
Teh~on. Vol. 26.~~.2711-2715. PergamnPmm 1970. Printedin Chat Briti 

THE CHEMISTRY OF THE TETRACYCLIC 
DITERF’ENOIDS-X 

SOME BEYERENE 2 AND 3-ALCOHOLS 

J. R. HANSON 

School of Molecular Sciences, University of Sussex, Brighton, BNl9QJ. Sussex 

(Received in the UK 2 January 1969; Acceptedfir publication 5 February 1970) 

Abstr&-Beyer -15,16-cn-2a,3a, and 3~alcohols have heen prepa& and their stereochemiatq assigned. 
2a-Hydroxybeyer-15.16-epoxidc undergoes reaction with lead tetra-acetate to form a 2-20 ether which 
may he rcarrangad to a kaurenoid skeleton. Reduction of 3a-hydroxyhcycr-15.16-en-2-one affords the 
2a,3u-diol. Treatment of the 3-monotoluenepeulphonate of this diol with al- affords the 2-ketone. 
Beyer-15,l6-enJ-onc undergoca acctoxylation to furnish the corresponding 2bcaatc which may he 
red& to a 2B,3adiol. The solvent shifts in the NMR apeetra of these compounds have hecn studied. 

IN THE course of studies on the chemistry of the tetracyclic diterpenes,2 we have had 
-ion to examine some features of ring A in the beyerene series. The preparation 
and stereochemistry of 2 and 3-mono-ols and diols form the subject of this paper. 

Beyer-15,16-en-Ione (stachenone) (1) may be readily isolated’ from Spirostuchys 
africana. On reduction3 with LAH or sodium in pentanol it affords the 3aequatorial 
alcohol. However reduction with aluminium isopropoxide in isopropanol although 
giving predominantly the 3a-alcohol, also gives some of the 3paxial alcohol.“. ’ As 
expected in the NMR spectrum the equatorial 3a-proton of the axial alcohol resonates 
at lower field (r 6.62) compared to the axial 3bproton of the equatorial alcohol 
(7 678) whilst in the IR the axial alcohol shows a group of bands at 950,990 and 
1070 cm- ’ whilst the equatorial alcohol shows only a band at 1030 cm- ’ (lit3 
1012 cm-‘) of comparable intensity.’ The solvent shift data between CDClj and 
C5DsN for these alcohols are set out in Table 1. 

In the case of the 3a-alcohol both the C-18 and C-19 methyl groups show large 
shifts whilst in the case of the 3palcohol only the C-18 Me group is affected. On the 
other hand a 3-ketone shows relatively little solvent shift. However both C-18 and 
C-19 are deshielded by the CO group. 

The preparation of beyer-lS,lGen-Zone has been described previously.6 On 
reduction with sodium borohydride it affords a Za-axial alcohol. Comparison of the 
solvent shift data shows the anticipated shift for the 1,fdiaxial interaction of the 
Za-alcohol with the C-19 and C-20 Me groups. This was confirmed by ether forma- 
tion. Oxidation of Za-hydroxy-beyerane with lead tetra-acetate afforded a gummy 
ether and hence the reaction sequence was carried through with the 15,Wepoxide. 
Treatment of Za-hydroxybeyer-15,16-epoxide (II) with lead tetraacetate in benzene 
gave an ether (III) in which one C-Me resonance had been replaced by a methyleneoxy 
resonance at 7 6-2 (5.8 Hz). The 15,16-epoxide underwent rearrangemenP*’ with BF, 
to generate a kauranoid compound (IV) possessing hydroxyl absorption at 3440, 
3520 cm- ’ and terminal methylene absorption at 890 cm- * (T 4.95). This compound 
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TABLI 1. NMR SOLVENT .wn’r DATA FOR som 3sv~smvw, BBY~RBNBP 

