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W-The q icrohblogiul rcductbn of (*)-l-(~~,3’-himcthykyclopcnt-3’cbI’-yl~opm-Z~ (4) and (?)I- 
~2’2’J’-frimethykyclopcnt-~~n-I’-yl~utan-2~ne (5) by Rhodotonda muciloglnoso was investigated. Both cnan- 
tbmers of 4 arc reduced BtCN!OSp&fdy to comsp~ndii akohol5; (+xX. I’RHrTg-trime(hylcyclopnt-~- 
en-I’-yl)-propan-2+1(6) rad (-~2S.I’~~3’J’-trimethylcycb~~t-3’1,I’-y~ro~2~lt7). 

The substnte selectivity in the reduction of 5 was observed: R enaariomer of 5 yields stcrcospeei6caUy 
(t~ZS.l’R~Z’~S’-triwthylcycbpcd-3’la-I’-yl)_butrP2ol~8) whik S(-)5 remains unchanged. 

Racemic 1~2’~J’-trimcthylcyclopent-3’~~I’-yl)_propaP 
2-one (4) and 1_(2’~$‘-~methylcyclopent-3’ln-I’-ylt 
butan-2ane (5) are potential synthons of juvenile hor- 
mone analogues of the A or B type (Fig. I). ‘Il~ese 
racemic compounds, as we have found, exhibit a mor- 
phogenetic activity in tests on Tencbrio nwlitor and 

Dysdercus cingulatus.’ 

The starting material for their synthesis was synthetic 
(2) or natural (+)-camphor (1). The reactions proceeding 
via its oxime (2) and acampholenonitrile (3) gave the 
desired ketones 4 and 5 in high purity and yields. The 
side chain in both ketones could be elongated using a 
sequence of selected reactions enabling the introduction 
of double bonds with E-geometry at the positions 
characteristic of the above mentioned juvenoids of the A 
andBtypc.’ 

Some examples of. a difference in the biological 
activity of optically active juvenile hormones and 
juvenoids depending on the enantiomer used ase 
known.- Therefore, we expected some di!Terences in 
the biological response between enantiomen of the 
presented compounds of the A and B type. 

FOT that reason as well as for the determination of 
stabilities of certain structures in the natural environ- 
ment, we attempted to resolve racemic ketones 4 and 5 
by microbiological transformation by means of a strain 
of Rhoffotoruf~ muciloginosa species. This species, 
selected from among 25 other ones by the screening 
method, seemed to be useful for the selective and 
stereospecilic reduction of the CO group in the starting 
materials studied. 

Previously we had demonstrated a microbiological 
reaction of this kind in the cases of synthetic and race- 
mic steroid diketones and terpenic diketone&caren-2,5- 
dione.‘-” 

tPart XI: Arch. Immun. l%er. Exp. 26, 133 (1978). 
*The strain obtained from a collection of Prof. A. Ncspiak. 

Department of Botany of Medical Academy. Wroclaw. Poland. 

We carried out the microbiological reactions by the 
standard method using a concentration of 120-150 mg of 
the substrate in ldm’ of Rhodotorulu mucihginosa cul- 
ture grown on maltose nutrient. Products were isolated 
on an average after 10 days of transformation by means 
of column chromatography. The course of the trans- 
formation of (2) 4 was as follows (Fii. 2). 

The reduction of the CO group only was observed and 
the optically active alcohols, (+)-(2S,l’R)-(2’,2’,3’-tri- 
methylcyclopent-3’cn-I’-yl)-propan-2al (6) and (-)- 
(2s. l’SH2’. 2’,3’-trimethylcyclopent-3’cn-I’-yl)-butan-2- 
ol (( - )7). were formed. About 30% of the slightly optic- 
ally active starting material with the predominance of 
(-)4 remained unchanged. Some losses of products arose 
during isolation and chromatographic separation due to 
their volatility but from the amounts of products pre- 
paratively obtained it could be estimated that both r&o- 
hols are formed in almost the same ratio, (t)6 slightly 
predominating. Both alcohols were oxidized with CrO, in 
pyridine to coti the stereospecificity of reduction. 
Two optically active ketones, the enantiomers of starting 
(*)4, with spccitic rotations t19” and -18”. were 
obtained. Ketone (+)I, was subjected to repeated reduc- 
tion by the use of Rhm. giving again alcohol (+)6, 
chromatographically pure and identical by IR with that 
obtained from racemic 4. 

The structure of the products obtained was determined 
as follows (Table 1). 

