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~bstrad-The stereochemistry of some reactions at C-16 in (-)-kaurcne is clarified. 

THE stereochemistry oi the reactions of ring D of (-)-kaurene (I) reveal certain 
features which at first sight appear anomalous. The structure of the diterpene alcohol, 
(-)-kauran-16r-ol (II) which occurs in Gibberellafujiktuoi,’ rests on its preparation 
from (-)-kaurene hydrochloridti, its dehydration to a mixture of (-)-kaurene and 
(-)-isokaurene* and on its partial synthesis ‘*) by reduction of (-->kauran-16,17- 
epoxide.* A possible source of ambiguity in this relationship lies in the fact that 
treatment of (-)-kaurcn-16,17_epoxide (III) with acid also leads to the formation 
of a 16r,l7diol (IV) identical to the product of osmylation of (-)-kaurcnc. That is 
cleavage of the 16z-epoxide apparently takes place with retention of configuration 
at the tertiary centre C-16. Further evidence has therefore been provided for the 
stereochemistry of some reactions at C-16. 

Treatment of (-)-kaurenc with osmium tetraoxide in pyridine gave the know@ 
16,17diol. This formed a monotoluenc-psulphonate which underwent hydrogcnolysis 
with LAH to give (-)-kauran-16a-ol identical to the natural product.* This relation- 
ship provides clear evidence for the identity of the stereochemistry of the two at C-16. 
The epimeric kauranol, (->kauran-16/?-ol (VII), was prepared by the reaction of 
17-norkauran- 16one (VI) with methyl magnesium iodide. The known 16,17cpoxide 
was prepared from (-)-kaurene with hydrogen peroxide and formic acid or m- 
chloroperbenzoic acid. The NMR spectrum which contained a two proton double- 
doublet at 7 = 7.2 (J, 10 c/s) demonstrated that this compound was a 16.17cpoxide. 
It reproducibly gave both the 16a,l7diol on treatment with acid and (-)-kauran- 
16a-ol by reduction with LAH.‘G~ 

The stereochemistry of hydroboronation of (-)-kaurene again reflected the attack 
of a reagent from the z-face of ring D. A primary alcohol (2 protons at 7 = 6.3) 
was obtained. Reduction of the derived toluene-psulphonatc with LAH a5orded 
(-)-kaurene which is of known stereochemistry at C-l6.8*7 Hence the stereochemistry 
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VIII was assigned to the alcohol. Oxidation of the alcohol with the 8N chromium 
trioxidc reagent led to the corresponding carboxylic acid. Its epimer was prepared 
by rearrangement of (-)_kaurene epoxide with anhydrous magnesium bromide 
etherate. The gummy aldehyde so obtained was oxidized to the known8 (-)-kauran- 
17-&c acid. 

III IV R-H 
v R-Ts 

Attack from the less hindered face of the molecule is reflected in the reduction 
of the norketone. Thus reduction with NaBH, or LAH gave (-)-17-norkauran-16B_ 
01 (IX).4*e However the same alcohol was produced both by catalytic reduction 
(Pt/HOAc) and by reduction with sodium in alcohol, processes which might be 
expected to lead to epimers at this centre. The stereochemistry of this alcohol was 
clari&d by its NMR spectrum. The spectra of both the alcohol and its benzoate 
showed seven lines of an AX, system at T = 5.72 and 7 = 4.76 respectively, with 
coupling constants of 12, 6 and 4.5 c/s, corresponding to a proton coupled to two 
cis and one trans proton. Hence there must be a cis relationship to the bridgehead 
C-13 proton and thus the alcohol has the &configuration. 

EXPERIMENTAL 

GeneraldetaiLarcducribcdinPartI. The(-)-kaureneutilizodinthaca~tswas~latcd’ 
from Gb&ref& fu/ikurof. NMR spectra: in CDCl, on a Varian HA-100 spectrometer with TMS 
as an internal standard. 

Tolncne-ps+tuate of (-)-kmran-l6a,l7_dioI (Iv) 

The dial (510 mg) and tolucnc-psulphonyl chloride (750 mg) in pyridinc (10 ml) were left at room 
temp for 36 hr. The soln wb( diluted with water, extracted with ether and the extract with dil. HCl. 
dried and evaporated. Chromatography on alumina in petrol gave the monetolmne-prulphonate 
(V; 392 mg) which crystallizd from acetone-light petroleum as needles m.p. 178-179”. (Found: 
C. 7@3; H, 8.8. GH.,,O,S requires: C, 7@4; H. 8*7%,) rtix 3540, 1603, 117Oar+. 

Kauru+16Dof (If) 

The above toluenapsulphonatc (125 mg) and LAH (105 mg) in ether (10 ml) were heated under 
rdlux for 2 hr. The soln wzu acid&d and worked up in ether. Recovery gave kauran-16u.-ol(65 mg) 
which crystallized from acetone as needkr, m.p. 212-213” identical to the natural produa.’ 

’ C. A. Henrick and P. R. J&&s, Awrr. 1. CAM. 17,915 (1964). 
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17-Norkauran-16-one (VI; 111 mg), Mg (1 g) and Me1 (1 ml) in ether (1Oml) were heated 
under retlux for 2 hr. The soln was diluted with ether. acid&d. washed, dried and Mporatcd to give 
k~r1z+16/?-0lwhich aysUizd from acetone as needles, m.p. 151-152’. (Found: C, 825; H, 11.6. 
&H,O requires: C, 82.7; H, 11.8 ‘/) v-x 3360 an-l. 

