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A--Spccrroscopc and chemxal cwdcncc IS dwusscd m favour of roramcr (II) for some compounds 

derlvcd from fupal. 

RECENI LY the bitter princlplo of the Isodon qxx~c~ ha\ c been shown2 to be kauranoid 
ditcrpcncs. Included amongst these are a number of compounds of which cnmein (I) 
is the best known, where ring B of the Laurent skeleton has been cleaved. Fujcnal 
(II)’ from G&betel& fi-ikwoi. represents another txampk of this series Ckavagc 
between C-6 and C-7 permits rotation about the 9-10 bond. Molecular models 
suggest that this rotation is probably hindered and hence with partial synthesis in 
mind, it was of interest to distinguish between the two possible rotamcrs of fujcnal 
(II and III). In this paper we present evidence for the prcvaknce of the rotamcr (II) 
in the ground state of fujenal. 

Initially we represented’ fujenal as the rotamer (II) because of its relationship lo 
the kaurcnolides. Furthermore two groups of reactions demonstrated a ready 
reconstmction of ring B which would not be expected from the alternative III. 
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These were the formation of the pseudo-ester IV with mcthanolic hydrogen chloride 
and the gibbane VI by treatment of the aldchydolactone V with base: The position 
of the C-5 proton in the NMR spectra of this series was shown to be sensitive to the 
oxidation level of substitucnts at C-7-a feature which requires these two centrcs to 
be close together in space. Further evidence comes from the IR spectra of a number 
of C-7 alcohols containing a 6 + 19 lactone ring. These show (Table I) marked 
evidence of intramolecular hydrogen bonding between the C-7 OH and the lactonc 
CO at Cd. 

FraOH BondedOH an-’ 
-. . --_-- - 
Vll;R - CH, 3570 3500 
VII; R - 0 3sm 3490 
VII; R - CH,. H (in CS,) 3620 35a 

Mokzular models indicated that such bonding cannot occur in the rotamcr III. 
Furthermore they suggested that the CO of the lactont ring was oriented in such a 
manner as to form a restraining feature on the position of a C-7 substitucnt relative 
to the rest of the mokzuk. Hence a number of attempts were made to hydrolysc the 
lactone. 

VII VIII 

gy & 
1 PH,uH 

IX X 

Hydrolysis with alkali gave an unstable hydroxy acid which readily rclactonizcd. 
Treatment of the lactone VII (R = CH,) with aqueous mcthanolic sulphuric acid 
merely led to hydration of the terminal methylcnt. The product, C20H3204 (VII; 
R = CH,, OH) showed an additional C-CH, resonance (7 841) in the NMR 
spectrum whilst rtsonanct~ due to the t crminal mcthylcnc protons had disappeared. 
The IR spectrum (v, 1760 cm- ‘) indicated that the molecule retained a y-lactonc 
ring. Treatment of the lactonc VII (R = CHJ with methanolic hydrogen chloride 
gave a gummy product from which a chloro-lactonc, C&H,,O,Cl, was isolated by 
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chromatography. This was assigned the c-lactooe structure VIII on the basis of the 
following evidence. Firstly the lactont CO absorption appeared at 1720 cm-’ (cf. 
IV v, 1726 cm- ‘) rather than in the range 175&1760 cm-’ characteristic of the 
y&-tones in this series. Secondly examination of the NMR spectrum revealed 
differences in the position of the C-7 and C-19 protons. 

The assignment of the protons in the lactones VII (Table 2) was made by preparing 
a C-7deutero derivative by reduction of the aldehyde IX (R = CHI) with sodium 
borodeutcride. Tbe signal at T 674 was almost absent whilst tbc resonance at 5.83 
appeared as a singlet indicating very marked hindered rotation in the CDH-OH 
grouping. 

