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Helvolic acid (Ia) (1) is a fusidane type antibiotic like fusidic acid (IIa) (2)
and cephalosporin P, (III) (3). Recent publications regarding Ia and III have

prompted us to publish the accumulated data*1on the stereochemistry of this compound.

THE POSITION OF 14-CHy Previously we established framework (4) for helvolic acid
in which the third tert., CH; was tentatively proposed to be located at Ciq (1b).

Its definite proof has been obtained by the enol acetylation of methyl tetrahydro-
helvolate (IVa) which afforded two enol acetates (V, VI), Vjam.p.207—8: V3219
(3.85), MMR**3 COCH4(7.85,7.90,8.03),Co-H(11.65 ca., overlaped with Co-H signal),
C7-H(L.66,8),C1e-H(L.11,diffused d4,J=8 ca.}). VI, m.p.1757 UV 269(L.17), MMR 2
COCH3(7.89,7.94),C2-A(L4.76 ca., overlaped with C,-H signal),C,-H(4.70,8),Ci5- and
C1e-H(3.06,3.23,d,J=6). MMR spectrum of VI demonstrates that a double bond gener-
ated by an elimination of 16-acetoxyl is A'® and that Ci4 possesses no hydrogen,
because the signals of C;5- and C;g-H are sharp doublets. Consequently the posi-
tion of third tert, CH3 is proved to be at Ci4 and the fusidane type framework of Ia
thus becomes clear.

1L4B-CH, Treatment of Ia& with zinc dust and acetic acid furnished 7-desacetoxydi-
hydrohelvolic acid (VII) (1b,c) which was converted into A'?-17-keto derivative (IX)

via VIII, m.p.189-92; NNR 2 COCH3(7.81,7.89)C3-H(5.52,m),Cie-H(L.69,diffused d,T=11

*1 " The stereochem. of Ia was partly discussed at 8th symposium on the chemistry of
natural products, Nagoya, Japan, 196L( S.Iwasaki, S.0kuda, K.Tsuda, symp. papers pl92)
*2 All new compounds cited in this paper gave satisfactory analytical data,

*3 A11 UV spectra, Amax mp (logE), were measured in ethanol solution.

*4 7 value and abbreviations (s:singlet, d:doublet, tettriplet, q:quartet, sex:sextet,
m:multiplet) are used,
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ea,). IX, m,p.188-907 UV 243(3,98), NMR COCH3(7.98),C1a-H(3.45,diffused t,Jwlca.),
C3~H(5.6C,m). UV of IX is quite similar to those of 3-keto-5-ene-A-norsteroids such
as X end XI (4,5) and the NMMR spectrum indicates the existence of only one proton om
the double bond, These facts prove this compound to be Al*-17-ketone. ORD curve
of a,f-unsat, ketone of IX shows Cotton effect with the same (-) sign ss those of X

and XI, which suggests 1Lp-CHj in IX (FIG.1).

* curye of -unsat, ketone of A'?-17-ketone from cephaloaporim P; exhibits also
(-S,uo’ign (Dr.ﬁn%ﬁgl‘l%la ivate communication). ? P t
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16B-0Ac The hydrolysis of helvolinic acid (XIVa)

FIG. 1

on refluxing in 2% NaHCO03-Hz O gave a dihydroxy
—— IX acid (Xva), m.p.192-37 Methyl ester (XVb), m.p.
"""" 188-8.52 UV 235(4.20), MMR 3 tert. CH3(9.22,8.80,
8.49), two Cag-CHa(8.L1,8.30),Ce=Cls(8,79,76.5)

COOCH3(6.22),C7-H(6.02,8),C14-H(5.36,diffused t,J=

7.5ca.),024-H(L.92,m)Ca-,C1-H(U4.18,2.69,both d,J=
10). ¢D curve*! due to a,B-unsat., ketone and a-
ketol of Vb [f(dioxane):378(sh,~2260),360(n,-U8LO)
342(m,-8080),330(m,-11800)] is similar to that of
XIVb[ O (dioxane):378(sh,-2120),358(m,~3960),342(sh,

0 -7980),327(m,-9260) ., This fact and NMR spectrum

1 1
300 4%91 500  of XVb, in which the T- and J-values of Cy-,Cz~,
Co-H and (4-~CH3 are almost indentical with thoseé of XIVb (vide infra), demonstrate
the same structure of A and B rings in XVb as that of XIVb. Under similar condi-
tions IJa affords 16-epideacetylfusidic acid (4IIa) (6) and by analogy XVa should be

l6~epideacetylhelvolinic acid.

