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ABSTRACT

This paper uses a newly developed and extendedf@uantum chemical method in an attempt to advahee
knowledge of the relationship between the variatibeeveral local atomic descriptors of the elenteostructure of
a set of pyrido[2,3-d]pyrimidine analogues and traiation of their inhibitory potencies in genoty&a and 1b
hepatitis C virus (HCV) replicon assays and cytafibx in Huh-7 cells. Despite the lack of knowledgfethe
mechanism(s) of inhibition of the HCV replicons afidHuh-7 cell proliferation good quantitative stture-activity
relationships (QSAR) were obtained for all bioladi@activities studied. The equations relating stare and
inhibitory capacity for 1a and 1b genotypes HCVli@ms seem to be quite similar and involve maietypty
molecular orbitals localized on very specific atoaighe drugs. In the case of the cytotoxicity agaHuh-7 cells
the corresponding equation contains only contribngi from occupied molecular orbitals localized owther set of

specific atoms of the drugs. On the basis of ogults a concrete atomic site is proposed as tatgehodify the
biological activities.

Keywords: Hepatitis C virus, Quantum Pharmacology, HCV reptis, structure-activity relationships.

INTRODUCTION

Hepatitis C infection is a worldwide health probleffecting an estimated 170 million individuals. rGhic
infection with hepatitis C virus (HCV) leads todifibrosis, cirrhosis and cancer. HCV is a smalledoped virus
with a positive single-stranded RNA-genome of tamify Flaviviridae. HCV has a wide variety of genotypes (at
present with six major genotypes) [1-5]. Neitharagcine against HCV nor an efficient therapy withagisfactory
broad spectrum of action against all genotypes @VHis available. The research on hepatitis C are th
development of new therapies have been sloweddwndhexistence of a permissive cell culture systapporting
efficient replication of the virus. This problemshlaeen surmounted in recent years [6-9].

Recently, Krueger et al. synthesized a group oidpy2,3-d]pyrimidine analogues and tested them for cytotibxic
in Huh-7 cells and inhibitory potency in genotype dnd 1b HCV replicon assays [10]. The authoredtttat fn
the absence of knowledge of the mechanism of tidmnband structural information on inhibitor bindin it is
difficult to rationalize these resuttsHere we present the results from a formal madglf biological activities
showing that, even if thede vitro effects are the final result of two or more unidféged or inadequately known

processes, it is possible to provide solid quaiigastructure-activity relationships for modelitige inhibitory
potencies and cytotoxicity of these molecules.
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MATERIALS AND METHODS

Methods, Models and Calculations

A formal way to obtain structure-activity relatidigs is based on the following philosophy. Firstmadel is
proposed to explicate a specified biological atfiviNext, by applying one or several physicallydxhs
approximations, the assumptions of the model aestated into one or more equations showing theectzg
relationships [11]. In our case, and starting frthin statistical-mechanical definition of the eduilim constant, we
have continued to develop and enlarge a formal odetklating the electronic structure of drugs teirtin vitro
receptor affinity constant [12-17]. In this way,ogbstructure-activity relationships have been ot#difor a variety
of drugs and receptors [18-23]. The final resultto$ procedure is that, for the case of n molesulee have the
following system of n linear equations:

logK =a+bM, +c|og[aq /(ABC)”2]+ Z[ejQ] +iS+ s8]+
+2 [ (MEM+ X SCH+X X[ € o ¢ g e
(g rkn +q + 26 + WP (=1n) &)

whereK; is the drug-receptor affinity constamd, is the drug molecule’s mass,its symmetry numbeABC the
product of the drug molecule’s moments of inerbaw the three principal axes of rotati@h, is the net charge of

atomi, S and S" are, respectively, the total atomic electrophalicl nucleophilic superdelocalizabilities of Fukui
et al.,Fi is the Fukui index (i.e., the electron populatiohjatom i in occupied (empty) MO (molecular orBita
(m)[24]. ST (M) is the local atomic electrophilic superdelocaliighof atom i in occupied MO mS© (m) is the

local atomic nucleophilic superdelocalizabilityatbm i in empty MO m. The last bracket on the rigide of Eq. 1
includes local atomic indices obtained by an apionaxe rearrangement of part of the remaining tesfribe series

expansion employed in the model [29],, n;, o, ¢, and Q™ are, respectively, the local atomic electronic

chemical potential of atom j, the local atomic sk of atom j, the local atomic electrophilicifyatom j, the local
atomic softness of atom j and the maximal amoum@étronic charge that atom j may accept. Notettiese new
local atomic reactivity indices (LARIs) are expredsn the same units (eV) as the global ones ahthr&/- e as are
the usual projected local reactivity indices comfrgm Density Functional Theory (DFT) [25]. For exale, the

local atomic hardness of atonvk,, is defined as:

