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Abstrset: A novel enzyme dehalogenating halohydrins, designated as halohydrin dehydo-dehalogenase 

(HDDase), was pnnhed from AIcaligenes sp. DS-S-7G. The enzyme catalyzed oxidative dehalogenation of 

(R).3_chloro-1,2-propanediol [monochlorohydrin (MCH)] to acetic acid and formaldehyde via hydroxyacetone 

stereoselectivcly by the addition of artificial electron accepts. The dehalogenating actwlty was much higher in 

the presence of 2.6-dlchlorophenolindophenol (DCIP) and pbenazme methosulfate (PMS). The resulting 

stereoselective dehydrwdehalogenation was applicable to preparationof various optically actwe balohydrins and 

1,2-dials so that the respective residual isomers had excellent enantiomenc excesses (ee) (60.99% ee). 

Introduction: Optically active I,Zdiols are very Important as chiral building blocks for syntheses of 

pharmaceuticals, agrwhemicals and natural products. Also, optically active halogenated alcohols such as 2,X 

dlchloro-1-propanol [dichlorohydrin (DCH)] and 3-chloro- 1,2-propanediol [moncchlorohydnn (MCH)] were 

useful compounds as precursors of optically active epichlorohydrln (1-3) and glycidol (4-6), respectively. 

Therefore many biological, enzymatic and chemical methods for preparing above compounds were reported (7- 

12). Recently, Sharpless et& reported the catalytic asymmetnc dihydroxylation of olefins. Tins method was 

based on mirror-image alkaladderivativcs serving as highly enantioseleclive ligands for the osmium tetraoxlde 

and was apphcabie to a wde range of olefimc substrates. The resultmg dlols were ohtamed m lugh yields (Ml- 

XI%) and with a variety of enantiomeric excesses (LX!) (6559% ee). Nevertheless, terminal olefins were not 

good substrates for these ligands so that ee of dlols prepared from the terminal olelins was below 90% ee level 

(13-16). 

More recently, we found a novel dehalogenating system of MCH and purified the enzymes involved in the 

reaction from AI&&LB sp. DS-S-7G (17, 18), which stereoselectively assimilates (R)-MCH from the 

racemate (5). The dehalogenahon of (R)-MCH was catalyzed by two enzymes (Enzyme 1 and Enzyme 2) in the 

presence of NAP as an electron acceptor so that (R)-MCH was oxidatively converted to acetic acid and formic 

acid with hbemtion of chloride ion (Equation [I]). On the other hand, Enzyme 1 alone had the dehydro- 

“p -4 [p] ~-y CH,COOH+HCOOH [II 

zNAD+ 2NADH N/0 NADH 

dehalogenatingactivity of (R)-MCH under the aerobic condition, but Enzyme 2 had no activity. However, m 

the presence of NAD+. the dehydro-dehalogenating activity by Enzyme 1 was 4.5 times higher with electron- 

tmnsportmg action of Enzyme 2 (17.18). Moreover. we investigated the effects of other electron acceptors for 

the dehalogenatlon of (R)-MCH by Enzyme 1. 2,6-Dichlorophenolmdophenol (DCIP) and phenazme 

methosulfate (PMS) were found to be utilized as electron acceptors instead of NAW so that the activitv was 
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increased to about one thousand-fold rate. From these results, we designated Enzyme 1 as a halohydrin 

dehydro-dehalogenase (HDDase). In addition, Enzyme I had broad substrate specificities for various 

halohydnns and I,%dials. 

In this paper we describe the effects of various electron acceptors, properbes of HDDasc and its 

stereoselective applications for prepanng optically active halohydrins and 1,&diols. 

Results and discussion 

Effects of various electron acceptors for helohydrin dehydro-dehalogenase (HDDase) The 

effects of various electron acceptors for (R)-MCH by HDDase wele examined. Enzyme 1 alone had the 

dehydro-dehalogenatmg achnty m the presence of NAD+ and 02 as an electron acceptor, of which values were 

estimated to be 3.5 mU mg-1 and 4.8 mU mg-l, respectively. Under the anaerobic condition (N2 atmosphere), 

no activity was observed. In the presence of DCIPas an electron acceptor, however, HDDase had high 

dehydro-dehaiogenatmg activity, which was about three hundred-fold m comparison with NAD+ as an electron 

acceptor. Moreover, the enzymatic reacuon rate was another three times higher when PMS was coupled as an 

intermediate electron carrier with DCIP. Other compounds such as methyl viologen, cytochr-nme C and 2-p 

mdophenyl-3-p-nitrophenyl-S-phenyl tetrazohum chloride (INT) were unsmtable for HDDase as electron 

acceptors. These facts suggested that mixture of PMS and DCIP may be most suitable electron acceptors for 

