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Abatrnct-The total syntheses of zizanoic and isozizanoic acids. !b and 37a respectively have been achieved 
starting from D( +)xamphor and utilising rearrangement of a tricycle [6.2.1 .0’.6] undccanc system to form 
the desired tricycle [6.2.1.0’.‘] undaxnc skeleton of the tricyclovetivane class of scsquitcrpena. An inter- 
mediate (33) has also been synthesised which can be transformed into epizizanoic acid (36a). 

OIL OF vetiver contains sesquiterpenes of varied structural type, e.g. a-vetivone (l).’ 
p-vetivone (2)2 and tricyclovetivene (3).3 A consideration of the kinship of these and 
their possible biogenesis led us to propose that the tricyclovetivane skeleton could be 
formed by rearrangement of the tricyclo[6.2.1.01*6]undecane derivative 4. In order to 
test the credibility of such a scheme, it was decided to synthesise zizanoic acid @a)* by 
a route, which utilised a similar rearrangement to construct the novel ring system of 
the tricyclic vetiver sesquiterpenes. For ease of synthesis the key intermediate chosen 
was the diol 6. rather than 4, since it would be expected that 6 could be induced to 
undergo a modified pinacol-type rearrangement to the ketone 32 having the 
tricyclo[6.2.1 .O’* S]undecane system of zizanoic acid (5a). 

3 R, = Me; R, = H: R, = CH, 
5 R, = COOMc; R, = H; R, = CH, 

32R,=COOMe;R,=H:R,=O 
33 R, =H;R,=COOMe;R,=O 
36 R, - H; R, = COOMe; R, = CH, 
J8R,=CH,OH:R,=H:R,=CH, 

4 6R,=COOMe;R,=H;R,=H 7 
27R,=H;R,=COOMc;R,=H 
34 R, = COOMe; R, = H; R, = MeSOz- 
35 R, = H; R, = COOMe; R, = MeSO,- 

l Suffix a represents the corresponding acid. 
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D(+ )-camphor (7) was chosen as starting material because of its ready availability 
and also, because it was hoped that subsequent rearrangement would afford the 
bicycle-[2.2.1]-heptyl system present in 6, correct in stereochemical detail. Reaction 
of the Grignard derivative of 3-bromo+methoxytoluene with 7 gave a mixture of 
epimeric alcohols 9 and 10, in which the former predominated. Although it had been 
shown5 that 9 rearranged smoothly to 11, on treatment with silica, it was found that 
separation of the epimeric mixture was unnecessary. Silica chromatography of the 
crude Grignard product gave the arylcamphene 11 in 30% yield starting from D(+)- 
camphor (7). The low yield from the Grignard step is due to competitive enolisation 
of 7 preventing nucleophilic attack at the carbonyl groupp 

RI 

aI 
R; 

8 9 RI =OH;R1 =Ar 

10 R, = Ar; R, = OH 

M 

lz 13 R, = COOMc; R, = Hx 
14 R, = Hx;R, = COOMc 
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Having found an ellicient route to 11, methods were sought to transform this, 
initially, to the diketoester 12 and thence to the tricyclo[6.2.1.01*6]undecane system 
of 13 and 14. Birch reduction using Li in liquid NHa, in the presence of isopropanol, 
converted the arylcamphene 11 to an inseparable 1: 1 mixture of the desired product 
15 and the over-reduced material 16. This was evident from the hydrolysis of the 
mixture of 15 and 16, which gave the corresponding saturated and unsaturated 
ketones 17 and 18, having m/e 246 and 244 respectively. 

