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Abstract

A series of acetoxy derivatives of androstane and pregnane was deacetylated in organic solvents by microbial lipases. The best results were
obtained with lipase frorandida antarctic{CAL B), Candida rugosgCRL) andPseudomonasp. (PSL). In some derivatives, CAL B and
CRL showed a regioselective behaviour towards the removal offiher3L6x/163-acetyl group. The results of the enzymatic deacetylation
of pregnanes and androstanes substituted by various groups containifggibsgised C-atom in ring D could suggest that CAL B activity
seems to be conditioned by the occurrence of a polar carbon double bond in this part of the steroid skeleton. Ten new steroid derivatives were
obtained through this approach.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction observed that lipases from two yeasts catalysed the alco-
holysis of acetyl groups located at different positions of the
The pharmaceutical properties and high cost of steroids steroid skeletonCandida rugosdipase (CRL) andCandida
made the research on these natural compounds everantarcticalipase (CAL B) have affinity for different regions
more important. In the last years, highly selective syn- of the rigid steroid molecule. While CRL removed acetyl
thetic procedures for the transformation of complex poly- groups situated in ring A, CAL B was preferentially active
functional steroids were developed. Among them, the on substituents located in ring D. Considering the good per-
enzyme-catalysed approach was applied successfully informance of CAL B in alcoholysis of 180-Ac with a car-
selective reactions producing new compounds with addedbonyl group at C(17}a (Fig. 1) and the poor activity when
value to the physiological properti§k]. the keto at C(17) is replaced by an acetoxy grfiQj, CAL
The lipase-catalysed transesterification in organic solventsB activity seems to be conditioned by the occurrence of an
is very useful for steroids that are highly insoluble in water. sp-hybridised C-atom in ring D.
The regioselective acylation and deacylation of some steroid To learn more about the regio- and stereoleselective be-
compounds has been already described by several authorbaviour of lipases in deacetylation of steroids we performed
[2-6] and recently reviewefV,8]. this reaction using several androstanes and pregnanes
In earlier works we have reported the enzyme-catalysed 2a—10a as substrated={gs. 1 and 2 We wish to report our
alcoholysis of steroids [Bacetates containing labile func- results in this paper.
tional groups in the molecul§®] and the regioselective

deacetylation of some androstane derivat . We have .
y e 2. Experimental
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Chirazyme L-5, c.-f. lyo (400 U/g) were purchased to Roche
Diagnostics GmbH;Pseudomonadipase: Lipase PS-C
Amano Il (804U/g) and Lipase PS Amano (33,200 U/qg)

were purchased to Amano Pharmaceutical Co. All enzymes
were used “straight from the bottle”.

2.2. Standard deacetylation procedure

To a solution of the acetoxy steroid (0.75 mmol) in 15ml
of the indicated solvent containing 5 mol equiv of 1-octanol,
the corresponding amount of lipase was added (1.5 g of CAL
A, CAL B or PSL; 0.8 g of CRL or PSL-C). The suspension
was shaken (200 rpm) at 3C and the progress of the reac-
tion was monitored by GC. After indicated time, the enzyme
was filtered off, the solvent was evaporated, and the crude
residue purified by flash chromatography on silica gel and
hexane: ethyl acetate 95:5, and identified by GC-MS and
by 1H and13C NMR spectroscopy.

la Ry =AcO; R, ==0; Rz =3 -AcO
b R; =AcO; R, ==0; Rz =3-OH
¢ R;= OH; R, ==0; R3 =3-AcO

2a R =AcO; R, = =0; Rz =a-AcO
b R;=AcO; R, ==0; Rz =a-OH
¢ R;= OH; Ry = =0; R3 = a-AcO
d R;= OH; R, ==0; Rz =0-OH

Fig. 1.

gel and identified by GC-MS and b{H and 13C NMR
spectroscopy.

