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Summary. - PPL catalyz8d morwhydrolysis of Faryl substituted 1,3-propan8did 

diacetates afford& the corr8qwnding monoacetates in acc8ptatJe to fair ah8mical and 

OptiCal yields. Electronic 8ff8& in fh8 SrOmatiC ring were 8XanhId. Elaboration Of 

some 2-arylprOpan8diOl monoacetates to optically active P-arylpropanols and 

propanoic adds was perfomed. 

Optically active 2-substituted 1.3-propanediol monoacetates 2 are important chiral building 

blocks suitable as starting material foe the asymmetric synthesis of many natural products. 

However, only a limited number of such derivatives is easily available and for this reason many 

efforts are currently made to find new strategies of access to these molecules.1 Enzymes are 

particularly attractive catalysts and in the last years many reports have appeared describing their 

ability to divximinate between two enantiotopic groups of a symmetrical substrate.2 Following this 

concept some prochiral 1,3-propanediol diacetates 1 have been hydrolyzed enantioselectively in 

the presence of enzymes to afford in some cases important chiral polyfunctionalized building 

OAC 
PPL(aCCLwPLE) 

OH 

OAC 0.02 M phosphate buffer, pH 7 OAC 
X 

1 2 

x:x-Ph e:X-4-N02c@4 i : X - 4-MeCONHC@l4 o: X - I-NapMy 

b: X - 4-MeC&lq f :X-4-OHC& I :X- CPhCONHQtI4 p: x - P-Naphthyl 

c: x - 4--Mu3C&i4 g: X - CPtCH2OQjH4 m: X - QPhCH2OCONHQHq q: X - 2-Thlenyi 

d: X - 4-ClQH4 h:X- 4-NHm4 n:X- 4-Pyridyl r :X-3-Thlenyl 

Scheme 1 
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blocks of type 2 with X = OBn,sa alkyl,sb. C alkenyl,~ alkoxymethyl,sd and N02.30 As far as 

aromatic derivatives 1 (X = Ar) are concerned, enzymatic studies have been performed only for 

X = Ph.% using purified immobilized PPL, although aromatic building blocks of type 2 are not 

commercially available while many natural products containing a chiral arylidene moiety are 

known. Furthermore, substituted aromatic rings can undergo suitable manipulations to afford new 

chiral C-units. 

Continuing our studies on the use of enzymes in organic synthesis,sd we have investigated 

the enzyme catalyzed hydrolysis of a series of P-aryl substituted 1,3propanedid diacetates 1 a-r 

to optically active monoacetates (Scheme 1). This research was aimed both at obtaining suitable 

optically active units to be used in the synthesis of valuable targets and at collecting information on 

the effect of structural (electronic and steric) changes in the substrate on enzyme 

enantioselectivity.4 

Substrates 1 a-r were generalfy prepared as outlined in Scheme 2: diacetates 1 a-d, n-r 

were directly accessed to through acetylation of the corresponding diols 4a-d, n-r, in turn 

obtained by reduction of the corresponding diethyl malonates 3a-d, o-r (only for 4n a different 

synthetic pathway was followed: see Experimental). Diacetate If was obtained by deblocking the 

methyl ether functionality in 1 c. Nitration of 1 a gave 1 e, whose reduction gave 1 h. Diacetates 1 f 

and 1 h were used to obtain 1 g and 1 i-m respectively. 

COOEt OH 
I 8 0 b 

X”COOEt X&OH . 
3 4 

a) UAJH4 THF. b) A@, pyridim. 

Scheme 2 

Enzymatic hydrolyses were performed using three different enzymes (PPL, PLE, and CCL) in 

aqueous medium at constant pH and followed by titration with 1 N NaOH by means of a pH-stat 

apparatus. In order to obtain comparable data, runs were always stopped at 50°rb conversion, Data 

for enzymatic hydrolyses are reported in Table 1. In few cases, when PPL (entries 15, 18, and 20 

in Table 1) or CCL (entries 3, 12, 31, and 37 in Table 1) were used as catalyst, the hydrolysis 

stopped spontaneously before consuming 1 eq of NaOH. It is apparent that PPL is the enzyme of 

choice, as PLE generally showed very low enantioselectivity. while CCL only tolerated small 

variations in substrate structure; on the contrary, PPL accepted reasonably wide structural 

changes in the substrate, usually matched by high enantioselectivity and good reproducibility of 

behaviour, while PLE gave erratic resutts. Moreover, when using PLE or CCL, substantial amounts 

of diol 4 were usually formed, while PPL catalyzed hydrolyses almost spontaneously stopped at 

the monoacetate stage (it is well known that the rate of PPL catalyzed lipolysis follows the order: 

triglycerides > diglycerydes > monoglyceridesJ.8 
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Table 1. Enzymes catalyzed monohydrolysis of diacetates 1 