The first stage in metal-NH, reductions is thought’ to be electron capture by the 
anisole ring system to give a radical-anion, which has maximum separation of the 
non-bonding electrons in the least substituted 2 and 5 positions of the ring system. 
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This is followed by protonation at the position a- to the OMe grouping to give a 
radical, which then proceeds to take up another electron to produce a carbanion, 
e.g. 19, which is the case here. Over reduction during the Birch reaction is a consequence 
of both steric and electronic factors involved in the final protonation of 19 leading to 
the non-conjugated cyclohexadiene system 15. It would not be surprising, therefore, 
to expect steric hindranoe to protonation at C-3 in 19 due to the adjacent bulky 
bicyclo[2.2.l]heptyl system and, to a lesser extent, the CHJ substituent at C4. The 
alternative position of protonation, C-5, would lead to the conjugated cyclohexadiene 
20, which would be liable to further reduction to 16 by the metal-NH, system. 
Analogous cases**9 have been found where compounds, which are reduced with 
difficulty under Birch conditions due to steric effects, give rise to over-reduced 
products. 

22 n 24 

If steric and electronic factors are important influences on protonation of 19 and 
so produce undesirable side reactions, it was decided to circumvent this by directing 
the position of protonation by an intramolecular proton transfer. Since the exo- 
methylene grouping in 11 must eventually be oxidatively cleaved to yield 12, this step 
was advanced to precede the reduction of the aromatic ring. OsO,-NaIO, treatment ‘O 
of 11 afforded the camphenilone 21, which showed absorption at 1732 cm- ’ and no 
evidence for an exo-methylene grouping in the IR. Ozonolysis of 11 also gave 21, 
but in poor yield and accompanied by other products, which is not surprising since 
ozonolysis of camphene 22 is not a simple process.” Birch reduction of the 
1-arylcamphenilone 21 gave an almost quantitative yield of 23, with no attendant over- 
reduction. Assuming rapid reduction of the carbonyl function to the exo-alcohol,12 
the reduction can be envisaged as involving protonation of the intermediate 24 by an 
intramolecular process, greatly facilitated by a six-membered transition state. 

In order to convert the dihydrobenzene system in 23 to the acyclic residue of 12, it 
was necessary to rearrange 23 to the conjugated diene 25. The isomerisation was 
accomplished using (PhJP)$hCl’3 as catalyst in refluxing CHCl,, under carefully 
controlled conditions. Transformation of 23 to 25 was supported by spectroscopic 
evidence, most important of which was the appearance of two olefinic protons in the 
NMR of the product (25) compared with the sole olefinic proton of the starting 



1484 D. F. MACS~NEY and R. RAMMX 

material (23). Due to the facile aereal oxidation of 23 and 25, neither of these com- 
pounds were submitted to rigorous puri~cation. Ozonolysis of 25 in EtOAc solution 
gave 26, which afforded the desired diketo-ester (12) after Jones oxidation.‘4 The 
overall yield ofthe cumulative steps from 21 to 12 was 40%. The NMR spectrum of 12 
suggested the presence of two epimers at C-l, as evidenced by two Me-CO- 
resonances at 7.84-7-85 r. This is predictable, since there is no stereospecificity 
expected in the rearrangement of 23 to tS. 

Base catalysed cychsation of 12 gave a mixture of 13 and 14 in the ratio 2 :3. This 
epimeric mixture could be ~nveniently separated by column c~omato~aphy on 
silica to give 14as a crystalline compound m.p. 95” and 13as an oil, The IR absorptions 
of both epimers at 1725 and 1660 cm-’ are consistent with structures 13 and 14, 
as is the UV maximum at 1 245 nm (E, 9000) exhibited by these cyclised products. 

Stereochemical assignment of structures 13 and 14 was possible from a consideration 
of the NMR spectra. If the molecule is conformationally rigid, due to the planar 
cotrjugated enone system then, in 14, Hx is unsymmetrically disposed with respect 
to HA and HB. The protons at C-2 and C-3 would thus constitute a complex ABX 
system in the NMR spectrum of 14. By contrast, the protons at C-2 and C-3 in 13 
should give rise to an AA’X system due to a symmetrical arrangement of HA and HB 
with respect to HX. This proved to be the case on both counts. The NMR spectrum 
of the crystalline isomer 14contained a complex pattern between 65 and 7.7 r. whereas 
the oil 13 showed a triplet at 7.0 T (Hx ; J = 3.5 Hz) and a doublet at 7.6 r (HA, HB ; 
J = 3.5 cps). Equilibration of 13 with t-BuOK in refluxing t-BuOH gave a mixture 
of 13 and 14 in the ratio 2:3. A similar result was obtained by base treatment of 14 
and gives a method for the epimerisation of the a~arbomethoxy group to the more 
useful B-series corresponding to zizanoic acid (5a). 

