 55 g (16 mmol) of 8 m 30 ml of methanol 
and a solution of 3 5 mg (0 004 mmol) of [Ru(OAc),S-BINAP] in 10 ml of methanol were successively 
transferred via a steel capillary into a 50-ml-autoclave The inert gas m the autoclave was replaced by 
hydrogen in three cycles (20 bar/normal pressure) Finally, the autoclave was pressmzed to 95 bar with 
hydrogen After completion of the reactton (43 hours at 5O”C), capillary-GC-analysis showed full conversion 
of c The reachon mixture was concentrated under reduced pressure The oily residue (4 88 g) was 
chromatographed on slhcagel (hexanelethyl acetate 1 1) to afford 4 7 g (quanhtatlve, 66 96 ee) of 4 as a 
slightly yellow oil This matenal was dissolved m 20 ml of a refluxmg 1 l-mixture of hexane/ethyl methyl 
ketone After allowing to cool to rt, the resulting suspension was s&red overnight at 0°C. Fdtratlon of the 
white susm?nsion afforded 1 5 g (5 4 mmol. 33 8 8) of racemlc 4 as white crystals meltmg at 128-131°C 
From the ?&rate 2 9 g (10 5 mmol, 65 4 %, 99 4 % ee) of 4 as a slightly yellow 611 were Isolatid, which could 
be crvstalhzed from 6 ml of a 1 I-mixture of hexane/toluene (mn 91-93°C. Calm=86 7” (1 18 % m 
chlor;form)) Analvhcal data as above 

. 1 _ _” 

Route B (w;ih RW(b,4S)-BDPP-catalyst) Under argon, a solution of 15 mg (0 04 mmol) of [Rh(nbd)ABF, m 
15 ml methanol was treated with 19 4 rng (0 44 mmol) of (2SAS)-BDPP and smd for 30 mm A senarate 
solution of the enamide jj (0 55 g, 2 ‘mmol) rn 5 ‘ml methanol was prepared The enamide- &d the 
catalyst-solution were successlvel} transferred via a steel capillary into a 50-ml-autoclave under an inert 
atmosphere The inert gas m the autoclave was then replaced by hydrogen m three cycles (20 bar/normal 
pressure) Finally, the autoclave was pressurized to 35 bar with hydrogen After completion of the reacuon 
(21 hours at rt), capillary-GC-analysis showed full conversion of 6 The reacuon mixture was concentrated 
under reduced pressure Chromatography of the oily residue (605 mg) on silicagel (hexane/ethyl acetate 1 1) 
afforded 550 mg (1 92 mmol, quantltatlve. 75 % ee) of 4 as a slightly yellow 011 After crystalhzatlon of 
racemlc matenal from 4 ml of a 1 l-mixture of hexane/ethyl methyl ketone and filtration, 406 mg 
(146 mmol, 73 2 %, 96 9 % ee) of 4 were isolated from the mother liquor Analytical data as above 

3-~/2,6-Dmzeth~lphenylJammo]-2(5H)-liuanone (12) At WC, 2 03 g (10 0 mmol) of m-chlorperoxybenzolc 
acid (85 %) were added to a solution of 2 05 g (10 mmol) of fi m 30 ml THF The reacuon mixture was 
stlrred at O’C for 1 h and then filtered through a column filled with 70 g of basic alumma (ICN act I. not 
rinsed with eluent beforehand) using THF as eluent (caution very exothermlc. collectmg vessel was 
ice-cooled) The first 150 ml of filtrate contained 1 28 g (6 3 mmol, 63 %) of 12 as white crystals melting at 
85-86” after recrystalhzatlon from hexane R, (dlethyl ether/dlchloromethane/hexane 1 1 1) 0 68 ‘H-NMR 
(300 MHz, CDCl,) 2 24 (s, 6H, CH,), 4 78 (d, J=2 5Hz, 2H, H,-C(5)), 5 35 (t, J=2 5H, lH, H-C(4)), 5 49 
(br s, 1H. exchanges with D,O, H-N), 7 10 (s, 3H, aromatic Hs) IR (CH,Cl,) 3385, 1755.1663, 1475, 1355, 
1212, 1115, 1044 MS m/z 203 (M+, lOO%), 159 (32%), 158 (82%). 157 (24%). 145 (25%). 144 (51%). 143 
(33%), 132 (45%), 131 (24%). 105 (38%), 79 (26%). 77 (32%) Anal talc for C,,H,,NO, (203 24) C 70 92, 
H645,N69,01575,found C710,H65,N70,0161 

N-(2,5-Dlhvdro-2-oxo-3-furanvl)-N-(2.6-d~~thvlphenyl)-2-~tho~-acetamlde (S, A soluuon of 10 2 g 
(50 2 mmol) of 12 and 40 ml (0 439 mol) of methoxyacetyl chloride in 40 ml toluene was refluxed under 
reduced pressure-00-150 Torr) for 48 hours The reaction mixture was concentrated under reduced pressure, 
and the residue chromatographed on silicagel mmally using a 2 l-mixture and then a 1 2-mvcture of 
hexane/ethyl acetate as eluent The crude product, 3 8 g of a red 011, was crystalhzed twice from 90 ml of a 
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2 1-mrxture of hexane/ethyl acetate to afford 3 2 g (116 mmol, 23 2 %) of 5 as whrte crystals meltmg at 
106-107°C. R - (dtethyl ether/dtchloromethane 1 1) 0 42 lH-NMR (300 MHz, CDCls). 2.24 (s. 6H, CH ); 
3 38 (s. 3H C!CH ) 3 5-3 9 (very br s 2H CH GCH ) 4 89 (d Jr2 5Hz 2H H C(5)) 7 08-7.31 (m 3k 
aromahc &), 7.63-j 9 (very br s 1H’ H-i3(4# JR (&I Cl ) i772 1702 1330* 1232 ’ 1200 1180, i130: 
1103. 1088, 1054 MS m/z: 275 (M+. 28%), 230 (25%). 15# (45%),‘45 (lb%) ;\naI. dale for CtSH,7N04 
(275 31). C 65 44, H 6 23, N 5 09,O 23.25, found C 65 4, H 6 0. N 5 3.0 23 3 
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