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Halvolio acid (Ia) (1) is a fusidana type antibiotic like fusidic acid (IIa) (2) 

and cephalosporin PI (III) (3). Recent publications regarding Ia and III have 

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

TLiE POSITION OF lh-CH? Previously re established framework (A) for helvolic acid 

in which the third tert. CRs was tentatively proposed to be located at Cl4 (lb). 

Its definite proof has been obtained by the en01 acetylation of methyl tetrahydro- 

helvolate (IVa) which afforded two enol acetates (V, VI). Vpm.p.207-8: W*'219 

(3.85)) EbiR*"3 COC&(7.85,7.90,8.03),Ca-U(ir.65 ca., overlaped with Cv-H signal), 

C,-H(&.66,s),C1s -H(h.ll,diffused d,J=8 ca.). VI, m.p.175: W 269(h.17), RER 2 

COa(7.89,7.9h),Cs-S(&.76 ca., overlaped with CT-H signal),Cv-H(~.70,s),C~s- and 

Cl,-E(3.06,3.23,d,J-6). BMFi spectrum of VI demonstrates that a double bond gener- 

ated by an elimination of 16-acetoxyl is A1s and that Cl, possesses no hydrogen, 

because the signals of Cls- and Crs-H are sharp doublets. Consequently the posi- 

tion of third tert. CHs is proved to be at Cl4 and the fuaidane type framework of Ia 

thus becomes clear. 

lhB-CHa Treatment of IO eith zinc dust and acetic acid furnished 'I-desacttoxydi- 

hydrohtlvolic acid (VII) (lb,c) which was converted into fi2-17-keto derivative (IX) 

via VIII, m.p.lRY-92: RER 2 COs(7.81,7.89)Cs-R(5.52,m),C1s-R(h.69,diffueed d,J=ll 

*I The stereochem. of Ia was partly discussed at 8th symposium on the chemistry of 
natural products, Nagoya, Japan, l%h( S.Iwasaki, S.Okuda, K.Tsuda, symp. papers ~192). 
*s All new compounds cited in this paper gave satisfactory analytical data. 
*a All W spectra,hmax mu (logE), were measured in ethanol solution. 
*a q.value and abbreviations (s:singltt, d:doublet, 

used. 
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X XI 
08.). IX, m.p.lfl8-YO: W 2&3(3.98), IMR C~-(7.98),C~~-H(3.b~,diffuoed t,J-3ea.), 

c3-H(L60,R). W 6f IX ie q(ptte similar to those of 3-~to-5~am-P-aoretoroide euoh 

ae X and XI (k.5) end the llyB epootrum ladloetee the l xieteaoe of only one proton 011 

the double bond. Theoe fact8 prow thie compound to be &a-17-ketone. mD ourva 

of a,p-uneat. kotono of IX ahowa Cotton effect with the l un (-) l ign*ae thooe of X 

end XI, which er42Qeete li#-CE, in IX (PI&l). 
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II .FIG. 1 
1613-0~0 The hydrolysis 

gave 8 dihydroxy 

acid (XVa), m.p.l92-3: Methyl ester (XW), m.p. 

188-8.5: UV 235(4.20), NMR 3 tart. CHa(9.22,8.80, 

8.49), two css-CH,(8.41,8.30),C1-cIio(8.79,5-6;5) 

CO@a(6.22),Cv-H(6.02,s),C1e-K(5.36,diffused t,J- 

7.5ca.),&+-H(h.92,m)Cs-,C~-R(4.18,2.69.both d,J= 

10). CD curve *I due to a,8-unsat. ketone and a- 

ketol of XVb[tj(dioxane):378(sh,-226~),360(m,-4840) 

342(m ,-8080),33O(m,-11800)) is similar to that of 

XIVb[8(dioxane):378(sh,-2120),358(m,-39~),~2(sh. 

-7980),327(m,-9260) . This f8Ct and RMR spectrum 

Of XVb, in which theT- and J-values of Cl-,Cs-, 

Cv-H and Ce-CHs are almost indentical with those of XIVb (vide infra), demonstrate 

the same structure of A and B rings in XVb as that of XIVb. 

tions IIa affords 16-epideacetylfusidic acid (x118) (6) and by analogy XVa should be 

16-epideacetylhelvolinio acid 

a) Rt=RZ=RJ=H a) Rl=RZ=H 

b) R,=CHa,Rz=R,=H b) R,=CHa, R2=H 

cl R,=H, R2=R3=Ac cl R,=H, Rz=Ac 

1) On oomparison between NMR spectra of XIVb, (C ~o-,c,-,c,~-CH~:A.4k,9.8k,9.01r)~ 

two cs~-cHB(8.38,8.29),C,-cH~(8.76,d,J~6.5;),COCHJ(8.Ol),C00~(6.37),C,-H(6.0,s),C~r- 

