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Phstract : - Microbial trmsforaretims of 1,94idaoxyforskolin (‘I_) and 74aac&yl-l,J-dideoxyforskolin (2) were 

carried out. Varicus nmo- and dihydmxylated derivatives were isolated and identified. 

We have recently described the microbial transfonmtim of 74eacetyl-1,9-didmxyforskolin (2) to 7-dwxtylforskolin’ 

(E, using a fungel strain which was feud thnx@ screening of hydruxylating fu-qi. bring this screenicg progrmna, 

different fuqal strains were fand which affected ragio- and stereo-selective transformations of the tw sclbstrates 

used in this Study, na~ly 1,9dideoxyforskolin (1) and 7-deacetyl-1,Fdldeoxyforskolin (21, at positions other than 

at the desired l- and 9qositiw. In this paper !re describe these “aw analogues of 1,9-dideoxyforskolln, the 

identification of *Clich was facilitated by the analytical techniqzs that *ere devised to mmitor the transformed 

probcts in the fermentation broths. 
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The fmgal strains used in the present investigation ware isolated tram local soil samples by standard methodology. 

Fennzntatlon experiments rare carried out by the pruca&res reported earlier from cur grasp’. 

l’ha prograss of microbial traosfoonnatlm was mmitored by TLC in order to achieve c&nun yields. when it was 

observed m nc that no further msnpe was appearing to take place, the culture filtrate ras separated fran the 

mywlial mass, wd extracted with chloroform. The r&&e, after evapotatim of the chloroform extract, was chacked 

for trensforrrd prc&cts by TLC, Wl_C md UC assay tach”iques3 md purified by using flash mlum chrcmtography. 

Tha stnrturss of the terpenoids isolated ware elucidated prirrlpelly by F)R ax! mass spectroscopy, or by carparism 

with authentic -10s. 

lha fmgal strains and the trmsfoorssd prw&xts obtained are listed in Table 1 and 2. 
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Table 1 

1ransformd pro&xts of 1,9-dideoxyforskolln 

_________________________________________________________________________~___________________~~~~~~~~~~~~~~~~~~~~ 

strain No. Ickntiflcation.oC strain Trmsforard Produzt Yield 

x 
________________________________________________________________-_~__~______-_____________________~~~~~~~~~~~~~ 

FF 915 

FF 101 

7-Ceacetyl-9-deoxyforskolin (21 0.5 

s*strm 
OPA No. 3207 

091M.3208 

1,9-Oidmxy-2a-hydroxy- 

forskolin (AI 

FF 172 

FF 709 

H 134 

Unidentified 

7-Lkec&yl-1,9-didxlxy- 

2a-hydroxyforskolin (21 

(5) 

FF 101 

FF 559 

H 134 

Ulidmtifled 

Vlidmtifled 

1,9-Didmy-2&hydroxy- 

forskolin (5) 

(6) 

(6) 

6-Fuxtyl-7deacetyL1,9- 

didmxy-2 6-hydmxyfors@lln (1) 

FF 915 Ulidentified 6-Acetyl-7-Qaattyl-l,9- 

dldmxy-3a-hydroxyforskolin (8) 

"1 091 No. 3202 1,9-oideoxy-3&hydroxyforskolin (2) 

FF al8 Unidmtifled 

FF 173 

FF 383 

OwNo.3209 

Aspergillus niger 

(0% No. 3210) 

FF 406 

FF 695 

FF 573 

FF 695 

DW No. 3211 (2) 

CM No. 3212 (9) 

lhldmtificd (SJ 

m No. 3212 6-l\cety1-7-d=s¶&yl-1,9- 

didaowy-3~-hydmxyforSkolin (so) 

FF 695 lhlic!eMified 1,9-Oideoxy-3-oxoforskolin (11) 

FF 266 Lhidmtified 6-kdyl-7-cbacaty1-1,9- 

dldeoxyforskolin (2) 

FF 565 Chidentifled (12) 16.0 

10.0 

7.0 

10.0 

4.0 

6.0 

23.8 

8.3 

5.0 

29.7 

42.0 

10.0 

40.0 

16.2 

10.0 

11.0 

10.0 

4.9 

11.0 
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1&e 2 

Transformed pmchxts of 'Ideecetyl-1,9-dideoxyforskolin 

__________-__________-_-__~~~_____~~___~~___________~~~~~_-_____~~~~________~~~~~~~~~-~_~~~~~~~~~~~~~~----~~ 
strain No. Identification of strain Transformed Product Yield 

x 
_______________________________~~___________~___________-_____________~______________~~________~~~~~~_~~_~_~~------- 