In order to convert 13 to 6 or 14 to 27 it was necessary to remove the ketonic 
function prior to hydroxylation. This was effected by formation of the thioketals 28 
and 29 in both series using ethanedithiol in the presence of BE;, . Et,O. Treatment of 
Zs and 29 with Raney-Ni in refluxing EtOH led to the smooth formation of the 
desired olefins 30 and 31 respectively. Hydroxylation of 30 and 31 with 0~0, in 
refluxing ether, containing pyridine, resulted in the cis diols 6 and 27 required for the 
r~~angement to the t~cy~lo~6.2.1.01.5~und~an-6-ones 32 and 33. For such a 
rearrangement to take place in a concerted manner, bonds a and b in structures 6 and 
27 should be rruns and coplanar. Dreiding models show that this is so for either the 
8diol system or the a-dial, hence the choice of Os04 as hydroxylating agent. The 
approach of such a bulky reagent would be expected to be from the least hindered 
exo-face producing the 8-diol systems 6 and 27. 

25 26 28 R, = coOMe;R, = H 
29 R, = H; R, = COObk 
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In order to facilitate the rearrangement to 32 and 33, the dials were converted to 
the mesylates 34 and 35. The conditions required for this transformation were a 
matter of some concern due to the fact that the products 32 and 33 have two 
epimerisable centres at C-2 and C-5. Concerted rearrangement of 34 and 35 would 
cause inversion at the site vacated by the departing methane sulphonate ion and, in 
fact, set up the correct stereochemistry at C-5 in 32 and 33. It was therefore important 
to protect the stereochemical integrity of the products 32 and 33 from post- 
rearrangement epimerisation by using mild basic reaction conditions. It was found 
that 35 rearranged smoothly in triethylamirie-pyridine during 1.5 hr under reflux to 
give the ketoester 33 and that prolonged exposure to these conditions did not cause 
epimerisations. The keto ester 33 exhibited the expected IR absorptions at 1725 
(ester) and 1700 (ketone) cm-‘. together with an ORD positive Cotton effect” 
indicating a trans A/B ring juncture. Independent work by Yoshikoshi’6 and 
coworkers on the transformation of 35 to 33. in which strong base (t-BuOK) was 
used, substantiated our fears ofepimerisation. Nevertheless, these workers were able to 
isolate and convert 33 to epizizanoic acid 36a. thus our synthesis of 33 from 11 
constitutes a stereospecilic synthesis of epizizanoic acid (36a). / %, m ..___.__: 

COOMC 

30 R, =COOMc:R,=H 31 39 
31 R,=H;R,=COOMc 

Having accomplished the rearrangement of 35 we turned to the more rewarding 
epimer 34 which has the correct stereochemistry at C-2 corresponding to zizanoic 
acid (Sa), isozizanoic acid (37a) khusimol (38)” and tricyclovetivene (3). Treatment 
of 34 with pyridine-triethylamine (7 hr at reflux temperature) gave the desired 
product (32). The slower rate being due, presumably, to steric hindrance by the 
@carbomethoxy grouping since in 34 all three functional groupings in ring A are 
cis to each other. Comparison of the rearrangement product (32) with authentic 
material, prepared by degradation ’ * of the Me ester of zizanoic acid (5). showed these 
to be identical in every respect confirming the stereochemistry at C-5 in 32. Predictably. 
treatment of 32 with t-BuOK afforded a mixture of products by glc analysis. 

