
Temzhedm: Asymry Vol. 4, No. 7. pp. 1703-1708.1993 @X74166/93 S6.00+.00 
Rifed in Great Britain Pergamon press JAd 

The Synthesis of (R)-y-Phenyl-y-(trifuoromethyl)- 
butyrolactone and (2R,3S)-l,l,l-Trifluoro-2.methoxy-2- 

phenyL3,4=epoxybutane in Homochiral Forms. 

David OTiagan*a, Naveed A. Zaidia and R. Brian Lamontb 

a The uninrsity Of I)llmam. Dqimm=m of cbunistry. Science Labomtori~ South Road. Durham DIG 3LE. UK. 

(Received in UK 26 April 1993) 

Abstrti (R)-r_Phcnyl-r-(oiflmethyl)-butydactone (1) and (2R,3S)-1.l,l-trifluom-2-methoxy-2-phenyl-3,4- 
epoxybutane(2)havebeemprrplncdinhiehoplicalpurityfrrmtbe~(SH3)_~~whichwa9nsolv#lusing 
thelipasefronCalldif&~~ 

Preparative methods for the synthesis of homochirsl compounds containing fluorine1 or trifluoromethyl2 groups 
arc increasingly in demand both for pharmaceutical3 and materials4 applications. As part of a more general 
progrsmme we ate committed to developing methods towaxds homochiral fluorine containing compounds and 

materials. In this paper we outline synthetic routes to the y,~substituted (R)-buryrolactone (1) and the (2R,3S)- 
epoxide (2) both of which contain a terdary steteogenic centre canying a trifluoromethyl group. In our case these 
CO!llpOlUldSWtXCppl-CdaSctilrdidatemonomaS for the preparation of stereoregular polymers, however they 
represent versatile synthetic imenm&@s to homochiral compounds and materkls which possess a stereogenic 
centre bearing a ttifluorometbyl group. 

Compounds (1) and (2) have heen prepared in homocbiral form, from the homochiral tertiary acetate (S)-(3) 

which is available in gramme quantities after hydrolytic resolution of the corresponding racemic acetate with the 

lipase from Candida cykkxu 5. Residual (S)-acetate (3) is isolated in >98%ee. 29% yield, after allowing the 

lipase hydrolysis to proceed to 60% conversion. The (R) enantiomer of (4) is also available directly from this 

biotransformation in 87% if the lipase resolution is stopped at 40% conversion, and jmfore both enantiomeric 

series are accessible. 
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The (S)-acetate (3) was hydrolysed to the free (S)-alcohol(4) in basic nmhanol accox&g to Scheme 1 and 
converted to the (S)-benzyl ether (5). Treament of (S)_(S) with LDA. followed by methyl chloroformate gave 
unsatisfactory yields of (R)-(6), however Mandcr’s rca8entfi proved vgr successftzl here and the (R)- 

carbmIethoxyester(6)wasnmnnndixtgoodyicid ~~~~~1~~~~~~~~~)~ 
achieved with Adam’s catalyst in acthanoI ut& hydrogat. ‘I&e (R)-akohoi (8) was then xeka& after catalytic 
hy~genol~~ of the tmtayl ether of (R)-(7) with ~~~~~~~C~~ ~~~~~~)- 
(8) to afford the ~~~,~-b~~~~~ (I) could not be achieved with sodium hydride, however more vigoms 
conditions using bu~~~~ gave (R)-(l) in too&ate yield as a coiourless oil ( {a]$* = -58.6 (c=O.6, 

cH2Cl2)). 

