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Enzymatic Preparation of Homochiral2-(N-Carbobenzyloxppiperid-4-yl)-1,3- 
propanedlol Monoacetate. A Facile Entry to Both Enantiomers of 3- 

Hydroxymethylquinuclidine. 

Giuseppe Guanti,’ Luca Banfi, Stefano Brusco, Enrica Narisano 

Abstract’ Both ennnfwmcrs of monoacrtatc 1 have been prepared tn high ce by l~pase calalyzed 
monohydrolyw of the pro&n-al d~acetatc 3 and by monoxetylatlon of the corrcqn~ndmg d~ol 4.3- 
Hydrosytnerhylqulnuclldlne 2 HIS then synthwzed In both enanllomerlc terms wth an cc up to 
cW5, starting 1 ram (+)- 1 

Enantiomcrlcally pure molecules contamlng a mtrogen-hcterocyclc arc usct’ul units that can bc used as 

starting matewl tn the sythcsts of alkaloids and man) other Important biologically ac11vc 1argets.I 

UnfortunateI> lhew number IS rather hmtted and contmuous cffons arc currently made in order IO Improve the 

so called “hetcroccycle chual pool“. 1 

B~ocatalys~s IS a very powerful tool In orgamc synthesis for the high chcmo, rcgm and stcrcoselcct~vit~ 

oflcn exhibrtcd by many enzyme assrsted pnresses.” L~pascs have prowd to bc one of the most effective class 

of blologwl w1alys1~ bcmg easily a\arlable. lnespensrve and requlnng no col’actor Moreover. they acccpr a 

broad range of substntcs often still malntalmng high s1crcosclcc~~v~ty.3~~ 

As par1 oC our ongoing programme on the use of enzymes In the asymmetric synthesis of new choral 

butldtng blocks starting from proctnral substraws with twc~ cnantiotoplc groups,laA”-j we report here our 

results on the Ilpasc-ca1alyLcd prcparatwn of both enantlomers of 3-accloxy-3-( S-carbobenzylox>plperid4 

?I)-I-propanol l.6 a new plpcrldine ring contaming ctwal bulldlng block useful for many syn1hew 

applicahons. Afterwards, as a rlrst example of the usefulness and stereochemical vcrsaulity of 1, we report 

herem the synthcsls of both cnanttomcrs 01 3-hydroxymethylqulnuclidlnc 1, an mtermechate of considerable 

Interest for the synthesis of mcquirazme and other 3-substltutcd qumuchdme dewed drugs.7 
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1 PPL 55 47 4<> 51 
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4 AYL. x 35 45 ($1 
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monoacetatc ot’ oppostte cont’kguration to that derived from hydrolysrs of 3 was generally obtamed. However, 

whrle with PPI., SAM-II and KI. the came prtlchlnl hydr(~~ymethyi wx prefercntial~~ acelylated to give (+)- 

1, to the case oi‘ CAL (entry 10) the oppos~tc enanuomer (-)-I was predominant. The absolute configuratmn R 

was assigned to monoacetate (+)-1 by chemical corrclatlon with (+)-(R)-3-hydroxymethylquinuclidmc Into 

which (+)-I was convcrtcd as descrlbcd below. Thcsc facts lndicalc that, In the PPL catalyzed rcactlons of 3 

and 4, the pro-R CH20R of‘ the prochlral substrate (either JIOI and dlacctate) reacts preferentially: this result is 

m agreement with the empirical model of the active SW of PPL recently proposed by us.& 

It IS noteworthy that pushmg the convcrston to higher degrees an improvement of enan~i~)scic~tl~tty is 

gencrdlly observed. However, In the case of Lpasc SAM-II (entry 8 and 9) an increase of conversion degree 

brings about a drastic loss of ee. According to the collected data the besl comblnatlon of the various 

parameters seems to bc the one described m entry 4: using crude PPL purchased from SIGMA, employing 

vmyl acetate both as acylating agent and solvent, and a 1.5 wetght ratio cnzymelsubstratc, a chemical yield of 

52% wtth an excellent ec > Ox% was obtained when the reactton was stopped af‘lcr 23 h at 74% conversion. 

Having m our hands (+)-I in hrgh optrcal purtty. UC could start to examine some synthetic applications 

of this new chlrzl burldmg block As a l’rrst exploitation \ve report here the preparation of both enantfomers of 

3-hydroxymethyiquinuclid~ne 2 (Scheme 1). 