FF 680 uMentified 7-nX&yl-1,9-didmxy- 

Pa+droxyforskolin (2) 

23.7 

Ii 134 Scoprloriwsis 7-oeacety1-1,9-d1deoxy-2 B- 

hydroxyforskolin (13) 

2.0 

FFa.9 

FF H)3 

FF 813 

FF 958 

Ii 134 

ulident.ified 

Aspergillus niger 

0% No. 3210 

VlideMified 

ulident.ified 

Scopuloriopsls 

7-Deac&yl-1,9-dic!eoxy 

3a-hydroxyforskolin ("1 

11.4 

7-neecetyl-1,9-dideoxy-3 B- 

hydroxyfOrJcolIn (El 

22.4 

7Usec&yl-14,15_dihydro- 10.0 

14,wdihydroxy-1,9dickoxyforskolin (16) 

(3) 

7-Ceecetylforskolin (lJ 

2.0 

0.76 

Identificatim of Cowcuds 

1,9-llideoxY-2a-hydroxYforsJ(olin (4) : m.p. 2%61°; MS : H*, m/z 394; RR : signals es for 1 with en additimsl 

nultiplet, with nine line pattern Ja a = 11.5 Hz and J = 4 Hz *hich could be only assi~ as 2U-@Yi with 2 
, ate 

axial and 2 eguatorial neighbarring protons. 

1.9-OideoxY-3-8_bydmxyforskolin (9) mp.271-272O; M5 : M+, m/t 394; In canperism with the RR spectrum of1 an 

additional d of d J&a = 8 tk, J 
w 

= 2 Hz, appearedet63.16, *hiti showed the presence of an axial proton with 

one nei@WurIng axial md epJatoria1 proton respectively. 

7-lkacetyl-1.9-dlckoxy-3a-hydmxyforskolin 13) : m.p. 178-MOO; MS : M+, m/r 352; en additional broad singlet at 

63.4 to the RR (UClQ of 2 *hiti shows the presence of an eqmtoriel proton with neic@bwring axial and equatorial 

protons. 

The following ccqxuxls were identified by carparison of their M and micmanalytical dnta, (Table - 3), as well as 

W_C and CC retention times3 with those of authentic samples isolated from the plant MUX+?, or prepared semi- 

synthetically from know or identified starting materials. 

7-Oescetyl-9-deoxyforskolin (11, 7-descetyl-l,9-dIdeoxy-2a-hydmxyforskolin (51, 1,9-didcoxy-2@-hydmxyforskolin (a), 

6-acetyl-7-dsacetyl-l,g-dideoxy-2 6-hydmxyforskolln (L), 6-acetyl-7-d8acetyl-1,9-dideoxy-3a-hydroxyforskolin tg), 

6-acetyl-7-deacetyl-1,9-dldeoxy-3 B-hydmxyforskolin (lo), 1,9dideoxy-3-oxoforskolin Cl), 6_acetyl-7-deacetyl-1,9- 
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Table 3 

physical data OP transfo- prodrts 

74-76 

258-261 

86-88 

262-263 

X8-170 

246-248 

271-272 

212-214 

184-l% 

149-150 

86-88 

178-181 

168-170 

193-195 

2.6a fs, 12-M@ 3.32 (5, Y-q 

3.68 (d, b,7 = 4 Ht, 7a--cH_), 
4.4 cm, 1 B-e, 6U--M_) 

2.83 (S, 9-M_), 4.05 @I, &,a= 11.5 w, 
Je,@= 4 HZ, 26-M_), 4.34 (m, 6a+, 

5.08 fd, J6,? = 4 f@, 7a-M_ *f 

2.64 k, 9-W_, 12-W 1, 
3.6 3, 

J = 4.5 HZ, ZU-qi), 
3.7 (d, 36.7 = 7a-+), 
4.08 (m, 26-Cl$l), 4.x f=. 6a-clpl) 

2.75 (s, 9-M_), 4.13 (quint, 3.4.5 &2C+), 

4.36 (m, 6a-M_), 5.1 (d, 36‘7 = 4 HZ, 
c22”3406 

7a_M_wtc) 

