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Figure 1. Plot of yields w. ring size n for the cyclization of diethyl 
w-bromoalkylmalonates in Me2S0 a t  80 "C. 

24 h. This finding and the failure to obtain quantitative 
yield of cyclic product even in the common ring region 
suggests the reaction might involve side reactions other 
than polyrnerizati~n.~ Keeping in mind the difficulties 
one has to overcome to generate a carbanion and to have 
it survive long enough to give the desired reaction, we 
suspect that better results than those reported here can 
probably not be obtained in the formation of wholly sat- 
urated carbocycles via intramolecular nucleophilic sub- 
stitution. 

Yield data from the present work may be compared with 
those reported for other cyclization reactions via C-C bond 
formation.s A plot of yields vs. ring size for the cyclization 
of u-bromoalkyhalonates (Figure 1) has the familiar shape 
of the yield profiies for classical cyclization reactions, such 
as the Ruzicka, Thorpe-Ziegler, and Dieckmann reactions? 
It is worth noting that the minimum is located at  ring sizes 
9 to 11, which exactly corresponds to the maximum strain 
energy of cycloalkanes.6 Since the same rate of feed was 
used throughout the series, the yield data very likely reflect 
the relative ring-closure tendencies, thus providing addi- 
tional evidence as to the importance of strain on the ease 
of cyclization of bifunctional chain molecules. 

Experimental Section 
The diethyl u-bromoallqlmalonatea were prepared and purified 

as previously r e p o ~ t e d . ~ ~ J  The preparation of Br(CH2)&H- 
(CO,Et), also gave 1,l-bis(ethoxycarbony1)cyclohexane as a by- 
product, bp 100-104 OC (3 mmHg) [lit? bp 105-106 "C (5mmHg)l. 
A.R. grade Me2S0 (ERBA RPE) was purged with argon before 
use. 18-Crown-6 was from Aldrich. 

A Sage Instrument syringe pump Model 355 was used. 'H 
NMR spectra were taken from CCll solutions on a JEOL JNM- 
C60 HL spectrometer. Mass spectra were obtained on a AEX MS 
12 spectrometer. For GLC-MS analyses the latter instrument 
was matched to a Varian Aerograph Series 1400 gas chromato- 
graph. GLC analyses were performed by the internal standard 
method on a Hewlett-Packard Model 5830 A instrument, fitted 
with a 1.8-m OV-17 column operated in the range of 100 to 220 
OC, depending on molecular weight. 

Cyclization Procedure. All operations were carried out under 
pure nitrogen. The reaction was run in a 250-mL three-necked 

(5 )  Diethyl butylmalonate can be spectrophotometrically titrated with 
EtOK in Me80 owing to the strong absorption of its conjugate base (A- 
274 nm; c- 2.4 X 10' M-l (cm'). The absorption is not stable, but 
disappears with a half-life time of -16 min at room temperature. The 
fate of the carbanion is unknown. 

(6) Sicher, J. h o g .  Stereochern. 1962, 3, 202. 
(7) Galli, C.; Illuminati, G.; Mandolini, L.; Tamborra, P. J. Am. Chern. 

SOC. 1977,99, 2591. 
(8) Dox, A. W.; Yoder, L. J. Am. Chem. SOC. 1921,43, 1368. 
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flask containing a well-stirred solution of 18-crown-6 (2.2 mmol) 
in Me2S0 (200 mL) heated a t  80 "C. The reagents were added 
separately and simultaneously over a 3.5-h period by means to 
two identical motor-driven syringes. One syringe contained 2 
mmol of the proper wbromoallglmalonic eater in 30 mL of M@O 
and the other 2 mmol of KOH in 30 mL of MeaO-EtOH (93:7, 
v/v). After being stirred a t  80 "C for an additional 15 min, the 
mixture was cooled to room temperature, poured into ice-water 
containing Ba(NO&, and worked up with ether. A small portion 
of the ether solution was used for GLC analysis. The remaining 
part was evaporated and the residue was eluted with benzene/CCl, 
(1:l) on aluminum oxide 90 (Merck). The dimeric cycles were 
obtained upon further elution with benzene. 

