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Isolation of Racemic 2,4-Pentanediol and 2,5Hexanediol 
from Commercial Mixtures of Racemic and Meso Isomers 

by way of Cyclic Sulfites. 

GaCtan Caron and Romas J. Kazlauskas* 

AI&reck Enantitwrrcally purv dtols wtth Ct symmetry such ar 23.hutancdiol. I. 2.?-pentanediot, 2. and 25 
hexanedml. 3. are useful chimI auxihaties, hut they are cxpensrre bcwuse chennsts lath good sqothctrc rows that 
elimmatc both the meso~somcrand one cnanuomer I%ymic rcsohmons efficiedg scpwatc the cnantiomer. hut do not 
rcmovc the mcso NXWJ. To snnphf! cnrym~c rc~ohnmns of 2and 3, WE developed snnplc methods to isolatc tk mwmic 
isomrrfrvm commewal mlxtums of racemlc and mew rsomcrs 1+x2, the mew ~comc~ selectively reackxl wth StYI; 
tog~~eacyclrcsuI~~cthac was removed hycolu:llochn)matoera~y toleave(~)-2.92~~de. I _)g.55% yield. kr3. both 
mew and rawnrc isomcn reacted wtth SWiz to gwc qdic rullttes. hut the suIlitr derived from the mcso iscmcr 
reanangcd to rrorrs-2_~-dimclhylte~ahyd~furan rmder acidic corxhuons. IIydmlyss of the remaining sulk gaw (2). 

3. 8X- dc. 1. I g,37% >leId. Rcsoiution cf t+)-2 and (*)-3 usmg hpase from fkudotnoous rqwcla yielded (‘?K,JK)-2- 
dla~l;ltc,78nbce.~YIQde.ilo”boftha~~ar~d(2R,SR)-3-diaortare.‘W~cc.~971,de.~7~~~of thcwy I’rer\iouslyrepxted 
ucctylations of 2 and 3 by lipsc from Ca~rdrriu LIWUMIICU (&\I .) or hy hpasc from Psrudomonu~ sp. (Amnno lipasc AK;) 
.are more cnantiosclec~e .and thus. the bcsc I-UUIC to enmtromcncally and diastereommcally pure 2 and 3 is removal of 

the mso isomer by way of cyclic sulliws foll~wxl h? evolution wth CAL or Amum hpase AIi 

Organic chcmtsts USC enantlomcrically-pure dwls, cspcc~ally OH 

dwls with Cz-symmetr) such as 1-3, LLS chlrzl aux~har~cs.~ Sym- 

metrical dials arc bellwed to be mow enantiosclcct~ve than 

+ u ,yy 

uns~rnrnet~~~l dials kause symmetry eliminates cornpang IEM- 
OH 

QR,~Q~ (2R,4R)-2 (2R,& 
sttion states that mrght favor the othcrenanti(~mer.~ Euamplcs where 

chemws used I or 2 as chiral uurtliarxs Include: L.ews ricid-catalyled openrng of ac~talst3.~ p-climlnalion of 

acetals,-‘~.~clopropana~~on,~ Dick-Alder rcactions,6and Gngnard rcacttons.7 Dwls 1-3 havealsobeen converted 

to other chiral auxkuws such as dtcthcrs.” bks(phosphnlsncs).’ and dlammcs.t~) 

Synthctlcally useful routes to cnnntlomcncally ;md diastereomericnlly pure l-3 a*wd rwt only the other 

cnantiomcr, but also the meso isorncr. For example, asymmetric hqdrogcnatmn of U-pcntancdww usrng Ru- 

BIMP eataiyst gsw (R,R)-2 ~n~inated \vlth only 1% of the mew isomer. but h~dr(~Ecnati~)n of the 2,3- 

butancdionc xv* not useful bccausc u ga\ c (S,S)- 1 contantnotcd uith 16% of the mew isomer. 11 Current routes 

tobothenant~omericallyandd~astcrcon~er~callypurcd~olsI-3~ncludc: fcrmcntationofsugarstogivc(R,R)-I.’~.’~ 

chcmlcat sqnlhcsis of I from Jlcthyl tut~atc 111 l’l\c wqx (34% c,\erall yeld). 1-1 nwroblal reduction of the 2,4- 

pcntancdionc or ?.5-hcsancdlone to ~IVC CS,S)-2tj or (S,S)-31’J In >95’7r cc. selective alkylatton ofdcrlvatlccs 01 