The absolute configuration on C-2 of alcohols (+)6 and 
(-)7 was designated as S by the method of Horeau.” 
Their IR spectra indicate the presence of an OH group at 
3630 cm-’ and a double bond at 3040 and MO cm-‘. The 
PMR spectra show protons of four Me groups an oletinic 
proton and a proton of an OH group. lMr mass spectra 
have the same signal: m/rM’ 168. 

Both ketones, (+) and (-)4. have structures identical 
with that of starting (?)4. Their IR spectra indicate the 
presence of a CO group at 172Ocm-’ and a double bond 
at 3040 and 800cm-‘. The PMR spectra contain the 
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Tabk 1. Subata(r)lmditsproducta 

Corn- 

pound wit *eii IB om” MS 

c-2 C-3 C-4’ 3 CH,-/C-3’/ 

(+,)4 2.15/S/ 5.2/S/ 1.00/S/ l.b/S/ 3042.1718 

3H 1H 0.79/s/ 3H 800 

6H ” 

(+)6 3&2/m/ 1.29/d/ 5.25/S/ 1.01/8/ 1.68/Y/ +20° 3630 m/e H+ 
1H 3H 1H 0.8 /8/ 3H 3040 168 

6H 800 CH3+H2 

(-)7 3.85/m/ 1.21/d/ 5.2/S/ 1.0/s/ 1.62/S/ -3O 3630.3040 m/e ti+ 

1H 3H 1H 0.75/S/ 3H UOO 168 

f+)4 

(-14 

611: 

2.16/S/ 5.2/8/ 1.00/s/ 1.6/S/ +19O 1720.3040 

3H 1H 0.79/S/ 3H WO 

6H 

2.15/S/ 5.2/S/ 1.00/s/ 1.6 -18' 1720.3040 

3H 1H 0.79/S/ 3H erO0 

6~ 
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Fi 3. Resolved Me m resonwces observed for the emn- 
tio~ofketoac4intkpmcaceofEu~tdh:cc4colution, 
tbcconccntntionafIca0.6M.Eu(tcih:lretoar4molu~ 
co. 0.17. TMS 8s iutaual reference, 80 MHZ temperature ZT; (a) 
SYwbetic recemic 4. (b) ” (cl OpticanY Mfw seapies of 4 

nlmbdo@ baasfollMtioIl. (a) optically pure 

of 3.056 of synthetic ncmute (*)4; quantitative detection of 
15960fSen8ntiouxrintbemixture. 
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proton signals of four Me gNWps and an oletinic proton. 
The absolute cor&ulatioo on C-1’ of all products was 
determined by comparison of the specific rotations of 
ketone (+)4 from micrdGological transformations and 
thnt prepared from natural (t)uunphor. The enan- 
timlmic purity of both (+)4 and (-)4 was determiMI 
directly using chiral shift rcagcot, tris#-tr&oroacctyl- 
d-camphoratol_curopium (III). The signal of one of the 
two gcminal Me groups of racemic 4 is split into two 
singlet-~ in the presence of Eu(tcfh. The samples of (+)I 
and (-)4 obtained via microbiological transformation 
were shown to be optically pure by this method which is 
abk to detect qualitatively as low as 1.5% of enantiomer 
impurity in the optically active (+)4 (Fw 3). 

Substrate (+)S Was subjected to a similar micro- 
bib&al reduction by RLm. Its course can be descrii 
as follows (F& 4). 

Two chromrtognphically separable products. (+)_ 
(2S,1’R)-(2’J3’-trimethy1cyclopent-3’~n-l’-yl) butan-2al 
((+)8) and (-)-cnantiomer of the substrate, (-MS)- 
(2’,2’J’-trimcthylcycbpeot-3’~o-1’-yl)butan-2~e. were 
obtained. Alcohol (+Y gave after oxidation with W in 
pyridine(+~nantiomcr of the substrate (i)S. Ketone 
(+)s obtained synthetically from natural (+)-camphor 
was subjected to the microbiiogical reduction in order 
to prove the se1cctivity of this process. Only alcohol (+)a 
chromatogaphically identical with that obtained from 
the racemate, resulted. An additional microbiological 
reduction of ketone (-)S ((a)- IS?, obtained from the 
6rst transfomlatioo of racemk 5, was also carried out. 
Tbc chromatogaphkally and spectrally unchanged (-)!I 
was recovered but its specific rotation &xcascd to -21”. 

The structure of products was determined un- 
quivocally (Table 2). 

