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Abe&set A rota1 synthals of ( f )-Juvabionc, a sesqutferpcnc ester with high juvcmlc bormonc actlvlly. 

IS dcscnlxd 

IN VIEW of its theoretical and practical interest, considerable attention has been 
directed to the chemistry of juvenile hormone, which regulates larval development 
or reproduction in insects.‘-’ Quite recently, some natural products with extra- 
ordinary high juvenile hormone activity were found. The first of these was juvabione 
(Ib) isolated from balsam fir (A&s balsumeo (L.) Miller) by Bowers et ~1.~ and Corny 
et al.’ The second material was dehydrojuvabione (II) isolated from the same tree by 
Cemy et ~1.~ The third was the purified extract of cecropia moth, which was shown 
to be methyl ItSepoxy-3.1 l-dimethyl-7-ethyl-trideca-2,6dienoate.6 

Bowers er al.’ have shown that juvabione is the methyl ester of todomatuic acid 
(Ia) isolated in 1940 from bisulphite-treated pulp oil of Abies sachaiinensis (Schmidt) 
(Japanese name : todomatsu) by Tutihasi and Hanazawa.’ The structure depicted in 
the formula was proposed by Momose* in 1941. Later Nakazaki and Isoe9 confirmed 
the structure by the synthesis of the stable isomer of ( + )-desoxodihydrotodomatuic 
acid (III). At the same time they elucidated the stereochemistry of the sesquiterpene 
acid. In continuation of this work carried out by the Japanese chemists, we wish to 
describe the synthesis of (f )-todomatuic acid (Ib) and (f )-juvabione (la) which has 
been brieBy reported in a preliminary form.” 

The synthetic scheme was based on the following principle. Firstly an aldehyde 
(VII) was prepared from anisole and the isobutyl side chain was attached to it to 
yield an alcohol (VIII). This was reduced and modified to a ketol acetate (XIb) in 
which the potential CO group on the side chain was in the form of an acetoxyl group. 
Finally the carboxyl group was attached to the ring. 

Ethyl I&-methoxyphenyl)crotonate (V)’ ‘, prepared from pmethoxyacetophenone 
(IV) by the Reformatsky reaction, was hydrogenated over Raney nickel W-7 to give 
ethyl ( + )-g-(p-methoxyphenyl)butyrate (Via). The corresponding acid (VIb) was 
treated with thionyl chloride to give an acyl chloride (Vlc). This was poured into 
aqueous dimethylamine to afford an N,N-dimethylamide (Vld). Its reduction by 
lithium triethoxyaluminohydride” gave ( + #tp-methoxyphenyl)butyraldehyde 
(VII). Addition of isobutyl magnesium bromide to the aldehyde (VII) afforded 2-b 
methoxyphenyl)Gmethylheptan-4-01 (VIII). 

The modified Birch reduction” of this alcohol gave a diene (IX). This was con- 
verted to a &y-unsaturated ketone (X) by treatment with oxalic acid in methanol- 
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water. Hydrogenation of the unsaturated ketone over Pd-C gave 2-(4’-oxocyclo- 
hexyl)6-methylheptan-4-01 (Xla). The corresonding acetate (XIb) was obtained from 
the alcohol by the action of acetyl chloride-pyridine. Addition of hydrogen cyanide 
to the CO group gave a cyanohydrin (XII) which was dehydrated with phosphorus 
oxychloride and pyridine to give 2~4’-cyanocyclohex-3’-cnyl)4-acetoxy-6-methyl- 
hcptane (XIII). Hydrolysis of the nitrile with concomttant removal of the acetyl 
group was e&ted by heating the nitrilc (XIII) with potassium hydroxide in diethylenc 
glycol-water to afford a hydroxy acid (XIV) somewhat contaminated with a l&y- 
unsaturated acid. The crude acid was treated with sodium ethoxidc in ethanol to give 
a pure hydroxy acid (XIV). This, upon Jones oxidation, yielded a mixture of the 
racemates of todomatuic acid (Ia) and its stereoisomer (XVa) as a viscous oil. The 
amount of oil obtained was 11.4 g starting from IO0 g of pmethoxyacetophenone. 
The over-all yield of this 15-step synthesis was 6.87:, which means an average yield 
of 83*6’?/, for each step. 

