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Ati Two new compunds have ken tsolatcd from cullurr filtrata of M&V& fu~~&ur01, one of 

which 1s shown to have slructurt II (R L HI whilst tk other it provlrlonally ass~gnad structure XI (R - H. 

R’ - CHI) The preparation of some 2.3~cpoxygibbertllin dtrivatrvcs IS described. 

THE search for possible precursors of gibbercllic acid has led to a thorough examina- 
tion of the culture filtrates of Gibberdla firjikwoi. In previous papers we have 
descriw the isolation and structure of some new gibberellins2 and of other related 
diterpcnoids. ’ This paper describes some new metabolites which are assigned 
gibbane 1 4 3-lactone structures. 

Chromatography on silica gel :celitt of the weakly acidic material from a large 
scale Gibberelbfijikwoi ACC 917 fermentation led to the isolation of giblxzrellins 
A 10’ and AM .l Examination of the fraction eluted with 15% ethyl acetate in light 
petroleum by TLC on silica gel in di-isopropyl ether:acetic acid (19: I) revealed 
the prance of five components. Repeated chromatography of this fraction followed 
by careful crystallization enabled the separation and purification of four of these to 
be achieved. Two of the components were identified as gibberellin Ap4 and fujenal.’ 
The latter frequently occurs in acidic fractions due to hydrolysis and subsequent 
dehydration. 

The third cornround to be isolated was an acid. m.p. 180 182’. tihich, with ethereal 
diazomethane, gave a monomethyl ester, m.p. 176178”, Analytical data of the acid 
and its ester indicated that the acid had the formula C19H2204. The IR spectra of 
the acid [274&26X) (br) (OH of CO,H), 1755 (y-lactone), 1700 (C02H) cm’-‘] 
and the ester [ 1762 (y-lactone), 1726 (C02Me) cm-‘] showed the oxygen functions 
to be a y-lactone and carboxyl group. Microhydrogenation of the ester indicated 
the presence of two double bnds which, from the olefmic absorption of the acid 
(1678, 1663, 1655, 880 and 850 cm-‘) and its ester (1679, 1655, 890 and 851 cm- ‘). 
could be accounted for by a terminal methylene group and a trisubstituted double 
bond. These assignments were supported by the NMR spectrum of the ester (Table), 
which contained a peak at 7 = 5. I8 assigned to the terminal methylene protons, 

’ J. R Hanson. Terrchedton 23. 733 (I%7). 

’ See earlier parts In this serlcs. 

s J R Hanson. I’ertahrdron 70t ( I%@. 

l B. I!. Cross. R H. B. Gait and J. R IIanson. 7’rmaJtedron 18.451 (I%2) 

’ R t; Cross. R ti B Gait and J R. Hanson. J C’hem Sot. 5052 (1961) 
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as well as a tertiary C-Me singlet at r = 8.77. Thus spectroscopic analysis has shown 
the presence of four extranuclear carbon atoms which together with the C,9 formula 
implies a gibbane carbn skeleton (I). With this assumption, a detailed analysis of 
the NMR spectrum of the ester ld to the structure II (R = H) for the acid. 
Comparison with the spectra of the rearrangement prc&cts (III; R = H. R’ = OH)6 
derived from gibberellin A,, and (III; R = OH, R’ = OAc)’ and (111; R = R’ = 
OAc)’ derived from gibber&c acid clarifial the assignments. 

II; 
Ill. III ; III; 

SubsWucm 
R - MC 

R = li. R 1 OH. R = R’ =OAc 
R’ - 011 R’ -. OAc 

I-MC 

2-H 
2-OAc 
3-11 
J (c s) 
4-Ii 
J Ic sl 
4b-H 
7-OAc 
U n(:HJ 
IO-H 
J Ic s) 
I&l-H 

J (c sl 

H 77 

5.20 

4.14 
6. 3. 3 

S.lU 5.18 5. IO 
7.48 7.52 7.48 
6.5 65 6.5 
685 6Kc) 6 76 
6*5. 3 6 5, 3 6 5. 3 

H 85 
5u4 

5 32 

6 
430 
6. 3. 3 
740 

K 83 

50x 
7Y4 
4.9 1 

4.35 
6. a. 3 
740 

K 84 
5-10 
794 
4Yl 

4 35 
6. 3. 3 
7 25 
HOK 
5 IO 
748 
6.5 
675 

6 5. 3 

The key to structure II (R = Me) is a single-proton quintuplet at I = 4.14. 
Double-irradiation experiments showed this proton was coupled to a proton in the 
multiplet system centred at r = 520 (J = 6 c!s) and to a proton at ‘I = 685 (J = 
3 Q’S). Further double irradiation experiments showed that the proton at T = 7.48 
was coupled to the proton at r = 685 (J = 6.5 c s). These features require the partial 
structure 

which is accommodated in rings A and B of the structure 11 (R = Me), 
The isolation from the fermentation of the acid II (R = H). which is probably an 

isomcrization product of the as yet unknown A3-dehydrogibkrcllin A, (IV), led to 
a search for the latter. A crude fraction [v_ 3040 (OH of CO,H), 1769 (y-lactone), 
1694 (COzH). 1657 and 885 ()C==CH,) cm- ‘1 was isolated with the anticipated 