The synthesis of the (2R,~)-~~~ (11) is detailed ia Scheme 2. (S~-~~hol(4) was reduced with Lindlar’s 
catalyst over hyQogcn to generate the is)-allylic alcohol (10) in excekot yield. Tnaanent of (S)-( IO) with m- 
c~o~~Rzaic acid muIt& in a 5:f ~~~~c mixture of hydmxy epoxkks (2R,3&(11} and (2R,3R)- 
(I 2). These epoxides am nice crystalline solids and after two ~~s~~~s the pred&t diastereoisomer 
(2R,3S)-(11) could be recovered cleanly in 29% yield (mp 1Ssoc), We were able to confirm the relative 
st~~~he~s~ of (t 1) aft@ X-ray structure aaaiysis of a suitable cryst&. The stmctwe shown in the Figure 

was o&aid from a crystal of the opposite enantiomeric series (25.3R)-(I 1). The diasttrromeric bias in favour 
of (1 If was unexpected on stmic grounds and the reaction has been subject& to a theor&cal ana@& evaluating 

st~~~~ and ekcfrostatic in=tiaRsa. 
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Scheme 2 i. Lindlar catalyst, quinoline. Hzlatm; ii. mCPBA, U-I2 Clz; 
iii. NaH, Et20. DMSO. MeI. 

Figure The X-ray structure of (2S,3R)-( 11) 

The (2R,3S)-met.boxyePoxide (2) was then generated kom the (2R.3S)-epoxide (11) after treatment with sodium 

hydride and methyl iodide. We are currently investigating the polymerisatiott of (1) and (2) as monomers for 

stereochemically de&cd polymeric systems. 
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EXPERIMENTAL 

All solvents were distilled and dried under standard condition before use. Chromatography was performed over 

silica gel (Merck Kieselgel 60) and preparative t.1.c. on (Merck Kieselgel GFz54). Melting points were 

determined on a digital mlting point apparatus. I&a-red spectra were recorded on a Perkin-Elmer grating 

spectrometer, as thin film (neat or nujol mull) and selected values are quoted in cm-l. NMR spectra were 

recorded on a Varian Gemini 200 (‘H, 199.98 MHz and 13C; 50.29 MHz); Varian VxR 400s (IH; 

250.13 MHz, 13C; 62.0 MHz and lgF; 235.0 MHz). Multiplicities are reported as singlets (s). doublets (d), 

triplets (0, quartets (q), multlplets (m). Mass spectra were recorded on a V.G. Analytical 707OE spectrometer 

(EI (70 eV) and CI(NH3)). Optical rotations were measured at 2o’C on a Optical Activity Ltd. AA-10 

polarimeter. 

(S)-l,l,l-Trifluoro-%-phenylbut-3-yne-2-01 (4); A solution of tertiary acetate (S) (3) (1.1 g, 4.6 mmol) 

in 5% methanol& potassium hydroxide (20 ml) was stied for 30 min. The mixture was dilute with water and 

extracted into diethyl ether (3 x 50 ml). The combined ether extracts were washed with water (100 ml), dried and 

the solvent evaporated in ~12~~0. Distillation gave the tide compound (4) as a colourless oil (0.7 g, 77%), b.p. 

36-40°C (0.1 mmHg); [a]$ -7.2 (c = 0.7 in CHzClz) v - (neat) 3500 (OH), 3310,221O (C&I-I); 8~ (400 

MHz) 2.71 (1H. s. (IH. s, @O Ex.). 7.3-7.40 (3H, m, phenyl), 7.7-7.75 (2H, m, phenyl); 6~ 

72.5-73.5 (q), 76.9(s), 7 127.3(s), 128.4(s), 129.8(s), 134.9(s); 8P -80.1(s); MS 

(m/e) EI (183 (-17). 77.4 

(S)-l,l,l-Trifluoco-2-b zyloxy-2.phenylbut-3.yne 

solution of sodium hydride 

1 
r 

(5); Alcohol (4) (1 g, 5 mmol) was added to a 

.17 g, 7 mmol) in dry diethyl ether (10 ml) and the mixture was heated under reflux 

for 15 min. A solution of ?l ( zyl bromide (0.96 g, 5.6 mmol) in dimethylsulphoxide (10 ml) was then added and 

the mixture was refluxed a further lhr, until the reaction was complete (t.1.c.). The reaction mixture was 

cooled diluted with water ml) and diethyl ether (20 ml) added. ‘Ihe organic layer was washed with water (50 

ml) then brine (50 ml), dri d the solvent removed in vacua Furification by chromatography over silica gel 