= (E;omo - ELUMO) 7))

where E;omo is the highest occupied molecular MO having a rere electron population on atom k aEﬂUMO
is the lowest empty MO having a non-zero (virtuglctron population on atom k. Thefy, is simply the local
atomic E;omo' Ezumo gap that may or may not coincide with the molecti®MO-LUMO gap (in fact, in the

case of the hydrogen atoms within a molecule, thgirvalues almost never coincide with the moleculaM{®

LUMO gap). In the following the symbol * makes neface to local atomic indice§F is related to the total
electron-donating capacity of atom i agll to its total electron-accepting capacity. The latamic Fukui indices
and superdelocalizabilities are related to MO-M@iiactions.y; is a measure of the tendency of an atom to gain or

donate electrons: a large negative value indicatgeod electron acceptor atom whereas a small inegedlue
corresponds to a good electron donor ateim.is related to the electrophilic power of an atomd éncludes the

predisposition of the electrophilic atom to receésdra electronic charge together with its resistato exchange
charge with the mediunQ™ is the maximal amount of electronic charge thatrat may accept from another site.

g, is defined as the inverse of the local atomic hesdrof atom i [25-27].

Recently, we have expanded this model to anailyzétro or in vivo biological activities other than drug-receptor
equilibrium constants, with good results [27-2%eTbasis of this expansion consists in acceptiagah biological
processes occurring, from the moment of the erfteydrug molecule into the biological systeim itro or in vivo)
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until the manifestation of any biological activigre controlled by the same local atomic reactiwitlices appearing
in Eq. 1. It is important to note that this extetiadeethod is useful if and only if the whole sethudlecules studied
undergoes the same processes. The moment of itertiacan be expressed in a first approximation as:

log[ (ABC)™* |0 > m B =Y 0O
ot t (3)
where the summation over t is over the differerissituents of the moleculen, is the mass of the i-th atom

belonging to the t-th substituer®,; being its distance to the atom to which the stiestit is attached. We have
called these terms orientational parameters [17].

The selected molecules are shown in Table 1. Tablisplays their corresponding inhibitory potendiregenotype

la and 1b HCV replicon assays and their cytotagitn Huh-7 cells (a cell line of epithelial-likemorigenic
cells).

Table 1: Structures of pyrido[2,3-d]pyrimidine analogues

NH
S
(T
= =
R{ N N R>

Molecule R: R.
1 Methyl H
2 Methyl OH
3 Methyl OMe
4 Methyl F
5 Methyl H
6 Methyl NHACc
7 Methyl OH
8 1-Propyl H
9 1-Propyl NHAc
10 1-Propyl OH
11 2-Propyl H
12 2-Propyl NHAc
13 2-Propyl OH
14 2-Propyl OMe
15 2-Propyl F
16 2-Propyl | NHSGMe
17 Cyclopropyl H
18 Cyclopropyl| NHAc
19 Cyclopropyl OH
20 Cyclobutyl H
21 Cyclobutyl NHAc
22 Cyclobutyl OH
23 i-Butyl H
24 i-Butyl NHAc
25 i-Butyl OH
26 t-Butyl OH
27 Cyclohexyl OH
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Table 2: Inhibitory potency in genotype 1a and 1b €V replicon assays and cytotoxicity of molecules 27.