Intry Cpd time (h) yield* (WI alD ..b (WI 8b.m conf 
(c 1 - 2. CHCl3) 

PPL PPL PPL PPL 
PLE PLE PPL PLE PLE 

CCL CCL CCL CCL 
1 4.5 80 - 15.4.c 92 s 
2 la 1 63 12 R 

3 17d 54 24 s 

4 6 77 - 162’ 96 s 
5 lb 2 34 26 R 

6 15 49 46 s 
7 7 79 - 14.1” 92 s 

6 lc 2.3 57 26 R 
9 14 56 24 S 

10 4 67 - 11.6’ .96 e 
11 Id 3 35 12 0 
12 24d 44 52 0 

13 11 65 - 4.4’ 88 S 
14 le 3.2 20 14 S 

15 2ld.f 20 - 5.5 38 e 
16 11 2.3 42 22 a 
17 I P I e 

18 1 I aid 1 64 I - 10.9’ I 94 I a 
19 lg P 

20 3ld.h 23 - 8.6 50 S 
21 lh I 

22 g 
23 li 5 79 36 0 
24 g 

25 0 
26 II a 
27 9 

28 lm g 
29 72 34 0 20 a __ 

-I 

30 In 3 42 26 a 
31 33 4 0 0 

32 I,m 
33 lo 11 34 40 0 
34 g 

35 22( 30 - 11.8’ a96 S 
36 1P 8.5 5 6 R 
37 49d 44 14 S 

38 lq 2 67 -12.7” 88 e 
39 lr 3.5 78 - 19.5’ 90 e 

B Monoacetate isolated yields. b Determined by n.m.r. spectroscopy (CDCl3) in the presence of Eu(HFCI3. 

“aj365-59.6” (see ret. 3c). d Reactlon stopped spontaneously before consuming 1 eq of NaOH. e Not 

jetsrmined. ‘Addition of THF (THF : buffer 15 : 85) had a negligible effect. 9 No reaction was observed within a 10 h 
period. hDi-iso-propyl ether (I-Pr20 : buffer 15 : 85) was added to the reaction mixture before adding PPL. 

Monoacetate 2h was found to be unstable under the reaction conditions. I 360 mg PPUmmol diacetate were used. 
mExtremely slow reaction. 

Results obtained using PLE or CCL are too poorly significant to deserve any comment, while 

perusal of Table 1 indicates that using PPL a fair to excellent enantioselectivity was generally 

observed regardless of the nature of substituent in the aromatic ring. Only diacetates 1 f (entry 15) 

1 h (entry 20). and In (entry 29) gave low enantioselectivity, accompanied by longer reaction 

times and lower chemical yields: a reasonable explanation could be that substrates containing 

such ‘acidic’ or ‘basic’ groups bind in some alternative way to enzyme.6 thus causing a less 
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stereospecific hydrolysis. Only sparse reports have appeared on the influence of this type of 

functional groups in similar reactions. In the PLE catalyzed hydrolysis of me~o diesters, a reversal 

of enantioselectivity was observed depending on the protecting group of an amine function.7 On 

the contrary, a free hydroxyl grog seems to play just a minor role in PPL catalyzed hydrdysis of 

cyclopentanoid meso diacetatese while a notable inffuence of a free or protected hydroxyl group 

was reported in the achymotrypsin catalyzed hydrolysis of malonates.9 In our case, protection of 

hydroxy grow of If had a beneficial effect (entries 7, 18) while the amide-type protections of the 

amino grollp of 1 h (entries 22, 25, 28) seemed to inhibit the ester hydrolysis. No electronic effect 

is apparent from this series of substrates, having either an electronic ‘poor’ or ‘rich’ aromatic ring 

(x system) near to prochiral centre. Comparison of entries 1 and 4 with entries 32 and 35 suggests 

that a rate retarding steric effect is operating: a bicydic aromatic ring slows down the hydrolysis 

rate, especially when the second ring is ‘orfho’ fused (cfr. entries 35 and 32). In the case of 

diacetates 11 and 1 h addition of an organic cosolvent was tried, although with a modest success. 