(CH$lp:petroleum 40-60 $!, 2~1) gave (5) as a colourless oil (0.95 g, 66%); [a]Dzo -12.1 (c = 1.9, CH2Cl2); 

vmax (neat) 3310.2210 ( 

+ 

0; 8~ (250 MHz), 2.97 (1H. s), 4.4489 (2H. q). 7.4-7.80 (1OH. m); & (200 

MHz), 68.23 (s). 78.35 (s ;\79.94 (s). 128.14 (s). 128.40 (s), 128.77 (s), 128.96 (s), 130.42 (s), 133.57 (s), 

137.59 (s); SP (250 MHz)1 48.91 (s); Ms (m/e) EI (184 (-106). 33.2%). CI (308 (+18), 100%). 

(R)-Methyl 5,5,5&i -4-benzyloxy-4.phenylpent-2.yneoate (6); Diisopropylamine (0.43 g, 

4.3 mmol) was added to ution of butyllithium (0.3 g, 4.6 mmol) in THF (5 ml) at room temperature. The 

LDA formed was cooled 78’C and a solution of acetylene (5). (1 g, 3.5 mmol) in THF (10 ml) was added 

and the reaction mixture 1 o stir and warm to room temperature over 1 hr. The reaction was then cooled to 

-78°C and Hh4PA (0.68 .8 mmol) followed by methyl cyanoformate (0.42 g, 5 mmol) was added. The 

mixture was furthers 10 mins and then poured onto ice and extracted into dlethyl ether (3 x 50 ml). The 

combined ether exuac hed with water (2 x 50 ml) then brine (50 ml), dried and the solvent removed in 

vacua. Purification by t.1.c. (CH2Cl2) gave the tide compound (6) as a colourless oil (0.86 g, 72%); 

[(x]D2’ +30.2 (c = 0.8 ; vmax (neat) 2220 (=C). 1745 (C=O), 1245 (C-O); 8~ (200 MHz) 3.9 

(3H, s), 4.5-4.92 (2 (lOH, m); 6~ 53.19 (s), 68.23 (s), 78.72 (s), 79.35 (m), 81.33 (s), 114- 
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130.2 (q), 127.67 (s), 130.99 (s), 131.86 (s), 136.42 (s), 152.66 (s); 8~ (250 MHz) -78.26 (s); Ms (m/e) F’ 

(M+ 1,349.9.5’%), Cl (366 (+18), 100%). 

(R)-Methyl 5,5,5-trifluoro-4-benzyloxy-4-phenylpentanoate (7); Adam’s catalyst (PtO2) (0.05 g, 

0.2 mmol) was added to a solution of ester (6) (0.8 g, 2.3 mmol) in merhanol(l0 ml) and the mixture was placed 

under hydrogen at 1 atm until the consumption of hydrogen had ceased. The crude mixtun was filtered and the 

methanol removed in vucuo. Purification by preparative t.1.c. (CH$l2) gave ester (7) as a colourless oil (0.7 g, 

86%); [a]~~o-5.6 (C = 0.9. CH$l2); Vmm (neat) 1740, 1250 (ester); SH (250 MHZ) 2.3-2.8 (4H, m), 3.67 

(3H, s). 4.62 (2H. s). 7.3-7.6 (1OH. m); SC (200 MHz) 28.32 (s), 28.96 (s). 52.26 (s). 66.7 (s), 81.3 (m), 

119-133.3 (q), 127.6 (s), 129.3 (s), 135.89 (s), 138.1 (s). 173.75 (s); 8~ (250 MHz) -72.9 (s); MS (m/e) EI 

(M+l, 353,0.6%). CI (370 (+18), 43%). 