H(4.87,m),C1,-H(4.14,overlaped with C s-H signal),&.-,Ct-H(4.14,2.65,both d,J-lo), and 

XVb (Go-, Cs-,Cl~-CH3:8.49,3.8O,Y.22):2the signal of 14R-CHo of XVb shifts to higher 

field by 0.18 ppm than that of XIVb. This shift is attributed to the conversion 

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

*+1 Molecular ellipticity is cited and abbreviations (m:maximum,sh:shoulder) are used. 
*a The assignments of these tert. CHs signals have been performed through the com- 
parison of various derivatives of Ia and the details will be published elsewhere. 
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a) R=H al R=H 
b) R=CH, b) R=CH3 

a) R=H 
b) R=CH3 

a) R=H 

b) R=Ac 

NaHC03, 

al Rl=R2=R3=H 
b) R, = CHI, R2=R,=H 
c) RI = CH3, R2=R3=Ac 

a) R,=Rz=H 
bl R,=CH3, Rz=H 

a) R-H 
b) R=CHa 

HO 

a) R=H 
bl R=CHa bl R=CH3 
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son betneen IIb (I@-CH3:9.08 or 9.02) (7) and XIIb (l&-CHs~9.26) (2). 

2) CD curve due to a,@-unsst. carboxylic aoid ester of (Ivb, ~(CH~OH):250(+12900), 

2h0(m,+20000),228(0),220(-18800)) and methyl fusidate (IIb, ~(CD~0H):250(+6h00),2~0 

(m,+1~000),228(0),220(-211100)) are similar. On the other hand those of methyl 16- 

epideaoetylfusidate (XIIb, ~(CH~0H):250(-7100),2~0(-9000),230(-21~00),220(-~4B00)~~ 

and methyl 16-epideacetyltetrahydrohelvolinate (XVII, 8(CH~0H):250(0),2b0(-9100)~ 

230(-12600),220(-iiooo)] also resemble to each other but are different from those of 

the former pair. 

3) DUD in CHCls (+216') between methyl helvolate (Ib) and methyl 14-epihelvolatc 

(XVc) ia equivalent to that in CHCls (+307: calculated from the data in literature 

4) between fuaidic acid-3-acetate (11~) and 16-epifusidic acid-3-acetate (XIIc). 

These facts are the rigorous proof for 14~-OAC in Ia. 

13o-H The configurations of I&-CJI, and 16p-OAc are assigned. Accordingly, ae 

shorn in FIG. 2, NMR eignal of 16a-H in the configuration with 13P'-H should be a 

quartet while in that with 13a-A it is expected to be a doublet because the dihedral 

angle between 14a-H and l$?-A is approximately 90' in this caee. The signal of 

16a-H in methyl tetrahydrohelvolate @Va)is slightly diffused doublet (h.l7,J=8ca.) 

which proves 13a-H i.e. C/D trans juncture in Ia. IWR signal (5.36,diffused t,J= 

7.5ca.) of 16p-H in methyl 16-epideacetylhelvolinate (XVb) also supports this 

conclusion. 

c;&H F1G.2 &AH 

Cl7 H 
Configuration with 130(-H Configuration with 13,8-H 

log-CH, lq-H in Ia may be concluded from the standpoint of biogenesis. 

8a-CHa ADD 5a-H On refluxing in NaOH-Hz0 followed by neutralization, XIVa afforded 

a dihydroxyacid (XVIIa) and a lactone (XVIII) a8 two main products. Methyl ester 

XVIIb, 11~7.209-11: UV 222(k27), NMR C,-H,OH(5.71,6.60,both d,J=5),C1e-h(5.35,t,J-7) 

Cz-,C1-x(a.2h,3.hk,both d,J=10). XVIII, m.p.225~7: DV 222(4.23), NMB Cv-H,OH(5.70, 

6.7O,bothd,J=S),C1g -H(5.18,q,J=5,11.5),C~-,C~-H(h.22,3.h3,both d,J-10). 
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Dudor alnller oonditionr 118 Is oonrertod Into 16-deaoetyl faaldlo aoid (x111)(6) 

which lactonizee easily In solution. Hydrolysiz of XVIII in CHsCa-Ram game a dl- 

hydroxy acid (XIXa). Methyl eater (XIXb), n.p.98-9r(ronohydrate), W 222.5(k.23), 

MR c,-a,ar(5.65,6.69,both d,Jd) C , le-H(5.36, overlaped rith H of HsO),Cz-,Cr-H(L25, 

3.b7,both d,J=lO). XIXa regenerates XVIII with great feaelbllity even during re- 

crystallization. On the other hand, allowing to stand XVIIa in HCl-CHz(B slowly 

yielded XVIII. CD curves due to a,$-uusat. ketone of XVIIb~~(dioxane):3~(r,+f~bO$ 

XVIII @:3h4(m,+llOO)) and XIXb (&I&4( m,+145C)) possese the opposite (+) sign oom- 

pared to the (-) sign in the case of XIVb and Xvb. Therefore the inrersloa of A/B 

juncture takes place under these conditions. 