IH and 13C NMR spectra were recorded in CRCI
and CDC4/D3COD with TMS as internal standard us-
ing a Bruker-AC-200 spectrometer. Analytical GC was 3.1. Optimisation of the reaction conditions
performed using a Hewlett-Packard-5890 gas chromato-

graph with an HP-5 capillary column (50 m 0.32 mm) Four commercial lipases were tested in the deacetylation
and HP-17 (10mx 0.53mm). For TLC, Merck silica gel  of diacetate2a: C. rugosalipase, C. antarcticalipase B,
60F-254 aluminum sheets (0.2mm thickness) was used.lipase PS and PS-C froseudomonasp.

Gas chromatography—mass spectrometry (GC-MS) spectra As it can be seen frofiable 1 the lipases fronC. rugosa
were performed using a gas chromatograph coupled to aandC. antarcticagave the most satisfactory results in terms
Varian Mat CH7-A spectrometer interfaced to a Varian-Mat of conversion and selectivity. PSL-C was also selective and
Data System 166 and on a VG-TRIO-2-GC-MS instrument. active but showing a lower performance.

All solvents and reagents were of analytical grade. Lipase  As in a previous work[10], both enzymes acted in a
from C. rugosa(905 units/mg solid), was purchased from regioselective and complementary manner, catalysing the
Sigma Chemical Co.C. antarcticalipase B: Chirazyme  alcoholysis of acetyl groups located at different rings of
L-2, c.-f,C3, lyo (400U/g) andC. antarcticalipase A: the steroid skeleton. CRL only produced deacetylation

3. Results and discussion

Rz
Rs

Ry

3a R; = AcO; R; = =CHy; Rz = -AcO
b Ry =AcO; Ry = =CHy; Rz = B-OH
¢ Ry1= OH; Ry = =CHjy; Rz =3-AcO

4a R =AcO; R, = =CHj; Rz =0-AcO
b R; =AcO; R, ==CHj; R3 =a-OH
¢ Ry = OH; R, = =CHj; Rz =0-AcO

5a Ry = TBDMSO; R, = =CHy; Rg =q-AcO
b Ry = TBDMSO; R, = =CH,; Rg = a-OH
¢ R; = TBDMSO; R, = =CHy; R3 =0 -OH

6a R; = AcO; R, = (E) =CHCHg; Ry =B -AcO
b Ry = AcO, R, = (E) =CHCHg; Ry =B-OH
¢ Ry =OH; Ry = (E) =CHCHg; R3 =B-AcO

7a Ry = AcO, R, = (E) =CHCHg; Ry =01-AcO
b Ry = AcO; R, = (E) =CHCHg; R =a-OH
¢ Ry = AcO, Ry = (E) =CHCHg; Ry = 0-OH

8a R; = AcO; R, = (E) =CHCH,0AC; R = H
b Ry = AcO; R, = (E) =CHCH,OH; Rg = H
d Ry = OH; R, = (E) =CHCH,0H; Ry = H

9a R; = TBDMSO; R; = (Z) =CHCH,OAc, Ry =0-AcO
b Ry = TBDMSO; R, = (Z) =CHCH,0H; R3 =0 -AcO

10a Rj = AcO; R, = (Z) =CHCH,0Ac; Rz =a-AcO
b Ry =AcO; R, = (Z) =CHCH,0H; R3 =a-AcO
¢ Ry =OH, Ry = (Z) =CHCH,0H, Rz =a-AcO

Fig. 2.
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Table 1
Enzyme catalysed alcoholysis of 17-oxe-8ndrostan-8,16a«-diyl diac-
etate pa)?

151

Table 3
Lipase-catalysed alcoholysis of androstane and pregnanes derivatives
(2a-10a)?