(R)-Methyl 5,5,5-trifluoro-4-hydroxy-4-phenylpentanoate (8); To a solution of ester (7) (0.7 g, 2 

mmol) in methanol (10 ml) and a catalytic amount of p-toluenesulphonic acid (0.04 g, 2 mmol) was added 10% 

Pd on charcoal (0.15 g. 14 mmol) and the mixnuz placed undo hydrogen at 5 atm for 12br. The crude mixture 

was filtered and the metbauol removed in VUCIU). Purification by preparative t1.c. (CH$&) gave ester (8) as a 

colourless oil (0.45 g, 87%): [a]D 20 -83.3 (c = 0.3, CH2C12); vmax (neat) 3420 (OH), 1725, 1260 (ester); 8~ 

(200 MHz) 2.3-2.53 @I-I, m). 3.65 (3H, s). 4.40 (1H. s. DzO Ex), 7.3-7.60 (5H, m); & 28.34 (s), 30.06 (s), 

52.79 (s), 76.9-78.3 (m), 127.1 (s). 128.9 (s), 129.1 (s), 136.6 (s), 175.9 (s); & (250 MHz) -80.6; MS (m/e) 

EI (M+l, 263,7%), CI (280 (+18), 6.6%). 

(R)-y-Phenyl-y-(trifluoromethyl)butyrolactone (1); Butyllithium (0.07 g, 1.1 mmol) &as added to a 

solution of ester (8) (0.28 g, 1.1 mmol) in THF (7 ml) at -78’C and the solution stirred for 2 hr. The mixture 

was then diluted with water (1Oml) and extracted into diethyi ether (50 ml). The ether layer was washed with 

water (2 x 20 ml) then brine (2Oml). dried and the solvent removed in VIICUO. purification using preparative t.1.c. 

gave lactone (1) as the colourle~~ oil (0.08 g, 33%) which solidified on standing to afford an amorphous white 

solid (mp. 67.5-69.3oC); [a]Dm -58.6 (c = 0.6, CH2Cl2); v ,nax (neat) 1810 (lactone); &I (250 MHz) 2.6-3.02 

(4H, m), 7.4-7.53 (5I-I. m); 8~ (200 MHz) 27.5 (s), 29.6 (s), 82.83.3 (m), 116-132.4 (q, JC.F (270 Hz)), 

126.2 (s), 128.6 (s), 129.6 (s), 134.8 (s), 174.2 (s); SF (250 MHz) -80.47; Ms (m/e) EI (230,4.5%), CI (248 

(+18), 28%), (Found: C57.16, H4.02, Calc for C!llHgF3@: C57.44, H3.918). 

Wl,l,l-Trifluoro-2-phenylbut-3-ene-2-ol (10); To a solution of (4) (0.8 g, 4 mmol) in pentane (10 

ml) and quinoline (0.1 g, 0.8 mmol) was added Limdlar’s catalyst (0.1 g). The mixture was evacuated and 

flushed three times with hydrogen. The mixture was then stirred under an atmosphere of hydrogen, until the 

consumption of hydrogen had ceased. The crude mixture was filtered and the solvent removed in vacua. 
Purification by distillation gave alcohol (10) as a colourless oil (0.67 g, 83%). b.p. 36-39’C (0.1 mm Hg); 

[UIDzo -63.2 (C = 0.9, CHzCl2); Vmn (neat) 3500 (OH); 8~ (400 MHz) 2.82 (IH, s, &O Ex), 5.5-5.6 (2H, 

dd, J = 10.8, 17.2 Hz), 6.4 (lH, dd, J = 10.8 Hz), 7.35-7.43 (3H. m), 7.58-7.62 (3H, m); 6~ (250 MHz), 

78.36 (ml, 118.2 (s), 120.2-128.8 (q), 126.2 (s), 128 (s), 128.4 (s), 135 (s), 136.8 (s); 8~ (400 MHz), -78.34 

(s); MS (m/e) EI (185 (-17), 30.7%). CI (220 (+18), 0.4%). (Found: C59.83. H4.75. Calc. for CloH9FjO: 

C59.43, H4.45%). 
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(2R,3S) and (2R,3R) -l,l,l-Trifluoro-Zphenyl-3,4-epoxybutane-2-01s (11 and 12); To a 

solution of allylic alcohol d 10) (0.8 g, 4 mmol) in dry CH$lz (50 ml) at OW was added m-chlomperbenzoic acid 

(1.5 g. 8.7 mmol) and the mixture left to stir at room temperature for 24hr. The reaction was diluted with 

CH2C12 (50 ml) and sequentially with 1O%,sodium sulphite (50 ml), 10% sodium bicarbonate (50). 