T~IC Sux&m~tioo on C-2 of alwhol (+)E was 
established as previously. The IR spectrum shows the 
presence of an OH group (3630 cm-‘) and a doubk bond 
(30$5 and EOOcm-‘). In the PMR spectrum the proton 
SignFJS of four Me groups, an olefinic proton and proton 
attheCatombcaringanOHgroupareprcscot.Their 
multiplicity is in agreement with expectations. Both 
ketones (tk and (-)!I have identical structu~s, enan- 
tiomeric each to other ((a) +2V and -219. ‘lleir IR 
spectra indiite the presence of the co group 
(1715 cm-‘) and a double bond (3045 and 800 cm-‘). In 
the PhIR spectra the proton signals of four Me groups 
and an olefinic proton are present. 

The observations of the course of described trans- 

(obtuined chemkdly 

+om (*I-camphor) 
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Tabk2.Substmte(*)sand itsproducts 

a=- 
pound mu rR/cm-’ ( 

a2 a4 O.4 %W3 
cli3/+39/ 

(fI5 1.08/t/ 5.2/S/ 1.0/s/ 1.64/W 3045.1715 
3H lli 0.8/B/ 3E 8Oa 

6H 

(+I8 3.58/k/ 0.98/t/ 5.2/S/ 1.0 /s/ 1.62/S/ +17 3630.3045 
2H 3H 1H 0.77/s/ 3H 800 

6H 

t-15 1.10/t/ 5.23/S/ 1.04/s/ 1.65/S/ -21 3045.1715 

3H 1H 0.82/S/ 3n 800 

6H 

(+I5 1.10/t/ 5.22/S/ 1.02/s/ 1.64/S/ +20 3045,1715 
3H lli 0. b/S/ 3H 800 

6H 

formations suggest some general remarks: 
It can be generally stated that the co group in enan- 

tiomers (+)4 and (+)S with the Ru~&~~ration on C-l’ is 
more susceptible to the microbiological reduction with 
Rh. strain than in (-)4 and (-)s with the S-configura- 
tion. This susceptibility becomes apparent in the 
ditTerent manner for each substrate. TIK transformation 
of ketone (+)4 (Fu. 2) proceeds with a small substrate 
selectivity because both enantiomers undergo reduction. 
The rate of this reduction is, bowever, slightly higher in 
the case of (+)4. The evidence is a small negative rota- 
tion of the unreacted starting material due to certain 
predominance of enantiomer (-)4 which reacts more 
slowly. At the same time this transformation is charac- 
ter&d by high sterco.&ctivity of reduction of the CO 
group giving alcohols (+)6 and (-)7 with the same S- 
con@mation on C-2 from both enantiomeric ketones. 
The diastercomcric, chromatographicaily separable 
compounds with high optical purity are formed. 

thcB-positioa(Hin4aaMein5)andisthereasonfor 
the observed stercospccitkity and selectivity of rcduc- 
tion. 

An additional indication of the high stereospccifkity of 
microbiological reduction is the chromatographic home- 
gencity of alcohol (+)6. the only product of the micro- 
biological reduction of optically pure ketone (+)4 
obtained syntbeticaUy from (t) camphor. 

In our previous work” with the Rh.m. strain we found 
that in the WC of identical substitucnts in a-positions to 
UK CO group on C-3 in androstandionc and dihy- 
drotcstostcrone reduction proceeds non 
stercospeci6cally giving hvo alcohols, a and /?. @Sub- 
stitucnts in the A/B trots-steroids do not cause, 
however, such great dit&rences in stcric his as in 
the a+zamphdenic system. ‘Ibis fact is explained by the 
analysis of models of the compounds in question. The 
substrate speci6city of microbiological reduction of (I- 
campholcnic ketone is Merent in comparison with the 
reduction of the corresponding CO group on C-17 in the 
steroid ketones studied by us earlier,‘* where the 
asymmetric C-13 atom aad the C-16 methyknc group 
occupied a-positions. The enantiomers C-M react fas- 
ter than C- 13R. In the reductions of a-campholenic 
ketones reported here, tbc preferred substrate for the 
transformation is enantimer C-I’R reacting more 
rapidly in the case of (*)4 or being the only reacting 
enantiomer in the case of (+)s. 

In the microbiilogical transformation of ketone (2)s 
(Pig. 4). the substrate selectivity and the stcrcospccilkity 
of the reduction of the CO group is apparent. The 
transformation proceeds almost exclusively with the 
participation of one enantiomer (t)s giv& only Ollc 

alcohol with the S-conQuration on C-2. The second 
enantiomer almost does not react at all. The optical 

purity of two enantiomeric ketones (t)- and (-)s 
obtained in this experiment is high, as evidenced by the 
almost equal absolute values of &ii specific rotations. 