Lipase Conversich (%) CAL B CRL
2b 2c 2d Product  Yield (%) t (h) Product  Yield (%) t (h)
None n.d n.d. n.d. 2a 2b 72 48 2 61 48
C. rugosalipase (CRL) n.d. 66 32 2b 12
C. antarcticalipase (CAL B) 76 n.d. 24 3a 3b n.dP 168 3c 65 48
Pseudomonatipase PS (PSL) n.d n.d. n.d. 4a 4b n.d. 168 4c 68 48
Pseudomonadipase PS-C (PSL-C) n.d. 50 n.d. 5a 5b n.d. 168 5b 8 168
- — - 6a 6b 9 168 6C 70 48
@ Reactions were performed under standard conditions. Time: 144 h, 7a 7b n.d 168 7o 69 48
solvent: CRL: toluene, CAL B: acetonitrile, PSL and PSL-C: dioxane. g 8b 8'2 ' 48 8 32 48
b Determined by GC and GC/MS analysis; n.d.: not detected. ad 36
% 9 75 48 % 30 168
at O-C(3) while CAL B only reacted with the acetyl at 10a  10b 81 48 10c 79 48

O-C(16). All products were determined by GC-MS analy-
sis. The reaction was monitored at different periods of time;
2b and 2c were obtained at its maximum concentration at
48 h. At longer times the diddd appeared.

The enzymatic deacetylation @h was tested with ab-
solute ethanol, 1-butanol and 1-octanol, using CAL B and
CRL as biocatalysts. Results are showrTable 2

Ethanol acted both as solvent and nucleophilic agent. All
three alcohols afforded the corresponding hydroxy steroid
according to the enzyme but in different yield, 1-octanol be-
ing the best nucleophile with both lipases. CAL B was effi-
cient in all three alcohols and yield Bb increased slightly
from ethanol to octanol. Only in octanol it showed an ex-
cellent regioselectivity. On the other hand, CRL was mod-
erately active only in octanol (66%) and less regioselective
than in the previously studied diacetadte(70%)[10]; 18%
of 2b was observed by GC analysis.

The lipase-catalysed deacetylation 2a with 1-octanol
and CAL B was carried out at different alcohol concentra-

tions. The best yield was obtained at an alcohol/steroid mo-

lar ratio equal to 5 and at 50 mM steroid concentration. The
amount of CAL B in the reaction system was varied from
100 to 5000 mg at 50 mM steroid concentration. Yields of
20% of 2b were observed just using 300 mg of lipase, af-
fording the best results (76%) with 1500 mg.

We tested the activity of each lipase in different solvents.
In previous works[9,10] we have found that activity is

Table 2
Enzyme catalysed alcoholysis of 17-oxe-&ndrostan-B-16a-diyl diac-
etate pa)?

Alcohol Conversion with Conversion with
CAL B (%) CRLP (%)
2b 2c 2b 2c
None n.d. n.d. n.d. n.d.
Ethanol 70 11 11 10
1-Butanol 74 9 12 12
1-Octanol 76 n.d. 18 66

2 Reactions were performed under standard conditions. Time: 144h,
solvent: CAL B: acetonitrile, CRL: toluene.
b Determined by GC analysis; n.d.: not detected.

a Reactions were performed under standard conditions. Solvent: CAL
acetonitrile, CRL: toluene.

b Not detected by GC.

¢ Temperature: 50C.

d The 68% with CAL A and 56% with PSL-C.

B:

related to the nature of the solvent. So CAL B showed the
best performance in acetonitrile, CRL in toluene and PSL
and PSL-C in dioxane.

Concerning to the enzyme re-use possibilities, we ob-
served a loss of only 13% in yield when recovered enzyme
was used in six consecutive reactions with fresh substrate
and octanol.

3.2. Lipase-catalysed deacetylation reaction on different
D-ring substituted steroids

The deacetylation reaction was scaled up to 300mg to
isolate and characterise the produdiable 3shows the re-
sults of the preparative transesterification reactions using the
steroids2a—10a as substrates. The site of alcoholysis was
unambiguously established bt NMR spectroscopic anal-
ysis and by comparison with data for the par2at

Then, on treatment dfa with CAL B and 1-octanol, the
until now unknown 16-hydroxy-17-oxo-x-androstan-8-
yl acetate2b was obtained in 72% yield, and using CRL,
the also novel B-hydroxy-16x-acetate2c, was produced in
61%.