Separation of the two racemates was successfully carried out when it was found 
that one isomer gave a highly crystalline semicarbazone (XVI). This was hydrolyzed 
by heating with dilute sulphuric acid to give back the parent acid as pure crystals 
melting at 66-67”. The fact that the natural acid (la, m.p. 58. 58.5”)’ and its semi- 
carbazone (XVI)’ were crystalline suggested that this crystalline racematc was the 
desired isomer (la).’ Comparison of its spectral properties with those of an authentic 
sample of the natural product (Ia) proved that the crystalline isomer was indeed 
(f)-todomatuic acid (la). The IR (CS,) and NMR (Ccl,) spectra of the natural and 
synthetic acids were identical in every detail. The racemic acid was methylated with 
diazomethane to give ( + )-juvabione (Ib). This racemate was indistinguishable from 
the natural product (Ib) by the comparison of IR (CS,) and NMR (CDCI,) spectra. 
The identity was also supported by gas chromatography. 

An oily semicarbazonc (XVII) remaining in the mother liquor after the removal 
of the crystalline isomer was hydrolyzed with dilute sulphuric acid to give (+)- 
epitodomatuic acid (XVa) as an oil. The IR and NMR spectra of these isomeric 
acids (Ia and XVa) differed only very slightly and wcrc almost superimposable. The 
oily epimer (XVa) was treated with diazomethane to afford methyl (?)-epitodo- 
matuatc (XVb). The spectral properties of the two cpimeric esters (Ib and XVb) wcrc 
also almost identical. Moreover, they could not be separated by gas chromatography. 

The juvenile hormone activity of the two epimeric esters (Ib and XVb) was tested 
on newly molted last instar nymphs of Pyrrhocoris upterns L. by the courtesy of 
Dr. W. S. Rowers of USDA Agricultural Rescarch Service. Supernumerary molting 
to giant nymphs signaled high activity, while nymphal-adult intermediates were 
obtained with less active samples. The results are shown in Table 1. From these 
results, it can be said that (f)-juvabione (Ib) is about a half as active as the natural 
prcxiuct. With the latter. 5 ug were sulIicient to produce supernumerary nymph in 
80% of the test insects. A sample of the epimeric ester (XVb) was less active than the 
desired isomer (Ib). Since it was probable that the sample of the epimer (XVb) con- 
tained a small amount of the correct cpimer (Ib). it could not be concluded that the 
cpimer (XVb) was really active This point awaits further clarification. 

l Although the formulae depicted rcprescnwd only one enanltomcr. they are taken IO mean a racemalc 

m the case of syntherrc products 
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Prior to the successful separation of the two epimeric acids, it was thought to be 
necessary to correlate a synthetic product with a derivative of natural todomatuic 
acid. Therefore the anilide (XX) of the stable isomer of( +_)desoxodihydrotodomatuic 
acid (III) was preparcd by the following sequence of reactions. A mixture of (+)- 
todomatuic acid (la) and its stereoisomer (XVa) was reduced by the Huang-Minlon 
procedure to give a mixture of (+)-desoxotodomatuic acid (XVIII) and its stero- 
isomer. The IR spectrum of this compound was almost identical with that of the 
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( + )_juvablone (lb) The srcrcoisomcr (XVC) 
- - - - 

Supernumerary nymph Nymphal-adult 

Nymphal-adult Shghtly shortened wings 

Normal but wth short wings Normal 

SIX iasccts:tal 

optically active desoxotodomatuic acid (XVIII). The acid (XVIII) was hydrogenated 
to give a stereoisomeric mixture of desoxodihydrotodomatuic acid (XIXa). This was 
esterificd with diazomethane, equilibrated by treatment with sodium methoxide in 
methanol and hydrolyscd to give the more stable epimer of (+)-desoxodihydro- 
todomatuic acid (III) with two equatorial substituents on the cyclohexane ring. The 
corresponding anilide (XX) was obtained as crystals. After the successful separation 
of the acids (la + XVa), it became unnecessary to compare the synthetic anilide (XX) 
with the corresponding compound derived from natural todomatuic acid (Ib). 
Therefore no further effort was made to prepare the anilide (XX) from the natural 
product and to compare its properties with those of the synthetic product. 