T~nit 2 

COLUpOWd c-7 r 
J c-19t J 

C-20 and 

CP C/S C-18 T 
C-17 r 

-. - __ 
VII; R - CHI 
d-VII; R = CH, 
VII;R =CH,,H 
Vii; R = CH,, OH 
Vll:R - 0 
IX;R-CH, 
IX;R -CH,.H 
VIII 

. 
583.6.14 

5.83 
594.6.82 
594.6.56 
wx8.660 

029 
028 

526. 599 

_, . - 
II 6Ql. 6.27 9 

601.6.27 9 
11 6ix6~30 9 
11 5%. 6.24 9 
Ii 604.628 9 
- 602.&32 9 
- 602.6-32 9 
II 563.6.15 13 

-_. -.._ 
8W3.8.72 5.26 
8.89.8.72 $26 
893.8.77 9.04 (6 c/s) 
8.85.8.72 861 
8.89.8.71 - 
910,892 520 

912.893 898 (6 cpr) 
8.95.8.89 8.27 

In the chloro-lactone VIII the C-7 protons have moved downfield to T 5.26 and 
399 consonant with their acylation. The C-19 protons now appear at ‘I 5.63 and 6.15 
with a different coupling constant. This change in coupling constant is in accord 
with the difference between a strained y-lactone ring and the free alcohol. This 
rearrangement of 6 + 19 lactone to 6 + 7 lactone is again a reaction which would 
be expected of the rotomer Il. 

Reduction of the pseudocster IV with LAH furnished a crystalline trio1 (X). 
However, it was not possible to individually modify and thus to distinguish between 
the three primary alcohols of this compound. 

Despite this an attempt was made to introduce functionality at C-20 photolysis 
of a C-7 substituent. In the kaurene series photolysis of a ‘la-nitrite leads to activation 
of C-20.’ The alcohol VII (R = CH,, H) was prepared from fujenal by reduction 
with LAH’ and catalytic hydrogenation over Pd-C. Reversal of the order of these 
steps was unsatisfactory due to the ready autoxidation of the aldehyde of dihydro- 
fujenal. Phototysis of the nitrite of VII (R = CH,, H)6 gave a gummy product from 
which the corresponding C-7 aldehyde IX (R = CH,, H) was isolated. It was identical 
to the product of brief chromium trioxide oxidation of the alcohol. Photolysis of this 
alcohol with iodine and lead tetraacetate gave similar results. 

EXPERIMENTAL 

General details arc described in prt I.’ 
Ozono/yJic o/ rh krorv (VII ; R - CH,) 

OLooizal O1 (38 ny, Oylmin) vu puaod through a soln of the iactoac (85 mg) in A&H (10 ml) for 
2 min. Zn dust was added and after 45 min tbc soln vu filtered. ncutr&zsd with NaHCO,rq ud the 

rn t 



2530 J R. HASH and A I-. WHITF 

organic material nxovcrd in AcOEt Cbromarography on Also, gave., in the fractioo elutal with 20% 
AcOEt-light petrokum. the nor-keroue VII (R - 0; (10 mg) which uysmRized from AcOEt-light petro- 
kumasplata,mp. lSO~ISI~S’.[sJ~’ - 79’ (c.05 In EtOH) (Found: C. 71.3; H.8.8. C,,HtsO, requires 
C.71~2;H.8~8~‘;v_3450. 1755. l722cm-‘. 

Hydra&n oj rk &crone VII (R - CH,) 
Tbc~oc~(l~~~MMcOH(20ml)~nd2NH,SO,(20ml)vu~uxodlor2br.TbcMcOHwrr 

evaporated and the organic material fec~vcfcd in ethyl acetate The residual gum slowly deposited 
ctyatals of the hydroxy-&crone VII (R - CH,. OH ; 40 mg) which ~~~sIAIIKIA from acetone-light petto 
kum aa prisms, m.p. 27g281’. (Found: C. 716; H. 9.2 ClOH,,O, requires: C. 71.4; H. WY’; v_ 3550, 
3280(br). 176Ocm-‘. 

Hydrolyrtc 01 rh kuronc VII (R - CH,) 
(a) The lactoue (400 me) in MeOH (100 ml) was refluxal wuh 6N KOH (I 00 ml) for 3 hr. The MeOH 

was removed in tvuuo and the soln l cidifted at r. The organic material was recovered with AcOEt and 
rapidly methylatal with CHIN,. Tbe lactose, mp. IS4 15s’. however. was nxovered oo mveral ocaaiona. 