Ra0™ Y XTI
a) Ri=R;=R3=H a) Ry=R,=H
b) Ry=CH;, R,=R;3=H b) Ri=CHs, R,=H
¢) Ri=H, R,=Ry=Ac ¢c) Ri=H, R;=Ac

1) On comparison between NMR spectra of XIVb, (C;o-,Ca-,014-CH3:8.uh,R.8h,9.0h)’:2
two C25-CH3(8.38,8,29),04-CHa(8.76,4,J=6.5),C0CH;(8,01),C00CH;(6.37),C7-H(6.0,8),Ca4~
H(4.87,m),Cr6-H(kh.1b,0verlaped with Cp-H signal),Cz-,C:;-H(L.1k,2.65,b0th d,J=10), and
XVb (C10=,Cg=,C14=CH3:8.49,8.80,9.22) % the signal of 14B-CHs of XVb shifts to higher
field by 0,18 ppm than that of XIVb. This shift is attributed to the conversion

of 168-0Ac to 16a~0H and is in good agreement with the higher field shift on compari-

*, Molecular ellipticity is cited and abbreviations (m:maximum,sh:shoulder) are used,
*z The assignments of these tert. CH3 signals have been performed through the com-

périson of various derivatives of Ia and the details will be published elsewhere,
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son between IIb (14B-CH3:9.08 or 9.02) (7) and XITb (1LB-CH3:9,26) (2).
2) CD curve due to a,B-unaat, ;arboxylic acid ester of (IVb, B(CH50H):250(+12900),
2L0o(m,+20000),228(0),220(-18800)] and methyl fusidate (IIb, §(CHaO0H}:250(+6L00),2L0
(m,+14000),228(0),220(-21L00)) are similar, On the other hand those of methyl 15-
epideacetylfusidate (XIIb, ©(CH3O0H):250(-7100),240(-9000),230(-21800),220( -16800)] .
and methyl 16-epideacetyltetrahydrohelvolinate (XVIb, ©(CHaOH):250(0),240(-9100),
230(-12600),220(-11000)] also resemble to each other but are different from those of
the former pair,
3) ZSMD in CHCly (+216°) between methyl helvolate (Ib) and methyl 16-epihelvolate
(XVc) is equivalent to that in CHClz (+307; calculated from the data in literature
6) between fusidic acid-3-acetate (IIc) and 16-epifusidic acid-3-acetate (XITIec).
These facts are the rigorous proof for 16B-0Ac in Ia.
13a-H The configurations of 148-CH3 and 16B-0OAc are assigned. Accordingly, as
shown in FIG, 2, NMR signal of 16a-H in the configuration with 138-H should be a
quartet while in that with 13a-H it is expected -to be a doublet because the dihedral
angle between 16g~H and 15B-H is approximately 90° in this case,  The signal of
16a-H in methyl tetrahydrohelvolate (IVa)is slightly diffused doublet (4.17,J=8ca.)
which proves 13g-H i.e. C/D trans juncture in Ia. HNMR signal (5.36,diffused t,J=

7.5ca,) of 16B-H in methyl 16-epideacetylhelvolinate (XVb) also supports this

conclusion.
H
AcQ FIG. 2 H 0Ac
Cia H Cig H
Cir H
Configuration with 13a-H Configuration with 138-H

10B-CH; 10B-E in Ia may be concluded from the standpoint of biogenesis.

8a-CH; AND 5g-H On refluxing in NaOH~-Hz0 followed by neutralization, XIVa afforded
a dihydroxyacid (XVIIa) and a lactone (XVIII) as two main products, Methyl ester
XVIIb, m. n.209-113 UV 222(L.27), NMR C,-H,0H(5.71,6.60,both d,J=5),C1e-H(5,35,t,J=7)
Ca=-,Ca-H(4.24,3.4l4,both d,J=10), XVIII, m,p.225~75 UV 222(L4.23), NMR C,-H,OH(S.70,

6.70,both d,J=5),C; ¢-H(5.18,q9,J=5,11.5),Ca-,Cy -H(4.22,3.43,both 4,J=10).
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Under similar conditions IIa is converted into 16-deacetyl fusidic acid (XIII)(6)
which lactonizes easily in solution. Hydrolysis of XVIII in CH3;(H-Na(CH gave a di-
hydroxy acid (XIXa). Methyl ester (XIXb), m.p.98-97(monohydrate), UV 222.5(L.23),
MMR Co-H,H(5.65,6.69,b0th d,J=5),C14-H(5.36, overlaped with H of Hz0),Ca-,Cy~H(l. 25,
3.47,b0th 4,J=10)., -XIXa regenerates XVIII with great feasibility ewen during re-
crystallization., - On the other hand, allowing to stand XVIIa in HC1-CH3C(H slowly
yielded XVIII. CD curves due to a,B-unsat. ketone of XVIIb[B(dioxlno):!hh(n¢ﬂ5003,
XVIIT (8:3k4k(m,+1100)) snd XIXb [6:3hh(m,+lh50)] possess the epposite (+) sign com-
pared to the (-) sign in the case of XIVb and XVb. Therefore the inversion of A/B
Juncture takes place under these conditions,

