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Ahxtracl The mwrobiologtcal attack of Cunnin&mella blokcsleeana. Cor~tcium sasakir. Corrtcium 
ctnrrifugum. and Srrepromyres ourofacrens on z.-kcssyl alcohol (I). a constituent of valenan fools. has 

resulted m the sclcc~ive hydroxylatton at IWO posItions @a and 7) ylcldmg kcssyl glycol (II). another 

constituent of valcrian. and kcssanc-2P.7dlol (III). 

z-KESSYL alcohol and kessyl glycol are constituents of several different species of 
Japanese valerian. l -3 We have recently elucidated their stereostructures as shown in 
formulas I and II. respectively.’ Chemical transformation of kessyl glycol to z-kessyl 
alcohol has already been achieved by Ukita.’ On the other hand, the selective 
8a-hydroxylation of a-kessyl alcohol to kessyl glycol by a chemical procedure is 
extremely difficult. As this transformation is effected exclusively by enzymes in the 
plants, microorganisms were investigated in the hope that enzymatic hydroxylation 
of a-kessyl alcohol to kessyl glycol, could be achieved. Although the hydroxylation 
of steroids by microorganisms has ample precedence, microbiological transformation 
of terpenoids has been reported in only a few instances. During our survey on the 
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l This was alculatcd from vapor phase chromatogram peak area 

* This includes a ~racz amount of the kctol (IV). 
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biooxidation of z-kessyl alcohol, we discovered a number of microorganisms which 
oxidize it selectively. 

As shown in Table 1, fermentation of z-kessyl alcohol (I) with Cunninghmnelfa 

hlaksfeeanu readily yields two major products (II and III), together with a minor 
product (IV). Although a-kessyl alcohol disappears in the medium during an early 
period of cultivation, the components accumulate until the substrate is exhausted 
and are not metabolized further but retain almost constant relative proportions. 
This was later confirmed by incubation of each major product (II or III), isolated in 
a pure condition, which yielded practically no metabolites the starting substrate 
(II or III) being recovered. 

The isolation of three components was readily accomplished by alumina chromato- 
graphy. The major, more polar product (II) was identified as the natural kessyl 
glycol. Another major, less polar product (III) has the composition C,sH,,O,. The 
IR spectrum (CHCI,) shows OH absorption at 3640 and 3460 cm-’ but no CO 
absorption. In accordance with the expectance that the product (III) would have 
the kessane skeleton, NMR signals indicate the presence of a secondary Me and 
three Me’s on carbons bearing an oxygen. Provided that the product (III) has the 
kessane skeleton, the molecular formula and the IR spectral properties suggest it to 
be a di-hydroxy derivative. The NMR spectrum exhibits a one-proton triplet (J = 4 
c/s) at 397 ppm whose line position and splitting pattern agree with those of 2a- 
hydrogen in ZI&hydroxylated derivatives of kessane. e.g., cr-kessyl alcohol (I) and 
kessyl glycol (II). suggesting that the 2@-OH group in cr-kessyl alcohol is still retained 
in the diol (III). Since there are no other NMR signals in a region where hydrogens 
on carbons attached to OH’s could be anticipated to occur, the second OH group 
must be tertiary. The assignment that the diol (111) has a secondary and a tertiary 
OH was verified by acetylation with acetic anhydride in pyridine at room tempera- 
ture to give the monoacetate (VI) whose IR (KBr) and NMR spectra reveal the 
presence of a tertiary OH (3520 and 3420 cm-‘) as well as a secondary acetoxyl 
grouping ( I728 and 1234 cm - ‘, and 3H singlet at I% ppm and I H triplet at 4.92 
ppm). Further, on oxidation with chromic acid the diol (III) was converted into 
the keto-alcohol (IV) which shows in the IR (CHCI,) a band at 1730 cm-’ attri- 
buted to a cyclopentanone moiety and gives a very similar optical rotatory dispersion 
curve (a + 130) to that (a + 148*) of 2-kcssyl ketone (IX), also confirming the 
secondary OH group in the diol (111) to bc situated at C-2. The remaining OH 
group judging from its known tertiary nature, must be located at C-l. C-5, or C-7 
in the kessane skeleton. Treatment of the ketol (IV) with alkaline alumina afforded 
the isomerized ketol (VII), which exhibits an IR band at 1730 cm _ ’ associated with 
a cyclopentanone, and shows a negative Cotton curve (a - 151) similar to that 
(a - 1944) of isokessyl ketone (X). This transformation can be explained by the 
cpimeriration at C-l, adJaccnt to the C-2 CO group, a fact which is compatible with 
the transformation from a-kcssyl ketone (IX) to isokessyl ketone (X) by the same 
treatment. This observation excludes the possibility that the tertiary OH group is 
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oriented at C-l or C-5. Since, if it were located at C-l, the epimerization would 
be highly improbable under the conditions employed, and if it were situated at 
C-5, the epimerization would occur with concomitant dehydration to give a 
cyclopentenone system. Further, dehydration of the diol monoacetate (VI) with 
phosphorus oxychloride in pyridine was attempted recovering the starting mono- 
acetate (VI). This is probably due to the OH group being situated at a bridgehead 
position. Therefore, the second tertiary OH group is oriented at C-7. This assignment 
was vetilied by the following NMR evidencz. Since biological hydroxylation is 
known to proceed with retention of configuration, either the C-14 or C-13 Me signal 
of the diol (III) should suffer a downward shift, if the OH group has been introduced 
to C-l or C-5, respectively; both Me and OH being oriented in a spatially close 
relation in each case.6 Furthermore, the downward shift should be relieved more or 
less on acetylation of the OH group. 6 In reality, however, the C-14 or C-13 Me 
signals of the diol (111) and the diol monoacctate (VI) show no downfield shifts as 
compared with the corresponding signals of cx-kessyl alcohol (I) and z-kcssyl acetate, 
respectively, and consequently, either signal of the diol diacetate (VIII), prepared 
from the diol(111) on refluxing with acetic anhydride in the presence of sodium acetate, 
also exhibits no acetylation shift in contrast to the corresponding signal of diol 
monoacetate (VI) (Table 2). These resulrs indicate that the product (111) is kessane- 
2f3,7diol. 