1,3-propandlol or I A-butancdtol to gi! c 2 or 3, t7 and claswal resolutwnof 2 or 3 by frxtional crystakatwn 01 

di~~rc~)rncrl~ dctivatives. lx Another approach 103 was asymmetric h~dro~enati(~n of p-ketobutyate lollowed 

by dlrnerI~~tl(3n of the resultmg ~-h~dr~~~~but~ri~ acid by electrochemical widatlon (40-_50% ovenll ytcld).“h 

When hptsr-catalyzed reactions arc highly cnantio&xtive, they can scpamtc ail three stcreowmers rn a 

mixture of mcso and txcmtc tsomcrs. For cxamplc, Wallace e/ crl. scpanted the three stereoisomers of (x,(x’- 

dImethyl- I ,4-bcnzcnedimclhanol usrng an cnanhosclcctwe acct):latlon catalyzed by lipasc from I~.w~rk~wrras 
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c?/x~~‘in (PCL), cq I .2() This l1pa.w favorat the (R)-stercwcnter, so the (R.R)-isomer N’BS d~acctylalcd, thr (R,S)- 

Isomer \vas montucctylatcd. and Ihc (S.S)-iwmcr did not rcacl. 

Unlortuna~cly, 11puscs are usunlly not sufftctcntly cnantioselecttt c 10 scpa~a~ the three sIcrcowmcrs m 

d10ls 1-3 in il slnglc step. Only for 3 cc~rld cn;inrromcrrc;illy and ;ilmcwI dl;~sIrrcomcric;tlI) pure material k 

prcparcd ma sinplc rcsolulion slarlinp from the mlxturc of mccmic and mcso Isomers: (S,S)-3, >‘)c)q, cc, sr7% Jc; 

dlcstcr of (R,K)-3, >W’% cc, W’% de.21 In most cwx, lrpasescll rcrcnlly scpamlc Ihc cnanuomcrs Irom cacti other. 

but noI from Ihc mcso1somcr. Forcxamplc. Mattson r/t!/. rcportcd the rcsoluuon ~C;I commcrctal mIxIurcol’/trc.\o 

and (*)-2 using l~pase Irom C‘crt/diclrr otr/nrc?kn (CAL), cq ?.?-I ‘l‘hls reactron scpx~tcd Ihc rnanllomcr-s Irom cxh 

5 1% de 199% ee, 94% de 

other. but dud not scpamtc Ihc cnanhomcrs Irom the mcsow>mcr. Scpxxllon nl’cnantromcrs IS :I sequcnrlal kinetic 

resolution whcrc the IWO acylat~on htcps Iclnl’acc each olhcr and lncrcasc the ovcrull cnilllIiosclec.Ii\.11?..2’.22 

Scpamhon 01 the mew Isomer rclvzs on a slnglc step and IS Ihcrclore less sclect~\~e. 

A slmplc solullon IO Ihls mcso prohlcm IS 10 remove the mcso Isomer helix rcsoluuon. For cxamplc. wc 

rcsolvcd the pure rxcmak of 1 (a\~a~lablc from Aldrlch Chemical Co.) using a PCL-calalyxd acctylation ylcldlng 

both cnanuomcrs In &X+Z. cc. UnfortunateI!, pure racemates 01 2 and 3 arc not commcrclallg a\allablc. Guo E/ 

aI. Isolated lhc rilccmalc 0I 2 bl cr~sIalll/iilion from clher and ~csol\cd 11 wllh lipax flom I’.~.)el(~/OlNO)I(7.\ sp. 

(AmanoI1pascAK)~icld~ngIhcdics~crof(R.l7)-2~n>~~‘~~cc.~~~-’-’ Inour hands, ho\vc\ cr. (A)-2d1d noIcrysIalllx 

from commeranl mixtures of 2. 