All the isolated monomeric rings were further purified by 
sublimation or microdistillation in vacuo and found to be at least 
99.5% pure (GLC). They were characterized by elemental analysis 
data, and 'H NMR and mass spectra. Along with the expected 
molecullrr ion, all the compounds showed a strong peak at m / e  
173, possibly due to the fragment [CH,CH(C02Et),]+. The 9-, 
lo-, and 11-membered rings were detected and characterized by 
GLC-MS analysis. The dimeric rings showed 'H NMR spectra 
very similar to those of the monomeric isomers and mass spectra 
consistent with the assigned structures. 

Registry No. 1,l-Bis(ethoxycarbonyl)cyclohexane, 1139-13-5; 
1,l-bis(ethoxycarbonyl)cycloheptane, 6557-83-1; 1,l-bis(ethoxy- 
carbonyl)cyclooctane, 76999-11-6; 1,l-bis(ethoxycarbony1)cyclo- 
nonane, 76999-12-7; 1,l-bis(ethoxycarbonyl)cyclodecane, 76999-13-8; 
1,l-bis(ethoxycarbonyl)cycloundecane, 76999-14-9; 1,l-bis(ethoxy- 
carbonyl)cyclododecane, 76999-15-0; 1,l-bis(ethoxycarbony1)cyclo- 
tridecane, 37689-04-6; 1,l-bis(ethoxycarbonyl)cycloheptadecane, 
76999-16-1; 1,l-bis(ethoxycarbonyl)cycloheneicoaane, 76999-17-2; 
1,1,9,9-tetrakis(ethoxycarbonyl)cyclohexadecane, 76999-18-3; 
1,l ,lo, 10-tetrakis (ethoxycarbonyl)cyclooctadecane, 76999- 19-4; 
1,1,11,ll-tetrakis(ethoxycarbonyl)cycloeicosane, 76999-20-7; 
1,1,12,12-tetrakis(ethoxycarbonyl)cyclodocosane, 37689-02-4; 
1,1,13,13-tetrakis(ethoxycarbonyl)cyclotetracosane, 76999-21-8; 
1,1,14,14-tetrakis(ethoxycarbonyl)cyclohexacosane, 37689-00-2; Br- 
(CH2)sCH(C02Et)2, 1906-95-2; Br(CHz)&H(C02Et)2, 6557-85-3; 
Br(CH2)7CH(C0.J3t)2, 76999-22-9; Br(CH.j&H(CO&t),, 77011-21-3; 
Br(CH2)8CH(C02Et)2, 76999-23-0; Br(CH2)loCH(COzEt)2, 76999-24- 
1; Br(CH2)11CH(C02Et)2, 76999-25-2; Br(CHa)12CH(COzEt)2, 35295- 
45-5; Br(CH2)&H(C02Et),, 76999-26-3; Br(CHz)zoCH(COzEt)z, 
63099-18-3. 
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The stereoselective synthesis of epoxides is of current 
interest because of the large number of stereospecific re- 
actions undergone by epoxides.' There have been many 
attempts to prepare optically active epoxides via asym- 
metric oxidation using chiral p e r a ~ i d s , ~ - ~  chiral phase- 
transfer ~ a t a l y s t s , ~ ~ ~  and organometallic complexes with 
chiral Some of these procedures have been 
quite successful. Using chiral titanium complexes, 
Sharpless has epoxidized allyl alcohols in optical yields 
above 90%? Epoxidation of cY,@-unsaturated ketones with 
chiral catalysts has, however, not exceeded 55% enan- 
tiomeric excess (ee)? The preparation of nonfunctionalized 
chiral epoxides of high enantiomeric purity remains a 
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formidable t a ~ k , ~ , ~  usually requiring tedious resolution of 
appropriate precursors.loJ1 Only one case of direct reso- 
lution of a simple racemic epoxide has been recorded.12 

Microbial systems, on the other hand, exhibit a con- 
siderable degree of stereoselectivity due to the stereo- 
specificity of the enzymes involved. Thus, Corynebac- 
terium equi oxidizes 1-hexadecene to the corresponding 
optically pure (R)-epoxide.13 Similarly, the conversion of 
1,7-octadiene into (R)-7,8-epoxy-l-octene by the “0- 
hydroxylation” system of Pseudomonas oleovorans pro- 
ceeds with an optical yield greater than 80%.14 

Nevertheless, while efficient conversion has sometimes 
been observed,15 the total yield of epoxide per liter of 
culture has been very low, because the culture never con- 
tains more than 1% (v/v) alkene and because the epoxide 
formed enzymatically is isolated in very low yields or not 
a t  all.14J5 Such microbial systems have therefore not yet 
proven practical in the synthesis of optically pure epoxides. 

