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Mmsrl-The microbiologKal fcrmer+IaIion of 3.caren-Sdronc (I) by means of Rhodororub muciloginoso 
dram )~cldcd caran~!.!Jmc (21. t+).!xararwn-‘+I (3). f ,rronr-3-caren.~.on.~~l 0) and t- ).rronr.3.carcn-.‘. 
on.!-ol(5). The structures were established by spectral methods. All the alcohols obtained microbrologrcally possess 
the Sconfrgunr~n. 

‘Ihc enzyme sycrcm of Rhodororultr rnuriloginosc~ is 

capable of selective transformation of steroids. one 
example being the observed reducrion of a ketone group 

on C-3 in testosterone preceded by the reduction of 
LL%double bond.’ These transformations produce an- 

drosIcrone and epiandrosIerone in combined yield of 
73%. Introduction of steric hindrance such as a Me group 
or Cl atom into the ring A of testosterone tiects the 

course of transformation: the Me group inhibits the 

reduction of the conjugated system with the result that 
one alcohol (S) on C-3 is formed and the doubk bond is 

reduced to A/B fauns system with a yield of about 20%’ 
On the other hand, the presence of a Cl atom helps IO 

reduce the conjugated system of ring A of 4-chloro- 
tccIosIcrone IO an allylic alcohol.’ The sensitivity of Rh. 
m. specks IO structure differences in steroid substrates 
encouraged us IO examine ~hc transformations of a 

conjugated ketone of the terpenc series using this strain. 

Microbiological reactions of the CO group or unsaturdled 
bonds in Ierpenes are little known. 

Earlier studies in this area are exemplified by 

sIereospecific reduction of I+)_ and I-)carvonc and I+)- 
and (-)_carvotanacetone to saturated ketones and al- 
cohols by Aspe&lus niger and Pseudomonos owlis 
sIrains.c’ 

3-Carcn-2.S-dione (1) is an interesting substrate because 

it has two ketone groups conjugated with an unsaturated 
bond and also with a cyclopropane ring. This substrate 
was obtained by auIoxidation of (+)-3carcne.’ In spite of 
iIs chirality we were able to demonstrate the opdcal 
activity by CD measurements.i 

‘Par+ VIII: .Acra Myrol.. Poland (1975) in press 
t’lhe strain was obtanwd from a colkction of Dr. A. Nespiak. 

Department of Hotany of lhe Medical Academy, Wroclaw. Poland 
#We are much mdcbtcd IO Prof. G. Snatde of &hum 

Universuy. FRG for measurcrncnIs and their mIc+preIi+tion. 
‘frcrnr rclarwc pwrlon of OH group and qclopropane rmp 

The CD curve obtained shows two extrema at 340 nm 

(t) 0.02 and 2!JOnm (-) 0.02. The CD diagram suggests 

that the curve obtained might result from conjugation of 
two CO groups or might represent two different bands 

characteristic for ketone groups adjacent to CH,-Cc 
and X-H groupings. Microbiological transformation of 

I was carried out as described for steroid substrates. The 
fermentation was carried out in one litrc solutions 

containing R/I. m. cultured in a mallose medium. AfIer 2 
or 3 weeks of fermentation solutions containing about 
IO0 mJI of substrate (1). the product mixture was isolated 

by extraction with ether and was chromatographcd on 
silica gel yielding 4 products of established sIructure: 

2,Scarandione (2). (+)-2caranonSol (3). (-Wuns-3- 

caren-?-on-5.01 (4r and I-)-Irons-!-carcn.~-on-!-o1 (5) 

(Fig I). 
As the substrate and its tr-nsformation products were 

unstabk the time of reaction had a distinct effect upon the 

yield. Prolonged fermentation produced comparatively 
large amounts of a mixture of more polar compounds 

which we were unable to separate and to identify (Table 

1). 

I+) 3 t-1 4 (+I5 

Fll. 1. 
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The main transformation products were the saturated 
ketoalcohol (3) and the allylic ketoalcohol (5). After 
shorter fermentation periods the product mixtures con- 
tained in addition the saturated dikctone (2). absent in 

products of 3-week fermentation. This suggests that 2 
represents an intermediate product reduced further IO the 
ketoalcohol (3). The ketoalcohol (4) with a 3.6double 
bond. isomeric with 5. was formed in amounts inde- 

pendent of fermentation time with a yield of about 9%. 