Finally an attempted alternate approach to (+)-juvabionc should be mentioned 
briefly. The scheme was based upon the assumption that the addition of isobutyl 
magnesium bromide to a racemic aldo ester (XXI) would give a hydroxy ester 
corresponding to the hydroxy acid (XIV). It was also assumed that the use of iso- 
butenyl magnesium bromide instead of isobutyl magnesium bromide and subsequent 
oxidation would give (_+)-dehydrojuvabionc (II).* 

The aldo ester (XXI) was prepared in the following manner. Ethyl (k)-fHp 
mcthoxyphenyl)butyrate (Via) was reduced with LAH to give an alcohol (XXII). 
The .same sequence of reactions as used for the transformation of the alcohol (VIII) 
to the hydroxy acid (XIV) was then applied to this alcohol (XXII). Its reduction by 
lithium-ammonia” gave a dicne (XXIII), which was treated with acid to afford an 
unsaturated ketone (XXIV). This was hydrogenated to give a kctol (XXVa). After the 
protection of the OH group. hydrogen cyanide was added to the ketone to generate 
a cyanohydrin (XXVI). Dehydration of this by phosphorus oxychloride-pyridinc 
gave an unsaturated nitrile (XXVII). This was hydrolyscd with potassium hydroxide 
in diethylcnc glycol-water to give a crystalline hydroxy acid (probably XXVIIIa) and 
an oily cpimer (XXIXa). The corresponding methyl esters, (XXVIIIb and XXIXb). 

’ Although !hls approach fakd. a successful synrhals of a mlxturc of ( 1 )-dehydrquvnbronc (II) and 

IIS slcrcotwmcr has been a~ampllshed. 
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were prepared by treatment with diazometh~ne. Oxidation 01 the hydroxy ester 
(XXVIlIb) to the desired aldo ester (XXI) was found to be difficult. Both chromic 
acid” and lead tetraacetate-pyridine I6 failed to give the dcsircd product in appreci- 
able yields. t-Butyl chromate” oxidized the alcohol (XXVIIIb) to the aldehyde 
(XXI), characterized as crystalline 2,4_dinitropheny~hydra~one, in 130,, yield. In view 
of the disappointing yield. further work along this line was abandoned.’ 

EXPERIMENTAL 

All m ps and b.ps were uncorrr~cd 

Erhyl P_(p-merhouyphenylkroronare (V) 
About 20 ml of a soln of IV (100 8) and ethyl bromoacttate (I 32 g) in bcnrtnc fuX, ml) was added to Zn 

turnings (60 g) A vigorous reaction took place when the mixture was hcatcd after the additton of a small 

amount of I,. The rest of the soln was added to the stlrrcd soln during 40 min at rcflux temp. After the 

addition. the reaction mixture was stirred and heated under rcflux for an addmortal hr. After cooling, 

the mixture was washed with dil tt,SO, and sat brine. drlcd (.MgSO,) and distilled to give 124 g (79’;) of 

the product. b.p. IS0 170’ 7 mm. An analytical sample boiled at 1% IS8 ,!3 mm; n:,’ 1.5632; v,, (film) 

1700. 1660. 1620. 1600. 1.510. 1250. 1160. lO30, X25 cm ’ iFound. (‘, 71.21. H, 742. c‘,,ii,,O, rcqutrex 

C, 7@89; H. 7.32”,). 