HDDase. Therefore, the achvity was assayed by coupling PMS as an nntlal electron acceptor m the presence of 

DCIP as a terminal electron acceptor. The effects of pH on the activity were examined using B&ton-Robinson 

buffer so that the optimal pH and stabihty of pH were estimated lo be pH 7.4 and pH 6.0-8.0, respectively. 

Also, the effects of metals and inhitntors for the activity were examined Thin dehydrrrdehalogenatmn for (R)- 

MCH was completely ~nlubitcd by existence of 1 mM Hg2+ and 5 mMp_chloromercuritenoic acid. 

Substrates speclficity of HDDase and its use in preparation of various optically active 

halohydrins and I,&diols Dehydro-dehalogenatmg activity of HDDase for various substrates such as 

halohydnns, 1.2.dials, alcohols and acids were examined (Table 1). This enzyme showed broad substrate 

specificltles for alcohols, but no1 for acids. Particularly, halohydnns such as (R)3-halogeno-1,2-propanediol 

and (S)-2,3-dihalogeno-1-propanol werecatalyzed with high dehydr-dehalogenatlngactivities. (R)-MCH, (S)- 

DCH and 1,3-dichlore2-propanol wcrc converted into acetic acid and formaldehyde, 3-chloro-proplonaldehydc 

and 3-chloro-proplomc acid, and monochloroacetone, respectively, with hberahon 01 chlonde Ion. 3-Chloro- l- 

propanol, however, was catalyzed with little dehydro-dehalogenating activity, indicating that structure with 

vi&al halogen atom and -OH group was essential for high substrate specificity of HDDase (Equations [II] and 

[III]). In the case of (R)-MCH, It was converted to hydroxyacetone under the aerobic condition, that IS, m the 

presence of 02 alone as an electron acceptor (17, 18). These results indicate that HDDase catalyze (R)-MCH to 

acehc acid and formaldehyde via hydroxyacetone m the presence of PMS and DCIP (Equation [IV]). Also, 1,2- 

diols such as 1,2-propanediol. l,Zbutanediol, 1,2-pentanedlol, 1,2-hexanedlol and 3-phenyl-1,2-propanediol 

were catalyzed with dehydmgenating activities so thatalkyl- and aromatic-1,2-propancdlols were converted unto 

the corresponding aldehydes and formic acid via the correspondmg 2-hydroxy-I-aldehydcs (Equation [VI). 

These results suggest that HDDsse may have dehydrogenatmg activity for non-halogenatcd alcohols, as well as 

for halogenatcd alcohols. On the other hand, this HDDase had high stereoselectivity for MCH and DCH. (R)- 

MCH and (S)-DCH were dehydro-dehalogenated, but not (S)-MCH and (R)-DCH, respectively. Propylene 

chlorohydrin, butylene chloruhydrin and B-phenyl-1,2-propanediol were dehydrogenatcd, but not wirh tngh 

stcrcoselectivity. 



A novel generation of optically active 1,2-diols 241 

Table 1. Substrate specificity for various compounds by HDDase 

Substrate Relativeactiwy 

(%) 

SUbstl-dte Relativeactivity 

(%) 

100 

c.5 

50 

cs 

57 

94 

19 

8 

C.5 

c5 

14 

65 

11 

0 

0 

0 

0 

0 

<5 

h4&tltld 

Ethanol 

n-Aopmol 

rer-Fmpallcll 

Ethylene glycd 

1,2-Fmpadid 

1 ,3Fbqmedid 

1 .Z-Bummliol 

Z,3-BUtX&Ol 

1,2-pentanediol 

1.2-Hcramdiol 

1,2-Dihydmy-3-bukne 

1,2-~ydmxy-5-bexene 

I-Phenyl-1.2-elhanedihanediol 

3-menyl-1.2~propanediol 

3-Fknoxy-l&qmedid 

Iaciate 

H~droxyacetoae 

Glycidd 

Glycerol 

Farmalaehydc 

Acetic&d 

45 

<5 

7 

<5 

11 

31 

C5 

36 

7 

32 

43 

16 

60 

8 

13 

<5 

<5 

48 

<s 

7 

6 

0 

The specific activ~ty for (R)-MCH corresponding to3.18 U rng-] was taken to ix 100%. 
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Cl 

.I* 4 )%I T CH,COOH + HCHO [IV] 

PM.7 F%E.H~ PMS PMSHl 

R 

foH -y R)/$o r RCHO+ HCOOH [VI 

PMS PMSHz OH PMS PMSH? 