In Ihls paper \vc report a simple ~wlat~on of (k)-2 and (YZ)-3 from commercial ml\;turcs of Ihc mcso and 

rxcmw wxlmers by rcacuon \rlIh SOCIz 10 lorm cychc SUI~IICS. t-or 2. Ihe qchc aull~~tc denwd I ram Ihc mcso 

I~O~CI formal mwc rapidly lea\ Ing unrcactcd (z)-2 w hlch was scparaIcd b> a shall srl~ca gel coltnnn. 92’X dc. 

55’7 of theory. For 3, both isomers formed u C$IC sull’~tc, but the cyclic sul1’1tc dcrlvcd I‘rom the mcso lsomcr 

decomposed more rap~dl>. The rcmalning sult’~tc XIS rcccxered and h;droly/.cd yicldlng (+)-3, 84% tic, 37’K 01 

Ihcoly. To ~csol\c (*j-Z and (2).3. NC uxd a PCL.-c&alyrcJ ncctyl~~t~rw bul Itus rcxuon \\a> INH a 

cnanhosclcct~vc as Ihc prcvlously rcporkd rcsoluhons with CAL_ or I~pase AK. 

RESULTS 

Isolation of (*)-2.j-per~fanediol, (A)-2. front a commercial mixture of NMSO and racemic isomers 
Althouphr~~e.ro-2and(~)-2scpar~1cdon’I‘LC(s~t~ca~cl, RC0.3X, mcso;O.?4. (+),cIhyl ether), 0usscpamIlon 

\\a.~ no1 satisfwkxy on a prcparau\‘c scale. Only Ihe fast-moving ttwso-2 NLIS ~solakxl In pure lixm. becrrusc 01 
tilling the raccmlc womcr \vas contamlnatcd with mew. 

More uscl~ul on a prcparatlvc scale N as a sclccllw rexlion of ~wso-2 u 101 Ihionyl chlorldc. In Ihc abscncc 

of bascor catalyst. !mrso-2 reackd wrth Itlion!, I chlorldc faster than (k)-2. cq 3. The abscncc of base was ImporLuil. 

In pyndlnc-dwsanc tvc found Ihal both dlrtstcrcomcrs rcackd L~I the same rate In agrccmcnl \vlIh ;L prcv~ot~s 

rclwwI.~J WC used this rcacuon to wpxuc 5 g of :I commcrcl:~l mi \Iurc <~I‘mcso and raccmlc Isomers. To wcco\‘cr 

Ihc dial, Ihc rcxtlon mlxturc wus filtcrcd through stlica gel cluung the cyclic sult‘~~c wl~h hcwnc-cthcr 1: 1, 

l’otlowcd byerhyl acctatc Iorlute (k)-2. I .4g,27.S% ycld:5S %ofIhcory; 92% dc by G(Y. As rupeckd, the ~solntcti 
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Ho( ,-fH Ho OH HO OH 0 
(3) 

(Q-2 
.O 

i meso- meso ‘$ 
0 

sulfite was enriched in sulfite derived from meso-2, 38% de. 

Ioofation of (+2,4-hrxanediol, @)-3&m a commercial mixture of meso and raeemic isomers 

Mew and (i)-3 have not been separdted previously. *e We first tried to separate the diastercomers by the 
same selective reactron with thionyl chlonde that was successful for 2. However, both diastereomers of 3 reacted 

rapidly to give cyclic sulfites, cq 4. Three sulfate stercoisomers were expected (rdcemic and two meso Isomers), 

HO OH 
(*)-3 

OS_0 t2HCI ti 0 

SO& d ‘(*)-d 

-+-Y--Y?-- 
HO OH 

mea@3 
o__S~o 

fast is,,,,, 
+2 Ha - 

6. ‘masol 
trans-5 

(4) 

but the TLC showed only two spok (Rr = 0.21, RI = 0.12, toluene). We Identified the slow-moving sulfite as the 

racemic isomer and the fast moving sulfite as one of the meso isomers. The slow-movtng sulfite showed separate 

resonance for the methine protons (5.14.4.32 ppm), consistent with the nonequivalent methine prtions in (+4 

Other cyclic sulfites also show large differences in chemical shifts for the axial and equatorial mcthine protons2’ 

To confirm thus assignment, thus sulfite was hydrolyired (I N *aOH, !XPC, 5 mm), a reaction known to proceed 

with retention of configuration at carbon,% to give (lt)-3.97% by CC. The fast moving sulfite showed a single 

resonance for the methine protons, consistent with a plane cf symmetry tn thts compound. Based on the postbon 

of this resonance (4.99 ppm), WC tcntativcly assigned the orientation of the methyl and oxygen as anti.” 