The ester V (I20 g) dtssolvcd in 95 “_ &OH (250 ml! was hydrogenated oscr Raney ~GI W-7 (k) g) at an 

initral press of 70 kgcm’ and 40 for 4 hr. The catalyst was filtered off and the Iiltratc was distilled to glvc 

I I I g (93”,). h p. I30 I SO /7 mm. An analytIcal sample bo~lcd at 129. I32 ,3 mm. nA” I 4998; vlplx (film) 

1720, 1M)o. 1510. 1240. 1170, IO30.825cm”‘. (Found: C, 70.61: 11. 8.33. C,,HlnO, requires. C, 7Q24; 

H. X.l6o,). 

To a win of Vlr 1 I23 g) in YS”, IztOH 1350 mll. SO”., KOIIaq 1611 ml1 UJS added. ‘I’hc soln u’a\ hcalcd 

under reflux for 3 hr. EtOH was removed m rucuo and the r&due was dslutcd wrth water The aqueous 

soln was extracted wtth ether 10 remove neutral impurities. The aqueous layer was actdificd wilh cvnc 

HCI and extracted with ether. The ether extract was washed with water and brine. drlcd (MgSO,) and 

conccnlralcd IO glbc a cr!stallmc product (IO0 p, Y3”,,) Rccrys[alllzatlon from i.tOAc pc~rol ~a\c prisms. 

m.p.66 67 :r,,(Ku~ol) -26OO.l700(169Osh.). 1610.1510.1236,1220. -9.30,83Ocm ’ (Found:C.68.M; 

H. 7.72. C,,iI,,O, requires: C, 6802; ff. 7.27Q 

To a soln of Vlb (lo0 g) in bcn;rme (300 ml) SOCIz (120 ml) wa;\ added and the mixture healed under 

rcllux for 2.5 hr. Afrcr comrntration in ty~cuo, the rcmainmg oil was employed for ~hc next step wIthout 

further puri~~~flon A small amounf of the oil was dfstillcd in uocuo to obtain an analyfical sample, b.p. 

145’,:8 mm; ni” 1.5282. v_ (Mm) 1800. 1610, 1590. 1510. 1250. 1040.970.830 cm. ‘. (Found: C. 61.X9; 

tl. 6.26. C,,lI,,OIC1 require. C. 62.12; H. 6,16”,). 

A soln of crude Vlc (from IO0 g VIC) in dry benzene (200 ml) was added dropwtx (0 an ice-cooled soln 

of Ne,NH (400 ml .3O”b Mc,NH and 150 ml water) at IO 15. wtth stlrring. After the addttlon, the mixture 

was stirrcd for I hr The organ% layer was separated and the aqueous layer was extraclcd with ether. The 

combined organic soln wa\ washed with waler and brme. dried (MgSO,) and d~st~llcd IO give I06 g (939,) 

of the product. b.p. I60 165. ,3 mm. An analytical sampk boiled ar I62 I63 :3 mm: t&’ I 5290; Y, (film) 

1630(16lOsh~. 1590.1510.1240, lOU).830cm ‘.(Found:C.69-92; H. 8.39: x.6.33. C,,H,&,N rquira: 

C. 70,55; H. X.65; N, 6.33O.J. 

l l:nforlunately we could not study the oxidation wrth DMSO owing to the shortage of the startmg 

mattrlal.‘” 
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A suspen~on ol hthlum trtcthoxyalummohydrlde m ether was prepared by adding b.tOAc (67 gb to ;I 

soln of LAH (2@4 g) tn ether (500 ml) at %20 durmg I.5 hr The rmxture was stIrred for 30 mm after the 

addition. To the st~rcd tmxturc Vld (IO6 g) was added at 5- 10‘. The stinmg was continued for an addittonal 

hr at 0’. Then the mixture was left ovemtght at room temp. The content of the flask was poured into tee 

and H,SO, (ItlO ml). The aqueous layer was extracted with ether The ether soln was washed with water. 

transferred to a I I -round-bottomed flask and shaken with sat NaHSO,aq The prcclpltatcd blsulphltc 

adduct of the aldchyde was collcctcd on a filter and washed with ether. From this ether sol”. 22 g of the 

N.N-dimcthylamide was recovered. The crystalhne hlsulplutc adduct was dissolved m a mimmum amount 

of hot water and decomposed by the ad&Ion of powdered Na,CO,. The separated oily aldchydc was 

extracted with ether. The extract was washed wcth brme. dried (MgSO,) and dtsUlcd to give 28 8 (42”, 

from consumed amide) of the aldehydc. An analy(lcal sample boiled at I30 I32 :7 mm; ny 1~5218. 