Thus, the desired tricyclo[6.2.1.01*‘]undecane ring system had been synthesised 
with complete control of stereochemistry and the final stage was the introduction of 
the last substituent at C-6. Before this could be attempted the ester had to be converted 
to the carboxylic acid to prevent subsequent reaction at this centre or epimerisation 
at C-2. The transformation of 32 to the acid (324 was effected by reduction with LAH 
followed by Jones oxidation. A check on epimetisation at C-2 and C-5 during this 
sequence was made by conversion to (32) using CH,N, followed by comparison 
with authentic material by IR, NMR and glc. The keto acid (32~4 was efficiently 
(85%) converted to the hydroxy-acid (39a) by reaction with MeMgBr in ether. 
Although exo attack by the Grignard reagent would be expected as shown, the 

7E 
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stereochemistry at C-6 is of little moment since the final stage will remove any 
asymmetry at this centre. The direct conversion of 32a to 5a by means of a Wittig 
reaction failed in our hands, presumably due to steric hindrance to attack at C-6. 
In the synthesis ofepixixanoic acid (36a), however, Yoshikoshi reportedI a successful 
Wittig reaction on 339 albeit in low yield. 

Dehydration of 3!Ia by means of silica (Grace, 200-300 mesh) in refluxing C6H6 
gave a quantitative yield of isoxixanoic acid (37a). CH,N, treatment gave 37, which 
was identical in all respects with the Me ester of naturally occurring isozizanoic acid 
(37~)‘~ POC13 in pyridine at 86” converted 39 to a 3:2 mixture of 37 and 5, which 
were separated by chromatography over silica impregnated with 40% AgNOJ. 
Both dehydration products were identical in all respects with methylisozixanoate (37) 
and methyl zixanoate (5) obtained from naturally occurring materials. Since 5 has 
been converted into khusimol(3@‘* and tricyclovetivene (3X3 this also constitutes a 
total stereospecific synthesis of these tricyclic vetiver sesquiterpenes. We are presently 
actively engaged on the synthesis and rearrangement of 4 with a view to testing our 
biogenetic proposals.4 

EXPERIMENTAL 

All m.p.s are uncorrected. UV spectra were measured in EtOH on a Unicam SP 800 spectrometer. 
IR spectra were determined using a Unicam SP 200 spectrometer. Reference NMR spectra were taken on 
Varian AS64OA or HA-100 spectrometers (TMS) and routine spectra on a Perkin-Elmer R. 12 machine. 
Mass spectra were determined on an AEI MS 9 spectrometer. Analytical g/c was carried out with a Pakin- 
Elmer F. 11 gas chromatograph. Optical rotation measurements are for CHCI, solutions using a Bcndix- 
Ericsson ETL-NPL automatic polarimeter type 143 A. 

The silica gel used for column chromatography was Grace 2tX-300 mesh and Merck (kicscl gel) 70-325 
mesh. The alumina used was Merck neutral. Petroleum ether refers to the fraction b.p. 40-6OC. n(+b 
Camphor was supplied by B.D.H. Ltd. 

1~2-Methoxp5-mcrhylphenyl)camphene (11). A solution of 3-bromo+methoxytolucnc (80 g) in anhyd. 
ether (100 ml) was added slowly with stirring to Mg filings (9.8 g) covcrcd with anhyd. ether (100 ml). 
After the addition, and subscqucnt tcllux for 1.5 hr to complete the formation of the Clrignard rcagcnt. 
the solution was cooled to 0”. n( + )-Camphor (61 g) in ether (100 ml) was added slowly to the &cooled 
Grignard reagent, and the mixture rclluxed for 1.5 hr. The complex was decomposed at 0” by a saturated 
NH,Ciaq. The ethercal layer was scparatcd dried over Na,SO, and the solvent rcmovcd in uacuo to give 
an oil (107 g) as crude product. Steam distillation of this material gave a viscous oil (42.5 g) as the non- 
steam volatile fraction. 

Chromatography of the viscous oil (42.5 g) over silica (1 kg, Grace), on clution with 40% CeHe in 
petroleum ether, gave the I-arylcamphcne (11)’ (30 g) m.p. 66-67”, crystallised from McOH. 

