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Abatrad--Phyllocladcne has been converted inlo some IS- and 16-0x0 derivatives. The rotatory 
dispersion curves of thcsc indicate that XV is the most likely s~ructurc for mircnc. 

SINCE the structure of phyllocladenc has been cstablishcd,’ it was thought desirable to 
prepare a related series of compounds containing kcto groups at C,, and C,, for 
rotatory dispersion studies. Throughout this paper a systematic nomenclatulc will be 
used, based on the parent hydrocarbon phyllocladanc (I). In phylloclad-l5-cne the 
double bond is much more hindered from the &face, so it is probable that I corrc- 
sponds to “z-dihydrophyllocladcnc”, the sole product of catalytic hydrogenation. 

Accordingly, phylloclad-IS-enc was hydrated with diboranc, giving an alcohol 
which was not charactcrizcd, but oxidir.ed to the ketone II. It bould bc expected that 
the hydration should take place in a cis marine? from the z-face of the molecule, and 
hence II should have the l7-methyl group in the more congested p-configuration. 
This was confirmed by cpimcrization to the corresponding I’Iz-ketone (Illa), which 
was also prepared by the action of boron trifluoridc on IS.16oxidophyllocladanc 

(IVa). 
In view of the nature of the Cotton effects of these ketones it was decided to preparc 

15-0x0-l ‘I-norphyllocladane (III b). Hence. I6-oxonorphyllocladanc (Va) was rcduccd 
with sodium borohydride to an alcohol which would bc expected to have the structure 
Via. ‘I’his was converted into its tosylate which was not purified; on being heated 
under reflux in quinolinc it underwent smooth elimination to produce the olefin VIIa. 

Hydrogenation of VIIa gave the parent hydrocarbon, 17-norphyllocladanc (Vlb). 
Conversion of VIIa to the epoxide IVb followed by hydrogcnolysis with lithium in 

cthylaminc gave a mixture of alcohols which Here readily separated by chroma- 
tography. That the more polar of these was the expected I6z-hydroxy-I 7-norphyllo 
cladane (IXa) was shown by oxidation to Va, establishing that no skeletal rcarrangc- 
ments had taken place during this scquencc of reactions. The other alcohol must 
therefore bc ISa-hydroxy-l7-norphyllocladanc (VlIIa). Oxidation of this gave the 
desired kctonc (IIIb). 

Prior to this work other routes to IIIb were explored, but abandoned bccausc of 
unsatisfactory yields. Since some of the intermcdiatcs may bc of intcrcst. thcsc will bc 
described. 

Oxidation of phylloclad-IS-enc with selenium dioxide produced an unsaturated 
aldehydc (VIIb) having I.R. absorption in Ccl, at 2798, 2701 and 1679.5 cm,-’ and 
U.V. absorption in MeOH at 256 rnp. E 10,500. This high i.,,, is not inconsistent 
with the proposed structure as ketones in strained 5-membered rings are known3 to 

’ P. K. Grant and R. Hodges. Temhrdron 8. 261 (1960). 
’ fi. C. Brown and <i. Iwafer. 1. Amer. Chum. Sot. 81. 247 (1959). 
’ K. Wicsncr, F. Bickclhaupt. D. R. Habm and hf. Gotr. Trrrahcdron 9. 2% (1960). 
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absorb at high wavelengths. It should be pointed out that the ketone XI’ is also 

abnormal (i.,,, 241 rnp, F 7800) while X11’ absorbs at the expected wavelength (i,,,,, 

230 mp). This difference is most probably due to the strain introduced into ring D by 

the proximity of the methyl group at C,,. 
The aldehydc (Vllb) was reduced to the allylic alcohol (VlIc) which could be 

readily oxidized back to Vllb with mangancsc dioxide. Epoxidation of VIIc followed 
by reduction with lithium in cthylaminc gave a mixture of dials. one of which was 
isolated as its monoacetate and shown to be identical with the product (IXb) obtained 
from acctylation of the known 6 16, I7-dihydroxyphyllocladane. The other diol is 
probably 15~.17dihydroxy-l6-epiphyllocladane (Vlllb), which should be convcrtablc 
to Illb. In view of the low yield of VIIIb, this has not been attempted. 

Rearrangement of the epoxidc (1Vd)with boron trifluoride produced a mixture of at 
least three compounds, from which a substance was isolated (m.p. 108”) whose analysis 
would be consistent with either that of 111~ or X. However, this had I.R. absorption 
in Ccl, at 1713.5 and 1747 cm-.’ and no bands in the 27OG2800 region, which would 
make both these structures seem unlikely. This substance has not been further 
investigated. 