v,,(~lm)27~,17M.1610.I5X5.1510.1240.1170.1025.8Mcm~‘.(Found:C.7359;H.7~91.C,,H,,0, 

rqulrcs: C. 74, I3 ; H, 7.92”“). The 2.4-dinlrrophPnylh~dro~~J~ : orange nccdla from EtOAc, m.p I26 I27 ; 
Y,, (Nujol) 3250. 1615 (I600 sh), 1510. I330 cm ’ (Found: C. 5721: H. 5.43; N. 1567. C,.H,,O,N, 

requires. C. 569X ; H. 506; N. 1564”J 

A Grlgnard reagent was prepared from freshly disttlkd I-BuBr (35 g) and Mg (65 g) m dry ether (120 ml) 

and a soln of VII (27 5 g) m ether (100 ml) added with strrring at 0 After the addition the mixture was 

stirred for .u) mm at 0 and then ror 30 min under rcflux. After coolmg. ICC and sat Nt1.U aq was added 

and the ether layer scparatcd The ether extract was washed with sag NH,Claq and NaHCO,aq. drlcd 

(MgSOJ and d~stlllcd to glvc 34.1 8 (953,) of the product. bp. II8 I20 .04 mm, nb‘ I 5062; v_. (lilm) 

3350. 1610. 1585. 1510. 1235. 1165. 1030. 82Ocm ‘. d (ppm from TMS at IO0 MC. (‘Cl. soln.) 076 (3H. 

d.J - hc rl.OX6l3H.d.J - 6). I I6(3H.d.J r. 6j.255 3OO(III.m.<:H,C~l.3 I J6llH.m.C’l_tOtl1. 

3.64 (311, s. OKI_( 6.63. 6-72. 6.45. 704 (JII. arom.). (Found: <‘. 7593; t1. 9.36. <Y,,H1,Oz rcqulrcs. 

<‘. 76-22, t1. 10~24”J 

A soln of VIII (I7 gI in THF (150 ml) and r-B&H (1w ml) was added to hqtud NH, (350 ml) cooled 

m a dry In-acetone bath. 1.1(7 g) was added portionwise during I hr to the sttrrcd sol”. After the ad&rlon. 

the rmxturc was stIrred for 4 hr at dry ICC acetone temp. Then the excess 1.1 was destroyed by the ad&Ion 

of EtOH (50 ml) The rmxturc was left at room tcmp to evaporate NH,. Water (200 ml) was added to the 

rcsldue with sttrrmg The rmxture was then concentrated In t‘aCUo to remove THF. t-BuOtI and EtOtI. 

The rcmaming aqueous soln was cxtractcd with ether. The ether extract was washed with water and sag 

brine. dried (MgSO,) and distilled to give 15.8 g (93”,) of an oil. b.p. l48- I SO- ‘DX mm, nh‘ I 4886; v_,, 

(film) z m. 1694. 1662. 1610. 1218. 1170.790 cm ’ ,6 (ppm from TMS at 100 MC. CCI, soln) 088 (6H. 

doubled d. J = 6 c s) IO2 (3H. d. J - 6 c.s). 2 I8 (2H. m. C-6’ CII*). 264 (2H. s. C-3’ CI_I,). 3 3X (IH. 

s. ~~H)3~45(311.s.0CI~,).448(IH.C-5’<’I1).5-38(1~1.C-?‘~~H) (I~ound:<~.7506;H.l075 <‘,,tIJaOl 

rcqulrcs. C’. 75 S8. t1. 1 I oo”,,) 

A win of IX (31 5 g) in McOH (-m ml) was mIxal with an aqueous .soln of oxalic acid (3.5 g rn 45 ml) 

The mlxturc wa.\ heated at 25 40 for 40 mm. Then the mixture was concentrated ita ~~lclu,. &lutcd with 

water and extracted with ether. The ether extract was washed wcth water. NaHCO,aq and brine. dried 