These results indicate that two pathways are possible for 
carcndione transformation. The first pathway involves 
tint the reduction of the A’,‘-bond with the formation of 2 
which is further reduced to the keto-alcohol (3). This 
order of reduction is typical for microbiological reactions 

of a&unsaturated steroid ketones.’ The second pathway 
yields directly the allylic alcohol on C-2 or C-S without 

prior reduction of a double bond. The products (4 and 5). 
containing an a&unsaturated ketone and of an allylic 

I I I I 
alcohol HM-C=C<=O probably do not readily 

I 
react further. Small variations of yields of both products 

with reduced Al-‘-bond and of products containing this 
bond intact suggest that there is not much preference for 

either of the IWO pathways. 
The deviation from the typical sequence of 

microbiological reduction (unsaturated bond-ketone), 

making possible the appearance of the second type of 

transformation, is due, in addition IO other factors. IO the 

interaction of the carbonyl groups on each side of the 

double bond in carcndione. Such interaction brings about 
a destabilization of ketone on C-2 and C-S and makec 
possible its reduction IO an allylic alcohol. On the other 
hand, the a&unsaturated ketone in 4 and 5 is more stable 
and. therefore, its further reduction is more difficult. This 

is reflected in the frequencies of valence vibrations of 
C=O of ketones in question: 

I CH’ I 
2 o-c-C-_-X4) I705 

I I 

3 (&~“&-), 1700 

I I I 

The frequencies indicate that the ketoalcohols (4 and 5) 
are more stable than both the substrate and saturated 

+HMDS was at rhe reference. 

Table I Yields of the products 

Tlmc of 
rr*nrforma- Slarllng 

Imn substance Products in St MIxlure of more 
C&p) (1) 2 3 4 5 pc>larcompounds 

I4 1% 5 35 9 35 IO 
!I - - 26 8 31 35 

products (2 and 3). Similar rationalization of structural 
effects in microbiological reductions is reported by Rin- 
gold.’ concerning the C-3 ketone in 68 and 6a-fiu- 
orotcstosterone. The C=O bands of these compounds are 

at 1687 and 1679 cm ‘. rcsp. and the reduction yields IWO 

alcohols. saturated and allylic. On the other hand, the 

reduction of testosterone (1660 cm ‘) produces cx- 
clusivcly and in good yields the saturated alcohol. The 

author explains these differences by a destabilization of 
the first Iwo substrates by a halogen atom on C-6. A 

similar effect is IO be expected in carcndione because of 
the presence of a CO group at the end of a conjugated 
system. 

The structures of substrate and of the four products of 
its microbiological reduction were established by UV. IR 
and NMR spectroscopy. 

The 3-caren-2.5dione (1) was obtained by autoxidation 

of natural (+)-3-carcnc of known absolute configuration- 
I S6U. 

The IR spectrum of I contains hands corresponding IO 

valence vibrations of the CO groups and of C=C bond at 
1670 and 162Ocm ‘. respectively. The molar extinctions 
of the conjugated system arc 10.200 and 8730 for maxima 
at 243 and 22H nm. 

Prolon magnetic resonance is comparatively simplet 
(Table 2). The oletinic proton signal is at S = 6.67 ppm. 

It is a quartet (J = I HI) resulting from a long-range 
coupling with protons of a Me-IO group. Roth protons 

directly bound with the cyclopropane ring arc mag 
nctically equivalent and arc shown as a two-proton singlet 
at 6 = 2.45. The protons of the .We-IO group, produce a 
doublet at S = 2. I9 (J = I Hz) because of coupling with the 

olclinic proton. The H atoms of both geminal Me-8 groups 
are almost equivalent ITXignCtiCdly. Their chemical shifts 

are I .65 and 1.62 ppm respectively. 
The structure and conformation of the optically active 

ketoalcohol (4) was determined by UV. IR and NMR 
spectroscopy. The IR spectrum shows the CO group 
(lU5 cm ‘) and OH group (3620 cm ‘). The presence of an 
a.@-unsaturated ketone is shown by the UV max of 
222nm. molar extinction 9100. The NMR spectrum 
confirmed these features and yielded also additional 
information on the structure and conformation of 4 (Fig. 
2). Because the absolute configuration of the molecule 
was known it was possible IO deduce the sign of chirality 
on C-5 where the reduction took place. The structure of 
the allylic kctoalcohol is proved by the chemical shift 
values of vinyl proton H-4 (6 = 6.37 ppm) and of the 
Me-IO protons (6 = IIAppm). The value of S = 6.37 is 
characteristic for oletinic protons present at the end of a 
conjugated system composed of a double bond and a CO 
group* 