* II. C Aldrldgc. J R. Hanson and T P c’. Mulholland. J Chcm Sor 3539 L I%51 
- I3 I:. Cross. J F Grove and A. Morrison, J. Chcm. Sot 2498 (1961). 
’ l3 F Jones. J F Grow and J MacMillan. J Chm .Soc 1835 119641 
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TLC characteristics, but owing to the shortage of material it couId not be further 
purified. 

The fifth component of the mixture was an acid, m.p. 242-244”, [a]n + ll”, 
which showed weak activity in the pea seedling test.’ Analytical data for the acid 
and its methyl ester together with the mass spectrum of its methyl ester nor-ketone 
were consistent with the formula C19H,,05 for the acid. The IR spectra of the 
acid [3150 (br) (OH of CO,H). 1771 (y-lactone). 1730 (C02H) cm - ‘1 and its ester 
[1765 (y-lactone) and 1729 (CO,CH,) cm- ‘] enabled four of the oxygen atoms to 
be accounted for as y-Iactonc and carboxyl groupings. The absence of absorption 
due to OH or further carbonyl groups suggested that the remaining oxygen atom 
was present as an ether link. Microhydrogenation of the methyl ester revealal the 
presence of one double bond. The IR spectrum of the acid (v,, 1658 and 8% cm- ‘) 
and its ester (v,, 1659 and 886 cm’ ‘) indicated that this was a terminal methylcne 
group. Confirmation was provided by ozonolysis of the ester which led to the 
formation of a nor-ketone. CL9HZZ06 (mol. ion 346). The IR spectrum of the latter 
contained a new cydopentanone carbonyl absorption (Y_ 1748 cm-‘). With these 
features in mind a 7deoxygibkreliin A, structure V (R = H, R’ = CH2) was origi- 
nally suggested for the acid which was at that time (1962) named gibberellin A, ,. 

Owing to shortage of material no further degradative work could be carried out 
on the acid. Ci9HZ20s. Con.sequently it was dwided to synthesize the nor-ketone 
methyl eter (V; R = MC, R’ = 0) corresponding to structure V (R = H, R’ = CH2) 
for the acid. This synthesis required gibberellin Ad, which is difficult to obtain in 
quantity. and involved the epoxidation of the 2.3-double bond in the gibberellin A, 
derivative VI (R = 0). Since such double bonds in the gibberellin series arc known 
to be resistant to cpoxidation,” some model experiments were carried out on the 
gibb_2_cne(VII). This was prepared from gibberellic acid by the literature method. * I. * * 
The dificulty in epoxidizing gibb-2cne 1 + 4a-lactones is presumably due to 
interaction of the R electrons of the carbonarbon double bond with those of the 
carbonyl group of the lactonc. That such interaction occurs is shown by the UV ab- 
sorption (A_ 223 rnb E = 1230) of VII (cf. Ref. 12) and related compounds (.sec below 
and Refs 12, 13). However, prolonged treatment of the gibb-2-ene (VII) with excess 
m-chloropcrbenzoic acid in boiling acetone gave the required epoxide (VIII). The 
structure of the epoxide followed from its formula (C10H2r0,J and spectroscopic 
data Thus, in the UV a peak at E.,, 290 mp (I: = 4 l), due to the ring D cyclovntanone, 
showed that Baeyer Villiger oxidation of the #-ketone had not taken place. Its 
NMR spectrum showed no vinylic protons but contained a peak at 7 = -6.77, 
which was incompletely resolved from the lOa-proton doublet at 7 = 6.88 (J = 6.5 c s). 
and which was assigned to the epoxidc protons; the 10-H proton appeared as a 
doublet at 7 = 7.34 superimpsed upon the 4b-proton at 7 7.23. The shift to low 
field of the IOa-proton in the cpoxidc, relative to its position (‘c. = 7.17, J = 6.5 c’s) 
in the gibb-2ene (VII), established the P-orientation of the epoxidc ring.” The 

Q P w’. Brian and H G ~lcmmmg. Phpol Plunr. 8. 669 (1955). 
lo J MacMtllan. personal communicalwn. 
” B IT. Cross. 1. C-hum. sOf. 3022 (1960) 
” J MacMillan. J. C. Sealon and P J Sutcr. ‘I’rrrA&on 1 I. 60 11964)). 
” J. R lianson and ‘I-. P. C Mulholland. J (‘hem Sot- 35-W (1965~. 