Compound | Replicon 1a | Replicon 1b | log MTT (uM)
log ECs (uM) | log ECso (M)

1 112 0.58 1.35
2 1.37 -1.3

3 1.65 112 1.46
4 1.02 0.48 0.79
5 1.28 0.53 1.36
6 0.84

7 1.79 1 1.89
8 0.98 -0.49 1.07
9 1.14 -0.2

10 0.85 -0.6 1.49
11 1.01 0.53 0.9
12 0.41 1.14 1.46
13 -0.77 -1.8 1.36
14 1.06 0.23 0.94
15 0.51 0.26 0.68
16 1.28 1.05

17 1.02 0.57 1

18 1.18 0.23 1.47
19 1.02 0.2 1.24
20 0.79 0.2 0.56
21 1.2 0.57 1.69
22 1.05 0.49 15
23 112 0 0.88
24 144 0.52 1.58
25 1.16 0.28 1.05
26 0.66 -0.33 0.85
27 0.43 -0.06

We shall work within the common skeleton hypothélk#t states that there is a certain group of atacm®mon to
all the molecules analyzed, that accounts for alnafisthe biological activities. The action of tlsabstituents
consists in modifying the electronic structure li6tcommon skeleton and/or influencing the corediginment of
the drug through the orientational parameters. ddramon skeleton is shown in figure 1 together with atom
numbering employed in the resulting equations.

'd N\
25
3
2 4
1
5
6
:‘\Rz
17
\\ J

Figure 1. Common skeleton with atom numbering

Molecular geometries were fully optimized at theLB®/6-31G(d,p) level of theory with the Gaussiarckege
[30]. From the corrected Mulliken Population Anasysesults [31] we obtained numerical values fore&ctronic
local atomic reactivity indices (LARIS) appearingkqg. 1. Orientational parameters were calculagedsaal [17,
20]. As the system of linear equations cannot Ieesdbecause the number of molecules is smaller tie number
of unknown coefficients, linear multiple regressianalyses (LMRA) were carried out separately far #ach
biological activity. The independent variables #ire LARIS of all atoms of the common skeleton. Fare details
concerning the building of the matrix of indepentdesriables see Refs. [23, 26, 27, 32, 33]. Hdadistics is used
not to see whether a structure-activity relatiomsékists, but to find the best one.
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RESULTS

For the genotype 1a HCV replicon assay resultdinpireary and consecutive LMRAs showed that for ncoles 9
and 26 the corresponding standard residual feflideitthe +3 limit. Therefore these molecules were excludedhfro
the final LMRA. The best equation obtained was:

log(EC,,) =1.38- 13.3E,. (UMO )* 4.4, (UMO+ 2)
+2.46F, LUMO+ 2)*+0.8(8), (LUMO+ 1)*
+0.04S) (LUMO+ 2)*+0.158' (LUMO*+ 1)* 8.97Q

(4)

with n=24, R= 0.98, R2= 0.96, adj. R?= 0.94, F(J7B2.91 (p<0.00001), outlierss20 and SD= 0.12. Here,,@s
the net charge of atom aN( LUMO+1)*is the local atomic nucleophilic superdelocalizigpibf the second

highest empty MO located on atom E,,(LUMO)* is the Fukui index (i.e., the electronic populajiof the first

empty MO located on atom 25, and so on. There areignificant internal correlations between indejeart
variables. Figure 2 shows the plot of observedesls. calculated ones. The associated statistical paeasef Eq.
4 (Tables 3 and 4) show that this equation issttedilly significant and that the variation of agp of local atomic
reactivity indices belonging to the common skelet@plains about 96% of the variation of the intdbjtpotency in
the genotype la HCV replicon assay.

Table 3: The beta coefficients and-test for the significance of coefficients of Eq..4

Variable Beta | t(16) p-level
* -0.68 | -11.60| 0.000001
F,(LUMO)
* | -1.05| -14.81| 0.000001
F,(LUMO+2)
FQ(LU MO + 2)* 0.62 | 8.85 0.000001
N x | 0.40 | 7.50 0.000001
SN (LUMO+1)
N x | 039 | 654 0.000007
Sy (LUMO+2)
%N( LUMO+ l)* 0.28 | 4.79 0.0002
Q -0.20 | -3.33 | 0.004
2
Table 4: Squared correlation coefficients for the ariables appearing in Eq. 4.
Fs(LUMO)* | F1i(LUMO+2)* | Fo(LUMO+2)* | SVp(LUMO+1)* | SV,(LUMO+2)* | SY(LUMO+1)*
F1,(LUMO+2)* | 0.005 1.0
Fo(LUMO+2)* 0.17 0.28 1.0
SY,(LUMO+1)* | 0.003 0.03 0.03 1.0
SV (LUMO+2)* | 0.02 0.16 0.03 0.002 1.0
SV, (LUMO+1)* | 0.03 0.02 0.003 0.01 0.03 1.0
Q> 0.04 0.0004 0.06 0.04 0.004 0.09
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Figure 2. Plot of predictedvs. observed logECs) values from Eg. 4. Dashed lines denote the 95%rdfadence interval.