Birch reduction o/ 1-(2-mothoxy-5-merhyIphenyl)comphene (11). To a solution of Li (l-5 g, 0.21 g atom) in 
liquid NH, (150 ml) was added l-(2-methoxy-5-methylphenyl)camphene (11) (lag, 4 mmole) in anhyd. 
THF (5 ml). After 1 hr anhyd. t-BuOH (15 ml) was added. followed immdiatcly by Li metal (10 & 014 g 
atom). After 1.5 hr at -33°C the mixture became white and the NH, was removed at 0°C. Saturated 
NH,CIaq and ether were added carefully to the r&due and stirred for 30 mitt at room temperature. The 
organic layer was separated, dried (Na,SO,) followed by removal of the solvent in wcuo to give an oil 
(lag) which showed IR absorption at 1657 (double bond) and 890 (exomethylene)cm - ’ but no absotptions 
attributable to an aromatic ring. 

Hydrolysis of the crude reduction product (1.0 g) was effected in ether (75 ml)--aqueous oxalic acid 
(ZM, 60 ml) for 22 hr with vigorous stirring at room temperature under N,. The ethercal layer was washed 
with NaHCO,. HxO then dried (Na,SO,). Removal of solvent gave crude product (14 g). IR v, 1714 
1650cm~‘.Basecatalyrd(tBuOK)isomcrisationgavea~tureoftwocompounds~Rv_ 1710,1680cm-‘. 
Mass spectral parent ions obscrvcd at m/e 244 and 246. 

1~2-Mnhoxy-5-merhylphenyl)wnphenilonr (21). Method (a) : 1(2-Methoxy-5-methylphenyl)camphcne 
(ll)(lOg)mdry MeOH (45 ml)andCH,Cl, (3Oml) wasoxonirdat -7O”Cfor 70min. N, wasthen bubbled 
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through the solution for 15 min. then trietbylphosphite (I.5 ml) was added at -?Wand the mixture stirred 
for 10 mitt before aIlowing to warm to room temperature. Removal of the solvent in nucuo 40” gave a crude 
product which was dissoIved in pentane washed with Hs0, and the organic layer dried (Na, SO,). Removai 
of the solvent, followed by chromato~aphy of the residue on grade III neutral alumina (30 g). on elution 
with 25% CsHe in petroleum ether. afforded the arylaunpheniloae(21)(362 mg; 39%) mp. W”C(crystallised 
from EtOH) [a]$’ + 61” (C. 5%); IR Y, ii32 cm - ‘ ; NMR (CCI,) T 6.4 (s, 3H), 775 (s, 3H). 885 (s, 3H). 
8.95 (s, 3H). Mass spectral parent ion at m/e 258. (Found: C. 78.96: H, 869; C,,Hx202 requires C, 79a3; 
H. 858%). 

Method(b): Toarylcampbene(ll)( lSg)iocthcr(75mI), 8WAAcOH aq (3OmI) wasadded OsO, (3OOmg). 
ARer stirring at room temperature for 30 min. NaIO, (21 g) dissolved in 700/, AcOHaq (450 ml) was added 
slowly to the reactioa mixture, which was stirred at room temperature for 14 days. Nat was t&red and the 
solvent removed in aacuo. The crude product was dissolved in ether and H,S passed through the solution 
for 30 min. After filtration, the ethereal solution was washed with H,O and dried (NarSO,). Removal of 
solvent afforded crude product, which was chromatographcd on Grade III neutral alumina (450 g) and 
elutcd with25%C,H, in petroleumether togive the aryl~mpheniIone(2l)(l2~2g;8l~~fully characterized 
as the required product of ozonolysis of 11. 