(22 =C-: 6.37 
i I I 

CH\ I.68 
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‘I’abk 2. Chemical shifts (6 ppm) in NMR qxclra 

Number 
of atom C Sub<lralc 1 Producl4 ProduclS ProdUClJ 

MC-10 
Me-8 
Me.9 

H4 
H-5 
H-2 
H.0 
H-l 
H-6 

2.19t3H.d) l.bR(3H.m) 1.93t3H.d) 1.03t3H.d) 
I .6S (3H. S) I 18 (3H. S) 1.17t3H.S) 12OOH.S) 
1.62(3H.S) l.?4(3H. SI I.ZO(3H. S) I 28OH. S, 
6.67cIH.k) 6.37tIH.m) !.6OO(lH.m) 

4.88(IH. m) 4.VtIH.m) 
4.70(IH.m) 

?.9O(lH.S) ZX!(lH.S, 

? 45 (2H. SI 

- “4 

I i 
!I 

i 
I. 

_-_._~I: I-w-- ‘- - - 

2.90 
6.37 

1.18 

1 I ‘I 
I 

i ‘1 i -- 
-_ __, .-. __ 

.._. 
L._ _I_ L 

_ 

7 6 5 4 3 2 7- b ippml 

The value of 6 = I .68 for Me- IO protons is possible only 
when they are located in the middle of a conjugated 

center.” According to Ekeiding models there arc two 
possible conformations of the ketoalcohol (4: 4s) and 4b 
(Fig. 3). However. the conformation 441 is excluded by the 
values of the chemical shift of Me-9 protons as in this 

conformation there should be visible a distinct shielding 
effect of the double bond and a value below I ppm.‘” 

The orientation of the OH group was determined 
considering the long-range coupling of the H-5 hydrogen 

with Me- IO protons thomoahylic coupling). This coupling 
is possible only at certain exactly specified mutual 
positions of the atoms in question. In principle the 
homoallylic coupling is observed only when the angles 0 
and 8’ are 90” (Fig. 4).“” 

1” 

r 

,’ 
/_ _- 

,, 
- 4’ Y 

J+ H J 
3 

01 

4b 

For compound 4 this is possible only with an equatorial 
OH group. This conformation is also logically justified 
because of small steric interactions. According to the 
principles determining the chirality of centers, the S-sign 
should be ascribed to the C-S atom.‘? The formation of an 
alcohol of absolute S-configuration on C-S I\ also 

.. ~~...~.$+&&_ 
H 

40 
Fin. 3. 
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Fig. 4. 

consistent with the properties of the enzyme system 

present in Rh. m.’ II follows that compound 4 has the 
structure (-)-rrons-3-caren-2-on-~~l and conformation as 

shown by the formula 4s. 
The ketoalcohol5, isomeric with 4. contains a CO group 

and an OH group, shown in its IR spectrum by bands at 

1660 and 3620cm ’ UV absorption at 223 nm (molar 
extinction I I.200) indicates the a,@rnsaturated ketone. 

An analysis of the NMR spectrum and. in particular. a 
CompriSoII of spectra for 4 and 5 made it possible to 

determine the structure 5. The spectrum of 5 exhibits two 
f-proton singlets of geminal Me groups at the cyclo- 
prOpne ring at 6 = I.17 and I.20 ppm, a 3-proton doublet 
of Me-IO protons at 6 = 1.93ppm (J = I Hr). resulting 

from allylic coupling with olefinic hydrogen H-4. This 

hydrogen is visible at 6 = 5.60 ppm as a multiplet. There is 

also a second multiplct for H-2 at 6 = 4.70ppm. 
&shielded by the adjacent 0 atom from the OH group 

present on the same C atom C-2. The structural proof of 
this compound is similar to that of 4. The value of 6 = S.60 

is characteristic for an olefinic proton located in the center 
of a conjugated system of double bonds with a CD 

group.‘” Also the value of the chemical shift of Me-IO 
doublet (6 = 1.93 ppm) indicates that this group is located 