For the genotype 1b HCV replicon assay resultseminary LMRA showed that for molecule 8 the @sponding
standard residual fell outside theatPmit. Therefore this molecule was excluded frame final LMRA. The best
equation obtained was:

log(EC,,) = 3.21- 11.4F,. (UMO )* 17.98,+ 0.95, HOMO- 1

+0.408) (LUMO+ 1)*+0.03S} (LUMG* 2)* 0.64g )

-3.3%F,, LUMO + 1)*~ 7.64&,, LUMO+ 2)*

with n=26, R= 0.99, R2= 0.97, adj. R?= 0.96, F(37BD.68 (p<0.00001), outliersa20 and SD= 0.13. Hereg, is

the softness of atom 10),, is the net charge of atom 1Ek(MOq)* is the electron population of MO q located

on atom k andS" ( MQ,)* is the local atomic nucleophilic superdelocalifigbbf atom | at empty MO p. There

are no significant internal correlations betweeatependent variables. Figure 3 shows the plot ofvlesl valuess.
calculated ones. The associated statistical paegiset Eq. 5 (Tables 5 and 6) show that this eqnas statistically
significant and that the variation of a group ofdbatomic reactivity indices belonging to the coomrskeleton
explains about 96% of the variation of the inhibjtpotency in genotype 1b HCV replicon assay.

Table 5: The beta coefficients and-test for the significance of coefficients of Eq..5

Variable Beta | t(17) p-level
FZS(LUMO) * -0.45 | -8.25 0.000001
le -0.39 | -7.04 0.000001
FS(HOMO_]_)* 0.22 | 454 0.0003
%N ( LUMO+ 1) * 0.50 | 11.58 | 0.000001
%I\L( LUMO+ 2)* 0.45 | 7.88 0.000001
s, 0.19| -363 | 0.002
Fll(LU MO +1)~k -0.60 | -11.86| 0.000001
F25(LUMO+ 2)* -0.27 | -5.68 0.00003
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Table 6: Squared correlation coefficients for the ariables appearing in Eq. 5.

Predicted log(ECsp) (MM)

Re(LUMOY* | Qo F,(HOMO-1)* | S'(LUMO+1)* | SN(LUMO+2)* | S; | F,(LUMO+1)*
Qp 0.01 1.0
F,(HOMO-1)* 0.02 0.03 1.0
S'(LUMO+1)* 0.04 0.005 | 0.04 1.0
S, (LUMO+2)* | 0.08 0.005 | 0.18 0.002 1.0
S 0.05 0.15 0.04 0.004 0.08 1.0
F,(LUMO+1)* | 0.03 0.17 0.03 0.04 0.08 008 1.0
F,s(LUMO+2)* | 0.02 0.0001| 0.04 0.06 0.13 0.004 0.18
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Figure 3. Plot of predictedvs. observed logECs) values from Eg. 5. Dashed lines denote the 95%rdfadence interval.

For the cytotoxicity experimental results the begptation obtained was:

logEC,, =1.82- 0.4F,, HOMO- 2)* 21.5¢,, HOMO- 2)* 0.6%, HOMG 1 ©
+0.355;, (HOMO- 2)*-0.233, (HOMG- 1)* 0.77F, (HOMG 2)*

with n=22, R= 0.97, R2= 0.94, adj. R?= 0.91, F(§s836.83 (p<0.00001), outlierss20 and SD= 0.11. Here,
SE(MQ)*is the local atomic electrophilic superdelocalifigpiof atom p at local occupied MO t and

Fk(MOq)* is the electron population of local MO q located atom k. There are no significant internal

correlations between independent variables. Figushows the plot of observed values calculated ones. The
associated statistical parameters of Eq. 6 (Tdbksd 6) show that this equation is statisticailiynicant and that
the variation of a group of local atomic reactiviiiglices belonging to the common skeleton explaimsut 91% of
the variation of the cytotoxicity in Huh-7 cells.