l-(I-Cur60methoxy-3-oxob~y~c~~p~eafIo~ (12). A solution of the ~yl~mphe~Ione (21) (IO g) in a 
~xturcof~opro~nol(l~~~~dether(l20~) wasadded toanhyd.liquid NH,( 1htre)cooled to - 7O’C. 
The solution was rendered homogeneous by addition of more ether (130 ml). Li metal (I 5 g). as thin strips, 
was added to the well stirred reaction mixture. ARer the blue colour had been discharged, the NH, was 
distilled off at 0”. Distilled Hz0 was added to the residue and the whole stirred, under N,. for 20 min. 
The organic layer was separated and the aqueous layer extracted with ether (2 x 100 ml). The combined 
ethereal solutions were dried (NarSO.). Removal of the solvent in uacuo yielded the crude reduced product 
(U)(IOg).(IR v,,3500, l665cm~‘:NMR(CHCI,)~4~62(mHolefinic).6~55fs3H),7~l-7~4(m,4Hallylic). 
8-35 (6 J = Icps, 3H), 9@2 (s, 3Hk 9*8 (s, 3H). 

This material was dissolved in AR C.HCIJ (500 ml) and t~~~riphenylp~sph~erh~ium chloride(250 mg) 
added. After refluxing the solution under Os-free N, for 25 min. the solvent was removed in uocuo to give 
crude (2s) (10 g) as an oil IR v_ 3500, 1658, 1612 cm” ’ ; NMR (CHCI,) ~4.5 (a H olelbtic) 4.97 (m. H 
oiefimc), 645 (So 3H). 7.5-7.9 (m, 3H allylic),*8*25 (d. J = Icps, 3H). 9% (s, 3H), 9-14 (s, 34). &_ 276 nm. 

The conjugated dieac U was immediately disrobed in dry MtOH (100 ml) and treated with ozone for 
4 hr at -70”. After most of the MeOH had been removed in uecuo 50% AcOHaq (50 ml) was added to 
the residue and this mixture stirred at room temperature for 2 hr. The solvent was then removed in ~euo 
and the residue taken up in ether, which was then washed with Hz0 and dried (NarSO,). Removal of the 
solvent gave a residue which was dissolved in acetone (50 ml) and to this well-stirred solution was added 
Jones reagent” (IS ml). After 10 mitt at room temperature, the solvent was removed in UUCIW and the crude 
product of oxidation dissolved in ether, washed with H,O. then dried (Na,SO,). After removal of the 
solvent the residue was ester&d with ethereal CH,Nr. followed by decomposition of the excess reagent 
with ethereal AcOH. Rtmovai of solvent gave an oil. which aRcr chromatography over kieselgel(300 g) on 
clution with 20% EtOAc in C6H, afforded the diketoesttr (Xi) (4.5 g; 43%) mp. 118-120” (from heptane). 
IR v_ I”20 cm- NMR (CHCls) r 6.3 (s, broad, 3H), 7.85 (2s. 3H), 8.95 (s. 6H). 66-7.4 (tn. 3H). Mass 
spectral parent ion at m/e 266. (Found: C. 67.82; H, 837. CIsHr204 requires C. 6764: H. 8.33%). 

2& and 2o-Carbomethoxy-7:7-diarerbyf4oxorricycfo[6.2.I.Oi~6] u&c-S :&ear (13) and (14). t-B&K 
(8-O g) was added to 8 solution of the diketoester (26) (4-2 g) in dry t-BuOH (350 ml) and the reaction 
mixture rcfluxcd for 5.5 hr under N,. The solvent was removed in VONO and H,O added to the residue. 
The mixture was ncutralised with 4N HCI and extracted with ether. The ethereal layer was dried (Na,SO,) 
and the solvent removed in uaiuo. The crude product was reacted with excess ethereal CH,N, for 15 mitt 
at room temperature. After decomposition of the excess CH2Nr with ethereal AcOH, the solvent was 
evaporated to give a crude product (49 g), which was carefully chromatographed over kieselgel (150 g). 

Elution with 20% EtOAc in C,H, gave the Zclcpimer (14) (I.56 g; 40%) mp. 95” (from hcxane) [a]k 
(C. 4.6%) + 204”; IR (CHCI,) Y, 1725, 1660 cm-i UV 1, 243 am (9650); NMR (CCI,) T 4.4 (s, H), 
6.30 fs, 3Hk 6.93 (m H), 7.55 (q. 2Hk 8.85 (s. 6H). Mass spectral parent ion at m/e 248; glc (carbowax 
packed capillary 25 ft. 20% 3Opsi. 220”) R, 494min.(Found: C, i2.61; H, 818 C,,H,,O, requires C, 72.55; 
H. 8.12%). 