Over a pcnod of days, the meso sulfite. rnrso-4. reartanged to rranr-(&-2,Wimethyltetrahydrofuran 

(mcthmc H: 4.13 ppm; 47% yield), vans-5, whtlc the raccmic sulfttc, (i>4. rcarrangcd more slowly to k-2.5 
dimethyltetrdhydrofutan (methinc H: 3.93 ppm; 7.3% yield), c-is-5 Monitoring these resonances rclaltvc to an 

internal standard showed that the meso- did not cpimcn7e to (&)-4. The tctrahydrofurans were distilled from the 

reaction mixture and their structures were confirmed by compartson of the *H-and t3C-NMR spectra and GUMS 

data wtth an authcnttc sample vf 5 containmg both isomers. Further, gas chromatography using a chiral stationary 

phase (Chiraldcx G-TA) separated (d-5 into its two enantiomers, whrle nreso-5 eluted as a single peak. 
This selective rearrangement of the sulfites was used IO isolate (*)-3 from a commercial mixtureof (+3 and 

tneso-3. The commerctal mixture (5.9 8) was reacted with thtonyl chloride lo prepare the sulfites and allowed to 
stir for 4 d at room temperature to allow tneso-4 to decompose. This mrxturc was treated with aqueous base to 

hydrolye the rematnmg sulftte and (*)-3 was Isolated by column chromatography: 1. I g, S4%dc. IQ% yield, 37% 

of theory. 

Sequenhl Kinetic Resoluhbn of (k)-2 and O-3 

We screened three lipases as catalysts for the enanttoselecttve acetylatron of (*)-2 and (k)-3 with vinyl 

acetate: lipase from Pseudomonas cepacin (PCL), porcine pancreatic lipase (PPL), and lipasc from Condido 
rugosa (CRL), cq 2 aboveTable I. For each reaction, the rclattve yields and the enantiomenc purities of the dial, 

monoacctate and dtacetate were monitored simultaneously by gas chromatography using a chiral stationary phase 

(Chiraldex G-TA). 
To compare single step ktnctic resolutions, researchers compare the cnantlosclectivities of the reacttons as 
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Table 1. Sequential Kinetic Resolution of (*)-2 and (+)-3 by Lipase-Catalyzed Acetylation wtth 

Vinyl Acetate.” 

remaining diol monoacctatc diacetatc 

convc time yield Up yield e& yield eed 

substrate lipas& (8) (d) (%J) (S) (S) (S) (S) (S) 

(*)-2 PCL 60.0 IO 0 nde 79.9 14.4 S 20. I 78.2 R 

(*)-2 PPL 36.2 I5 33.3 62.5 S 61.0 52.Y ?? 5.7 78.5 R 

(*)-2 CRL 33.8 15 33.9 37.5 R 64.6 61.0 S 1.5 0 

(H-3 PCL s1.5 9 2O.ti 72.5 S 55 8 1.3 s 23.6 93.9 R 

(*)-3 PPI ~ 36.7 8 36.6 27.3 S 53.4 0 10.0 928 R 

(*)-3 CRL 20.6 8 60.1 49. I R 38.6 80.0 S 1.3 47.4 s 

%pase (30 - SO mg) was suspended in a sotukx~ ofdiol (26 - ttK~ mg) in vinyl acelate (I ml.) and stirred a1 room 
krutxm~urr. Amounts ad cruuw~ncric punties WCIC meaurcd by gau chmmatography Absulule cxmfiyuratious 
were determined hy mmpanwn nfophcat ml;ltions wirh liremfure valuer. see l?xperimenlal Section &I. = Epaw 
from Pwudomonrrr cepacu (Amano bpase PS). CM. : hpaw from Caodufa rugoso (S~gmma. prewous name was C. 
cyfrnrlratreo); PPI.= porcine pancrcnlic l+wc (Sigma). COvcmlt pcrccnr convcrsiol~ = perccnl yield of n~onoacctaIc/ 
2 + pcrccnt yxld of diaccwe dee :: cnanncmeric excess Cnd = not determined 