The organic layer was dried and the solvent removed in vacua. Purification by 

chromatography over gave a product which was recrystalkd from petroleum ether (&WC) to give 

the major epoxide (11 29%) as dOUrleSS CrystatS (r&p. 152-155-C); [Cr]Dzo -48.8 (c = 1.6, CH2Q); 

Vmax (Nujol) 3400 ( epoxide); SD (250 MHz), 2.6-2.7 (1H. m), 2.73-2.8 (H-I, m), 3.26 (1H. s. h0 

(3H. m), 7.6-7.62 (2H, m); 6c (200 MHz), 42.2(s), 52.1 (s), 72-73.7 (q), 

(s). 129.1 (s), 134.5 (s); 8l.r (250 MHz), -79.75 (s); MS (m/e) EI (201 (-17), 

d: (X5.28. H4.10: Calc. for Cl@IgF302: C55.10, H4.1346). The minor 

aracterised, SD (250 MHz). 2.75 (lH, s, &O Ex), 2.97-3.0 (lH, m), 3.13- 

4-7.47 (3H, m), 7.68-7.69 (2H, m). 

(2R,3S)-l,l,l-Triflu 

2.9mmol) was added to 

heated uner reflux for 

lhr. The naction was 

the epoxide (2) as a 

(epoxide); 81-l (200 

2-methoxy-2-phenyl-3,4-epoxybutane (2); Sodium hydride (0.07 g, 

tion of alcohol (11) (0.06 g, 2.8 mmol) in diethyl ether (1Oml) and the reaction was 

Me1 (0.06 g, 0.4 mmol) was then added, and &hucing was continued for a further 

up following the pro&are for (5) above. purification by preparative t.1.c. gave 

ss oil (0.05 g. 78%); [U]D2’ -80 (c = 0.44, CI-I#12); Vma (neat) 1265, 890 

, m), 3.33-3.4 (4H, m), 7.4-7.55 (SH, m); &J (400 MHz). 42.7 (s), 

(q), 127.68 (s), 127.7 (s), 128.53 (s), 129.21 (s), 131.75 (s); 8F 

(250 MHz), -68.79; MS ) RI (189 (-43), lOO%), CI (232, 0.6%) (189, lOO%), (Found: C56.58, H4.89. 

REFERENCES AND NOTES 

1. 

2. 

3. 

4. 

5. 

6. 
I. 

8. 

. Cesu~~ and D. Seebach. Chat. Be., 1992.125.2795; D. Seebach, Angew. Chim. 

lor, 1988, ACS Symposium Series 374. 1988; J. Mann, Chcm. Sec. Rev., 1987.16,381: J. T. 

Welch. Temh&on 

S. Arbwa, K. Nito Mol. Crysr. Lip. Ctyst.. 1991.204.15; R. Buchecker, S. M. Kelly and J. Ftmfsehiiling, 

Liquid Cryst.. 1990. . R. DoykandO. Vog1.L Am. Ckm. Sot.. 1989.111.8510. 

D. OIIagan awl N.A. 3. Chan. Sac. Pukin. Tram. I, 1992,947. 

rahe&on Letts.. 1982.24,542X 
@gF302. M = 218.17. mondinic, C2, a = 16959(17), b = 5.804(5). c = 13.066(14)A, /3 
1.~78A. 2’4. De 11.478 cm-3, F(OO0) = 448. cL(Cu-Ku) = 11.9cm~l.Siemenr R3mN 

measurd (3 c Z~<llso) of which 908 rektions had I > 3.0 &I). The snucture 

dient converged at R 0.049. R, 0.054, goodness-of-fit = 