Further elution with 20% EtOAc in C,H, afforded the Z&epimer (13) (l-10 g) as an oil. [a]rf” (C, 4.8%) 
+ 118”; IR (CHCI,) Y_ 1725,1660cm-‘; UVI,, 246nm(9070): NMR (CCI,, ~4.45(s. H). 64O(s, 3H). 
7i)O (& J = 3.5 CPS, H). 7.60 (d, J = 5 cps, 2H). 8.85 (s 3H). 890 (s, 3H); glc (carbowax packed capillary. 
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20-Carbomcthoxy-7,7-dimetlryftricycfoC6.2.I.O’~*]wdrcan-69no (33). A solution of the mcsylate (35) 
(65 mg) in a mixture of pyridioe (3 ml) and triethylamine (15 ml) was refluxed under Nx for 15 br. The 
solvent was removed and the residue extracted with ether. washed with H,O then dried (NaxSO,). Removal 
of solvent followed by chromatography of the residue over kicselgcl(15 g) and elution with 5% EtOAc in 
CbH6 gave the rearranged ketone 33 (44 m& 93%) m.p. 85” (subl.) [a]‘” (C, 2*7%)--47”. ORD in dietbyl 
ether (C 0. 1%) [#13r4 +5250”, [&]s,* -6874’; I.R. (CHCI,) v=x 1725, 1700 cm-‘; NMR (CDCI,) 
r 6.36 (s, 3H), 714-7.52 (m, 2H). 885 (s, 3H), 8.93 (s, 3H); Mass spectral parent ion at m/e 250; glc (carbowax 
packed capillary 20”/, 25 ft. 30 psi, 220”) R, 27a8 min. (Found: C 71.96%; H. 885. C,sH,rO, requires 
C, 71.97; H, 886%). Lit..‘6*‘o m.p. 78-78.5”; ORD 4 314 + 6925”. 41,9 - 9425”: lR (KBr) v_ 1737. 
1713 cm-‘; NMR (CCIJ 76-38 (s, 3H), 882 (s, 3H). 900 (s, 3H). 

Base treatment of 33, using t-BuOK in refluxing t-BuOH, afforded a mixture consisting of four main 
products by glc analysis (carbowax packed capillary, Zcp/,, 25 ft. 30 psi, 220”) R, 235 (32). 267 (33). 50.0 
and 545 min. 

2&Corbomrthoxy-7.7-dir~yZzr~cyclof6.2l .O’* s]uwfecaa-6~ae (32). Tbc mcsylate (34) (440 mg) was 
rearranged in refluxing pyridioe (10 ml) and triethylaminc (5 ml) for 7 br under N,. The &vent was removed 
and Hz0 added. Ether extraction followed by chromatography of the crude product over kicsclgel(30 g) 
gave,‘onelutioowitb 5% EtOAcinC,H,. thedesired kctooe(32)(29Omg,9l%)mp. 100_102”(from bcxane); 
[’ (C. 56%) + 126”; ORD in diethyl ether (C. 1%) [+),,s + 7750”, [4]s7s - 5500”. a + 132.5. 

so, 301) + 5625 (sb.). [#]x,o + 870”; IR (CHCl ) , v_ 1720.1703 cm-’ ; NMR (CDCI,) T 6.28 (s. 3H) 
687 (tn. H), 7.30 (m. H), 8.82 (s. 3H). 8.96 (s, 3H); Mass spectral parent ion at m/e 250; glc (carbowax packed 
capillary 20%. 25 ft. 30 psi, 220”) R, 2375 min. (Found: C, 7218; H, 908. C,,H1r03 requires C, 71.97; 
H, 8.86%). 