Since it is our aim to produce large amounts of chiral 
epoxide, we have made considerable efforts to optimize the 
conversion of 1-&ne to 1,2-epoxyoctane by P. oleovorans, 
as described elsewhere.16 This was achieved by ep- 
oxidation of 1-octene by P.  oleovorans in a two-phase 
system in which the substrate 1-octene itself was present 
in sufficient amounts (20-50% (v/v)) to serve as the second 
phase. In addition, in optimizing the P.  oleovorans bio- 
transformation system, we found that the bulk apolar 
phase causes considerable damage to the cell membranes, 
while the product (epoxide) reacts with cellular enzymes, 
both of which factors reduce and eventually abolish all 
enzymatic activity.16 To circumvent these problems, it is 
necessary to remove the damaged cells from the fermen- 
tation, and to add fresh cells to the apolar phase at regular 
intervals. In principle, this system, which shows some 
resemblance to the mixed two-phase system of Schwartz 
and McCoy,15 allows the practical production of chiral 
epoxides because first, substrate is never limiting, second, 
there are no side products which derive from the bulk 
phase (e.g., cyclohexanol may be formed in the experiments 
of Schwartz and McCoy15J7), third, enzyme and cell dam- 
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age are circumvented by cell renewal, and fourth, purifi- 
cation of the product requires the separation of epoxide 
from only one component, namely, 1-octene. 

In this paper we describe the isolation of (R)-l,Bep- 
oxyoctane produced in large amounts by P. oleovorans cella 
and show that this product has an enantiomeric purity of 
70%. 

Experimental Section 
General Methods. Hydrocarbon substrates were purchased 

from various sources and were of the highest grades commercially 
available. 

Infrared spectra were recorded on a Unicam SP-200 infrared 
spectrophotometer. A Varian XL-100 was used for the 100-MHz 
lH NMR spectra. Chemical shift values were expresaed as b @arts 
per million) values relative to a tetramethylsilane internal 
standard . 

Optical rotations were determined with a Perkin-Elmer 241 
polarimeter. P. oleouorans TF4-1L (ATCC 29347) was used 
throughout the experiments. This strain was a gift from Dr. C. 
J. McCoy (Corporate Research Laboratories, Ekxon Research and 
Engineering). P. oleouorans was grown in minimal P-1 medium 
as described previously.18 The carbon source was n-octane or 
1-octene as indicated. 

Epoxide assay. For quantitation of 1,2-epoxyoctane in the 
organic phase, a 20-pL sample was diluted 50-fold in n-hexane 
which contained 2-octanol(0.3 mg/mL) as an internal standard; 
this dilution was analyzed with gas chromatography as described 
by May and Abbott.lg 

A stainless-steel column was used (12 ft x l / g  in., packed with 
10% Carbowax 20M on SO/lOO Chromosorb W). The column 
temperature was maintained isothermally at 130 “C, and the 
carrier gas flow was 30 mL of helium/min. All determinations 
were performed in duplicate. 

Syntheses. 1,2-Epoxyoctane was synthesized from m- 
chloroperbenzoic acid and 1-octene as described previ~usly.’~ 

Enzymatic Synthesis of 1,2-Epoxyoctane (2). Two 5-L 
flasks, each containing lo00 mL of P-1 medium18 and 250 mL of 
1-&ne were inoculated with octane-grown cells of P. oleouorans 
and were incubated at 30 “C on a rotary shaker at 250 rpm. After 
70 h the cultures were centrifuged (1Oo00g, 30 min) a t  0 “C, and 
the &ne layers were separated from the water layers. The &ne 
layers were transferred to two fresh cultures of lo00 mL inoculated 
with octane-grown cells. After being shaken for 70 h at  30 “C, 
the cultures were treated in the same way as mentioned above. 
The organic layers were collected and centrifuged again (18OOOg, 
30 min) to remove remaining water. During growth the cells 
produced a white polymeric substance, which was responsible for 
the fact that a lot of water (about 200 mL) remained “solvated” 
in the organic phase. 