R. Alkyl- or Aryl-group 

x: Cl or Br 

PMS Phenazine methodfate 

Table 2. Preparation of optically active halahydrins 

and 1,2-dials by enzymatic resolution 

Substmte * %ee Residual s!&tra:e (%) b’ 

1.2.Pmpanc&l 

1.2.11uL31)Ldid 

1.2.Pmtancdid 

12.HfSJUCdiOl 

1.2.Dihydmxy-3.bume 

1.2.Dihydmxy-5-h 

I-Fknyl-1.2cchau~ol 

3-Cblaro-l.2-pmpanedi0l 

3-&0m0-1.2-pmpanedi0l 

2.3.EichlOral-propanol 

23.Dibmmal-pmpaad 

HO 42 3 

97 5 (1, ) AX? 
982 (R) 50.2 

9R 2 (R) 3.0 

980 (8) 4Y.l 

98 3 (R) 40.1 

95.1 (R) 39.5 

9x5 (S) 50.2 

98.5 (S) 49.3 

99.0 (R) 462 

99.0 (R) 48.1 

a) Racemic forms were used as a substrates. 

b) At mittal time, each reactton solution mntined 0.2% 

(v/v) of substrate.. 

I ,24’cntaned~ol 

40 
0 I 2 3 4 5 6 7 

Time (hr) 

Fig. 1 Enzymatic resolution of serious 
halohydrins and 1,2-diols by HDDase 
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Production of generating optically active halohydrins and 1,Zdiols using Enzyme 1 were investigated. The 

results of enzymatic resolutions for various substrates tested were summarized in Table 2. Figure 1 shows 

degradation patterns for racemic MCH, DCP. 1.2-btttanedds and 1,2-pentanediol by HDDaae in the presence 

of PMS and DCIP as electron acceptors. The respective degradation reactions were stopped in 4 hr, at which 

ratios of restdual substrates were ahout 50% After isolation, syrups of MCH, DCP, 1,Zbutanedids and 1,2- 

pentanediol were given in the average yield of 42% and estimated to be 98.5% ee [(S)-form], 99.0% ee l(R)- 

form], 97.5% ee I(R)-form] and 9X.21 ee r(R)-rorm]. respeclively. As shown in Table 2, other obtamed 

isomers also had excellent optical purities except for 1,2-propanediol. respectively. 

In conclusion, HDDase had untque substrate specifinties and htgh stereoselectivities for halohydrins and 

I,2-dials. The facts suggest that the following stmctures [ I]- [ 31 are essentml for the high stereoselectlvlty of 

HDDase. First, structure [ 11 had -OH groups at Cl and C2 positions, that is, 1,2-dial. Second, when halogen 

existed at C3 posItion of the 1,Zdiol (structure [Z]), the activity was getting higher. Interestingly, dihalogeno 

alcohols such as 2=3-dihalogeno-I-propanol (structure 131) was cataly& with lugh sterecselcctivtty 

Ul VI [31 

although monohalogenated alcohols such as propylene chlorohydnn and butylene chlorohydtin could not be 

dehydr~debalogenated stereoselectively. With respect to biological preparation of alkane- ,2-dials, formerly, 

asymmetric reduction of I-hydroxy-Z-kctonca by baker’s y& have been rcsearchcd (19.20). Rcccntly, L& 

and WIntesides reported stereoselectlve reductton or l-hydroxy-2-propanone and I-hydmxy-Zbutanone to the 

corresponding (R)-1,2-d& by glycerol dehydmgenase from Enfembacteraemgenes and Celhlomonar sp. 

(20). These methods were based on asymmetric reductton of prcchiral compounds to clural ones, but not 

oxidation. This feature seems to be different from ours. Also, Preparation of (S)-1,2-dials from the 

corresponchng racemates by mteraction of NAD+-linked @)-specific alcohol dehydrogenme and NADPH- 

lmked (S)~speclficZ-keel-alcohol reductase wereknown (21). ‘l’hls enzyme-m&&ion system gave the (S)- 

I,2 diols in high yield (6@-X0%), however, was unable to apply for preparatton of opttcally active halogenated 

alcohols. From the pointi ol substrate specifiaty, HDDase was considered to be a new type of dehalogenase. 