As for enantioselectivity. it is worth noting that in all cases examined but one (1 e) the 

opposite configuration is obtained passing from PPL to PLE, as previously observed by other 

authors.to However, the enantiomeric excesses and the chemical yields obtained with PLE are 

much less satisfactory and therefore the en12 is better achieved from 2 (via PPL) by selective 

functional group manipulation. 11 In order to assess the absolute configuration of some 

representative monoacetates 2 and to exploit their synthetic handiness, we performed some 

suitable chemical transformations. Thus, 2a was transformed into (+)-(R) tropic acid’* through 

oxidation of hydroxyl group and basic hydrolysis of the acetate functionality (chemical and optical 

yields were not optimized); (-)-2e and (-)-2h were correlated each other through catalytic 

hydrogenation of the former, and to (-)-2a, via protection of the hydroxy group of 2a as 

benzyloxycarbonyl derivative, nitration, and successive catalytic hydrogenation: these chemical 

correlations indicate that 2a, 28, and 2h all possess the S configuration. On the other hand, 

monoacetates (-)-2b, (-)-2c. and (-)-2p were converted into the corresponding (+)-(R)-2- 

arylpropan-1-01s 5bqts 5c,l4 and 5p. l5 and then into the the corresponding (-)-(I?)-2- 

arylpropanoic acids 6brs 6c.17 and 6p, without appreciable racemisation, as outlined in 

Scheme 3. It is noteworthy that 2-arylpropanoic acids (and in some instances also 

2-arylpropanols) are known to be a valuabfe class of potent antiinflammatory drugs’s and enk5b, 

(-)-(S)-2-(4-methylphenyl)propan-l-01, has been recently used as precursor in the synthesis of 

(+)-acuparenone.lg 

OH 

a-c d 
OAc - OH - 

X X X x COOH 

(-Mb. c. p (+HFC6b. c. p WRMb. c. p 

a) 4-MeQjHqSO~I (TsCI). EQN. DMAP, CH$k. b) NaBH4, DMSO. c) 1 N NaOH. 

MeOH-THF. d) Jones’ oxidation (003 H2SO4. Me2CO). 

Scheme 3 
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Besides the before mentioned transformations, other exploitations of some herein reported 

chiral building blocks in the synthesis of biologically active targets are in progress in our 

laboratory. 

We wish to thank the Commission of the European Communities, the CNR and the Minister0 

della Pubblica lstruzione for financial support. 

EXPERIMENTAL 

General 
N.m.r. spectra were recorded as CDC13 or Cl&COCD3 solutions on a Varian FT 80 or Gemini 

200 spectrometer using tetramethylsilane (TM) as internal standard; chemical shifts (5) are in 

ppm, coupling constants (J) are in Hz. I.r. frequencies are reported in cm-‘. N.m.r. data for diethyl 

arylmalonates 3b-d, o-r are reported in Table 2, data for 2-arylpropane-1,3diols 4a-d, n-r in 

Table 3, data for 1,3-diacetoxy-2-arylpropanes 1 a-r in Table 4, and data for 2-aryl-3- 

acetoxypropan-1-01s 2a-i. n-r in Table 5; analytical and i.r. data for compounds 2a-i. n-r are 

reported in Table 6. 

‘Usual workup’ means that the given reaction mixture was extracted (EbO. CH2Cl2, or 

AcOEi), the organic layer was washed with brine and dried (NazS04). filtered, and evaporated to 

dryness under reduced pressure. 

Tetrahydrofuran (THF) was always freshly distilled from WPhzCO. CH2Cl2 and Et20 were 

distilled from CaH2. Dimethylsulfoxide (DMSO) was stored over 4 A molecular sieves. All reactions 

requiring dry conditions were run under an inert atmosphere (N2). 

Column chrornatographies were run following the method of ‘flash chrcmatography’.~ using 

230 - 400 mesh silica gel (Merck). 

Diethyl phenylmalonate 3 a was a commercial specimen: commercially available 

Table 2. N.m.r. dataa for diethyl arylmalonates 3b-d, o-r 

Cpd CH 2xCH2 CH3 

k 1 HI kb4 HI (tub 2 HI 

3b 4.70 4.26 (7.01 1.35 (7.0) 

3c 4.55 4.15-4.26 (m) 1.25 (7.1) 

3d 4.67 4.30 (7.0) 1.27 (7.0) 

30 5.56 4.37 (7.3) 1.30 (7.3) 

3p 4.80 4.32 (7.3) 1.27 (7.31 

3q 4.90 4.24 (7.1) 1.27 (7.1) 

3r 4.74 4.22 (7.1) 1.26 (7.1) 

l CCChTMS b J (Hz) in wmntheses 

ArH I Others 

(rn) 