TABLE 2. CHEMICAL sum OF MFWYI. PRO~WS (IN WI,. PPY FROU TMS) 

Compounds c-12 t c-13 c-15 c-14 
_ .._--.-- --___. 

z-Kcssyl alcohol (I) 1.19 I .22 1.29 Q77 
Kcssanc-2p.7-diol(111) 1.22 1.22 1.33 @79 
z-Kenyl aaatc 1.23 1.23 I.10 Ml 
2f%Aatoxy-kcsxan-7-01 (VI) I.21 1.21 I.10 082 
2p,7-Diacetoxy-keuane (VIII) I.26 I.26 I.13 DE8 

The minor product (IV) has the molecular formula C, ,H,,O, and the spectral data 
appears to be identical with kessan-2-on-7-ol, which was previously prepared from 
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109 (35,. 97 (30,. 95 (41,. 43 (26,. IR (CHCl,, cm- ‘. 3640, 3460 (hydroxyl,, 1731 (cyclopcntanonc). NMR 

(ClXI,, 100 Mc.s’): doublet (3H) at O-92 (I - 7 c.s. CH_, CH<). smgkt (6H) at I.28 (CH, <O 1. 

smglct (3H) at I.40 (CH,<<.O ). The tdentity with the kctol (IV) derived from kcasaoc-2B.7diol (III) 

(vidc i&s) was contirtncd tn the usual critcna 
Successive elution wtth bctuenc gave kcssyl glycol (II) ax a colorleas oil IR (CHCI,) cm- ’ : 3630. 3450 

(OH). idcntiticd by behavior on TLC and VPC. and IR spectrum. 
Further dution with bcnxmtAcOEt (I: I) and distillation under reduad press aKordcd kessunt- 

28.-7-&l (III) as colorku necdks. m.p. SM. [a]n - 29.1” (c - 3+3), MS m/r (relative intensity): 254 
(I. parent peak). 178 (39). I61 (30). I45 (26). 142 (100. base peak). I23 (30). I21 (42k I20 (30). I09 (27). 99 
(26,. 97 (29). 93 (24). 69 (26,. 43 (26,. IR (CHCl,, cm- ’ : 3640. 3460 (OH,, NMR (CHCI,,: doubkt (3H) 

at 082 (J - 7 c/s. CH,<H’ ). singkt (6 H) at I.22 (C 
Y- \ 

tripkt (IH) at 397 (J = 4~;: CH, CH(OHbCH ). 

C’ 0-_). singkt (3H)at I.32 (CFi,-C’ 0- ). 
\ 

Pmriol ocetylorion oj lussune-2B.7-diol. Compoun>lll (SO mg) tn pyridtne (2 ml) and Ac,O (04 ml) 
was set aside at room tcmp for 2 days. Upon isolation tn the usual manner. the product was chromato- 
graphed over silica gel (3 8). Elution with bcnxcntAcOEt (IO. I) and crystalliration from AcOEt gave 
ZB-aceroxy-kcssun-7-l (VI) as colorkss plates (27 mg). m.p. I IS- 120’. [=I0 - 990 (c = 20). IR (K/Br) 

cm- ’ : 3520.3420 (OH). 1728.1234 (acetoxyl). NMR (CCl,): doublet (3H) at 085 (I = 7 c:‘s, Cl+,.- CH , 

singlet (3H) at I.11 (CH,- C .O), singlet (6H) at I.21 (CH,--C’O-). singlet (3H) at >!P3 

(Cfi, CO 0 ). triplet (IH) at 4.92 (J = 5 c/s, CH, Cli(OCOCH,~ C< ). 