2.62 (5, 9-M_), 3.88 cd, J6,7 = 4 a, 7u?gs c Ii 0 

4.1 (WI& J = 4 HZ, 2a-W_), 5.8 (a, 6a-q) 
22346 

3.36 (bs, 3 6-C+& 3.92 (d, J6,7=4H& m-c) 

5.64 (d of d, 36‘7 = 4 Hz, J5,6=3H&6~~-cgkf 

cnH3406.0.5H20 

2.72 (s, 9-“-,, 3.16 (d of de Ja,a= 8 m, c H 0 

Jale= 2 HZ, 3a-Ctpf, 4.X ld of d, 
22346 

J6,7 I 4.5, J5,6 = 3 HZ, sa-am) 

5.04 (d, 36,7 = 4.5 f+Z, 7&@04c) 

2.6 (s, 9-c), 2.64 (5, 12-$, c H 0 

3.14 (d OP d, Ja,a = 8 Hz, Ja,e=2Hzv w-'?? 
22346 

3.&p (d, J6,7 = 4 HZ, 7a-cH_), 

5.72 fd of d, 36,7 = 4 Hz, 35.6’ 3Hz, sa-fn). 

2.8 (s, 9-C$, 2.6-3.04 (m, 2-C$), 

4.24 fbs, 6a-I>IWf, 5.06 (d, 36.7 = 3.6 mz, 

c22H3206.0.m*o 

7a-+_(y\c) 

2.68 (5, 9-u& 12-M*), 

3.9 (d, 36,7 = 4.5 Hz, 7C+OhC) 
c22”3405 

5.76 (d of d, 36,7 = 4.5, J5,6, 3ks 6a-tim) 

2.56 fs, 9-C$, 3.7 (t, J6,7 = 4 Iit 

~01lSpse to d m addition of’ B$ 

J I4 Hz, 7a-Cy), 

c20H3205 

4.16 (@nt, J = 4 HZ, ZO-M),4.4 fn,6a-C$ 

2.64 (s, 9-M), 3.4 (bs, 3!%CtjB), 

3.74 (d, J6,? = 4 w., 7a-fw31L 

4.28 (bs, 6U-G#) 

2.52 (s, Y-C$, 3.16 (d of d Ja,a=8 tQ, 

3a-C&ii), 3.7 fd, J&7 = 4 tir. 7WgN, 

c_LoH205.0. m20 

4.x; (d of d, 36,7 = 4 Hz, J5,6=3 +t?, 6a-qpl) 

2.62 (s, 9-CH, 

3.6 (d, J6,7 = 

12-o(2), 2.8 (fh c H 0 

4 HZ, 7U-w) 

~~+~' 
20346 

4.X (m, 6Q- Cp) 

3to 

394 

361 

394 

394 

403 

394 

394 

401 

378 

352 

Ml 

361 

370 

c I 64.86 

HI 9.19 

C = 67.0 

II = 8.63 

c.66.48 

Ii I 9.14 

c = 67.0 

H I 8.63 

C I 67.0 

H = 8.63 

C I 65.51 

HI 8.68 

C I 67.0 

H. 8.63 

65.04 

8.65 

67.36 

8.86 

66.65 

9.46 

66.69 

8.46 

67.14 

8.53 

65.90 

8.92 

66.84 

8.24 

C I 67.0 66.96 

Ii z 8.63 8.81 

C = 65.84 

H I 8.23 

C .69.&o 

H= 8.99 

C = 68.18 

H I 9.07 

66.06 

8.25 

69.95 

8.84 

67.84 

9.11 

c il66.48 

H = 9.14 

c = 66.48 

H I 9.14 

c = 64.86 

II i: 9.19 

66.81 

8.93 

66.65 

8.9 

64.76 

9.10 
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dldeoxyforskolln (s), 7-deacetyl-l,9-d.ldaoxy-26-hydroxyforskoll”’ (21, 7-ckacetyl-1,9-dlckoxy-3 B-hydroxy- 

forskoll” (El, md 74eacetyl-l,9-dideoxy-l4,15-dlhydm-l4,l5-dlhydroxyforskolln5 (x,. 