Two explanations of this difference arc possible. The 
6rst one is the dflercnt distances that substitucnts of 
Mering sizes lie from the CO group. The second 
explanation could be based on the fact that the more 
reactive cnantiomers, 13s and l’R, have the reacting 
mokcular fragment characteristic of the typical natural 
compounds. similar observations have been reported for 
yeasts, to which Rh.m. strain belongs.” 

The analysis of these results prompted us to explain 
the relationship between the structure of the molecular 
fragment containing the CO group and the reaction 
C0UlX. 

The substitucnts (Me and Et group) in the ketones 
studied intIuence also decisively the reactivity of enan- 
tiomer C-I’S. Whereas the Me group in this enantiomcr of 
(*)4 enables the reduction of ketone. though with a 
remarkable retardation of its rate in comparison with 
enantiomer C-I’R, the Et group in (-)!I makes this rcac- 
tion practically impossibk. 

Conformational analysis based on LIreiding models and The pre*ntcd result3 are the basis for the above 
on the fundamental work of P&g” showed that S~ZCS suggestions but we are continuing investigations of con- 
of substituents in the proximity of the CO group are secutive derivatives of the auunpholenic system to 
different in substrate 4 and 5. This difference occurs in continn them. 



Microbiological tranrformations-XII 1413 

-AL 

All cultures of microorganisms were grown on 2% nutrient 
“M&o” manufactured by “Warm”-Srem. A prelimiuuy ad- 
tivation of cuRurea of 25 various mkroor&ams (screem@ was 
performed in 2OOml Basks containin 108 ml of the aterik 
nutrient.Aftcr2&ysofgrow(hrt~withshLing.10~ofUle 
substrate (i)I or (k)!? dissolved in I ml of acetone were added to 
each tlask and shaking was continued for 7 days. Ihe chloroform 
extmct of products was controlled by tk. 

The preparative cultivations were carried out in 21. Basks 
contain@ I 1. of Rhodotonrlo muc~o cultures. The sub 
sbatc was added in amounts HO-1500 for 1 I. of the cdturc 
after 3 days of gnwth. The transformation was carried out for ca 
IO days with shaking. Products were extracted with CHQ, and 
separated chromatognphically on silica gel (Merck), ehKnt be& 
mainly petrokum ether-acetone (IO: 1) mixture. 7hc cluent for 
tkwasthepetrokumether~ooe(5:l)mtxture. 

The spectml measurements were carried out on foUowin8 
devices: IR: UR-20 (Zeiss) (CHCI,); NMR: Varian BJOMc; 
MS:209 GGMS (LKB Sweden): optical rotation: Polrmat A Zeiss 
(CHCI,). 

(+)- and (+>Ciunpholawnitril~ (3) 
NitriJc 3 was obtained in 86% yield from (2) and (+)cMPbor 

accordii to Timann’s Gk showed the presence of the isom& 
~umpbol~wnieile (2.3~trimethykyclopepcnt-I-yl=toni- 
trilc) (co. 14%). Fractional distiftation yielded 22% of homo- 
Bcneous J: b.p. 64-64.5’/(4 mm). II% 1.4668. ]a]% + 6.68” (MeOH. 
c 15.3); lit.“: n% 1.46653: ]u]%+7.W I dm. Fractions contab& 
ca. I@6 of ~-camphokmmitrik were used in ketones 4 and 8 
preparations. 

li2’.2’3’-Trim~hylcyclopm~-3’-m-I’-yl)pmpon-2-onr (4) 
Nitrilc 3 (28.8 8; 0.20 mok) was added dropwise to the boiling 

solo of McMgf, prepared from 12.1 g (0.5Omok) Mg and 74.51 
(0.5Umdc)Mclinl~mIethcrduring4hr.Thc~ewac 
re8uxed for additional 4hr and left ovctnight. After quenching 
withdilAcOHthc~~wrustirndat#rforIhrladtbe 
product extra&d with ether. Ihe extracts were washed with sat 
NaHsolrq. 10% NaOHaq and brine. Distiftation of crude ketone 
throuah short Viux column vklded 28.5 I (85.5%) of ketone 4: 
b.p. 81-82.5/6 n&. n: 1.4632. Gk rev&d 5% of a cow 
tamination with shorter retention time (raisii from isomeric 
~csmphoknonitrik). Chromatogrphkally homo8enmus @c. 
tic) sample of 4 was obtained by prepamtivc gk (20% Carbowax on 
Chromosorb w): n% 1.4631. ]a]~+zS.C (I dm). lit.“: ]a]?+ 
18.48’. 

lQ3’J’-Trimclhyfc~-~~-l’-YI)bYIP(I-2-OIV (8) 
Ketone 5 was obta&d a&x8ously to the above pmcedure 

us& EtMgBr (0.48 mole) in 1288 ml of the ether and 0.20 mole of 
nibile 3 yield: 26.08 (72%), b.p. 83-8r (I mm). rg 1.4632. Gk 
purity: 975%. Tk and &$ure sample was o&a&d by pre- 
parat& & and Showed: n D 1.1629, I&+ 24.14’ (f dm). fit.“: 
(a]B+ 17.53”. 