5 4 3 
at the end of a conjugated system: O=C-C=C-CH, 

I I I 
H 5.60 

1.93. Both shifts prove the structure of 5. These 

assignments become still more distinct when compared 
with those for product 4 in which H-4 and Me- IO occupy 

reverse positions in the conjugated system. As in the case 

of 4 there arc two possible conformations. Sn and Sh for 
caren-T-on-SoI (Fig. 5). Because the chemical shifts of the 
geminal groups Me-X and Me-9 are almost identical it is 
possible to assume, considering the arguments presented 

above. that the conformation Sh can be excluded. The 

0 h 

, ,’ 
‘\ H 

lP A’ __..- 

-. iy 
/ H’ :. OH 

H 0 

chemical shift value of the Me-9 group (6 = 1.20) also 
indicates that there are no shieldmg effects of the double 
bond. 

The orientation of the OH group can be determined 
from NMR data. The convincing proof is presented by the 

multiplct of olelinic proton H-4 at 6 = C.60 ppm. 
A more detailed analysis of this multiplet showed if to 

be a quartet resulting from a coupling with Me- IO protons 

with additional splitting by H-2 hydrogen (J = I.6 Hz). 
Such allylic coupling is possible only for an axially 

oriented hydrogen H-2:’ (Fig. 6). It follows that the 
signal of H-2 proton is a doublet (allylic coupling with 

H-4) split in addition to a doublet by the neighboring 

hydrogen H-l (J = 5 Hz). The value of J = .( Hz is 
consistent with the J value resulting from the Karpluc 

correlation. With known absolute configuration of 1 it was 
possible to determine the chirality sign on the C-2 atom. 
This sign is “s” and it follows that a characteristic 

&ctivity of reduction by Rh. m. is observed also in this 

C&X. 

The spectrum of 3 shows the presence of a CO group a~ 
17OOcm ’ (shifted towards higher frequencies in com- 

parison to previously discussed products) and an alcohol 

group (3620cm ‘). There is no conjugation of the ketone 

group because the molar extinction of UV max al 213 nm 
is of the order of 200. Also there is no olefinic J”-bond. 
The SMR spectrum of this compound is not as evident as 

in the case of 4 and 5 because only small insufficiently 

pure amounts could be isolated. 
The doublet of Me-IO at 6 = 1.03 ppm (J = 6 HI) 

indicates a hydrogenated double bond. None of the 
gcminal .Me groups is either shielded or dcshieldcd by OH 
or CO groups as indicated by singlets at S = I.20 and I.28 

ppm, i.e. in the same positions as observed for analogous 

Me groups in 4 and 5. The positions of the OH and CO 
groups are suggested by the analysis of H-S multiplct 
(geminal to OH). This multiplet is shown at S = 4.54. i.e. at 

exceptionally low field. Its multiplicity and “width” 

(24 Hz) indicate the corresponding axiahy oriented proton 
and must be coupled with one of the neighboring protons 
(also axial) and with two vicinal equatorial protons. The 

resulting “width” is 24 Hz. It may be assumed. therefore 

that the OH group occupies position C-5 (Fig. 7). because 
only in this case the observed coupling is possible. 

However. a final proof of structure and conformation will 
be possible with additional CD and ORD data on hand and 
after the absolute configuration has been determined. At 

present the configuration S may be assumed because it is 

Sb 

Fii. 5. 
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known that this is the usual configuration of prduc1s of 
reductions performed hy Rkm. 

With high probability the slruclure of (+Hruns-caren- 
?-on-54 can be assigned to Ihe optically active 3. 

The final producI is the diketone 2. present in mixrurcs 
only after shorter periods of fermentation. This com- 
pound. ohtained in very small amounts. was identified by 
IR and UV. The 1R spectrum shows an isolated ketone 
group at 1705 cm ‘. This high frequency and the absence 
of lower frequencies indicates that the conjugated system 
has disappeared. This is confirmed by the absence of 
absorption a~ 200 nm. These data support the sIrucIure of 
2 as caran-3.5-dione. 