The octene layer was dried (Na2S04), and the 1-octene was 
evaporated under diminished pressure. The distillate, which 
contained 1-octene and 1,2-epoxyoctane was saved to be used in 
later syntheses. 

The crude product was purified by distillation under diminished 
pressure to give 5.6 g (1.4%) of 1,2-epoxyoctane, bp 60-61 “C (15 
mmHg). 

1,2-Epoxyoctane was further purified by preparative gas 
chromatography using the same column and conditions as de- 
scribed under Epoxide Assay. The product showed [(uI2lD +9.3” 

(1) House, H. 0. “Modern Synthetic Reactions”; W. A. Benjamin: 

(2) Morrison, J. D.; Mosher, H. S. “Asymmetric Organic Reactions”; 

(3) Scott, J. W.; Valentine, D., Jr. Science 1974, 184, 943-952. 
(4) Pirkle, W. H.; Rinaldi, P. L. J. Org. Chem. 1977,42, 2080-2082. 
(5) Helder, R.; Hummelen, J. C.; Laane, R. W.; Wiering, J. S.; Wyn- 

(6) Wynberg, H.; Greydanua, B. J. Chem. SOC., Chem. Commun. 1978, 

(7) Yamada, S.; Mashiko, T.; Terashima, S. J. Am. Chem. SOC. 1977, 

(8) Michaelson, R. C.; Palermo, R. E.; Sharpless, K. B. J. Am. Chem. 

Menlo Park, CA, 1972. 

Prentice Hall: New York, 1971. 

berg, H. Tetrahedron Lett. 1976,21, 1831-1834. 

427-428. 

99, 1988-1990. 

SOC. 1977,99, 199C-1992. 
(9) Kabuki, T.; Sharpless, K. B. J. Am. Chem. SOC. 1980, 102, 

5974-5976. 
(10) Pirkle, W. H.; Rinaldi, P. L. J. Org. Chem. 1978,43,3803-3807. 
(11) Hill, R. K. J. Am. Chem. SOC. 1958,80, 1611-1613. 
(12) Golding, B. T.; Sellars, P. J.; Wong, A. K. J. Chem. Soc., Chem. 

Commun. 1977,570-571. 
(13) Ohta, H.; Tetsukawa, H. J. Chem. Soc., Chem. Commun. 1978, 

(14) May, S. W.; Schwartz, R. D. J. Am. Chem. SOC. 1976, 96, 

(15) Schwartz, R. D.; McCoy, C. J. Appl. Enuiron. Microbiol. 1977,34, 

(16) de Smet, M. J.; Wynberg, H.; Witholt, B., submitted for publi- 

(17) McKenna, E. J.; Coon, M. J. J.  Biol. Chem. 1970,245,3882-3889. 

849-850. 

4031-4032. 

47-49. 

cation. 

(c 3.1, EtOH). 
IR and ‘H NMR data were identical with those of chemically 

synthesized 1,2-epoxyoctane. 
1-Methoxy-2-octanol. A small amount of sodium was added 

to 120 mL of dry methanol. After the reaction of the sodium was 
complete 4.8 g (38 mmol) of 1,2-epoxyoctane was added, and the 
mixture was refluxed for 7 h. After evaporation of the methanol 
the residue was filtered to remove the sodium methoxide; the 
fiitrand was rinsed with n-hexane. The n-hexane was evaporated 
and the crude product was purified by distillation under dimin- 
ished pressure, yielding 5.5 g (92%) of 1-methoxy-2-octanol; bp 
97-98 “C (17 mmHg). 