These results considered tc@.her rlth our prellmlnary cosaunicatim’ cmstltute to our kncwled~e, tha first 

demnstratlm of the mlcmbial transfonmtim of labdane diterpenolds. Reglo- and stereo-spclffc fntrcdmtlm of 

hydroxyl groups, apperent oxldatlm of hydroxy groups, hydrolysis of an acetoxy oroy, and acetyl migrations are the 

different transfonmtims that have been effected by the several f-1 strains. The enzysxstlc systems in these 

strains are apparently very selective since they transform the two substrates dfffermtly. 

The rk?!# analo~~~ of forskolln provided throtgh this study were tested for their biological properties. NDne of 

the carpounds shwed my slmlflcant positive lnotmplc or antihypertenslve activities. 7-DeacetyL94eoxyforskolin 

(2) and 7-deacetyI-l,9-&Jaoxy-26-hydroxyforskoll” (El dlyslayed re&ctlm in Iop in rabbit eyes mly at 2% cm- 

centrations ln CX of 24% and z(xx respectively. These results are in c- me with our proposed model of forskoll” 

action which reqlres the comoaltant presenca of 1 a- an3 YU-hydmxy gxwps for potent activity to be displayed’. 

The methodology described herein together with the analytical assays’ that were developed for monitoring the mlcro- 

blally transformed orocWt in the fermantatlm extracts constitutes our overall strategy to flm a fungal strain 

that would hydroxylate a 1,9-dfdsoxyforskolln derivative to a forskolin derivative’. In addition to the PindIng 

of the desired strain, this study provided e second strain (FF 915) which introduced a la-hydroxy grayl in 1,94- 

daoxyforskolln to provlc!e 1 in 0.5% yleld.Thus,a new source for 94eoxyforskolln, a minor metaballte of C. forskhlll, 

has thereby now pmvlded. This avalla!Allty becuaas much more sllplflcant in the light of the use of 94eo~y- 

fmhGin cmverslm to forskolin6 througtr intrc&&lon of a Y-CM grwp by chemical methods. 

General Method for ths Premratlm of Standard femples 

1. Lgthod (a) 

7-Deacetyl-94aoxyforskolln (1) : 9-Oeoxyforskolln (2.0 g) dissolved in methenol(ZIlml) was stirred with scdlun 

hydroxide (0.425 g) in water (5 ml) for an twur. The reactlm tixture was mncantrated and extracted with chloroform. 

The organic layer was washed with water, dried over anhydmus sodium s&@&e awl concentrated. The residue was 

chrcmtstographed m silica gel using ethylacetate:pet.athr (60-W) as eluant. The carpound was crystalllsed frm 

ethylacetate-p&role ether (SO-&F), yield 135X, m.p. 74-760. 

Slmllarly. carpands 1, E and q were -red. 

2. Method (8) 

1,94Maoxv-3-oxoforskolln (11) : A mixture of 1,9-dldeoxy-3f3-hydroxyforskolln (10 mg) ard Collins reagent (30 mg) 

in dkhlorowethme (2 isl) was stirred for 2.5 hr. The raactlm mixture ISS diluted with chloroform sod filtered. The 

filtrate was plrifled by flash colum chrmetography using ethylacetate: hexane (Se:4661 as elumt. Yield 7 ng. 

m.p. 184-186°C (ethylecetate:pst.ether 604OoC) 
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3. Mathod tc) 

ti-ACetyl-7~acetyl-l,9~idaoxyfarJcolin (2) : 

Sodiun mthowida (0.079 g, 1.46 ml) was addad to 8 stirred solution of 1,9-dideoxyforskolin (0.5 g, 1.32 ml) 

in dry dioxsne (freshly distilled over LAH). Tha reaction nixturt res stfrrad for 2.3 hers at man tccnperetura 

f28W, acidified by tha addition of acetic acid to pH 5, and was pourad Onto crushed ice end extracted with ethyl 

acetate. Tk organic layer was separated, weahad with water, drlad ovar ai-+dms sodiun sulphate end commtreted. 

Tha residue was chmnetograp&ad over silica gal by using flash co&in ci7r#tatogr8~ic tednfqve and ethylecetete:pat. 

ether 60-WC as eluant. Yield 7CU, m.p. 149-1wC. 

I\cknowledwmmt : We therk Dr. A. N. Dohedmlla and his grasp for testing the phemamloglcal activity of tha 

cfmmnd. TM skiiful taclnkel assistewe provided by H. GarkP&car wxl N. Rermle Is gratefully acb-mladpd. 
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