I 

7.22 - 7.57 (4 H) 2.35 (1.3 H, MeAr) 

6.87-6.91 (2H).7.30-7.35(2H) 3BO(s,3H, MeO) 

7.47 (s, 4 Ii 1 

7.53 - 6.27 (7 l-0 

7.40 - 6.26 (7 HI 

6.92 - 7.34 (3 H) 

7.12 - 7.34 (3 H) 
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3-thienylmalonic acid was converted to diethyl ester 3r 21 through a conventional method 
(absolute EtCH, H$S04). Diethyl4-methyfphenylmalonate 3b,22 4-methoxyphenylmalonate 3c,23 

4-chlorophenylmalonate 3d.a 1-naphthylmalonate 30.23 and 2naphthylmalonate 3~2s were 

prepared starting from the the corresponding commercially available arylacetic acids via a 

conventional esterification and a crossed Claisen condensation with diethyl oxalate, followed by 

decarbonylation, according to a reported procedure.24 2-Thienylmalonate 3r25 was similarly 

prepared starting from commercially available ethyl 2-thienylacetate. 

Enzymes were purchased from Sigma (PPL, L3126; PLE, E3128; CCL, L1764) and used 

without further purification. 

4-Pyridylpropane-l$did 4n was prepared according to a reported procedure.26 

All compounds gave satisfactory spectroscopic and analytical data. 

Svnthesis of Parvbrmane- 13dids la-d. o-r, 

To a suspension of LiAIH4 (2.2 mmd) in dry Et20 (2 ml) a THF (2 ml) solution of diethyl 

arylmalonate 3a-d, o-r (1 mmol) was added at 0°C. Cooling bath was removed and reaction 

mixture stirred at room temperature for 15 min. Diluted HCI was carefully added to acidic pH; usual 

workup (Et20 and AcOEt) and chromatography (petroleum ether - AcCEt) afforded 2-arylpropane- 

1.3-diol 4a,27 4b. 4~2s 4d,a 40. 4p, 4q. and 4r (50 - 90% yield). 

Synthesis of 1.3-dia&cw 2 arv _ _ &manes la-d. n-r. 

To a solution of diol 4a-d, n-r (1 mmol) in dry Cl-&l2 (8 ml) at 0°C triethylamine (3.0 mmol). 

acetic anhydride (3.1 mmol), and a catalytic amount of 4dimethylaminopyridine (DMPA) were 

sequentially added. Cooling bath was removed and reaction mixture stirred at room temperature 

for lh. Saturated aqueous NaHCOs was added, and reaction mixture worked up as usual 

Table 3. N.m.r. dataa for 2-arylpropane-1 ,Sdiols 4a-d, n-r 

4r 3.22 (6.1) 3.96 (6.1) 6.97 - 7.37 (3 H) I 

acDcbTMs b J (Hz) In parsnthesss C In CqcoCg I 
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(CH2Cl2). Column chromatography (petroleum ether - AcCEt) afforded 1,3-diacetoxy-2- 

arylpropane la-d,n-o, q-r (oils), and lp (whiie solid) in 85 - 95% yield. 

Svnthesis of 1.3-o&etoxv-Z-14-nitroDheq&!u?pane le. 

90% Nitric acid (10 ml) was added to 1,3-diacetoxy-2-phenylpropane 1 a (1 mmol) at -20°C. 

After 20 min. reaction mixture was poured into a mixture of crushed ice and water. A precipitate 

formed and was collected by filtration. Column chromatography (petroleum ettrer - AcCEt 7 : 3) 

afforded pure 1 e as a white solid (68Orb), mp 49 - 50°C (after crystallization from AcCEt). 

Svnthesis of 1.3-diacetoxv-2-14-amin@hen_vltiane 1 h. 

A solution of 1 e (1 mmol) in absolute EtCH (7 ml) was hydrogenated at normal pressure in 

the presence of a catalytic amount of Pt@ or 10% P&C. After 2h, reaction mixture was fittered 

through a celite pad, washing with A&Et, the fittrate was concentrated under reduced pressure 

and the residue chrcmatographed (petroleum ether - AcCEt 3 : 7) to give 1 h as a white solid 

(92%). mp 73 - 75°C (after crystallization from AcCEt - petroleum ether). 

Svnthesis of 1.3-diaceto xy 2 (4-acet&dtienvl~ne li, _ - 

To 1 h (1 mmol) glacial acetic acid (0.5 ml) was added and the reaction mixture was refluxed 

for 3h. Solvent was removed under reduced pressure and the residue chromatographed 

(petroleum ether - AcOEt 7 : 3) to give li as a white solid (61%), mp 99 - 102°C (after 

crystallization from AcCEt - petroleum ether). 