(18) Schwartz, R. D. Appl. Microbiol. 1973, 25, 574-577. 
(19) May, S. W.; Abbott, B. J. J. Biol. Chem. 1973, 248, 1725-1730. 
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IR and 'H NMR data were identical with those reported in the 
literature.m 
(R)-l-Methoxy-2-octanol(3). The same procedure as above 

was applied, except that enzymatically produced 1,2-epoxyoctane 
was used to give (R)-l-methoxy-2-octanol: bp 124.5-126.5 O C  

(36-40 mmHg); [ a I m ~  +5.8' (neat). 
Tris[3-(trifluoroacetyl)-d-camphorato]europium(III). 

This compound was prepared from 3-bromo-d-camphor and ethyl 
trifluoroacetate as described previously.21pn 

Determination of the Enantiomeric Excess of 1,2-Ep- 
oxyoctane. Optical purity determinations were carried out by 
using the chiral shift reagent tris[3-(trifluoroacetyl)-d-~ampho- 
rato'Jeuropium(II1) as described previo~ly.'~ At a concentration 
ratio of 0.3 mol of theshift reagent/mol of racemic l-methoxy- 
2-octanol in CC14 the 'H NMR peak due to the methoxygroup 
was split into two peaks at 6 5.09 and 5.00. 

All determinations were performed in triplicate. 

Results 
Enzymatic Synthesis and Isolation of 1,2-Epoxy- 

octane. Because preliminary experimenW showed that 
P. oleovorans produces 1,2-epoxyoctane in high yields 
when it is grown on high concentrations of 1-octene, this 
microorganism was grown in a culture which contained 
20% (v/v) 1-octene. After incubation for 70 h at  30 "C 
the octene layer contained 15 mg/mL of 1,2-epoxyoctane. 
To raise the epoxide concentration, we transferred the 
organic layer to a fresh culture of P. oleovorans, which 
resulted in an epoxide concentration of 32 mg/mL in this 
phase and in a total yield of 12.4 g of 1,2-epoxyoctane. 
After isolation and purification, 5.6 g of nearly chemically 
pure of (95 % , GLC) epoxide was obtained. 

The remaining 1,2-epoxyoctane was lost during evapo- 
ration of the 1-octene, probably as a consequence of 
azeotropy; the distillate, which contained a low concen- 
tration of the epoxide might be used in a next enzymatic 
synthesis, because no other compounds could be detected 
by GLC. No effort was made to optimize the distillation 
procedure. 

For accurate optical rotation rneasurementa the product 
was further purified by preparative gas chromatography. 
However, under the conditions indicated in the Experi- 
mental Section it appeared that the purified 1,a-epoxy- 
octane contained about 10% n-octanal (4) as shown by 
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NMR and by comparison of the GLC retention time with 
that of an authentic specimen. Lowerinp the temperature 
of both the injection port and the detector by 30 "C re- 
~ ~~ 

(20) Beard, C. D.; Craig, J. C.; Solomon, M. D. J. Am. Chem. SOC. 1976, 

(21) Schur/g, V. Inorg. Chem. 1972, 11, 736-738. 
(22) Schurig, V. Tetrahedron Lett. 1972, 3297-3300. 
(23) Temperature of injection port was 210 "C and that of the detector 

96, 7944-7949. 

250 "C. 

sulted in a decrease of the amount of n-octanal to about 
2%. 

Determination of the Optical Purity. The purified 
epoxide showed [.]''D +9.3' (c 3.1, EtOH). By compw 
ison, Hill1' has reported an [.Iz1D value of +14.5" (c 3.6, 
EtOH) for chemically synthesized (R)-l,2-epoxyoctane, the 
optical rotation and absolute configuration of which have 
been correlated.ll3 Thus, P. oleovorana stereoselectivity 
epoxidizes 1-oetene to give preferentially (R)-l,a-epoxy- 
octane. 

The optical purity of the enzymatic product was de- 
termined by NMR with the chiral shift reagent tris[3- 
(trifluoroacety1)-d-camphorato]europium(III). In order to 
accurately integrate the NMR signals corresponding to the 
two enantiomeric forms of 1,2-epoxyoctane, the epoxide 
was converted into l-methoxy-2-octanol.26 

In the case of the chemically synthesized epoxide the 
'H NMR peak due to the methoxy group of l-methoxy- 
2-octanol was split into two peaks of equal intensity a t  6 
5.09 and 5.00, whereas in the case of the enzymatic product 
the ratio of the integrated intensity of the peak a t  6 5.00 
to that of the 6 5.09 peak was 8.501.50. 