In conncxion with other work, the ketone (Vb) was prcparcd by alkylation of 

16oxo-norphyllocladane with propargyl chloride. The propargyl group must have an 
z-configuration since the $-cpimcr would appear, from models, to be sterically unlikely. 

Rotatory dispersion curves of the five ketones, II, IIIa. IIIb, Va and Vb, were 
compared. The first three of these all had negative Cotton effects with only slight 
differences in amplitude; that of IIIa being less than II. in agreement with the assigned 
configurations of their l7-methyl groups. In addition Va and Vb both showed positive 
Cotton effects. It is clear that alkyl substitution at a carbon adjacent to a carbonyl 
group at q, or C,, makes vet-y little contribution to the Cotton effect. This confirms 
the observations of Bourn and Klync’ that the sign of the Cotton effect of ketones in 
rigid 5 membered rings is largely determined by the asymmetry of the ring containing 
the carbonyl group and that the substituents have only minor effects. Thus the 
structure XIII which has been proposed; for oxo-normircnc would bc anomalous if it 
showed a Cotton cITcct of diffcrcnt sign from that of Va. Since oxonormirenc does in 
fact have a negative effect. we would suggest that it does not have the proposed 
structure. 

Any formula for mircne must contain a mcthylenc group, cxocyclic to a 5 
membered ring and must account the nature of the rotatory dispersion curve of its 
derived norkctonc and for its acid catalyscd rearrangement to phylloclad-l5-ene. It 
was thought possible that XIV might be capable of rearrangement to phylloclad-l5- 
enc. the driving force being the high dcgrcc of stcric interaction bctwccn the substitu- 
ents at C,, and C,,. However, the ketone (IIIb), while having a rotatory dispersion 
curve of the same type, is not identical with oxonormirene. 

The structure XV should satisfy the first two requirements for mirene, although an 
unusual path must bc invoked for its rearrangement to phylloclad-l.kne. Work 
aimed at preparing structures of this type is now in progress. 

’ W. Parker. Pcnonal communtcauon. 
’ <‘. W. Rrandt, N.X. 1. Sci. Terhnol. 34B, 46 (19S2). 
’ P. %I. Bourn and W. Klyne. J. Chcm. Ser. 2044 (1960). 
’ I.. Il. Brim, B. F. Cain. B R. Daws and 1. K. Wtlmshunt. Trrrahdron L~ttrrs No. 8. 13 (1959). 
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EXPERIMENTAL 

Rotations were measured in chloroform at 20’. M.p.‘s were taken on a Kofler block and are 
corrected Alumina used for chromatography had activity II. Light petroleum rcfcrs to the fraction 

b.p. 60-80”. 
15-Oxophy~/ocl~cfll). Ltthium aiuminium hydride (610 mg) in ether (25 ml) was added slowly 

to a solution of phylloclad-I S-cnc (415 mg) and boron trifluoridc cthcratc (3.5 g) in ether (100 ml) 
under nitrogen. After 1 hr the product was isolated, dissoltcd in tet~hydrof~n (20 ml) and treated 
with hydrogen peroxide (5 ml, 30%) and mcthanolic sodium hydroxide. After a further hour the 
product was adsorbed from hcnzcnc on alumina and clutcd with benzene cthcr (I : 1) as a colourlcss 
gum which could not hc crystalliLcd. Oxidation of this material, rn a&one uith chromic acid!’ 
sulphuric acid gave 1 S-oxo~hyliur~~ffe f I2S mg) as plates from methanol, m.p. 101 102 ‘. (& .- 62 ’ 
(c, 0.X). (Found: CY, 82.95; I#. 11.2. CroH,,O requires: C, X325; H, 11.2”,.) 

1 S-Oxrr_16-rpiphylior~~nc. I1 (30 mg) was kaccd under rcflux with mcthanolic sodium hydrox- 
ide (5 ml. 2%) for 8 hr. Repeated crystallization of the product from aqueous methanol yielded 
1S-oxcrl~~iph~Noctodanc (Illa), m.p. 127.5 129 , [t],, .. 50’ (c, 0.5). Wound: C, 83.4; H. 11-35. 
CmH,,O requires: C, X3.25; H. 11.29,.) 

I 5, I &Oxidophytkx/u&w (IVa). Phyllociad-I S-cm (620 mg) was rcactcd with an cxccss of mono- 

perphthalic acid in ether for 15 hr at 0 ‘. Crystallization from methanol gave the epoxidc (490 mg). 
mp. 92-93, f& . 30’ (c, @Y). (Found: C, 8295; LI, 10.9. C&,@ rcqunc%: c‘. 83.25: H, 
Il.2 :,*.) 