Tmnsformatfon of (2) 4 by Rh.m. 
The transformation of 3oomg of (*)4 was carried out as 

de&i above. 24Omg of product mixture, obtained after 
extraction. were Chronlat~hed @in& 
S&ttinft mat&!(*)1 and (-)4, [o]o -6’ (C = 2) mm8 
Akobol(+)6 m.p. w. [a]& - 2tP (c = 6) 
Alcohol (-p. [alE-3°(c -2) 

4oml 
35 mg 

oxidation of aJcoho& (+)6 and (-)I 
50~ of (+)i or (-)7 were dissolved in 0.5ml absolute pyri- 

dim,50mgCrO,inOJmlp~wensddedmdtkmixMc 
was allowed to stand at room temp for Uhr. After extraction 
with ethyl c&r aod oormal bnatment the extract was chroma- 
toglapti on silica gel, the chJent beit! he -tone (IO: I). 
Alcohol (+)6 grve 35ay of ketone (t)(. lolbt 19’ (c = IO). 
akdml (-)7 32 nrg of ketone (-)4, I& - lr (c = 2.2). 

l%taminaUon of absolute con~n of alcohol3 (+)6 and 
(-P by rht method of Honan” 

To 42m8 (2.5 x lO+mol) of akohol (t)6, 60.8 q 8 (18.6 x 
lO-'mol) of (+vpbcnybtyric acid anhydride in pyridine were 
added and the mixture was allowed to stand overni&t in a tightly 
closed llaak. After this time the reaction was thrished (tk). 

A drop of water was added and the mixture was rethued for 
30min to hydrolyx an excess of anbydridc. Ihen 5ml of ben- 
zene were added and ajkalysed with 0.1 N NaOH (phenol- 
phthakin). -flw alkaBne aqueous sohr was successively extracted 
with benzene, chloroform and ether (IO, 30 and IOml. reap.). Ihe 
aqueous sdn was aciditied with a drop of cont. HCl and free 
aplwnyRmtyric acid was extracted with benzene (3X l5ml). 
After drying aod evaporatkqt, 7On~t of the acid with rotation 
vahte of -0.32 (in benzene) were obtained. This means that 
alcohol (t)6 has the absolute con&uration S. 

The absolute contiguntion of akohol (-)7 was determined 
aimiluly, the sample bein 37 mg. After extraction, 68 mg of the 
acid were obtained, its rot&m value beii -0.r (in benzene). 
Therefore. alcohol (-)7 has the S~r&uration. 

Micnobbkogical transfomwtion of ketone (+)4 by mrant of 
Rh.m. 

This transformation was carried out similarly as above usirqr 
180~ of (+)4 o&a&d by chemical oxidation of alcohol (+)6. 
Tk showed the formation of only one alcohol. Column chroma- 
tography delivucd pure (+)6 [a]%+ 18.5” (c = 2). 

Mictvbiological tnurfomuuion of ketone (+)!I by means of 
Rh.m. 

The tnnsformation of 450 q g of (?&I was performed as above. 
42Om8 of a mixture obtained after extraction were chromate 
graphed, the eluent being petroleum ether-acetone (20: I). I IO mg 
,f ketone (-)S, [a]& - IC (c = 3) and I IO mg of alcohol (+)8. 
[a]& + 17’ (c = 3) were obtained. Tic shows traces of a more 
polar substrsce near (tp. 

Ketone (-)8 was subjected to repeated microbiological trans- 
formation. nK unchanged substrate, [u]E-21’. was recovered. 

Lktermindion of abrofute co&umtion of alcohol (+&3 
This dctermindon was carried out as above usin 37mg of 

(+)8. 68mg of the acid with rotation -0.2” (in benzene) were 
obtained after extraction. Therefore, alcohol (tp has the S- 
cor&uration. 

Chankaf oxidation of alcohol (+)8 
SO w of (+)8 were oxidized under conditions described above 

8ivin8 40 mg of ketone (+)8. [a]&+ 17” (c = 3). 

TransformaNon of ketone (t)S obtained syntketicaily 
The bansfonnation of IOOmg of (+)5 obtained from (+) 

camphor was carried out as previously 8iving 70mg of alcohol 
(+)8. homogeneous by UC. [a]&+ IP (c = 3). 
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