Compound solvent C-20 C-19 C-18 C-17 C-lSandC-16 c-3 

Beyer-15,16-ene 

Beyer-15,16-en-3a-01 

Beyer-lS,Sen-3gOl 

Beyer-15,16-en-3-one 

15,16-Epoxybeyeran-3a-al 

k-Acetoxybeyer-15.16-ene 

Beyeran-3a-al 

CM=IJ 9.25 9.19 914 991 4.52 425 - 
C,D,N 9.25 9.17 9-12 8.98 4.50 422 - 

CDCI, 9.27 9.21 W2 9.02 4.52 4-22 6.78 
C,D,N 918 896 8.78 8.96 4.50 4.22 6.55 

CDG 924 916 9Q5 9Gl 4.56 430 6.62 
CsDsN 9.17 9GJ 8.82 90 4.52 4.20 648 

CD& 912 899 8.94 9Q2 4.56 4.30 - 
CsD,N 918 9-00 8.91 9a 4.50 4.22 - 

CDG 9.20 9.10 PO2 9.02 698 6.58 6.78 
C,D,N 9.10 w2 8.82 8.98 6.98 6.58 6@I 

CDG 9.26 9.17 9.17 943 4.56 4,3O 5.59 

Cm, 904 9.22 904 9-W - - 6.72 
C,DsN 992 9.02 8.78 898 - - 6.58 

is assigned the 2-20 ether structure by analogy with comparable reactions in the 
ZfShydroxymanoyl oxide series.* Furthermore there is a dramatic change in the C-15 
and C-16 proton resonances which become equivalent [t 650 and 6.95 in (II) and 
7.02 in (III)]. Only C-20 is sutIiciently close to affect C-15 in the beyerane skeleton. 

The ketol (V) gives a dial’ on reduction with sodium borohydride. This diol forms 
an acetonide precluding a diaxial conformation, a diacetate and on epoxidation, a 
15,16_epoxide. The 2a,3c+stereochemistry of the diol may be defined in the following 
manner. In each compound the axial 3-proton may be distinguished as a doublet 
(J = 4 Hz) corresponding to a gauche interaction with the C-2 proton. The latter 
resonates at 04-05 ppm to lower field in accordance with its equatorial conforma- 
tion. The multiplicity of this resonance (quartet .I 4 Hz) is also in accord with gauche 
interactions with the protons at C-l. We had previously assigned’ a diequatorial 
2g,3a-structure to this diol on the basis of its formation by osmylation of a 2,3-ene. 

TABLE 2. NMR SOLVENT SHWT DATA mu sam 2+u~s1~twt~~ m 

Compound !wvent C-20 C-19 C-18 C-17 C-lSandC-16 C-2 

Beyer-15,1&n-2a-01 CD& 
C,D,N 

Beyer-15,1&n-2-one CDQ 
CsDsN 

15,16-Epoxybcyeran-21 CDCl, 
C,D,N 

15,lCEpoxybeyeraw2,2G CDCll 
oxide CsDsN 

8.96 
8.76 

9.23 
9.24 

8.80 
8.62 

6.36 610 
6.36 606 

9.00 9.08 9.00 455 4.25 583 
8.76 9.05 8.98 452 4.22 5.62 

9.12 8.93 898 448 4.28 - 
9.13 902 8.98 4.53 433 - 

894 9.08 8.98 695 650 5-85 
8.76 9G5 8.98 6.95 6-50 5.68 

898 9.08 8.98 702 5.80 
890 9.05 8.98 792 5.75 
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However this is also compatible with the 2a,3a structure. Reduction of the corres- 
ponding ketol Iacetate with sodium borohydride afforded the Za-monohydroxy- 
3a-acetate. The diequatorial diol was prepared as follows. Acetoxylation of beyer- 
15,16-en-3-one with lead tetraacetate and boron trifluoride etherate gave a 2- 
acetoxy-fketone. This is assigned the equatorial 2&acetoxyl conformation by 
analogy with the corresponding compounds9 in the triterpene and 4,4-dimethyl 
steroid series. The CHOAc proton resonance shows a comparable chemical shift and 
coupling constant (r 4.6; J, 6 and 13 Hz) to these compounds. Reduction with lithium 
aluminium hydride affords the 2g,3adiequatorial diol. The solvent shift data for 
these alcohols are set out in the following table. 