On the basis of three such experiments the optical purity 
of the 1,2-epoxyoctane produced by P. oleovorana was 
found to be 70 f 2%. 

This result is in accord with the finding of May et aI.% 
that the epoxidation of l,7-octadiene by P. oleovorans 
resulted preferentially in (R)-7,8-epoxy-l-octene with an 
optical purity of 84%. 

Control Experiments for Epoxide Product Isomer- 
ization or Stereospecific Degradation by Enzymes 
Other Than the "o-Hydroxylation" System. First, it 
might be postulated that the "w-hydroxylation" system of 
P. oleovorans produces optically pure (R)-1,2-epoxyoctane 
but that the occurrence of enzymatic or nonenzymatic 
isomerization processes is responsible for the 70% enan- 
tiomeric excess of (R)-1,2-epoxyoctane. 

If this were the case, the specific rotation of the enzy- 
matic product might not be constant during the ep- 
oxidation of 1-octene by P. oleovorana. 

The time course of the specific rotation of 1,Bepoxy- 
octane produced by P. oleovorans was followed during 
growth in a culture which contained 20% (v/v) 1-octene. 
The results (Figure 1) clearly show that the specific rota- 
tion of the enzymatic product is constant during ep- 
oxidation of 1-octene. 

Second, the possibility may exist that the "w- 
hydroxylation" system is nonstereospecific and produces 
both enantiomers of 1,2-epoxyoctane from 1-octene but 
that other unrecognized enzymes are present, which ste- 
reoselectively degrade or isomerize one enantiomer. 

In order to exclude this hypothetical situation, racemic 
1,Z-epoxyoctane, obtained by peracid epoxidation of 1- 
octene, was incubated for 30-48 h at  30 "C with octane- 
grown P. oleovorans cells in a culture which contained 30% 
(v/v) n-octane or n-hexadecane. 

The presence of a second phase which harbors the ep- 
oxide decreases the toxicity of this compound, because in 
its absence the cells are inactivated, and no conversion of 
1,2-epoxyoctane can be observed (results not shown). 

The results in the Table I show that when n-octane is 
the second phase there is little degradation of 1,2-epoxy- 

(24) Sicher, J.; Tichy, M. Collect. Czech. Chern. Commun. 1958, 23, 

(25) To our knowledge, optically active 1-methoxy-2-octanol has not 
been made previously. 1-Methoxy-2-octanol (3) prepared from the en- 
zymatic product showed [aImD +5.8' (neat). 

(26) May, S. W.; Steltenkamp, M. S.; Schwartz, R. D.; McCoy, C. J. 
Am. Chem. SOC. 1977, 98, 7856-7858. 

2081-2093. 
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Figure 1. Time course of the specific rotation of 1,2-epoxyoctane 
produced by P. oleovorans in a 20% (v/v) 1-octene culture. A 
culture with 20% (v/v) 1-octene was incubated at  30 “C. At 
different times samples were taken from the culture. The odene 
layer was separated from the water layer by centrifugation; the 
optical rotation of the octene layer was determined, and the 
amount of l,%-epoxyoctane was assayed as described in the Ex- 
perimental Section: 0, specific rotation of 1,2-epoxyoctane in the 
octene layer; 0, corresponding values from a standard curve, for 
which enzymatically produced 1,2-epoxyoctane was used, and 
which represent the relation between the epoxide concentration 
and the specific rotation. 

octane ( 5 % ) ,  and a small negative optical rotation could 
be detected. 

I t  is likely that this is a consequence of the higher af- 
finity of the “w-hydroxylation” system for n-octane than 
for the epoxide. In contrast, the epoxide concentration 
decreases when n-hexadecane, which is not metabolized 
by the cells, is used. At the same time, the specific rotation 
increases. 