In the case of Ia and XIVa, NaBH4 reduces C3=0 but not Cg=0 and catalytic hydro-
genation with PA/C easily furnishes saturation of A'. Contray to this A' of XVIII
cannot be catalytically hydrogenated and NaBH, reduces Cg=0 instead of C3=0 affording
XXa. Acetate (XXb), m.p.215-7; UV 227(L.26), MMR COCH3(7.95),Ce-H(5.88,t,I=kca.),
C7-H(5.18,d,J=U),C2-,C;-H(L.22,3.35,both d,J=10). Therefore A'-3-ketone in XVIII,
whose A/B juncture is more stable than that of XIV, is strongly hindered from the at-
tack of these reagents. Regardless with the configuration at Cg, the more stable
A/B juncture with 8a-CH3 is cis and the less stable one is trans, since B-ring in the
latter is boat and that in the former chair (FIG.3). In the more stable form with
A/B cis juncture, a-side of A'-3-ketone from which reductions take place is complete-
1y hindered by B-ring and 8q~CHa. On the other hand, in the structure with 88-CHs
the stable form, whose B-ring is chair, possesses A/B trans juncture, while the less

stable one, whose B-ring is boat, has A/B cis juncture (FIG.3). In this case inert-

FIG.3 GHs

Configuration
with 8a-CH,

Configuration
with 88-CH,3

unstable stable
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ness of A'-3-ketone of the more stable compound cannot be explained. Consequently
the configurations of 8a-CH3/5B-H in XVIII and 8¢-CH3/Sa-H in Ia are concluded,
98-H Oxidation of XIVa with CrO; gave a triketone (XXIa), m.p.20k-5; UV 225(L4,22),
330(shoulder,1,82),420(1.52), which on NaBH(-reduction yielded mainly 3-dihydro-
helvolinic acid (XXIIa), a sole product obtained also by similar treatment of XIVa.
Under these conditions A/B ring juncture should not be changed since 3-dihydro-
‘helvolic acid, the only NaBHq-reduction product of Ia, can reproduce Ia by CrO0jz-
oxidation and therefore XXIa possesses the original A/B trans Junctﬁre.

Now, if XXIa has 9a-H, the newly introduced 7-ketone would be located at the po-
sition which might cause strong deshielding effect towards 1LB-CHj. Conversely if
the configuration of 9-H is B, the T~value of 1L4B-CH; is not expected to change
greatly (FIG.4)., In MMR spectra of XIVb (vide supra) and XXIb, m.p.212-3% 3 tert.
CH3(9.13,8.70,8.60), two Ca5-CH3(8.hL,8.35),C,-CH3(8.87,d,T=7),C0CH;(8.10),C00CH,
(6.0t )s G-H( 7.1 0, diffused sex,J-7,12),c,,-u(6.53,d,J-12),cz.-ﬂ(s.oo,m),c,s-n(h.zs,dif-
fused 4,J=8.5),C2~,C;-H(k4.25,2,75,both d,J=10), the signalsof 1hB-CH3 appear at 9,04

(XIVb) and 9.13 (XXIb) respectively. This suggests 9p-H in XXIb and then in Ia,
FIG. 4 ¢, tHa

CH U =0 Configuration

with 9o—H

Configuration
with 98-H  C

CsH
ha-CHa As already mentioned the stable ha-configuration of this CHj is proposed be-

asuse this configuration does not change during the alkaline treatment to give XIVa.
Futhermore J-value between L- and 5a-H in XXIb, 12cps, clearly shows axial 4p-H and
equatorial La-CHy in this compound. Consequently La-CH3 in Ia is now slucidated;
7a-Oha: Recently a British worker discussed theinertness towards acylation of
hindered 6p- and 7B-OH in cephalosporin P, derivatives and suggested 7g¢-Odc in Ia (2v).

Previously we isolated 7-descetoxy helvolic acid (XXIIIa) (lc), in which T-value
of C14-CH3 (9.10 in XXIIIb) is similar to that(9.08) of XIVb. If 7-CH in XIVb is B,
14p-CH; should be affected by the deshielding effect of 7p-CH and the signal of this
CH; is expected to appear lower by 0.2-0.3 ppm (8) than that of 1LB-CHs in XXIIIb.
This is not in accordance with the experimental results and 7a-CH configuration in
XIVb is thus assigned.
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From the facts mentioned above and the biogenetic standpoint fusidane type frame-
work of helvolic acid is elucidated and the complete stereochemistry of this anti-

biotic is assigned as Ila,
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