Table 7: The beta coefficients and-test for the significance of coefficients of Eq..6

Variable Beta | t(15)| p-level
F,,(HOMO-2)* | 0.06 | 0.65| 0.53
Fs(HOMO-2)* | -0.51| -6.99| 0.000004
SF(HOMO-1)* | 0.88 | 8.66 [ 0.00000]
S 1(HOMO-2)* | 0.75 | 7.62 [ 0.000003
S, (HOMO-1)* | -0.43| -4.65] 0.0003
Fi((HOMO-2)* | 0.26 | 3.78 | 0.002
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Table 8: Squared correlation coefficients for the ariables appearing in Eq. 6.

Fou(HOMO-2)* | Fos(HOMO-2)* | S5 ((HOMO-1)* | SF(HOMO-2)* | §1,(HOMO-1)*
F2:(HOMO-2)* | 0.0004 1.0
SF(HOMO-1)* | 0.08 0.03 1.0
SF1(HOMO-2)* | 0.27 0.02 0.05 1.0
SF1,(HOMO-1)* | 0.04 0.07 0.24 0.04 1.0
Fie(HOMO-2)* [ 0.002 0.01 0.02 0.02 0.02
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Figure 4. Plot of predictedvs. observed logi1 TT) values from Eq. 6. Dashed lines denote the 95%mdftdence interval.
DISCUSSION

A variable-by-variable analysis [23, 27] of Eq.ntlicates that a good inhibitory potency of the dgpe 1a HCV
replicon is associated with high values Fyr(LUMO)*, F,(LUMO+2)*, SJ(LUMO+1)*,

S5 (LUMO+2)* and S"(LUMO+1)*, with a positive net charge on atom 2 and witroa value for

Fy(LUMO +2)*. Let us examine the variables associated with Bir{ig. 1). Given that the local (LUMO+2)*

of atoms 11 and 12 is af nature we suggest that these atoms are actintpetso@ acceptors through (LUMO)*,
(LUMO+1)* and (LUMO+2)* (all ofr nature) in at--n MO-MO interaction. As the local (LUMO+2)* of atofhis

of o nature and the=y(LUMO + 2)* value must be low, we suggest that atom 9 facesleutron donor center

creating a repulsive MO-MO interaction that shob&l minimal in order to maximize the inhibitory ady. It is
interesting to note that these three conditiongaréectly fulfilled at the same time if ring D eracts with a phenyl
ring facing it. This is consistent with an alteingtmodel of a conjugated aromatic phenyl ring. &dang ring C,

the fact thatF,;(LUMO)* (for C-25, belonging to a methyl group) hasature and that this MO corresponds to

the eighth highest empty molecular MO, suggests tih@ methyl group is facing an apolar area. Thist fis
consistent with the high local atomic hardness evdir this atom (0.29 eV) compared, for examplehwie local
atomic hardness value for C-3 (0.15 eV). Atom 2uithdnave a positive net charge for optimal activibdicating

the possible presence of a negatively charged Ehe. high value required f(SlN( LUMO+1)*, an MO,

indicates that this atom acts as an electron ascéjptough its (LUMO)* and (LUMO+1)*. The same reaing
holds for atom 20 of ring A. In the cases of atdnend 20 we do not have enough information to allsvio clarify
the exact nature of the complementary sites ofanteon (i.e., aromatic ringg, MOs located on carbonyl groups,
etc.). Finally, it is interesting to notice that lg. 4 only empty molecular orbitals appear. Ndi&gt only a few
points lie just outside the 95% confidence limitHig. 2. This is a good indication that the comnsikeleton
hypothesis works well for this case. All the abaugggestions are summarized in the two-dimensio2Bl) (
pharmacophore shown in Fig. 5.
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Figure 5. Partial 2D pharmacophore for the inhibitary potency on the genotype 1a HCV replicon
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Figure 6. Partial 2D pharmacophore for the inhibitay potency on the genotype 1b HCV replicon
A variable-by-variable analysis of Eq. 5 indicatieat a good inhibitory potency of the genotype X®\Weplicon is
associated with high values fdf,o(LUMO)*, S"(LUMO+1)*, S},(LUMO+2)*, F,(LUMO+1)*
and F,;(LUMO +2)*; with a positive net charge on atom 12, a smalievdor F,(HOMO-1)* and a high

value for the local atomic softness of atom 19,). Regarding variables associated with ring D (Hi}. the
situation is similar to the genotype la HCV repticoase. Atom 11 acts as an electron donor siteugfro
F.(LUMO)* andF,(LUMO+1)*. This is reinforced by the requirement of a higlue for the local