&g~etoxv-2-14-benramidcoh&ooane II. 

To a mixture of 1 h (1 mmol) and pyridine (1 mmol) at O”C, benzoyl chloride (1.1 mmol) was 

added and reaction mixture was stirred for 15 min, then diluted with CH2Cl2, washed with 1 N HCI 

and 0.5 N NaOH, and brine: the organic phase was dried (Na$S04), filtered, and evaporated to 

dryness. Column chromatography (petroleum ether - AcOEt 1 : 1) of the residue afforded II as a 

white solid (94%) mp 123 - 124°C (after crystallization from AcCEt - petroleum ether). 

Svnthesis of 1.3-diacetoxv-2-114-benz_v~oxvcarbonv/amino~ohenvlkwoane im. 

To a mixture of 1 h (1 mmd) and pyridine (1 mmol) at 0°C benzyl chlorocarbonate (1.1 mmol) 

was added. After 15 min, reaction mixture was worked up as above described for the synthesis of 

II. Column chromatography (petroleum ether - AcOEt 1 : 1) afforded lm as a white solid (80%) 

mp 96 - 98°C (after crystallization from AcCEt). 

Svnthesis of 1.3-diacetow2-(4-hvdroxvohenv/Axooane If. 

To a solution of lc (1 mmol) in dry CH2Cl2 (6 ml) at -78°C 3 ml of a 1M solution of BBrs in 

hexane (3 mmol) were added and reaction mixture was stirred at -78°C for 30 min. the allowed to 

reach room temperature over a period of 20 min. Ethyl ether and water were added and reaction 

mixture was worked up as usual (Et&I). Column chromatography (petroleum ether - AcCEt 1 : 1) 

afforded 11 as an oil (85%). 
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Svnffwsis of 1.3d~acetvxv 2 _ _ I 4-be Bane la 

To a sdution of If (1 mmol) in dry acetone (3 ml), anhydrous K2CC3 (2 tmOl) and benzyl 

chloride (1.5 mnol) were sequentially added. Reaction mixture was stirred overnight at 25 - 30°C. 

then poured into water and worked up as usual (AtSEt). Column chromatography (petroleum 

ether - AcCEt 4 : 1) afforded lg as a whiie solii (79%). mp 40 - 42°C. 

General ex~etiment&Qwcsdur~ fw em h_vdrg&&% 

Diacetate 1 (1 mmol) was dispersed in 0.02 M phosphate buffer (pH 7, 12 ml), PPL (110 - 
120 mg) or PLE (120 ~1) or CCL (60 mg) was added, and the reaction mixture was stirred at room 

Table 4. N.m.r. dataa for 1,3-acetoxy-2-arylpropanes 1 a-r 

c I 

I =p* I 2x Mac0 

I I (%6H) 

I I lm 2.02 

CH 2 x CH@AC 

(mwapp (mwappd.b4H) 

qu1nt.b I H) 

3.25 - 3.83 4.23 - 4.54 

3.28 (6.6) 4.31 (6.6) 

3.20 - 3.33 4.30 (6.6) 

3.23 - 3.77 4.40 (6.6) 

3.40 - 3.53 4.26 - 4.47 

3.26 (6.6) 4.30 (6.6) 

3.20 - 3.34 4.30 (6.6) 

3.20 (6.6) 4.28 (6.6) 

3.29 (6.6) 4.30 (6.6) 

3.32 (6.6) 4.32 (6.61 

3.21 - 3.34 4.17 - 4.43 

3.34 (6.5) 4.27 - 4.42 

4.03 - 4.15 4.25 - 4.41 

3.49 (6.1) 4.42 (6.1) 

3.46 - 3.76 3.96 - 4.67 

1 3.27 - 3.60 4.32 (6.3) 

1 In parentheses. 

ArH 

(m) 

Others 

7.22 - 7.35 (5 HI 

7.14(bs,4H) 

6.85 - 7.19 (4 HI 

7.16 - 7.34 (4 H) 

234(s,3H,MeAr) 

3.80 (s, 3 H, MOO) 

7.41 - 7.46 (2 HI, 8.19 - 8.25 (2 HI 

6.76 - 6.83 (2 HI, 7.06 - 7.15 (2 HI 

6.93 - 6.97 (2 HI. 7.15 - 7.19 5.06 fs. 2 H. F’tCH2) 

(2 HI. 7.32 -7.43 (5 H) 

6.63 - 6.69 (2 HI, 7.00 - 7.07 (2 HI 

7.18 -7.22 (2 H). 7.54 - 7.49 (2 HI 2.18 (s. 3 H. MeCONH). 

