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Abstract-The stereoselectlvlty m the aerobic, nucroblal oxldatlon of thloethers and sulphoxldes 1s shown to be 
dependent on speaes and strain A strain of Asprrgdlus mger was used to obtain an optlcally active dlalkyl 
sulphoxlde 

INTRODUCTION 

PRODUCTS from mlcroblal metabolic processes’ m which oxygen atom-transfer to the 
substrate occurs, include phenols, alcohols, epoxldes, esters and sulphoxldes The last 
named compounds are usually obtamed m a form showmg optical activity when unsym- 
metrical thloethers, RSR’, are incubated m the presence of a strain of Aspergdlus nzger ’ 

The optical purities of the sulphoxldes obtained by this method fall m the range of 
4-100x, the value dependmg on, (a) the structure of the thloether bemg oxldlzed, and 
(b) the extent of asymmetric oxldatlon occurring m the accompanying reaction wherein 
part of the mltlally formed sulphoxlde 1s converted mto optically inactive sulphone In the 
latter process preferential oxldatlon of one enantlomer of the sulphoxlde can take place, 
and this has been shown to affect the optical purity of sulphoxlde recovered after mcuba- 
tlon of thloether with A nlger to a slgmficant degree (75% optical purity) m two examples 3 
These studies have been extended m the present work, m which it has been established 
that the stereopreference m the oxldatlon of thloethers and sulphoxldes depends on the 
strain and species of fungus used 

1 FONKEN, G S and JOHNSON, R A (1972)m Chemical Oxldatlons with Mzcroorgamsms, Marcel Dekker, New York 
’ AURET, B J, BOW, D R, HENBEST, H B and Ross, S (1968) J Chew Sot C, 2371 
3 AURET, B J, BOYD, D R and HENBEST, H B (1968) J Chem Sot C, 2374 
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In the mlcroblal class, Phycomycetes several str,uns of the germa Rhmpr~ and 
Aspr/ylllu\ (l--7, Tdbk 1) \nere found capnble of promotmg the oxidation of thloethers 
The combmed yield of sulphoxlde ‘md sulphone Isolated ,ifter mcubatlon under standard 
experlmental condltlons wz, m the range 3-7 I “;,, While R ~tolor~rfrr has previously been 
reported to be cffectlve for the oxidation of n methyl thiosteroid 4 no e&rher report of d 
similar type of transformation by R urrhrzus was found The range of optical purity of 
product obtained from the Rl71:opu5 spcaes BJS relatively low (5 -25”,,) m comparison 
with thdt found with vdrious ~lr,ims (3-7) of A 77rycl ( 87”,,) These results demonstrdte 
that by careful cholcc of fungdl Tpeclc< ‘i higher degree of endntlomerlc puntj mdy be 
obtdmcd 

Aromdtic compounds are often metabohzed to phenols m fungi and in ammdls A similar 
pattern of products IS formed m either type of orgamsm and d slmllar mechamsm 
(mvolvmg mono-oxygenase enzymes) probnbly operates m edch c&e i However. the 
stereoselectivity of the oxlddtlon of thloethers to sulphoxldes seems. m general, to be lower 
m dmmals (using rdt hver mlcrosomes) than m fungal processes Kexcl dnd Schmidt’ have 
shown th,tt hver mlcrosomdl oxlddtlon of the thlocther, Me S Ph. gives only a low 
preference for the formdtlon of the (R)-sulphoxlde dnd we have found that the thloether, 
p-MeC,H, S CH,Ph behdves slmlldrly under thefe condltlons d sulphoxlde only slightly 
cnnched (I 319 m the (R)-enantlomer being obkuned In contldst, fungdl oxldatlon of this 
thloether gives sulphoxlde of65 or X2”,, aptlcdl puiltv excecsof(Ri) cndntlomer (see Table 2) 

Dqxv7&17c Q 017 \trwo\clectil /t 1 011 5irriir7 

A stereopreference for the oxldatlon of t-butyl benzyl thloether ‘BuSCH,Ph to the 
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TARLE~ OXIDATION OF TWOETHERSANDSULPHOXIDESBY DIFMRENTSTRAINSOF Asprry~llus nlger 

Thmether 

Product3 from correspondmg rdcem,c 
Products from thmether oxldatton aulphoxlde oxldatlon 

Sulphoxlde Sulphone Sulphoxide Sulphone 
Optical COnfigUrd Recovered OptIcal COIlfigULi- 

Fungus Yield punty LlO” Yield weld punty t,on Yield 

PhSCH,Ph 3 9 5 s 3 41 c 

5 30 X6 R 20 26 75 
‘BuSCH_Ph 7 24 77 s 15 70 0 

5 27 IO s 5 75 
,J Me C,H, S CH_Ph 3 19 x2 R 4 32 7 

5 30 65 R 7 I2 4’ 
p Me C,H, S Me 3 7 87 R 19 57 10 

5 16 61 R 4 b6 II 
ML S CH,Ph 3 IX 46 R IX 15 0 

S 23 4 R 4 I2 95 

R 14 
R 56 

RS 5 
R 4 
R 32 
R 14 
R 8 
R 20 

KS 20 
s 57 

* Results obtained usmg 3 (A nrger NRRL 337, Belfast) are taken from previously pubhshed data’ 3 and are 
compared with those presently obtamed usmg 5 (A nlger NRRL 382) 