softnesss;, which physically means that the local (HOMO)*-(M®)* gap for atom 11 should be small. A
positive net charge on atom 12 suggests that toim daces a negatively charged site and probally as an
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electron acceptor. Notice that in the case of #etype 1a HCV replicon case, atom 12 is also g&an electron
acceptor site. In the case of ring C we find tlzat,the local (LUMO)*, (LUMO+1)* and (LUMO+2) are af
character, C-25 (belonging to a methyl group) stidad interacting with an apolar area. The local ®1)* of

atom 3 is an orbital. A low value required forF,(HOMO-1)* might be considered a complementary

requirement for the interaction of C-25 with theokp area in the sense that an absence of highbripable
electron densities favors that kind of interactioRing B participates in the process through at@mf@r which a

high value of S),(LUMO+2)* is required. Knowing that the local MOs (LUMO)*LYMO+1)* and

(LUMO+2)* of atom 24 are of character, this atom should be interacting witlkel@etron donor center afnature.
We do not have sufficient information to discermibm 24 interacts alone or if part of ring B igdived in such a
n-n interaction. Note that few points lie just outsttle 95% confidence limit in Fig. 3. This is a gdndication that
the common skeleton hypothesis works well for ttd@se too. Despite the fact that Eqns. 4 and 5 sedm very

similar, there is no linear relationship betwees ¢éixperimental values dog(ECso)for genotype la and 1b HCV
replicon inhibition. All the above suggestions atenmarized in the two-dimensional (2D) pharmacoglstiown in

Fig. 6.
APOLAR
AREA

K

25

[ ELECTRON-
DONOR
16 / AREA

Rs %
APOLAR APOLAR
AREA AREA?
THE SAME?

Figure 7. Partial 2D pharmacophore for cytotoxicityin Huh-7 cells.

Concerning cytotoxicity, note that several points autside the 95% confidence limit in Fig. 4. Timdicates that
the common skeleton hypothesis does not work vesly for the case of cytotoxicity. This fact suggethat we
might be in the presence of extra interactionsughothe substituents of the common skeleton. We Haund
analogous dispersions of points in the analysisndble-based reversible inhibitors of Hepatitis itus NS5B
polymerase [33] and antiproliferative activity ofatabenzanthrone derivatives in normal human filasib [27].
For this reason, and considering the results oft-tihest for the significance of coefficients of Eq.vée shall not
discuss theF,,(HOMO-2)* local reactivity index. The first fact to note tisat all the process leading to
cytotoxicity is related only to occupied MOs loeald at very specific atoms. Low cytotoxicity is @sated with

high values of l0g(EC,,). From Eq. 6 an optimal value folog(EC,,) is associated with low values
for F,s(HOMO=-2)*, S{(HOMO-1)* andS;(HOMO-2)*; and with high values for

S,(HOMO-1)* and F,,(HOMO=2)*. In ring A the local (HOMO)* localized on atom IBust have a

high electron population (Fig. 1). Given that tM® is of o nature we suggest that the $ubstituent is facing an
apolar area. The situation seems to be analogaubdacase of C-25 on ring C. In the case of rintp&l atomic
reactivity indices associated with atom 10 appedce. The requirements are that the electron doapacities of
the local (HOMO-1)* and (HOMO-2) MOs, both afcharacter, be low. Considering that the local (HQ¥ of
atom 10 is ofc nature we may hypothesize that atom 10 faces atataprea or one or more atoms with high
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hardness and local MOs. A high value of%Ez( HOMO-1)*, ar MO, suggests that atom 12 acts as an electron
donor. All these suggestions are depicted in theybtoxicity pharmacophore for Huh-7 cells in Fig.

In conclusion, despite the almost total lack of Whealge regarding the mechanisms of inhibition of tHCV

replicons and of Huh-7 cell proliferation, we haveen able to obtain solid and good quality strectativity
relationships for the molecules and biological \atiis studied here. This information should be fuisdor

modulating together the whole process leading wodgtotoxicity and high inhibitory activity. It inoteworthy that
the interaction of C-25 with apolar areas appearsll the statistical equations. Therefore, we sstighat
substitution of the C-25 methyl group by other &lkyoups is a concrete way that should be expldrgd
experimental medicinal chemists.
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