CAL B proved to be more regioselective than CRL, be-
cause a little amount @b (12%) was obtained together with
2cin enzymatic deacetylation with CRL. On the other hand,
the a configuration of the 16 acetate Ra did not inhibit
CAL B activity and $B-acetate-1&-hydroxy derivative2b
was obtained, though in lower yield than the previously re-
ported B-acetate-1B-hydroxy1b (78%)[10]. This result is
showing a poor stereoselectivity in CAL B, being active with
both stereoisomers 1&and 168 acetates. As CRL displays
its activity in ring A, it seems that its performance is not
influenced by the stereochemistry of the acetate in ring D.

To know more about the influence of different func-
tional groups in ring D of steroid substrates on the
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enzymatic activity, we performed the enzymatic deacety- By enzymatic alcoholysis of the triacetylated deriva-

lation with various androstanes and pregnanes (seetive 10a with CAL B the 21-AcO group was removed

Figs. 1and 2 while 33-AcO and 1&-AcO remained unaltered. The
When carbonyl group in 17 position of ring D was re- reaction afforded compountb in very good yield. Per-

placed by a carbon—carbon double bond @ = C(20) as forming the alcoholysis through CRL catalysis, only the

in substrates3a, 4a and 5a, no deacetylation product was 3B-16a«-dihydroxy compoundlOd could be obtained. It

obtained with CAL B as biocatalyst. Moreover, when the was not possible to obtain the33nonohydroxy deriva-

susbstituent in 17 position of ring D was=CH-CH of tive despite that several reaction conditions were tested.

(E) configuration in pregnane&a and 7a, only conversion Both 10b and 10d were not previously reported in

of 6a was observed and the 16-hydroxy compound was literature.

obtained in very low yield (about 6% @b after 7 days of

reaction). This poor reactivity was observed in both pairs

of stereoisomer8a—4a and 6a—7a containing the carbon 4, Conclusion

16 acetate group in configuratian (4a and 7a) or B (3a

and6a). These results would indicate that the best substrate An efficient procedure for the enzymatic selective

for CAL B activity in the lipase-catalysed deacetylation deacetylation of pregnanes and androstanes by using mi-

of carbon 16 could involve the presence of a polar double cropial lipases in organic medium has been described. Both

bond such a carbonyl group. A carbon—carbon double bondC, rugosaand C. antarcticaB lipases showed a remark-

in position 17, substituteds@ and 7a) or not Ba and4a), able regioselectivity in the reaction with several substrates.
does not seem a good environment for the enzyme activeacetate groups in carbon 16 could not be removed to give
moiety. the corresponding alcohols by action of CAL B when there
Enzymatic alcoholysis o8a, 4a, 6a and7awith CRL as  were no polar substituents in carbon 14. These results con-
biocatalyst afforded the correspondin@-Bydroxy deriva-  firm that the presence of a polar group in carbon 14 is
tives in good yield (65-70%) and remarkable regioselec- necessary for the enzyme to develop its catalytic activity.
tivity. As we have observed in a previous wofk0] the On the other hand CRL activity was almost exclusively

presence of the\5 double bond does not influence CRL  developed in acetates located in carbon 3 of the steroid struc-
activity and the yields ir8c, 4c, 6¢c and7c showed that the  ture. The presence of a double boh8 did not affect lipases
enzyme performance was comparable to the saturated subactivity and selectivity.

strates. These last four compounds had not been previously Ten new steroid compounds were obtained by using the
reported in literature. regioselective enzymatic deacetylation reaction, which are

As it can be expected thepa-butyldimethylsilyloxy — yseful synthetic intermediates in the synthesis of biological
group in5a kept unaltered in presence of both CAL B and active molecules.

CRL and only 8% of the 1&-hydroxy compoundbb was
obtained by performing the alcoholysis reaction at’G0
during 7 days using CRL as biocatalyst.

The primary acetyl group it8a showed to be very re-
active and the alcoholysis product with hydroxyl group in
carbon 218b was obtained in high yield with CAL B. A g aythors gratefully acknowledge M.M. Rivero for her
mixture of the same produc8lf) and the diol8d was ob- assistance in GC analysis.
tained when CRL was used as biocatalyst suggesting that
the higher reactivity of the primary group prevented the re-
gioselective behaviour of the enzyme. B&h and8d had
not been prepared previously. References
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