Three principal conclusions emerge from these results: 
(1) racemic 1,2-epoxyoctane is converted by the “w- 
hydroxylation” system of P. oleovorans; (2) the R enan- 
tiomer is degraded faster than the S enantiomer to give 
an enrichment in (S)-1,2-epoxyoctane; (3) no other en- 
zymes are present, which eventually degrade or isomerize 
the product of the 1-octene epoxidation. 

Finally, this experiment nicely demonstrates that it is 
possible to degrade racemic 1,2-epoxyoctane stereo- 
specifically with P. oleouorans. 

Discussion 
Our previous results16 have established that large 

amounts of 1,2-epoxyoctane are produced by P. oleovorans 
in a two-phase fermentation with 1-octene as the second 
phase. The present study extends these findings and 
shows that the product is optically active with an enan- 
tiomeric purity of 70% (R)-1,2-epoxyoctane. This specific 
example may be expected to be generally applicable. First, 
numerous studies show that the “w-hydroxylation” system 
can be used to oxidize a variety of aliphatic ~ornpounds.”~~ 
Second, we have recently carried out a similar conversion 
of 1-decene to 1,2-epoxydecane with results comparable 
to those described in this paper for 1-octene. 

Our control experiments (Figure 1) show that the spe- 
cific activity of the epoxide remains constant during growth 
of P. oleovorans on 1-octene. Furthermore, when racemic 
1,2-epoxyoctane was not degraded by P. oleouorans, there 
was no significant change in optical rotation (Table I). 

Table I. Enzymatic Degradation of Racemic 
l,2-Epoxyoctane by P. oleovoransa 

1,a-epoxy- 
incu- octaneb in 

time, phase, [.I2”,, of 
bation organic 

h mg/mL solvent spoxide % ee 
0 20 n-octane 0 0 

30.5 1 9  n-octane -0.8 2 
0 20 n-hexa- 0 0 

decane 
30.5 1 4  n-hexa- -5.4 12  

decane 
48 5 n-hexa- -16.0 33 

decane 
0 11 n-hexa- 0 0 

decane 
36.5 7 n-hexa- -3.9 8 

decane 
46.5c 3 n-hexa- -19.4 40 

decane 

a Chemically synthesized 1,2-epoxyoctane, dissolved in 
n-octane or n-hexadecane, was added to a 5% (v/v) n- 
octane culture of growing P. oleouorans cells. The final 
concentration of the organic phase was 30% (v/v). 
Cultures were incubated at  30 OC, after which the organic 
phase was separated from the water phase by 
centrifugation. The quantitation of 1,2-epoxyoctane 
was determined as described in the Experimental Section. 
No compounds other than 1,2-epoxyoctane were present 
in the organic phase, as shown by GLC. The organic 
phase was transferred one time to a fresh culture of oc- 
tane-grown cells. 

These results indicate that there is no isomerization after 
product release, which is in agreement with the findings 
of May et al.,26p28 who showed that the stereochemical 
configuration of preformed 7,8-epoxy-l-octene does not 
undergo significant isomerization during diepoxidation of 
P. oleovorans. When racemic 1,2-epoxyoctane was de- 
graded by P. oleovorans, this degradation occurred ste- 
reoselectively, the R enantiomer being hydroxylated and 
subsequently oxidized faster than the S enantiomer. 

It is interesting to note that the 1,Zepoxyoctane pro- 
duced by P. oleovorans consists of 85% of the R form and 
15% of the S form. May et aLZ6 found that the monoep- 
oxide produced by P. oleovorans from 1,7-octadiene con- 
sisted of 92% of the R form and 8% of the S form. It 
appears, therefore, that the “w-hydroxylation” system is 
more stereospecific when 1,7-octadiene is the substrate 
than when 1-octene is the substrate, and we are therefore 
exploring the influence of structural variations in the 
substrate on the stereospecificity of the “w-hydroxylation” 
system of P. oleovorans. 

Finally, although the 1,2-epoxyoctane synthesized by P. 
oleovorans and described here is not optically pure, the 
enantiomeric excess exceeds that ever reached by chemical 
routes. 

Since, in addition, the chemical yields exceed those 
normally found with other microbial systems by one or two 
orders of magnitude, this process may find application in 
the preparation of chiral compounds. 
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