The synthcsls of (+)-2 was real~zcd transforming (+)-I (cc > 98%. entry 4 m Table 2) Into the 
corrcspondmg mesylatc 5 l’ollowcd by hydrolysis of the acetate (LIOH 111 2; 1 THFiHzO), hydrogcnolysls of 

Cbz group and heaung m acetomtrlle in the prcsencc of L1$0:3. 

From the same (R)-monoacetate (+)-I we synthesized (.)-(S)-2to cyclizmg 6, obtrtined by protection of 

the hydroxyl group 01 1 as ‘I‘HP, tollowed by hydrotysts of the acetate, mesyiati(~n of OH and removal of THP 

and Cbz groups. Of course this cnantiomer could be obtained more directly from t-)-l using the same process 

(route I) Just described for aclnevlng (+)-2 from (+)-I. However, since (-)-1 was obtained with lower ec,” we 

prel’errcd to follow the two steps longer route 2 

Formatton of Moshcr’s esters from the products (+)- and (-)-2 and ‘HNMR analysis of their 

dtastcreorsomeric compostttons allowed to cstabhsh that, whtlc the route 1 IS completely enantiospectric ((+)- 

2 could be obtained wrth ee > YW%), tn the cast of route 1 a slight raccmrzation occurred at the level of THP 

protection so that (-f-2 could be obtarncd f’rom (+)-1 wtth cc up to 93%. 

Other synthctlc apphcauons of this new chlral buildmg block are now m progress in our labontortes. 

WC wsh to thank C.N.R., Progetto Fmallrxato Chimica Fine, and M.U.R.S.T. for financial assIstancc. 
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Reaeents and conditions a) MsCi. Et3N. CH2CI2. -3O’C, 5’. h) ttOH, THFifQO 2!1, I t., 6 h. c) H2, PdK 10%. 

EtOWAdJH. r. t ; d) h2CO3. CH3CK. reflw, 2 h. 63% (4 steps): e) 3.4-dihydro-2H -pyran.p-TSA, CH2Cl2,o”C, 5’. r) LiOH. 

‘FHVI 120 2! 1. r. t.. 8 h. 95% (2 steps). g) p-‘fS\. &OH. r t . overnight; h) Li2CQ3. CH3CN. reflux, 2 h. Go% (4 step). 
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Preparalion 01’ 3 Irom 1hc commcrc~alt~ a\xllablc I-bcnzyt4-plpcrldonc: a) 9,~.dImethyl- l,3-dlosanc- 

l,h-dionc (Mctdrum’s acrd). p)ndlnc. I- I.. 4 h. Hc)G : b) HZ, P&C 10%. McOH, r. I., ovcrnlght, 92%; C) 

I ICI!!vkOtl, rcllu\;. I h; d) B/IO(:OCl, NaOH. H20, 0°C. 05’1 (:! q1cps); c) N.iBH_r. L~c‘l, EtOlH:THF, r. 

I , X3’% f) ;\c$). Er_jN. 13hfAP. c’t l&:lz. I 1.. 30’. (HI’? 

(‘Iudc PPI. (50 I J:mg 01 txw~lct. ~~c~I>III~II u\lng IIII\c. 011 &lb \I.indatll) ancl (‘CL (I’rom <.‘tr,/~fr~/ci 

ci/virrhwtvr 5(M) I Iimg 01 po\\~dcr) \\ crc pur(.h,1wci l101n Sigma Lifxiw SAM-I I (I ram /‘.~srrc~/~,,,~o,rtrs 

./lfforr.w~eff.s. 42 L::mg) !\‘a purchaxt I I-oiii I-luka. I .ipasc\ A man0 AY (Iron1 (‘r~mlrrlfr, 30 I linig) and 

i\mano r's (frOll1 I’seffr/offfofftr.\ c'c,/xfcicf : 30 Ll:mg) wci-c kindt) PI-(xi&d 10 us b) M~Lsub~sh~ llilll;~ CAL 

(IIPLW No\ o/.)m 43.5, from (,‘trfft/ic/cf cffffrrrc?icn: 7 U:mg) was kindly provided to us by Nova Nordisk. 

f’PL. on cctilc \vas prcpactl simply I~oph>l~s~ng a mlxturc of crude f’PI. and CCIIIC III pf] 7 phospha1e 

hut’ccr. xcordlng 1~1 lhc prtxcdurc rcporlcd in i-cl’ Sb. 
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