TABLE 3. NMR SOLVENT SHIFI DATA poll aom 2.3-m m 

Compound solvent C-20 C-19 C-18 C-17 C-15andC-16 C-2 c-3 

Bcyer-15,16-een-&3adiol CDCI, 898 8.95 9.04 8.98 4.56 4.28 

CAN 8.65 8-68 8.76 8.98 4.52 4.20 

Bcye~1S,l6-cn-2~adiol CDCI, 9.16 9.16 902 8.98 4.55 4.30 

15,1CEpoxybcycrarG?a,3a- CD& 8.76 895 895 8.98 6.98 658 
diOl GD,N 8.51 8.68 8.76 8.98 6.95 690 

2aJa-Diacetoxybcyer- CDCl, 8-92 90 910 9+Ml 4.58 4.30 
15,16-cne G&N 8.82 899 9-06 899 4.50 4.22 

9-14 9.02 8.78 8.96 4.55 4.25 

5.95 690 
5.63 6-60 

7.00 7Go 

(br) (br) 
6.85 6-65 

W (br) 

592 6-80 
5.55 6-52 

4.71 542 
440 5.22 

Examination of the influence of the OH groups on the proton resonances of the 
Me groups of ring A is in accord with the assigned stereochemistry. Although the 
effect of a diol is clearly not the sum of the two monohydroxy components neverthe- 
less these shifts may have some diagnostic value in structural studies in this field. 
The effects of the hydroxyl groups are diminished by acetylation. 

Treatment of the 2q3adiol with toluene-psulphonyl chloride in pyridine, and 
chromatography of the product on alumina afforded the 2-ketone. Presumably the 
equatorial 3a-OH forms a monotoluene-psulphonate and this is eliminated either 
during the basic reaction conditions or on chromatography on alumina. A small 
amount of the ditoluenapsulphonate is also formed during this reaction. Reduction 
of the 2-ketol 3-toluene-psulphonate which on heating with alumina is smoothly 
converted to the Zketone. Elimination of 3-equatorial toluenepsulphonates has 
been described as a method of forming triterpene A2slefins.‘o It also provides a 
satitiactory method in this series. Thus the toluene-p-sulphonate of beyer-15,16-en- 
3a-al gave an oily diolehn which was characterized as its crystalline diepoxide formed 
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with m-chloroperbenzoic acid. Attack of the reagent from the less-hindered pface of 
the molecule would be expected to form the 2b,3wpoxide.Cf. lo 

H 
%. 

0 ’ d % 1 
HO 

.H 

V 

EXPERIMENTAL 

General dataiht have hccn dcacrihed previously.” 
Meenvefn-Poruaforj reductfon o/ beyer-15.1~3-one. The ketone (3SOmg) and aluminimu isopropoxide 

(I 9) in isopropanol(25 ml) wen heatad un&r r&x for 4 hr. Ths soht was poured into watar, a&l&d and 
the product raxvuud in E&O. Chromatography on AlsOs gave, in the haction duted with 5 % Et,O: 
light patrolaum, beJ~-l5,16qr-3g-o1(80 me) which cry-a- from aq. MaOH as needlea, mp. W. 
(Found: C, 82.9; H, 109. CloH,,O requires: C, 833; H, 11.2%); v, 3380. 760 cm-‘. Suhsqucnt frac- 
tions dutal with 15% EtsO: light petroleum gave hcyar-15,16-en-3a-01 (210 mg) identified by its IR 

lSg.l6&Epoxybeyeru~2a-& Bayar-15,16-an-2a-01(1~ a) in CHCI, (50 ml) was traatcd with m-chloro- 
p&enzoic acid (125 g) at room tamp 0-t. The product was recoverad in CHCls, washed with aq. 
F&o,, dil HCI, aq. NaHCO,. water and dried Evaporatiou of the aolvcnt and chromatography of the 
product on alumina gave lSg.16B-epoxybeyerM-2a-oI which cry.stalIimd from light petroleum as prisms, 
m.p. 149-151’. (Found: C, 78.8; H, 105. Cs,,HssOa ruquircs: C, 789; H. 106”/.); v_ 3400 au-‘. 

Oxfdatfon with led tetrwxt ute. The above alcohol (17U mg) and freshly purilM, dried lead tetmac&ate 
(500mg)inAR.bsnasoe(Sml)mrshatoduoder~uxfor4hr.Tberolnwupouredintowater,~~ 
in ether and chromatographorl on alumina. Ehltion with light patrolaum gave 15~16&epoxybelW~ 
2a-2O-oxfde (55 mg: III) which crystallized from acetone as nccdlas. m.p. 13O-13Y (with sublimation). 
(Found: C. 792; ?I, 99. CssHIoOs requires: C., 794; H, 1W~). 