In addttton we developed in preparation of highly optically active halohydnns and 1,2-dtols by usmg HDDase 

(Table 2). Now, mvcstigahon of dethlls between structures and funcnons of HDDase are in progress and will 

be published elsewhere III near future. 

Exparlmental 

Chemicals: Racemic 1-phenyl-1,2-propanediol, 1,2-dlhydroxy-3-buten, 1,2-dihydroxy-S-hexene and 3- 

phenoxy-1,2-propanediol were prepared from the corresponding epoxides In the presence of H2SO4 as a 

catalyst (22). Butylene chlomhydrin was prepared by the addition of HCI (23). (R)- and (S)-MCH, and (R)- 

and (S)-DCH were obtatned by oar ttucrobial rcsolutlon metho& (l-6). Other chemicals were purchased from 

Aldrich Chemicals Co., Inc.. 

Microorganism and enzymes: Akdigenes sp. DS-S-7G which grows on (R)-MCH as a source of 

carbon was isolated from so11 by enrichment culture (5). The cultivation for production of HDDase was carned 

out ut a M-ljar fermentor (Model KMJ-SOIMGU, Mitsuwa Rikagaku Co., Ltd., Osaka, Japan) wtth 35 I of a 

synthetic medium containing 1.5% (v/v) racentic MCH, 0.5% (w/v) (NH4)2SO4, 0.1% (w/v) K2HPD4, 0. I % 
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(w/v) Na2HWq12H20, 0.2% (w/v) NaH2PO&2H20, 0.05% (w/v) MgS04.7H20, 0.001% (w/v) 

FeS04.7H20, O.CCOl% (w/v) CuSO45H20 and O.COOl% (w/v) MnS0&5H20 (17. 18), The conditions 

were as follows: agltaQon, 320 rpm; aeration, 10 Umin; temperature, 30 oC; pH, controlled at pH 6.5 with 7M 

NaOH (5). 
Purification of HDDase was done with several column chromatographic methods (17, 18). Assay of 

HDDase was done in 3 ml of 20 mM phosphate buffer-2 mM MgSO4, pH 7.2, (PM-buffer) containing 0.1% 

(v/v) substrates, 250 pM electron acceptors and an appropriate amount of punfied HDDase. The activity was 

derermined by following the change in optical absorbance of various electron acceptors. When phenazme 

methosulfate (PMS) was used as an electron acceptor, the assay was coupled with anolher electron acceptor, 

whxh was used as a terminal one (24,2.5). The e values of electron acceptors were as follows: NAD+, 6.22 x 

ld molar-lan-l(340 nm); DCIP, 21.0 x 103 mo~arlan-1 (600 nm) (24); methyl viologcn, 11.8 x 16 molar- 

lcm-1 (600 mn) (26): cytochmme C, 19.1 x 103 molarlan-1 (5% nm) (27): INT, 19.3 x I$ molar-lgn-1 

(503 nm) (25). The one umt of enzyme activity was defined as the amount of enzyme which reduced 1 pmol of 

electron acceplors per mm 

Preparation of optically active halohydrins and 1,2-dials Preparative reaction was carried out m 

SO ml of 20 mM PM-buffer, pH 7.2, conlainmg 0.2% (v/v) various substrates. S-10 mg of HDDase and 533 

@I each of PMS and DCIP at 30 OC with vigorous agitation usmg a static stirrer. After the reaction, the 

mixture was centrifuged to remove precipitate, concentrated by evaporation, extracted urlth ethyl acetate and 

dned with anhydrous MgSO4. The solvent was removed by evaporahon and syrups of rcsldual halohydrms 

and l,Z-dials were obtained. 

Analytical measurements Assay of enzymatic reaction was done with a gas chromatogmph (Model GC- 

9A, Shimadzu, Kyoto, Japan) equipped with a PEG 2OM-HP (5%,6OBOmesh, CL Science Co., Ltd., Tokyo, 

Japan) column (3.2 mm m chameter and 1 m m length). The conditions of the gas chromatography were as 

follows: sample size, 1 fl; injection temperature, 240 OC; column temperature, 180 oC; carrier gas, mtrogen; 

flow rate, 50 ml min-l;detector, flameionization detector (FlD). 