‘Trcatrncnt of IVa (450 mg) in hcnzenc (30 ml) with boron trifluoridc ethcrate (O-5 ml) for 15 min 
at 20” gave a mixture of kctoncs (440 mg, m.p. 1 I . 7 118 ) which after rcpcatcd crystallization from 
methanol yielded 1 S~~xo-l6_cpiphyllocladar,c. 
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I 6/L/f_@oxy- 1 ‘I-norphy//oc/~&~~rr (Vla). IbOxonorphyllocladanc (V) (I .20 g) was treated with 
sodium borohydridc (400 mg) in aqueous methanol (50 ml. 909.) for 12 hr at 20”. The product 
crystalllcd as nccdlcs (I.1 I mg) of Vla from light petroleum. m.p. I50 151.5”. [z]i, ‘: 17” (c. 09). 
(Pound: C. 82.45; H. 11.85. C,,ll,,O requires: C. 82.55; H, 11.653&) 

17-Norphylloclad-IS-me (Vlla). Via (I.10 mg) was reacted withptolucncsulphonyl chloride (I g) 
in pyridinc (I5 ml) for 8 hr at 20”. The raulting tosylate was heated under rcflux in qumolinc (5 ml) 
and the product. in light pctrokum was filtered through alumina. Ctystalliration from aqueous 
ethanol gave Vlla (Y40 mg) as plates. m.p. 72.5-73 ‘. [z],, .. 7’ (c, 0.7). (Iound: C, 88.1; II. 11.65. 
C,,H, requires: C, X8.3; Il. 11.7’,,.) 

17-Norphy//oc/a&mc (Vlb). Hydrogenation of Vlla in ethyl acetate using Adams’ catalyst gave 
Vlb as plates from aqueous ethanol. m.p. 85-86 , [z],, . 3’ (c. 0.9). (Found: C. X7.4; H, 12.4. 
C,,H,, requires: C. X7.6; H. 12,4”;.) 

15~,lb~x~~l7-norphy//o~/orionr (IVb). Vlla (X30 mg) was allowed to react with an excess of 
monopcrphthalic acid in ether fur 24 hr at 0 . Crystallization from methanol gave IVb as plates 
(SXOmg), m.p. X4.5-X6’, [z]n ,t 16’ (c. 0.Y). (Iound: C, 83.15; H. 10.65. C,,Il,O rquira: C. 
X3.15; II, ll.O”,,). 

Reduction o/the epoxide (IVb). IVb (550 mg) in cthylamme (30 ml) *as trcatcd with lithium and 
allowed to react for I hr after a permanent blue colour had appeared. The product was adsorbed on 
alumma from light petroleum and clutrul with benzene ether (4 : I) as nccdlcs (IX0 mg from aqueous 
methanol) of 15z-hyrlroxy-I7-norphy//oc/a&~1r (Villa). m.p. 125-126’ (with melting and rcsolidifm- 
tion at I I6 Il8’), [I]~, ! 4” (c. OX). (Found: C. X2.8; II, llX5. C,,H,,O requires: C. 8255; H. 
I I .65 “L.) 

Iurthcr clution with cthcr gave 16x-hydroxy-l7-nurphyllocladane (IXa) as needles (190 mg from 
light petroleum). m.p. 156-157’. [z], - 7‘ (c. 0.8). (Found: C. X2.9; H. 11.95. C,,H,,O rcquircs: 
<‘. 82.55. H 11.65”’ ) * . 0. 

IS-Oxo-l7-norphy//ocladanr (Illb). Oxidation of Villa (47 mg) tn acetone (5 ml) with chromic 
acid/sulphuric acid gave the kctonc lllb as nccdlcs (39 mg from light pctrolcum). m.p. 132-133‘. 

Ill,, 33“ (r. 1.0). (Found: C. 82.95; il. 10.X. C,,H,O requires: C. X3.15; II. ll.Oy/,.) 
Oxidation of IXa yielded 16-oxonorphyllocladanc identical with an authentic sample, [z]n -t 7l- 

(c. 0 X). 
l7-Onophy//oc/a&l5_mc (Vllb). Phylloclad-l5tnc (1.69 g) and selcnnrm dioxide (I.5 g) wcrc 

hcatcd together under rcflux in acetic acid (20 ml) for 30 min. The product was adsorbed from light 
petroleum on alumina deactivated with 5% of IO% acetic acid and cluted with bcnrcnc as needles 
(I.49 g from light petroleum) of Vllb. m.p. 129IW. [z],, 71 ’ (c. I +O). (Found: C. 83.45; H. 10.55. 
C,Ii,O rquircs: C. X3.85; 11, 10.559/..) 