Rwrrmrgcmmt qf the ether (III) The ahova cthar (400 mg) in Et,0 (10 ml) was tratal with BFs etherate 
(M ml) for 1 hr. The soln was poured into watar and &ractal with EtsO. The axtract was washed with 
aq. NaHCO,, dried and evaporatad to give a gum which was chromatographcd 011 alumina. Ehltion with 
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20% Et*O: light pctrokum gave 2u, 2@epoxy-(-&aur-ltil5~ which cryatallixd aa needka from 
light pctrokum, lap. 137-138.. (Found: C, 79.0; H, 995. CloHloOl requires: C, 79.4; H, 100%); v, 
352434$989oun-‘. 

Bejvr-l5,16sn_2u,3ad&A The kctol V (1.2 din McOH (25 ml) wu treated with NaBH. @S g) for 1 hr. 
Thecohwasa&ificdwithdilHCl, conccntratu& poured into water and the diol recovered in EtAc. The 
diol(O9 g) crystallixd from aaztonf+light petroleum a8 nccdkq m-p. 18O-18T, @it.’ 181-1823. Tbc 
dtacerute prepared with A%0 in pyridine, qsta&cd from light pctrokum m ncedks, m.p. 129-132”. 
(Found: C, 74.3; H, 92. &,H,,O. requirea: C, 74.2; H, 93%); v_ 174O(br), 760 cm-‘. The uceronfdc 
prepared by trattmcnt of the diol with rctluxiq acetone containing a tract of HClO*, q&all&d from 
acetone aa prisms, mp. 96-98”. (Found: C. 79.4; H, 106. CIIH,aO1 requires: C, 795; H, 109%). The 
qoxldc prcparcd with m-chloropcrbzoic acid in chloroform, cryatallizd from tioae-light petroleum 
an necdka, m.p. 2O2-2O4e. (Found : C. 74.6 ; H, 98. C&i,IO, requires : C, 749 ; H, 100 %) ; v, 3400 (br) 
cm-‘. 

Beyer-15.16-erv2-one. The dial (1.3 8) in pyridine (20 ml) was treated with toluaK+psulphonyl chloride 
(2 g) for 24 hr at room temp. The product was poured into water, acid&d and recovered in Et20 and 
chromatographed on alumina. Elution with light pctrolcum gave beycr-15.l&cn-2-one (07 g), mp. 116 
118” (lit6 119-l#p) identical to an authentic aample. In nome reactions a small amount of the 2&a- 
ditohwne-psulphonare, mp. 188-lw. (Found: C 662; H, 7.4. CllHUSIOI requirea: C, 66-65; H, 7.2%) 
v,1600,700cm-1,wasa180isolatcd. 

The 3-munotohuncpsu&mute o/ beyer-15,16-e&a-3io/. The tolucnc-paulphonate6 of V (300 ma) 
in McOH (25 ml) was treated with NaBH, (200 mg) at room temp for 1 hr. Dil HCI WUI added, the 
3-monotoluene-psulphoMtr of bcycr-l5,l6+n-~rAiol filtered and recrystaUizcd from aqueous MeOH 
asnaxllen,m.p. 131-13p. (Found:C.699; H, 8-3.C1,H,,SOI requires: C, 6975; H,8.40/,);v_ 336O(br), 
1600,760 cm-‘. 

Ehinutfon cf tohme-psulphosdc mid. The above toI_psulphonate (50 me) wan absorbed onto 
alumina from CHCl, and gently warmed for 1 hr. Elution with 5% Et,O: light pctrokum gave bcycr- 
15.16-cn-2-one (20 mg), m.p. 115-llv idcntifkd by its IR rpcctmm. 

2fl,3fl: lS~lSgD&jx~xy 6eyemne. Beycr-15,1&m-k-o1 toluenc+p-mdphonatc (1 g) wan abaorbai onto 
alumina (10 g) from CHCla and heated at 8@’ for 1 hr. Elution with light petrokum gave the diol& 
(250 me) v, 760,745 cm-’ as a gum This was taken up in CHCI, (5 ml) and treated with m-cbloroper- 
bcnzoic acid (540 ms) overnight. The product was recoveral in CHCl,. rinsed with FeSO,aq, dil HCI, 
NaHCO, aq. dried and cvaporatal to give a gum which w chromatographcd on alumina. Elution with 
20% Et,O-light petroleum gave the d&pox&h (53 mg) which crystallized from aqueous McOH an plates, 
mp. 123-124”. (Found: C, 78.8; H, 100. C,oH,,O, requires: C, 79.4; H, 10%). 
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