In the case of Ia and XIVa, NaBHa reduces Cs-0 but not Cs=O and catalytic hydro- 

genatbon with Pd/C aasily furnishes saturation of r\'. Contray to this & of XVIII 

cannot be catalytically hydrogenated and RaBH4 reduces Cs=0 instead of Cs-0 affording 

XXa. Acetate (XXb), m,p.215-7: W 227(4.26), NIR CO&(7.95),Cs-H(5.88,t,J=kca.), 

c,,-R(5.18,d,J=~),Cz- ,Ci-H(4.22,3.35,both d,J=lO). Therefore A'-3-ketone in XVIII, 

whose A/B juncture ia more stable than that of XIV, is strongly hindered from the at- 

tack of these reagents. Regardless with the configuration at Cs, the more atable 

A/B juncture with 8a-CHB 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 &-3-ketone from which reductions take place is oomplete- 

ly hindered by B-ring and 8a-CRs. On the other hand, in the structure with 8g-CR3 

the stable form, whose B-ring is chair, possessea A/B trans juncture, while the 108s 

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

FIG. 3 
H 
I Ch , 

Configuration 

with 8a-CH3 

unstable stab1 e 

Configuration 

with 8B-CH3 

unstable stable 
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oess of &-3-ketone of the more stable compound cannot be explained. Consequently 

the aonfigurations of 88-ClIs/~~-B In XVIII and Ba-CHs/Sa-H in 18 are oonoluded. 

98-H Oxidation of XIV8 with CrOs g8VO a triketone (XXIa), m.P.2dr-5: U'V 225(h.22), 

330(ehoulder,1~82),~20(1.~2), which on NaB&-reduction yielded ~t8inlJ 3-dihydro- 

helvolinic acid (u118), a sole product obtained also by similar treatment of XIVa. 

Under these conditions A/B ring juncture should not be changed sinoe 3-dlhydro- 

helvolic acid, the only NaBHI-reduction product of Ia , can reproduce Ia by CrOs- 

oxidation and therefore XXIa possesses the original A/B trans juncture. 

Now, if XXIa has Pa-H, the newly introduoed 'I-ketone would be located 8t the po- 

sition whiah might oause strong deshielding effect towards I&-CHs. Conversely If 

the configuration of 9-H is g, the'7-value of l&3-CHa is not expected to ohange 

greatly (FIC.8). In N!dR spectra of XIVb (vide supra) and XXIb, m.p.212-3: 3 tert. 

CE,(9.13,S.70,8.60), two Cas-CHs(8.~,8.3f),C~-CHs(8.87,d,J~7),CO~(8.10),COO~ 

(6.l&),Gg(7.10, diffused ae~,J~7,12),Cs-H(6.~3,d,J=12),Cs~-H(~.OO~~),C~s-H(~.2~~d~f- 

fused d,J=8.5) C , s-,C1-H(8.15.2.75,both d,J-lo), the signalsof 1&3-CHs aPPe8r at 9.a 

(XIVb) and 9.13 (XXIb) respectively. This suggests 98-H in XXIb and then in 18. 

48-CHa, As already mentioned the stable ha-configuration of this CHs is proposed be- 

cause this configuration does not change during the alkaline treatment to give XIV8. 

Puthemore J-value between b- and 50-H In XXII, 12ope, clearly shows axial he-H and 

equatorial &8-CHu in this ccmpound. Consequently 1-C& in Ia is now elucidated; 

'lo-OAO: Recently 8 British worker diacuseed theinertness towards acylation of 

hindered 6g- and 78-Cfi in ceph8losporin PI derivatives end suggested 7a-ahc in Ia(2b). 

previously we isolated 'I-de8ootoxy helvolio acid (XXIII8) (lc), In whichT-valu. 

of C14-CEs (9.10 in XXIIIb) Is sirilar to thot(9.08) of 

l&g-C& should be affected by the deshielding effect of 

ClX3 le expooted to appear lower by O-2-0.3 ppm (8) th8n 

This is not in rooordanoe with the experimental results 

LTvb is thus assigned. 

XIVb. If 7-a in XIVb is B, 

7g-Ca end the sign81 of this 

that of l&C& in XXIIIb. 

and 7a-(a oonfigaration in 
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From the fact8 mentioned l bwe aad the blogenetio l tandpolnt fu8id8ne type frame- 

rork of helrolio acid is elaofdated and the oomplote atereoohemlstry of thin anti- 

biotfo la assigned l e Ia. 
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