(MgSO.) and dlstrllcd to glvc 270 g (899”) of the product, b.p. 130 I40 ,D4 mm. An analytical sample was 

dlsUzd al I .W I32 03 mm, nh” I 4845; Y_, (lilm) 5 m. 1715. I192 1055. WlOcm ‘, 6 (ppm from TMS 
at IO0 MC. (‘(‘I, soln) O-88 (3tI. d. J 2 6~ .0.@90(3H.d.I - 6~:s). I03(3H.d.J = 6~‘s). 30(1tI. broad, 

OH) 320 3.70 (ItI. m. (‘IIOH) 546 (III. q, CH C). (Found: C. 74.57: II. 1051 (‘,.HIIOI requires 

<‘. 74.95: II. IO 7X”,.) 

2~4’.Gro~!r/ohu,r)l)h-mrrh?/hPpron-4-ol (Xla) 

The ody X (16.6 g) dlssolvcd m ElOAc (120 ml) was hydrogenated over 10”. Pd-C (5 g) at room temp 

under atmo press The II, uptake ceased after 5 hr The catalyst was filtered olT and the liltratc was dls- 

tilled IO plr-c 24.9 8 (94”<,) of the product. b.p. I25 .I@- .:04 mm. An analyrlcal sample boiled at I32 I35 @4 

mm; ny 1.4770. \_, (film’ 3360, 1705. 1160. IOSO cm ‘I; 6 (ppm from TMS at 100 Mc CCI, w)ln) 090 

(4lI.d. J - 7c s). 2 25(4tI. broad. CHzCOC(,). 349(lH. g OU). 360(1H. m. CtIOH) (Found: C. 74413; 

‘1, I l-61 C’,,H,,O, rcqulrcs. C. 74.28, II. II 58”J 
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To a soln d XIa (22 g) rn ether (80 ml) and pyndmc (20 ml) was added poruonwrsc a soln d AcCl (IO g) 

in ether (40 ml) at O-5‘. The mixture was stirred for 30 min a1 r&S and then srtrrcd and heated under 

reflux for .3O min The mixture was dtlutcd wi1h ice-water and cxiractcd with e1her The c1hcr extract was 

washed succcss~vcly wnh dtl ffCI. waler. sat h’aHCO,aq and sag brmc.dncd (MgSO,Iand conccnlralcd to 

gave 255 g (9PJ of a crude otly acetate. An analytrcal sampk boikd at 125-127~~02 mm. $ 14630; 

Y_ (film) 1735. 1720. 1245 cm ‘; 6 (ppm from TMS at IO0 MC. CCI, .soln) 090 (9H. d. J = 7). 1 94 (3H. 

s. Cfj,CO). 2.2s (4H. broad. CHICOCHs). 4.95 (lfl. m. Cfl,CCKJCH). (Found. C. 7160; H. 1029. 

C,,fI,,O, requires. C. 71.60: H. l@SZ”,). 

To a stirred and ice-cooled soln of Xlb (25.2 g) in 95% EIOH (160 ml) powdered KCN (36 g) was added 

followed by AcOH (38 ml). The addition of AcOH required about 10 mm. After the addition, the mixture 

was stirred for 30 mitt at 0 5’ and ~hcn for 30 min at 40 50’. The excess HCN was rctnovcd in L~UKJ after 

the addition of 2-3 drops dconc HCl. The mixture was diluted with water and extracted with ether. The 

ether cxtrac~ was washed with dil HCI and 311 brine, dried (MgSO,) and conantrarcd to give 27ir g (98%) 

d crude cyanohydrin. This was employed for the next reaction without further purifiirion; v, (film) 

3420.2270, 1730. 1705. 1230 cm ‘. 

2_(4’-CyMocyclohx-3’-cny~~efoxpbmcrhy~pra~ (XIII) 

To an m-co&d soln of XII (271) g) in pyridim (120 ml) was added POCl, (31 g). The darkcolored 

mixture was kft overnight at room tmp, heated under rdlux for 30 mm and finally poud into ice-water 

contatoing cone HCI (2tX1 ml). The mixrun was ex1ractcd with ether. The ethereal soln was washod with 

water, NaHCO,aq and sat brine. drkd (MgSO,) and conantrated IO give 215 g (SSO,$ of the crtxk product. 