7.22 (b s, 1 H, NH) 

7.23 - 7.27 (2 HL7.49 - 7.64 7.81 (bsl H.NH) 

( 5 H j.7.84 - 7.89 (2 HI 

7.16 - 7.42 (9 HI 5.09 - 5.32 (m. 2 H, 

PhC&), 

6.66 (b s. IH, NH) 

7.20 - 7.23 (2 HI. 8 58 - 8.61 (2 H) 

7.21 - 7.45 (4 Ii). 7.61 - 7.74 

(2 HI. 7.96 8.01 (1 HI - 1 

7.34 - 7.53 (3 HI. 7.69 (b s. 1 HI, 

I 7.79 - 7.85 (3 HI 

6.92 - 7.23 (3 H) 

6.98 - 7.35 (3 HI 
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Table 5. N..m.r. dataa for 3-acetoxy-2-arylpropan-1-01s 2a-i. n-r 

Cpd MSCO CH CH20H 

k3H) (morapp h2H) 

quint.b I H) 

a CCCb TMS b J (Hz) In parentheses 

CHgOAc 

(mm4w 

d,b 2 HI 

ArH 

(ml 

4.39 (6.2) 7.24 - 7.50 (5 HI 

4.35 - 4.39 7.04 - 7.29 (4 HI 

4.35 (6.3) 6.87 - 6.91 (2 HI, 7.17 - 7.21 (2 HI 

4.37 (6.51 7.18 - 7.35 (4 HI 

4.31 - 4.56 7.44 - 7.51 (2 HI, 6.19 - 8.26 (2 HI 

4.33 - 4.38 6.80 - 7.18 (4 HI 

4.28 - 4.39 6.94 - 6.99 (2 HI. 7.15 - 7.21 (2 HI. 

7.33 - 7.46 (5 H) 

4.25 - 4.40 6.63 - 6.70 (2 H), 7.01 - 7.09 (2 HI 

1 4.30 (6.7) 7.05-7.16(2H).7.37-7.48(2H) 

’ 4.37 (6.6) 7.13 - 7.23 (2 H), 8.37 - 8.45 (2 HI 

4.50 - 4.57 7.40 - 8.18 (m, 7 HI 

1 4.49 (6.5) 7.37 - 7.60 - (4 HI. 7.72 7.90 (2 HI 

8.10 -8.15 (1 HI 

I 4.32 - 4.49 6.96 - 7.04 (2 HI. 7.23 - 7.28 (1 HI 

,4.30-4&l 7X2-7.05tlH).7.14-7.15(1H). 

7.31 - 7.35 (1 HI 

Others 

2.34 ( s, 3 H, Me AI) 

3.80 (s, 3 H, Me 0) 

5.06 (s. 2 H. PhCH2) 

2.08 (s. 3 H. MS CONH). 

8.48 (bs, 1 H, NH) 

temperature while pH was kept constant by addition of 1 N NaOH by means of a pH-stat machine. 

After reaction either consumed 1 eq of NaOH or stopped consuming NaOH (see Text) the reaction 

mixture was worked up as usual (AcOEt); column chromatography (petroleum ether - AcCEt) gave 

the pure monoacetate 2. In PPL catalyzed reactions, except for entries 6, 7, and 8 of Table 1, 

yields of the recovered diacetate 1 were always less than 5%. while yields of diol were less than 

10% in all cases. When PLE or CCL were used as catalyst, substantial amounts (15 - 50%) of diol 

4 were usually formed. 

Optically rotatory power (alo) was determined as 1 - 2% CHCl3 solutions. Enantiomeric 

excess (ee) was determined by n.m.r. spectroscopy (CDC13) in the presence of tris[3- 

(heptafluoropropylhydroxymethylene)-d-camphorato]europium(lll) [Eu(hfc)31 (5 - 15 mg/mg of 2) 

using MeCOO signal as diagnostic peak. Blank experiments were run on racemic 2. 

Svnthesis of racemic 3-acetoxv-2-arvl~n- l-ols Za-h. m-r. 

Diacetate la-h, m-r (0.5 mmol) was dissolved in 12 ml of 10 : 1 THF - MeGH (v/v) at room 
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temperature and 2.5 ml of 0.1 N NaOH were added. After 2 - 10 min. diluted HCI was added to 

acidic pH and reaction mixture was worked up as usual (AcOEt). Column chromatography 

(petrolem ether - AcOEt) of the residue afforded pure racemic monoacetate 1 a-h, m-r. 