(b) A gentk atream Or dry HCI gas was bubbkd through a soln of the lactone (500 me) in MeOH (SO ml) 
for 2br. The MeOH was evaporated, water was added and the organic material recovered in A&Et. 
Cbromatogmphy on ailia gel amI clutioo with IO% Et,Glight petroleum gave the ch&r&acwu VIII 
(194 me) which cryatalhzed from petrol Y plate& mp. 167 or n&lea, m.p. 176”. (Fouud : C_ 67.3; H. 84. 
C,,H,,O,CInquirrs:C.676;H.S~75~~;v, 172Oand705cm-‘. 

Rcducrion qf fhr aidehyde IX (R - CHI) 
The aldebyde’ (48 me) in MeOHd (05 ml) was treated with NaBD, (IO mg) for 2 hr. D,O (05 ml) was 

added and the crystalline product (34 mg) filtered and rectystallizod, mp. 14sl46Y 

R&&on oj rhc pseudecstcr IV 
The pseudo-ester (25Omg) in Et,0 (5OmJ) was re4luxed with LAH (2500 for 4hr. The soln was 

autioualy acid&d and the organic material recovered in Et,O. The rrid X crystallized from aato~~- 
light petrokum as txedks, mp. 171180”. (Found: C. 74.4; H. 10-6. Cs,,H,,O, requires: C. 74.5; H. 
lWY& v, 3300 (br) 1654. 875cm- . ‘. NMR T 8.88. 8.53 (2MH,), 668 J - 4. 12c/s, 6.11. 5.83. 
I - 5, lOcs.(3CHsOH) 5.37.519 (C CH,). Attempts to prepare an acetate and a toluenc-psulphonatc 

gave gummy prod- 

Hydmparbn of the locfone VII (R = CH,) 
The lactone (15g.l in EtAc (SOmJ) was shaken with IO”,, PI-C (400 me) under an atmosphere of H, 

until uptake oxed. Filtration and evaporation of the solvent gave a uystallinc residue which was 
chrot~tographed on AIrO,. Elution with 20% AcOEt-light petroleum gave the dih@Aac~oru VII 
(R = CH,. H; 95Omg) which crystallized from acefootlight petroleum aa ueodks. mp. 14>148’. 
[a]: -63” (c. 05 tn EtOH). (Found: C. 74.7; H 100 Cz,,H,,O, raquira: C. 7495; H. I01 %); v_ 
3soo. 1750an ‘. 

Phorolysb o/ rhe nirrirc o/ rhe o&ohol VII (R - CH,. H) 
The alcohol (500 mg) in pyndine (3 ml) was treated wtth excess NOCI at - IO’ for 20 mm The soln was 

poured mto &water and the organtc matenal cautiously ra;overed IO ether. lhe rcudue tn benzene 
(100 ml) was irradiated under N, with 125 watt UV lamp through a SiOs &eve for 30 min. The benzcnc 
was evaporated and the raidue rdluxed in isopropaaol (IO ml) for I hr. The solvent was cv~porated and 
the restdual gum subJected to preparative TLC on silux. Apart from startmg matcrtal the sok crystallute 
product was the l kkhyde. IX (R = CH,. H; I5 mg) m.p. I59 161”. 

Oxi&tion o/ rh dihydro-locrone VII (R - CH,. H) 
The dihydro-tactonc (3OOmg) in acetone (IOmJ) was treatal wtth the 8N Cr0, reagent (037 ml) for 

1 hr. MeOH wasadded. the soln concentrated and poured into H1O. Recovery with AcOEt and chromato- 
graphy on silica gel gave the cUrhyde IX (R - CH,. H) which cryrtallizal from l cetontlight petrokum 
aa needles, m.p. 16&162’. [a];’ - 42” (c. 05 in EtOH) (Found: C. 75.25; H. 9.5. C H 0 requires. 10 30 , 
C. 75.4; H. 9.5%); Y, 2700. l7SOcm-‘. 
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