I7-l/ydroxyphy//oc/ad-IS-me (Vllc). Reduction of Vllb (I.30 g) with lithium aluminium hydride 
in ether produced Vllc as nccdla (I.21 g from light petroleum), m.p. 125.5-126.5. [z]n A 14” (c, 0.9). 
(Pound: C, X3.15; H, 11.1. C,H,,O requires: C. 83.25; H. ll.Zq&) This alcohol was quantita- 
t~rcly oxtdizcd back to the aldchydc (Vllb) by shaking for I2 hr with manganese dioxide inchloroform. 

Acctylation of Vllc by heating under rcflux with acetic anhydride and sodium acetate gave 17- 
aceroxyphylloclad-I 5-ene (Vlld) as plates from aqueous methanol. m.p. 3X-39’. (Found: C, X0.1 5, 
Il. 10.65. CrrHr,O, requires: C. 79.95; Ii. lO.35:<.) 

l7-t~~ydrony-l5.l~xi~lophy//o~/a~ne (IVc). Reaction of Vllc (350 mg) with an excess of mono- 
perphthalic acid in cthcr for 2 days at 0” produced the cpoxidc as needles (270 mg from light 
pctrolcum). m.p. 149-I 51’. [I]~, : 3Y” (c. 0.6). (Found: C, 78.95: H, 10.5. C,JIrtO, requires: 
C 7X.9. H 10.6”‘.) . .* 

Similarly 17-uc~ro.ry-I 5.l6-o.~iJoph,~l/ocla&rc (IVd) formed needles from aqueous methanol, m.p. 
X6,5-X7.5’. [z],, 1 ZY (c. O-7). (Found: C. 76.0; H, lO.lS’,& C1,H,,O, requires: C. 76.25; H, 
9.9 T/,.) 

Reduction o/rhe epoxide (I&). IVc (170 mg) was rcacted with lithium in cthylaminc as before. 
The product wan acctylatcd with acetic anhydride in pyridinc for 12 hr at 20’. Adsorption from light 
petroleum on alumina deactivated with 50: of lot/, acetic acid, followed by clution with light 
petroleum gave a crude diacctatc which was not obtained crystalline. Further clution with bct~eoe-. 
chloroform (3 : 2) gave l7-acctoxy-l6-hydroxyphyllocladanc (IXb; 43 mg from light pctrokum), 
m.p. 142-143.5’. (Found: C. 764; H. 1@5. C,,Ii,O, requires: C. 75.X; H. 10.40/:.) This was 
identical with a spccimcn prcparcd by partial acctylation of 16.17-dihydroxyphyllocladanc. 
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The c&c diacctatc from above was hydrolyscd with mcthanolic sodium hydroxide, adsorbed 
from benzene on alumina and elu~cd with ether-methanol (19 : 1) as nccdlcJ (65 mg from light 
pctrolcum-chloroform) of I5z,l7-dulydro.ry-I6-rpiphy/l~ladaru (VIfIb) m.p. 192-193“. [ah, + IO’ 
(c. 0.9). (Found: C, 78.75; H. 10.2. C,,H,,O, requires C. 78.4; Ii. lO.Z%.) 

Rracrion o/SF, on IVd. IVd (75 mg) in bcnzenc was allowed to react with boron trifluoride 
etheratc (@2 ml) for 2 days at 0‘. The product was adsorbed on deactivated alumina and elutcd with 
benzene as nccdlcs (I5 mg from aqueous methanol), m.p. I08 109.5”. [z],, ..2” (c. 0.7). (Found: C. 
76.0; Ii. 10.15. C,,tI,,O, rcquircs: C, 76.25; Il. 9.9?:.) 

Further clution with chloroform gave an inseparable mixture of dihydroxyacctatcs (43 mg) crystal- 
lizing as plates from light pctrolcum~hloroform, m.p. 173-179’;. (Found: C, 72.35; H. 10.35. 
C,,H,,O, rquircs: C. 72.5; H, 9.95Sg.) 

I&0x0-l St-proparRylnorphyllocladane (Vb). 16Oxonorphyllocladanc (520 mg) and sodamidc 
(250 mg)in xylene (50 ml)wcre heated together under rcflux for 4 hr. After cooling, propargylchloridc 
(@5 ml) was added and the mtxture hcatcd for a further 3 hr. The product was adsorbed from light 
petroleum on alumina and elutcd with bcnrcne as prisms of Vb (80 mg from methanol), m.p. 1% 
170”. [n], .. 66” (c. 0.5). (Found: C, 84.6; H. 10.15. C,,H,,O requires: C, 84.55; H, 10*3%.) 
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