Svntbsis of I+HRHrooic acid 

(-)-3-Acetoxy-2-phenylpropan-l-01 (-)-2a (1 nrnol) was dissolved in 2 ml of acetone and 

treated at room temperature with a small excess (ca. 0.5 ml) of Jones’ reagent (2.5 M solution of 

H2CrOs in H2SO4 - H20). The oxidation was complete in few minutes. Reaction mixture was 

filtered through a celite pad, washing with AcOEt; the organic phase was separated, washed with 

H20, and extracted with 0.1 N NaOH; aqueous phase was acidified with 6 N HCI, and subjected to 

usual workup (AcCEt). 3-AcetoxyQ-phenylpropionic acid was obtained as a colourtess oil (83%). 

ab + 46.1” (c 1, CHCb), n.m.r. (CD$XCDs) 1.95 (s, 3 H, A&CO), 3.89 - 4.69 (m, 3 H. CH@k+ 

CH), 7.36 (bs. 5 H, PM, i.r. (neat) 1721,345O. 

(+)-3-Acetoxy-2-phenylpropionic acid (0.5 mmd) was dissolved in 10 ml of THF - MeOH (5 : 1 

v/v) and treated with 1.5 ml of 1 N NaOH. After 10 min, reaction mixture was acidified with diluted 

HCI and worked up as usual (AcOEt). Tropic acid (3-hydroxy-2-phenylpropionic acid)12 was 

obtained as a white solid (900/o), a]o + 45.1” (c 2, absolute EtOH), ee 68%, as checked by n.m.r. 

analysis of its Mosher’s esters (prepared using either (-)-(I?)- or (+)-(S)-alphamethoxy-alpha- 

trifluoromethylphenylacetylchloride). 

. . 
mesis of 1-)_fR)-Z-arvlmr_ganoK: aads 66. 6~. and t& 

Monoacetate 2 (1 mmol) was dissolved in dry CH2Cl2 (50 ml) at room temperature and 

triethylamine (3 mmol), p-toluenesulfonylchloride (3 mmol). and 4-dimethylaminopyridine (catalytic 

amount) were sequentially added. Reaction mixture was stirred at room temperature overnight, 

then saturated NH&l was added and usual workup was performed (CH2Cl2). Crude product was 

rapidly passed through a short silica gel column, eluting with petroleun ether - AcOEt 7 : 3, to give 

pure l-acetoxy-2-aryl-3-(4-methylphenylsulfonyloxy)propane (90-97%). This compound (0.7 

mmol) was dissolved in dry DMSO (30 ml) and NaBl-l4 (7 mmol) was added. The reaction mixture 
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was heated at 60°C for 4 h, then cooled to 0°C treated with saturated NH&I, and worked up as 

usual (EtzO). Column chromatography (petroleum ether - AcCEt 9 : 1) afforded l-acetoxy4- 

arylpropane (60 - 7OOrb). which (0.4 mmol) was dissolved in 6 ml of THF - MeOH 10 : 1 at room 

temperature and added with 0.4 ml of 1 N NaOH. After stirring overnight, saturated NH&I was 

added and the reaction mixture worked up as usual (AcOEt), to give pure (+)-2-arylpropawl-ols 

Sb. 5c. and 5p (quantitative yield). n.m.r. (CDCl$ 1.26 (d, J 7.4 Hz, 3 H. M&H), 2.36 (s, 3 H. 

Mdr), 2.84 - 3.01 (m, 1 H, CHMe). 3.64 - 3.72 (m, 2 H. C&), 7.15 (b s, 4 H. ArH) for 5b, 1.25 (d. 

J 7.1 Hz. 3 H, MsCH). 2.83 - 3.00 (m, 1 H, CH), 3.64 - 3.71 (m, 2 H, CHz), 3.80 (s. 3 H. MD). 

6.86 -6.91 (m,2H,ArH), 7.15-7.19(m.2H, ArMfor!& 1.38(d.J7.0Hz, 3H, MeCH). 3.05- 

3.22 (m. 1 H ,CH). 3.79 - 3.85 (m. 2 H, CH2). 7.37 - 7.52 (m. 3 H, ArH), 7.69 (b s. 1 H, AM). 

7.80 - 7.86 (m, 3 H. ArM for 5p. In the case of 5b, optical purity was confirmed by converting 5b 

into its Masher’s esters, using either (-)-(I?)- or (+)-(S)-a/pha-methoxy-a/pha-trifluoromethyl- 

phenylacetylchloride, and analyzing them by both 1H and 1% n.m.r. spectroscopy. 