Table 2. Calculatd Enantioselectivitlcs and Relative Rate Constants for theTwo Steps in a Lipase- 

Catalyzed Acctylatlon of (i)-2 and (*)-3.O 

substrztc lipasc El E2 S ET(man~ 

(*)-2 PCL 1.7 8.0 6.9 7.3 

(*)-2 PPL s. I 2.0 1 I 5.6 

(*)-2 CRL 3.96 4.8 I6 1.1 

(*)-3 PCL 3.1 19 4.3 30 

(*)-3 PPL 1.7 22 3.8 19 

(*)-3 CRL 13.4b 3.7 s.0 2.3b 

OEt =cnantioselectiv~tyfor~~tabonof~~l.E~=cnantiosclcctivilyfora~~lati~~m~n~~te,Smucsurcstbe 
rctallvc ratc constauts of rbr IWO yrrp~ Tbe fink strp is favter wha S a I. lbwr valua WCIC calculated by tittinp lbc 
data in Table I and other data at lower conversions IO the equations for sequential kiaeoc resolu~ona in ~~~~IWICW 2 I 
and 22 trntess othenwse noted the bpases favored Ihe (K)-enanoomer The maxunum overatt enanhosetesnv~ry. 

F, ,_) occult when S = I, but s~grnficaa~ minforcemmt of the two steps occus whenever 10 > S > 0 I. b Reximn 
favors the S cnantiomcr. 

measured by the enanttomenc ratio, E. 3O To compare the overall enantiosclecttvity of sequential kinettc 

resolutions. researchers must calculate three quanttttes: E,. iI&, and S. The variables Et and E$ represent the 

enantltsclcctivitics of the first and srccmd s~cps, rcspecttvely, while S reprcwnts the spccificityc)f the cnlyme for 

the first and second substrate. S IIIC~_SUICS ht rc:lotive rate constants of the two stcps.3t WC c&ulatcd Et. I&, and 

S from the data In Table I by itcratlon usrng the equations of scqucntial rcsoluttons,“‘.22 Table 2. 

The most cnnnttosclectivc cnLymc, PCL, showed only modcrate enanttoselccttvrty toward the (R,R)- 

enantiomers of 2 and 3. The maximum overall enanttoselecttvity for the two steps was 7.3 for 2 and 30 for 3, but 

the actual overall enanttosclectivity IS a little less than this maximum The maximum reinforcement of the 

enantioselectivlty of the two steps oc‘curs when S = I, but substantral teinforcemcnt occurs whenever the rates arc 

within a factor of ten (10 > S > 0.1). For the resolution of 2 and 3 with FCL. S was 6.9 and 4.3. respectively, so 

the two steps rctnforce each other. but somewhat less than the maximum amount. Usrng PCL as the catalyst for 

resolutton, we obtarned (R,R)-2-dracctate In 78% ee, >Y7% de. and (K.R)-3-dtacctate In Y4% ec, >Y7% dc. This 
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resolution also removed the small amount of m-0 isomer. Prchminary results suggest that the enantioselectivity 

is higher when vinyl butyrtte is the acylating reagent 

While this work was in progress, Mattson ef ap reported that lipase from Can&la anfnrcrica (CAL) is a 

highly enantrtaclectivc catalyst for the rcsolutron of (+2and (*)-3. They reported isolated yields, rather than the 

actual compositton of the reaction mixture, so we could not calculate the enanttoselectivities and relative rate 

constants for the two steps from their data. Nevertheless, it is clear that CAL I\ much more enantioselectivc than 

PCL. Amano lipase AK also shows higher enantioselectivtty toward (+2.Z’.J1 

Thus, the best route to enantiomerically and dmstereomencally pure 2 is to remove the meso isomer by way 

of the sulfite ester and then to resolve the mcematc with CAL or Amano lipase AK. Enantiomerically-pure and 

almost diastereomericafly-pure 3 can be prepared by direct resolution of commercral samples of 3 with CAL. For 

higher dia.5tercomelic purity, we suggest that before resolution the meso diastercomer be removed by the sulfite 

method described in this paper. 