More polar compounds arc also formed by micro- 
biological transformations of 1 but WC were not able IO 

accomplish their separation. II is to bc noted however. 
that these products should include the dialcohol from 
reduction of both CO groups. 

The following qxc~ml dcrcrmination were car&d OUI: 
IK CR-20 CJrl Jcna LCIC\ Jcna .md Lmcam SP.SY): CL’ VSI:. I 
and \pccord IV \‘IS (‘arl /cl\\ Jcn;t. SYK X0 51~ Tcsla d-8 and 
JF.01. 100 MC; Ci: Gt’HF IX3 Giedc GDR; CD: Circulardi- 
chromatograph (Bonn. Cruvcrtity). 

Rhodofonda mucilaginosa cultures were grown on maltose 
“Maho” nutncnt manufactured by “Warta”.Srcm. The m.ps were 

derermlncd on KotIler’r block (unconccted), Preparative 

chromatography wa\ carried OUI on silica gel (Woelm and Merck). 
Eluenl: petroleum ether :elhyl acetate .= 10.1. The purir) of the 
subxtanccs was determined b) rhm layer chromatography on s~hca 
gel. FJucn~: petroleum. ether: acetone = I I : I. 

Pnparafirc rmns@mafion o/ 3-rann-!.!-dionr (I). The strain 
of Rh. m was cultured in 2 I flasks shaken al tP of 1 I. malrosc 
mcdlum. 100 mp of \ubstra!c (1) dtssohed m 2 ml acetone wa\ 
added IO Cdayr culture The fermentation was carried OUI for 14 

or !I day\ and after thus lrmt the product\ were extracted with 
ethyl ether The mixture of product5 was separated chroma. 
rographtcally. 
Frac&on\ of chromatogrdph: 

220 mg of producl\ mrxlurc after 14dayr fermentation ytclded: 
Compound 2 IO mg 5% 
Sutnlralc 1 14 mp 7% 
(‘ompound 4 IXmg9% 

Mixture of 3 and 5 I4Omg70% 

Lnidentihed mOre polar products 20 mg 10% 

Analysis of mixture 3 and S in gas-chromarogram (10% SE-301 

supnsorb AW-HDMS 60 X mesh sleel col. 100 0.4 cm/r = 5.Q and 
6.92 re\pcclively. Calculated and balucd compostlion of 3 and 5 

was aboul 1.1. 
54Omg of product mixture after ?I-day\ fcrmentatlon ylclded. 

Compound 2 Trace\ 

Suhsrrdfe (I I Trace\ 

Compound 4 4OmgX% 

Compound 3 25 mg 55 

Compound 5 (0 mp 10% 
Mixture of 3 and 4 !lOmy4!% 

Unidentified more polar products 175 mg 3!q 

AnalyG of X.C. of mixture of 3 and 5 showed I : 1 
PmprnitJ of &rfrarr and pmdurfr. (The NMR rpcctra arc 

collected m Table 2) M’arcn-!.!diont (I); m.p 100~101’; IR 
8’. , L 1670. l62Ocm ‘; L’V. t.,., 10.200; et)... X-90. CD: A..-., 

0.02. A, 14 -O.O!: R, 0.76 (‘aran-!.!dionc (2); m.p. 60-71’. (0 1: 
0’ lc - I.? in acetone) IR: Y,, ,, 1705 cm ‘: R, 0.W. I .)_franr-3. 

carcn-!-one-5.01 (4): m p XLXh”. [a]? - 170” Ic- = I m acelone): 
UV: t,,,zYIM);IR: Y,,~ IM(. 362Ocm ‘; R, 0.33 t l )-caran.!.on- 

5-01 (3): 1016 4 14’tc - m acetone): UV: t 111, 222. IR: )‘. < 4 1700. 
362Ocm ‘; R, 0 25 (~~~rranr~!~caren-~~on_2_olfS); m p IOIIM’. 
[a]E + ?w (c - I I m acetone); LI’ e.:,. I l.?CQoo: IR: Y. c . l6M. 

VZOcm ‘. R, 0.23. 
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