Ku~rmr46,17+~xkfc (III) 

A soln of (-)-kaurane (I: 150 mg) in CHCI, (10 ml) was treated with H.0, (S ml) and formic acid 
(S ml) at room tunp for 5 hr. The soln was diluted with water, extractal with chf, the extract washed 
with NaHCOgq, dried and evaporated to give the epoxide (58 mg) which crystalliz& from Me-OH 
= needles. m.p. 11S-117”(lit.Lm.p. 117”). NMR T = 9.18; %13,8*97,7*26,7~16(doubkts, J = 9 c/s). 

Hydroboration of kaurrnc 

Kaurene (500 mg) and BF,ctheratc (5 ml) in diglyme (25 ml) were treated with a soln of NaBH, 
(1.0 g) in diglyme (154 ml) over 1 hr. A 12 % soln of NaOH in EtOH (20 ml) was addal followed by 
the cautious addition of 30% H,O, (30 ml). The soln WBJ diluted with water and the product r+ 
covered in ether. Evaporation of the solvent and chromatography of the product on alumina gave 
16B_kuurun-174 (VIII; 210mg) m.p. 158-160”. (Found: C, 82.2; Y 11.8. C&H,,0 requires: 
C. 82.7; H, 1 l.S’A.) P-U 3330 cm-‘. NMR t = 9.2; 9.15; 940; 6.3 (J = 74s). The tolucnap 
sulphonate, prcparal with tolutnc-psulphonyl chloride in pyridine, had m.p. 146”, yrnU 1603,1195, 
1182 cm-‘. 

Reduction of the toluenapsulphonate (15 mg) in ether (5 ml) with LAH (SO mg) under retlux 
for 2 hr. dilution with HCl and recovery of the organic product in ether gave a gum which was 
chromatographed on alumina. Elution with petrol gave kaurane (adihydrokaurane) (3 mg) BS necdks 
from MeOH, m.p. 81-82” identifkd by comparison with an authentic sampk.’ 

OxiaWon of 16B_kauran-1701 

The alcohol (SO mgl in aatone (5 ml) was treated with the 8N 00, vt (02S ml) for 2 hr. 
MeOH (1 ml) was added and the soln concentrated. Dilution with water and extraction with ether 
gave 16bkuurun-17-oic acid, m.p. 189-190’. (Found: C. 767; H. 1@6. C&HIIO,, iH.0 requires: 
C. 76.6; H, 1@6%.) vtiX 3603. 3350 (br). 1706, 1686 cm -I. 

Rrarraqqement of kautetw epoxide 

The epoxidc III (120 rngl in Uher (10 ml) was treated soln of Mg (1 g) in ethylene dibromide 
(1.2 ml) in ether (SO ml) for 3 days at 0”. The soln was treated with the 8N 00, regent (O-25 ml) 
in acetone (5 ml). The usual isolation proadurr gave 16+-)_kauran-174c acid (58 mg) which 
crystallized from light petroleum as needles. m.p. 217-218” (lit.’ 217-219”) I~.~ 3100 (br), 169s cm-‘. 
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17-Norkawan-16&ol(IX) 

(a) Caralyric hydrqenufkm. 17-Norkauran-16one (1 IO mg) was shaken with Adam’s catalyst 
(50 mg) in glacial AcOH (10 ml) containing perchloric acid (5 drops) under H until rapid uptake 
ceased. The soln was poured into NaHCQaq. and the product recovered with ether. 17-Norkuuran- 
16&01 crystallized from light petroleum as needles, m.p. 156-158”. (Found: C. 8205; H. 11.3. 
CI,HIO requires: C, 82.5; H. 11.7%) vrn.= 3306. 3239 (br) cm-l NMR z - 9.18. 9.13, 8.97, 5.72, 
(J - 12, 6, and 4.5 c/s). 

(b) Rcducrion with sodium horohydride. The norketone (75 mg) in McOH (IO ml) was treated 
with NaBH, (100 mg) for 1 hr. Dil. HCI was added and the product recovered with A&Et. Evapora- 
tion of the solvent and chromatography of the product on alumina gave 17-norkauran-16&-o] (60 mg) 
which crystallized from light petroleum as needles, m.p. 159-160”. It was idcntiticd by its IR spectrum. 

(c) Reduction with sodium in ethanol. The norketone (120 mg) in EtOH (50 ml) was heated under 
rctlux. Na (I g) was added in small portions over 3 hr. The soln was cooled, acidified and concentrated 
in cucrw. Recovery in ether and chromatography on alumina gave 17-norkauran-l6&ol (31 mg) 
which crystallized from light petroleum as needles, m.p. 156157” identical to the products obtained 
above. 

The benzwrc, prepared with benzoyl chloride in pyridine, crystallized from benzene-light petroleum 
as needles. m.p. 181-182’. (Found: C. 81.7; H. 9.4. C,,HYOt requires: C. 82.1; H. 9.5%) U~U 
1710, 1600. 710cm -I, NMR T - 9.18, 9.15, 8.98, 4.76 (J - 12. 6. 4.5 c/s) 2.6 and 2.0 (multiplcts). 
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