(+)-2-Arylpropan-1-01s (0.4 mmol) were subjected to Jones’ oxidation as above described in 

the synthesis of tropic acid, to give (-)-2-arylpropanoic acids 6b, 6c, and 6p (50 - 60%). which 

were CmVetied into their methyl esters (CHzN2. EkO) and analyzed by n.m.r. spectroscopy in the 

Presence of Eu(hW3; n.m.r. (CDCls) 1.50 (d, J 7.1 Hz, 3 H. MeCH). 2.33 (s. 3 H, M&V), 3.71 (q. 

J 7.1 Hz. 1 H. CHMe). 7.12 - 7.24 (m, 4 H, ArH) for6b, 1.50 (d, J7.2 Hz, 3 H, MeCH), 3.70 (q. J 

7.2Hz.lH.C~e),3.80(~.3H,MsO).6.85-6.89(m.2H.ArH).7.23-7.27(m,2H.ArH)foc6~, 

1.61 (d J 7.2 Hz, 3 H. MsCH), 3.92 (q, J 7.2 Hz, 1 H, CHMe), 7.43 - 7.48 (m. 3 H, ArH). 7.76 - 7.84 

(m, 4 l-f. ArH) for 6~; ir. (CHC13) 1715. 3035for 6b, 1710, 3100 for 6c. 1712, 3150 for 6p. 

Svnthesis of f-)-&acetokv-P14-aminoDhenv/lDr~an- l-01 (-)-2h. 

A) startina frum 6)-%acetoxv-2-Dhenvkwwan- l-01 /-I-2a, 

Monoacetate (-)-2a (1 mmol) was dissolved in pyridine (4 ml) at 0°C and bentyl 

chloroformate (3 mmol) was added. Cooling bath was removed and. after 40 min, reaction mixture 

was evaporated to dryness under reduced pressure. Column chromatography (petroleum ether - 

AcCEt 9 : 1) of the residue gave l-acetoxy-3-benzyloxycarbonyloxyQ-phenylpropane (60%) as a 

colourless oil, ab - 2.8” (c 1, CHCl3). n.m.r. (CDCI3) 2.01 (s. 3H, M&O). 3.29 - 3.42 (m, 1 H, CH). 

4.33 - 4.44 (m. 4 H. CHflAc + CHfiCOOBn), 5.13 ( s. 2 H. PhCHfl). 7.20 - 7.36 (m, 10 H, 

2 x Ph). 

(-)-1-Acetoxy-S-benzyloxycarbonyloxy-2-phenylpropane (0.5 mmol) was treated at 0°C with 

90% nitric acid (3 ml). After 30 min. reaction mixture was poured into crushed ice - water, and then 

subjected to usual workup (EtzO). Column chromatography (petroleum ether - AcOEt 8 : 2) 

afforded l-acetoxy-3-(4-nitrobenzyloxycarbonyloxy)-2-(4-nitrophenyl)propane in 30% yield, along 

with a mixture of isomers (35%). ab - 5.3“ (c 0.4, CHCI3). n.m.r. (CDCl3) 2.03 (s, 3 H. MeCO), 

3.43-3.57(m, 1 H,CH).4.37-4.50(m.4H.CH$Xc+CH$XOOBn), 5.22(~.2H,ArCH;O).7.42 

- 7.54 (m. 4 H. ArM. 8.14 - 8.26 (m, 4 H. Arh). 

(-)-l-Acetoxy-3-(4-nitrobenryloxycarbonyloxy)-2-(4-nitrophenyl)propane (0.1 mmol) was 

dissolved in AcOEt (10 ml) and hydrogenated at normal pressure in the presence of a catalytic 

amount of 10% Pd/C. After 20 min. reaction mixture was filtered, evaporated to dryness, and 

chromatographed (petroleum ether - AcCEt 4 : 6) to give 1-acetoxy-2-(4-aminophenyl)propan-1-01 



2h (60%) ab - 4.0“ (C 1, CHCl3). 

B )Startinaenv __ _ -2_(+ni lean- l-o I 1-I-28. 

Monoacetate f-)-28 (1 mmol) was dissolved in AcDEt (30 ml) and hydrogenated at normal 

pressure in the presence of a catalytic amount of 10% Pd/C for 2 h. Reaction mixture was filtered 

and evaporated to dryness to give 2h (63%) ab - 16.0” (c 1, CHCi3). 
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