DISCUSSION 

We described a way to enrich a mtxture of tneso- and (+)-2 in the racemtc diastereomer by selectively 

convertingmeso-2 toitssulfitecsterusing thionyl chloride. We find thismethodsimplerandfasterthanpreviously 

reported methods to separate the diastcreomers. including crystallization at low tcmperature22~2 and fractional 

distillation of the sulfite esters.33 

The meso drastcreomer of 2 reacts faster than (*)-2 with thionyl chlonde probably because the resulting 

sulfite is more stable. The cyclic sulfuc of tneso-2 adopts a chair conformation with an axial SO group and 

equatorial methyl groups. On the other hand, the cyclic sulfite (i)-2 adopts the less stable twist-chair 

conformations to avoid a I,3 diaxial mteraction between the methyl group and the cxocyclicoxypen.3‘t Conststent 

with this suggestion, molecular mcchantcscalculations (MM+) showed that the sulfite from meso- is more stable 

by 2.2 kcal/mol. 

Wealsodescnbedaway toenrichamixtureofmeso-and(*)-3in thcracemrcdiastereomer. Thisenrichment 

is based on the more rapid decomposition of the cyclic sulfite derived from lneso-3 under acidic conditions. 

To rationalize why the cyclic sulfite dcrivcd from (9-3 reacts more slowly, we considered the likely 

mechamsm for the decomposition of the cyclic sulfites, Scheme I. This proposed mechanism is similar IO the 

- 

- A,L + Son + HCI 
from meso-3: RI = H; Ra = Me 
from (i)-3: R,=ble;Rz=H 

Scheme I.Possiblemechanismofdecompc*stionofc~clicsulfitesinactd.Thecycl~csulfitederivcd 

from (*)-3 reacts slower because it encounters a larger I ,3-diaxial mtcraction between RI and Hr. 

mechanism of chlondc-assisted hydrolysis of sulfite esters in acidic media.‘s Protonation at an alcohol oxygen, 

followed by displacement by chlonde gives the acyclic chlorosulfrte. 36 Rccyclization by nucleophilrc attack of 

the alcohol oxygen on carbon yields the tetrahydrofurdn and relcascs SO, and HCI. A molecular model of thts 

cyclization step shows that aligntng the attackmg hydroxyl group op&te to the leaving chlorosulftte group 

creates a 1,3-draxial interaction between H, and R,. In the sulfate derived from (+3, Rt = Me, so the reaction IS 

slower than in the sulfite derived from mneso-3, where R, = H. Fronza Ed al. proposed a similar mechanism for the 

cyclization of 1.4-dials to tetrahydrofurans mediated by triphenylphosphme and N-bromosuccinimide.‘7 
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EXPERIMENTAL SECTION 

Gtwurctl. All chemicals were purchased from Aldnch Chcmrcal Co. (M~lwaukcc. WI) unless o[hcr\vlsc 

noted. Silicagel supported on alumrnum (Whatman Ltd, MaIdstow, UK) was used for thin--1nycr chromatography. 

and silica gel (either TLC grade, BDH Chcmrcals or 70-230 mesh, AIdrIch) was also used Ior column 

chromakqzraphy. A capillary column \vlth a chiral stalionar-y phase (Chlraldc\ G-TA, 0.2.5 mm s 30 m I’rom 

Advanced Sepamtlon Tcchnologlcs Inc., Whippany. NJ) w&s used for anolyscs by gas chromtitogruphy. Enqmcs 

and en;rymca.ss;tys have lxcndescritwtl prcvlously: 3H The PC M(wlcl u,ftw;wc(vrrslc,n XXOIrom Scrrn;l Sol’1\v:w, 

Bltxmlng1on. Indiana) 1w.s used lix molecular mcchamcs calculauons. 