An analytical sample boikd a1 14&142”@4 mm. 4’ 1.4738; v_ (tilm) 2270. 1740. 1645.1250. 1026.950. 

928.840 an-‘; d @pm from TMS at 100 MC. Ccl, soln) 089 (9H. d, J - 7). 194 (3H. 4 Cli,CO), 492 

(IH, m CH,COOCfj), 6% (lH. q. CH<. (Found: C. 7346; H, 953; N. 4.92 C,,H,,O,N requires: 

C. 7360: H, 9.81; ti, SaS%,. 

2~4’-Cmboxycyclohex-3-cnyt&nuthylhcpran-4-ol (XIV) 

A soln of the crude Xlff (2lG g) in dicthyleoc glycol(lS0 ml) was mixed with KOHaq (35 g in 120 ml) 

and the mixture heated under r&x for 42 hr. After coolmg, the mixture was dilurcd with water and ex- 

tracted wnh erher IO remove the neutral rmpurntcs The alkalmc aqueous layer was acrdthal wtth cone 

HCI I IO0 ml) and extracted with ether. The ethereal soln was washed wnh water and brmc. dried (MgSO,) 

and cvaporatcd Waler was removed from the resrdunl oily actd by repeated additron and dlsttllatron of 

dry bcnzcne. The restdual (Y,, (film) - 3400. 4 2600. 1705. 1685. 164g. 1280 cm - ‘) was dissolved in abs 

FtOH (50 ml). A soln of NaOE1 (from 5 g Na) tn EtOfl(200 ml) was added IO the hydroxy actd m FtOH 

and 1hc mrxturc was heated under rcflux for 3 hr Water t 100 ml) was added to the mtx1urc. Then II was 

concentrated tn racuo. acrdrfrcd wrth cone HCI and cxtracrcd wnh ether The cx1rac1 was washed wr1h 

water and brine. dncd (MgSO,) and conorntratcd IO grvc lg g (939,) of the product. Thrs was employed for 

the ncxr srcp wnhout further purrficatron, v_. (film) _ 3420 c 2600. 1700. 1645. 12X0. * 950 cm ’ 

2_(4’-Carboxycyclohex-3-enyl)6-merhylhepran-2-one = ( -+ )-rodomaruic acid and its srcrcoltomcr(la + XV& 

To a soln of XIV (18 8) in acetone (3CO ml) was added Jones reagent” (IS ml) at t&S” After 10 min 

McOH was added IO destroy the excess oxidanl. The mixture was conalra1od in uocuo. The residue 

was diluted with water and extracted with ether. The ethereal soln was washed with water and brine, dried 

(MgSO,) and conoentratal to give 165 g dan oily acid. This was drstilffl in LWCW to give 1 I.4 g (64%) of 
viscous oil, b p. 185 19O’.G6 mm. An analytical sample boiled at 182 183’.06 mm, nh’ I.4952 After stand- 

ing m a refrigerator it partly crystallized; Y_ (CS>) 53200-424CQ 1716. 1692, 16Mcm-‘; 6 (ppm from 

TMS a1 100 MC. CDCI, soln) 085 (3H. d, I - 6 c:s). 0.92 (6H. d. I = 6 c.;s). 708 (IH. broad) 1162 (IH. 

COsH). (Found: C. 71.55; H. 948. C,,Hs,O, requires. C. 71 39; H. 9.590,). 

A mixture oj( f ~jwuhone (lb) and its srrrcoisomer (XVb) 
The acid la + XVa (2.4 g) in ether was aterificd with dmxomcthane. Subsatucnt work-up gave 1 9 g 

(79”Q of rhe e1her. b.p. 130 140’,!04 mm. An analytical sampk boiled at 130 133’,04 mm. ny 14812; 

v,,(tilm) 1724. 1716. 1654. 1256. 1083, 1032.920,802.745. ‘IlS;(CS,) 1724. 1720. 1654. 1252. 1083.1030, 