IdentiTlcation of products by enzymatic reaction was done usmg a gas chromatogmph (Model GC-14A, 

Shimadzu, Kyoto, Japan) equipped with a caplllary column (25 m x 0.25 mm, CBPZO-MZS-025, Shimadzu, 

Kyoto, Japan). The analyhcal conditions were as follows: sample sxe. 1 ~1: injection temperature, 203 Oc, 

column temperature, 100 to 250°C at a rate of 10 OC min-1; carrier gas, mtrogen; flow rate, 1 ml min-l; split 

ratlo, 100: 1, detector, FlIJ. 

FC mass spectrometry (MS) was done using Ihe electron ionvatmn methcd. The instrument (Model JMS- 

AXSO5W, JEOL,Tokyo. Japan) withacapillary column (30 m X 0.25 mm. DBWAX. J & W Scicntlhc, CA, 

USA) was operated at an electron beam energy of 70 eV. The conditions were as follows: sample size, 1 ptl; 

inlecbon temperature, W3oC, column temperature, 40 Oc for 3 mm to 250 Oc followed by 10 Oc min-1; 

carrier gas, hehum gas; flow rate, 1 ml nun-l; spht ratlo, 60~1. 

Determinacmn of the ee and configuration for 1,2-dlols such as 1,2-propanediol, 1,2-butanediol, 1,2- 

pentanediol, 1,Zhexanedid. 1.2-dlhydroxy-3-butcn. 1.2-dihydrony-5-hexcne and 3-halogeno-1.2-propcdiol 

was done by gas chromatography analysis (Model G-3000, Htaclu, Tokyo, Japan) of the corresponding 

trlfluoroacetic derivatives. The conditions were as follows: sample size, 1 ~1 of ethanol solution; column, 

CHIRALDEXR-G-TA capillary column (0.25 mm in duuneter, 30 m in length, Astec Inc., NJ, USA); column 

temperature,7OoC; mJection and detector temperature, I M oC; detector, RD; carrier gav, nitrogen; split ratio, 

l:lOO. The retcnhon hme corresponding to (R)- and (S)-enantiomers of 1,2-propanediol, 1,2-butancdml. 1,2- 
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pentanediol, 1,2-hexanedml, 1,2-dlhydcoxy-3-butene and 1,2dihydmxy-S-hexene were 10.8 and 14.0 min, 

14.2 and 16.1 min. 223 and 2r1.4 min, 39.1 and 43.2 nun. 14.7 and 16.3 min and 39.8 and 43.8 min, 

respectively. In the case of 3-halogcno-1.2-propanediol, the cc was determined with gas chromatograph 

equipped with CHIRALDEXRA-PH capillary column (0.25 mm in diameter, 30 in m length, Astec Inc., NJ, 

USA) after conversion to glycidol with aqueous NaOH solution (5). The conditions were as follows: sample 

size, 1 pl of ~snpropannl solutton; column temperature, 45 oC; Injection and detector temperature, 1.50 oC; 

detector, FID; carrier gas, nitrogen; split ratio, 1: 100. The ee of 2,3-dihalogeno-1-propanol was determmed by 

the complexatlon gas chromatography after conversion to the corresponding 3-halogeno-1,2-epoxide with 

aqueous NaOH soluhon (2). The conditions were as fdlows: sample 6~7.e. 1 pl of hexane solution; column, 

capillary column coated with his3-(heptafluorobutyryl)-lR-camphorates of cobalt (11) m SE54 by dynamic 

method (0.25 mm in dmmeter, 30 m in length): column temperature, 40 oC: injection and detector temperature, 

1.50 Oc; detector, FID; carrier gas, nitrogen; split rho, I:M. For I-phenyl-1,2-ethanediol, the ee was 

determined by high performance hquld chromatography (HPLC) analysis usmg a Fhtachi HPLC system L-6ooo 

(Tokyo, Japan) (21). The conditions were BS follows column, Clural CEL OC (0.46 cm in diameter, 25 cm in 

length, Daicel Chemical Industries, Ltd., Tokyo, Japan); sample, 1 pl of ethanol solution: developmg solutmn, 

hexane/2qaupanol= 30: 1 (v/v); fluw r&e, 1 ml min.1; detection, UV at 235 nm; temperature, 25 oC. 
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