(S)-enantlomer of t-butyl benzyl sulphoxlde was observed for all strains of A nzger (%7, 
Table l), however, a wide range of optical purity was found among the products (677%) 
The greatest difference (6% compared with 77%) was unexpectedly found between two 
specimens (3 and 4) of the same strain, NRRL 337, both specimens havmg originated 
from the same culture collection (ARS Culture Collection, Northern Utilization Research 
and Development Dlvlslon, Agricultural Research Service, U S Dept of Agriculture) The 
behavlour of phenyl benzyl thloether, PhSCH2Ph, towards these two specimens was also 
different, the Zagreb subculture of the strain glvmg a preponderance of the (R)-sulphoxlde 
whereas a slight preference for the formation of (S)-sulphoxlde was observed with the 
Belfast variety The only difference between these two subcultures of A qer appears to 
be m the time interval during which the organisms were subcultured Form (4) was 
subcultured m Zagreb over a period of 9 yr, whereas (3) was used m Belfast wlthm 1 yr 
of receipt Oxldatlon of the thloether, PhSCH,Ph, occurred m the same (S)-direction when 
a sample of strain (3) was sent to Zagreb for oxldatlon experiments The differences m 
the optical purity of products from strains (3) and (4) may be due to mutation and change 
m the monooxygenase activity especially over the 9-year period Thus, m trying to reproduce 
rmcroblal transformation results reported m the literature, it may sometimes be necessary 
to obtain slants and detailed culture condltlons from the authors of the report However, 
the reproduclblhty of procedure and results that IS possible m different laboratories 
(Zagreb and Belfast) was demonstrated with another strain of A nzger, NRRL 382 oxlda- 
tlon of phenyl benzyl thloether gave (R)-sulphoxlde of 86-87% optical purity m each 
location 

Asymmetric metabohsm of sulphoxldes 

As mentioned earher the optical purity of a sulphoxlde obtained by rmcroblal oxldatlon 
of a thloether can also depend on the selectlvlty m its partial, concormtant metabohsm 
to sulphone However, from previous work with fungus (3) (NRRL 337), this factor was a 
relatively minor one m the oxldatlons of the two thloethers chosen for study of species 
and strain dependence (Table 1) The results for five thloethers and sulphoxldes, usmg 
NRRL 337, are summarized m-Table 2, they show that the optlcal purltles of sulphoxldes 
isolated after partial oxldatlon of racemlc sulphoxlde range from 0 to 7”/, with the 
exceptlon of the sulphoxlde, p-Me C,H, S Me, where a 30% optlcally pure product was 
Isolated However, some greater enrichments were obtained using fungus (5) (NRRL 382), 
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here the optical purlties of the five recovered sulphoxldes were 2, 11, 45 75 and 95’;; 
(Table 2), the last entry being the best example of an enzymatic metabohc resolution of d 
sulphoxlde to date It 1s of Interest that the reverse reaction, preferential reduction of one 
sulphoxlde enantlomer, can also occur m the A nzger system,6 and this 15 yet another 
factor that requires to be taken mto account m further quantitative studies 

An optmdlv uctzue dmlkrl mlphoxzdefiorn rnlcrobzal oudatzon 
Dlalkyl sulphoxldes are difficult to obtain m a high state of optical purity by chemical 

techmques due to the mstablhty and low mps of intermediate sulphmates One dlalkyl 
sulphoxlde (n-butyl methyl sulphoxlde) has, however, been resolved ’ In an attempt to 
apply the mlcroblal technique to this problem a range of strains of A rllger was grown 
m the presence of n-butyl methyl thloether One strain successfully produced (R)-sulphoxlde 
m low yield (- 17;) with an optlcal purity of 26:; The relatively low yield was probably 
a result of growth mhlbltlon by the high concentration of substrate reqmred to lsoldte a 
sufficient quantity of the water-soluble product Nevertheless this experiment demonstrates 
that this technique may also be successfully applied to simple thloethers 

The present dnd prevlouy results’33 shoti that mlcroblal procedures cdn be used to 
obtain sulphoxldesofhlgh (82-99’4) optic4 purity (p-Me C,H, SO R where R = CHzPh 
and Me, PhCH, SO R where R = ‘Bu. Ph dnd Me) and lOO)‘;, optical purity 
(p-Me C,H, SO R where R = ‘Bu and p-Me C,H,CH2) Most of the sulphoxldes m 
the 82-99’:/, optlcal purity range cnn be recrystalhzed to loo”, punty 

EXPFRIMENTAL 

Opticdl rotations were determmed at 659 nm usmg both d visual and a Perku-Elmer 141 automdtic polar]- 
meter Fungi were orlgmdllj obtained from the American Type Culture Collection (ATC C) 12301 PdrkidRn 
Drive Rockvllle, Marvldnd 20852 or the Northern Utlh7atlon Research and Develooment Dzaslon (NRRL) 
Agrlculturdi Research’ Serklce U S Depdrtment of Agllculture Peoria Ilhnola Thlbether, uulphoxides and 
sulphones were synthesized dnd chdracterlzed as reported preciously ’ 3 

Liver mlcrosomdl sulphoxldatlon of benzll p-tolql sulphlde was carrlrd out dt pH8 usmg d crude mlcroaomdl 
preparation * The product sulphoxlde was Isolated dnd purltied by preparative TLC (ahca-gel) 

Mlcroblal oxldatlons were carried out usmg Czapek 60x hqmd riedium and a platform ihdker at d temp of 
2X-30 . m the manner described prcvlouslv * 3 The procedure wds modified m the oxlddtlon of rl-butvl methvl 
sulphlde where d high concentration of Wbstrdte aas used, the sulphide sulphoxtde product rmxtule W~F 
sepdrated by cdtlon exchange chromdtogrnphy 

’ MISL~W K , GRLLZ M M LAI EK P Mu ILLO J T SIIMMWS T and TTRNAY A L (1965) J I/W C/WI 
Sot 87, 1958 