Oxidarlon o/ kessane2~.7diol with chromic arid. Compound Ill (60 mg) in ether (6 ml) was sttrrcd wtth 
Na,Cr,O,*2H,O (I20 mg) in HsSO, (04 ml) and water (I6 ml) at room temp for 3 hr. Isolation followed 
by crystallimtion from AcOEt allordcd IV as colorkss ncaiks (39 mg), m.p l88-1895”, ORD (c = 00743. 
M&H): [&lSE +743O. [d-jZs’ +733Q [&Is;‘: + 7730. [d]EOs’ - SMO. MS m/e (relative intensity): 
252 (2 parent peak). I94 (25). 176 (22). I37 (100. base peak). I09 (27). 97 (ZS), 95 (33). 43 (27). IR (CHCl,) 
cm ‘. 3640 3480 (OHX l7M (cyclopcntanone). NMR (CDCl,): doublet (3Ht at 092 (J - 7 cs. * 

CH_, CHI ). singlet (6H) at I.29 (Cfi, C:O ‘1. singkt (3H) at I40 (CH_, <a ) 

Epimcrircllion 01 kessun-2wn-7-o/ with uhuni~ Compound IV (20 mg) in McOH (I ml) wax adsorbed 
on a column of alkaline allumina (5 g). and left overnight. Elutton with MeOH and distillation under 
dtminishcd press gave isolussan-2-on-7-01 (VII) as a colorless oil. ORD (c - 00734. MeOH): [&I;;@’ 
- 7560. [dlY$ - 7350. [d]\Z” - 8030 [O]s$ + 7040. IR (CHCl,) cm ’ : 3640.34gO (OH). 1730 (cyclo- 

pcntanone). NMR (CDCI,): doubkt (3H) at lo6 (I - 7~:‘s. C& CH’ ). smgkt (6H) at 103 

(CH, C(0 ). singkt (3H) at I.32 (CH, CfO ). 
\ 

Altrmpwd dchydrarion OJ the motwaccw~c wirh phosphorus oxychloridc The monoacetate VI (I2 mg) 
in pyridine (DS ml) was treated with POCI, (005 ml) at room tcmp for 3 days. Ether extraction gave a 
product (8 mg) whtch was identtftcd as recovered VI by TLC and IR s-rum. 

Compkrr actIyl&x~ OJ kcxwnc2g,7-dial. Compound Ill (I8 ma) and AcONa (20 mg) m Ac,O (05 ml) 
were heated under rcflux for 5 hr After Isolation, the product was crystallitad from hght petrokum to 
yteld 2fS,7-dicrrrtoxy-kesune (VIII) as colorku plates (18mg). IR (KBr) cm ‘: 1720. 1240 (acctoxyl), 

NMR (CCI,): doubkt (3H) at @88 (J - 7 cis. CH, 

(6H)at I.26(Clis.X{O ).singlet(3H)at 189(CH 

CH: ). singlet (3H) at I.13 (CH_, C< 0-). singlet 

_s CO--O ).singkt(3H)at 198(CH_, CO 0 J. 

triplet (IH) at 493 (J - 5 c s. CH, CHIOCOCH,) CH<) 

Fermentation oj ke.uyl glycol wirh Cunninghamella blakeskcana TM harvested fetmentatton product. 
obtained from kcssyl glycol by actton of Cwnin&mel& blokzskeano, was shown by TLC and VEC to 
consist of the startmg substrate (II). 

l We thank Japan Ekctron Optics Laboratory Co. Ltd.. who obtained the spectrum by iterative 
addttion ol I6 time runs through a rcsonanox accumulator. 
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Fcrwtentation oj kessua-2g.%dio/ wirh Cunninghamella blakeslaxna The harvested fermentation 

product, obtained from kessane-2B.7diol by action of Cwsnin&rmel& blokeslecono. was rcvcalcd by TLC 

and VPC to be essentially composed of the starting substrate (111) only. 

Fmnmrofion t$ a-kessyl alcohol wirh Corticium sasakii. The harvestad fermentation product_ obtained 

from o-kessyl alcohol by action of c’orriciw susukii. was chromatographal over alumina. Elution with 

benzene gave IV. identilial by TLC and VPC. Successive clution with the same solvent ytclded II, identifti 

by TLC. VPC and IR. Elution with benzne-AcOEt (I : I) afforded Ill. identified by TLC. VPC and IR. 

Femmrorion oj zkcssyl olcuhol wh Cortrcium czntrifugum The harvested fermentation product. 

obtamed from z-k-y1 alcohol by action of Corriciuw ccnrr~jiqum, was subjected to chromatography on 

alumina. Elutton with benzene gave IV, identified by TLC and VPC. Further elution with benttac 

furnished II. identifKd by TLC, VPC and IR. Elution with benz.entAcOEt (I : I) gave III. identified by 

TLC, VPC and IR. Elution with benzene AcOEr (1.2) afforded V as a colorkss oil. IR (CHCI,) cm .‘. 

3630. 3450 (OH). 1720 (CO in S-membered or strainal 6membered rmg) 

Femu~orion oJ z-kessy/ alcohol wirh Streptomyces aurcofaciens. The harvested fermentation product. 

obtained from a-kessyl alcohol by action of Srrcpromycrs muco/octeru. was submuted IO alumina chrom- 

atography. Elution with benzene gave IV. identifti by TLC and VPC. Successive elution with the same 

solvent yielded II, identifted by TLC. VPC and IR. Elution with bcnzcntAcOE~ (I : I) furnished Ill. 

identified by TLC, VPC and IR. 
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