This synthetic product was identical in every respect with authentic material, prepared from zixaooic 
acid (!la) kindly supplied by Dr. E. Klein, DRAGOCO, Holxmiodeo, W. Germany. [Lit,‘s m.p. 103” 
[a]&* (dioxaoc. c. 1%) + 129.8”; ORD [#]s,s.s + 7200”. [d]s,,., - 6100”. a + 133.1 

Base treatment of 32, using t-BuOK in rcl’luxing t-BuOH, afforded a mixture consisting of four main 
products by glc analysis (carbowax packed capillary. 20”/ 25 ft. 30 psi, 220“) R, 236 (32), 27.4 (33) 494 
and 52.8 min. 

2&Curboxy-7.7-dimPt/tyltricyc&[6.2.1.0’~ s]1~&cun6-orre (32a). LAH (231 mg) was added to a sotution 
of (32) (157 mg) in aobyd. ether (30 ml) and the reaction mixture stirred at room temperature for 4 hr. 
A saturated aqueous solution of sodium potassium tartrate (30 ml) was carefully added then the mixture 
filtered through Elite. The ethereal extract was dried (Na,SO,) and solvent removed to give the required 
7,7~imctbyl-2~bydroxymetbyltricyclo[6.2.1.0’~’]undbcao~l. IR (CHCl,) v, 3650.3470 cm-‘. NMR 
(CDCI,) T 610-6.70 (m, 3H), 8.13 (s, 2H removed by DsO). 8.97 (s, 3H). 947 (s, 3H). 

This crude dial was dissolved in acetone (10 ml) and Jones’ reagent (@9 ml) added rapidly with stirring, 
After I5 min the solvent was removed and H,O added to the residue. Tbc aqueous solution was extracted 
with EtOAc and the organic layer dried (Na,SO,). Removal of solvent gave crude product, was taken up in 
ether and extracted with saturated NaHCOsaq. The extracts were combined and acidifled with 2N HCl. 
Tbis solution was extracted with EtOAc. After washing with H,O, drying (NasSO,) and removal of 
solvent,afforded tbedaircd acid (3~)(132m~96%). IR(CHCI,) v, 1700ctn-1; NMR(CDCl,) I - 1.25 
(s, HI 6.85 (m, H), 7-25 (as. Hk 880 (s. 3H), 895 (s, 3H); mass spectral parent ion at m/e 236. 

A portion of this acid was csterificd with ethereal CH,N, to give the corresponding ester, which was 
identical in all respect to authentic 32. 

2&Carboxyd~7.7-trimet~yltricyclo[6.2.1.0’~ ‘]uadecanda-of (39a). A solution of MeMgBr in ether 
(3 ml) was prepared from Mg (200 mg) and Mel (@4 ml). To this solution. at room temperature. was added 
the acid 32a (95 rug) in ether (3 ml). After the initial exotbcrmic, the mixture was stirred for 12 br under 
reflux. Tbe complex was dccomposcd, at 0”. by saturated NH,Claq. Tbt organic layer was separated, 
tbe aqueous layer acidified and extracted with EtOAc. The organic extracts were combined and dried 
(Na,SO,). Removal of solvent gave a crude product, taken up in ether sod extracted with saturated 
NaHCO,. The extracts were combined and acidified, followed by EtOAc extraction. yielding the desired 
acid (391) (85 mg 85%). IR (CHCI,) v, 3500.1700 cm-‘; NMR (CDCl& 740 (m, H), 895 (s. 3H). 903 
(s, 3H), 9@8 (s. 3H). Accurate mass of parent ion at m/e 252.173045; C,,Hs,O, requires 252.172534. 

Metirylirorizuaoote (37). To a solution of 3% (45 mg) in C&H, (20 ml) was added silica (10 g, Graa) and 
the slurry stirred under reflux for 5 hr. The silica was l&red, washed with EtOAc. RcmovaI of tbe solvent 
from the combined filtrates afforded a crude product (41 mg), which was cstcrifl using ethereal CHsN,. 
The crude ester was purified by chromatography over kiuclgcl to give methylisozixanoate (37) (40 mg. 