lsolaliort o/(*)-2,4-~~~tlI~i’recliol. (c)-2. ‘l‘h1onyl chlondc (2.7 mL, 37 mmol) wils added dmpw~sc o\cr 10 

mrn toanopcn llaskconkuninga I: I m~u~urcol1hemcsoandraccrn~cstcrco1somcrsol‘2(S.O~.~n~mc~l)d1~sol~cd 

~ndichloromcthanc( 110mL.)andctx>lcd to8Y. Altcraddluon \\uscompIc(c. thcI’lask~rascloscd~~~ithamo1s1urc 

[rap l~llcd with calcium chlondc and the so1utlon was stlrrcd Ior 30 min. No rcmarmng rw.to-2 could bc dclcctcd 

b> TLC AI 1h1s IIIIIC CR,- 0.38, clh>I clhcl). The solvent WM c\aporatcd undc~ \ilcuum and lhc IC~~UC \\a 

~hromato~raphcdonslllcupcl (30~). Thcsull’~tcclutcd wi1hc1hyl cthcrlhcvanc (I: 1.250mL); then thcdlcal clutcd 

wrth ethyl XCI;LIC (3(M) ml.). ~l‘hc clhyl XXI&Z lractrons ucrc c\aporz1cd yrcld1ng (2)-Z ;1s a colorless o11: I .4 g, 

55% 01‘ theory; 01% de by gas chromatography; ‘H NMR (XX) MH/., CIXl,j) b4. I?- (m. 9). 3.90 (s, 2). I.57 (I. ?. 

‘J = 6 Hz). 1.90 (d, 6, ‘J = 6 Hz). A sample of the sulfl1c (XX) mp), hqdroly/.cd to the drol (rcllux rn I mL 01’5 N 

NaOH for 10 mln) and c~lr-ac1cd in1~~ c1hyl c1hcr. contalncd mos1ly wcvo-2 (38’3, dc) according IO g:rs 

chromatography. 

I.tolrfiotrr~f(~)-2.5-heratr~~c/i~~l. (*)-3. Thmnyl chlondc (3.7 mL, 51 mmol) was addcJdrop\\ ISC o\ cr IOmln 
IO an open flask containing a 1: 1 m1\1urc of the mcso and racemlc stcrcolsc,mcrs of 3 (5.9 g, 50 mmol) d~ssol\ cd 

In chloroform (l(X) mL) at rcxw tcmpcraturc. After addition was cr,mplctc. the flask evils closed wr1h J molsturc 

Imp lillcd uith wlcium chlondeand the r;11m 01 isomers \v~s monl1orcd by 1H NMK (mclhlnc H; raccm~c sull11c: 

5. I4;mtl4.3~:mcsosulfi1c:4.99ppm) Al’tcr4dmoslolthcmcs~~sull~1~ch;~sbrcncon~rrlrd1o1hr~c1rah~~drc~l’ur.~n. 

The solvent was cvaporatcd under \ ~uum and 1hc rcsiduc was ~rclluwd in aqueous NaOl I(5 S, 35 mL. 115 mmol) 

for 1 h to hydroly/.e the sull11cs. The rcacuon mlxturc u’as cvapom1cd 10 dyncss and trlluralcd with 3 \ So mL 

of ethyl R~IXIC Thr ethyl :wct:llr por1mns \vcrccomhlnetl, conwntr:u~~l under wcuum and ~.hrc,rn;ll~lpl~rl,h~~l on 

SIIIC~ gcI clutinp twth a grudicnt ol’cthyl acc~alc (So to 100%) 111 hcxanc 10 pi\,c (i)-3 i~q J colorless 011: I. I g. 37% 

01 1hcory; 84’Z dc by gas chromalography. The ‘H-NMK ol Ihc punlicd mclterial \\:is idcnhwl lo the starting 

m1xIurc. 

C’olrvcr.~iort of (+)- (III</ mcso-4 10 CIS rr,td trans.5. Thionyl chlortdc (40 uL; 0.5S mmol) 1vu.v added b? 

syringe 10 a solulion of dlol 3 ( I .O mL. 0.S M; I: I ml\ture of mew and raccmlc) and dlownc (26 mM) 1n CDCIJ 

Bclixc addition, P 1 H-NMR speclrum showed a IO: IO: I I~IIO oT(+)-3 IO tw.\o-3 to J~o\ar~c. Al’wi 24 h al ,o(~I 

1cmpcraturc. rhc IH NMR .spcctrum showed a 6.93. I: 1 Intio of (+)-4 10 mcso-4 to dwwnc and a 0.7:4.7. I (is-5 
to lrcrtw5 lo diownc. Thus. 1hc lormalion ol /rclrr.r-5 caused the dccrcasc In r~rr.co-4 and no1 1hc cplmcn/;ltlon 01. 

/rrc.~o-4 l<, (*)-4. 

Cl~rrrrrc./eri~crfiorr O/CIS- crtrdlnms-5. Thlonyl chlondc was added toa 1: I mlxturc ofrrrc*.so- and (*) 3 in clhyl 

ether as nbovr and stirred liv 7 d a1 rcrjm Icmpcr;nurc. Thr solvent \\ as c\qor;uctl under reducrd prrssurc and 

dlstlllcd at atmosphcnc prcssurc al’lhrding 5 as a colorless oil (Field). ‘II N.MR (CDCl1 . XX) .MI I/.) “IaJ‘K: d 3.07 

(m.ZH). l.K3(m,4H), 1.28(m.41-1). 1.0~l(m,hH);m1nor:h3.74(m .2 H),13CC NMK (CLXI+ 75.3 MtH/.) mqor: 

li75.0.34.0.39.8, 2 1 I; minor: h 74. I ;pns~hromnrc,pnlph?‘(3(~‘C, Chlraldc\ G-TA) 3 peaks (6 35,5.9?, 5. I0m1n) 

in ;l 1.3 : 1.3 : 1 ratio corrcslwnd1ng to 1hc I!VO cnitnt1omcrs of tram-5 and ttrrso-5. An authcntlc sample 01. 1.5. 

dlmcth~lIctnhydrc)l‘ur~n showed idcnhcol 1H-NMR, lJC-NMR and GC, c~ccpt the raho 01. 1hc t\\‘o Isomers vus 

I: I 

l~~r~_v/rric-Krsolr~fioft o/(~)-Z.J-P~/rfrrrr~,~/j~~/, (r)-2. Thcdiol (*)-2(X mg:, O.?5mmol. 92% dc) !\ as d~ssolwd 

1n vinyl acclaatc ( 1 .O mL) and rhc cnzymc (PCL: 30 mg; PPL: _So mg; or CKL,: 30 “‘g) w’its added. ‘I‘hc mlllurc w:is 

st~~redatrtx~m lcmpcra1urc;rndrhcpr~xluc:~s~~crcan;~l~~ctionthcGCcolumn~~ 109V: 2-d1acc1u1~,6.87(R).7.31, 

2-montwcc1alc. 7.06,7.7_5 (R): 2.7.%,7.(%(R) mln The optical puntics and rclnh\ c v~clds 01‘2.2 monoacclatc 
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and Z-dlacetatc are reported in Table I. The absolute configuration of the preferred enantiomer was determmed 

by comparison of the rotation of an Isolated sample of 2 with the reported negative rotation for (R,K)-2.“9 

Enzymic Resoturion o/(i:)-2,5-He.mnediol, (t)-3. The dial 3 ( 100 mg, 0.85 mruol. 84% de) was dissolved 

in vinyl acetatc (10 mL) and the enzyme PCL (200 me) was added. The mixture w&q shrred at room tcmpcrature 

and the products were analyxd on the GC column at ‘;x)oc: 3-diacclatc. 25.75(R), 2 I .85;3-monoacetate, 32.7 (R), 

20.20; 3.2 I .M (R), 18.61 min. Acctylalmn of 2 (59 mg, 0.50 mmol) by PPL ( 100 mg) or CRL ( 100 mp) in vinyl 

acetate (4.0 mL) were carried out and analyzed in the same way. The optical punlics and relative yields of 3,3- 

monoacetate and 3-diacetate are reprted rn Table I. The absolute configuratmn of the preferred enantlomer was 

established by comparison of the rotalion of an Isolated sample of 3 with the reported negative rotahon for (R,R)- 

3.1% 
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