” J R Ilanwn. J. Chum Sot- x)36 (19651 



New mctabol~tcs of G~bbevullafu~~kuro~ -XIII -w9 

small lO.lOa coupling constants in the cpoxide Vlll and the gibb-2cne (VII) are 
in agreement with those previously reported I’ for 7a-gibbanes. Ah bough chroma- 
tography of the crude product from the peracid oxidation revealed the presence of 
a minor component, it seems unlikely that Bacyer- Villigcr oxidation of the ring D 
ketone took place to any considerable extent. 

The synthesis of the epoxy-nor-ketone (V; R = MC, R’ = 0) required the gibb- 
2-ene (VI ;R = 0). This wac prepard from gibbcrellin A, by the route of Cross et ~1.’ 
except that gibberellin A* methyl ester (IX; R = H. R’ = CH,) was converted into 
its nor-ketone by sodium periodate in the presence of a catalytic amount of osmium 
tetroxide.‘* On another occasion, the methane sulphonate (IX; R = SO,CH,, 
R’ = CH,)” of gibberellin A, methyl ester was converted into its nor-ketone (IX ; 
R = SO$ZH,, R’ = 0) by oxidation with osmium tctroxidc followed by sodium 
periodate. With refluxing collidine the nor-kctonc (IX; R = SOzCH3, R’ = 0) gave 
the required gibb-2-ene (VI; R = 0). 

The acetate of gibberellin A, methyl ester nor-ketone (IX; R = COCH,, R’ = 0) 
readily undergoes Baeyer- Villiger oxidation with perbenzoic acid.’ hence it was 
expected that the gibb-2ene (VI; R = 0) would hhave similarly. However, since 
the 7r-gibb-2-ene (VII) did not undergo Baeyer-Villiger oxidation with m-chloro- 
pcrbenzoic acid (set above) the effect of m-chloroperhzoic acid on the gibb-2-ene 
VI (R = 0) was investigated. In refluxing acetone the epoxy-&lactone (X) was 
formed in gd yield; no other prduct was isolated. Structure X for the epoxy- 
S-lactone was supported by its NMR spectrum which showed a broad peak at 
T = 6.81 assigned to the epoxide protons and a broad multiplet at T = 5.2 attributed 
to the 7-proton. The 10,lOa AB quartet was partly obscured on the low field side by 
the peak due to the epoxide protons and on the other side by the peak at T = 7.56 
ascribed to the 9-protons. Nevertheless, the high field half of the doublet associated 
with the IOa-proton could be seen at T = 7-01, thus establishing the Qconfiguration 
for the cpoxide function [in VI (R = CHJ the lOa-proton is found at t = 7.42”]. 

The reason why the 72-gibb-8-one (VII). unlike the gibb-8-one (VI; R = O), 
fails to undergo the Baeyer -Villiger reaction is not clear. but it is presumably 
dependent upon the stereochemistry of ring D. 

To prevent the Baeyer -Villiger oxidation, the gibb-8-one (VI; R = 0) was reduced 
with sdium borohydride to the alcohol VI (R = H, OH). Tratment of the alcohol 
VI (R = H, OH) with excess m-chloroperbenzoic acid in boiling acetone gave, as 
the main product. the gummy epoxy-alcohol V (R = Me, R’ = H, OH). which was 
not characterized, and a small amount of a compound subscqucntly identified as 
the epoxy-nor-ketone (V; R = Me, R’ = 0). Oxidation of the epoxy-alcohol with 
chromium trioxidc in pyridine gave the epoxy-nor-ketone (V; R = Me, R’ = 0; 
mol. ion 346), v_ (in CHBr,) 1778 (y-lactone) and 1740 cm’-’ (ester and cyclo- 
pentanone). IR and rnas spectroscopy showed that the ester V (R = Me, R’ = 0) 
was not the same as the methyl ester nor-ketone of the acid C,9H:2t011. The acid 
doe-s not therefore have structure V (R = H, R’ = CH,). 

However, the 100 MC NMR spectra of the esters of the acid C19H2205 and its 
nor-ketone do permit a tentative location of the functional groups. The spectrum 
of the ester, which contained a three-proton system between r 4.9 and 5.15, replaced 

” 41 C: AIdrIdge. J F. Grove. R h’ Spkc. B K Todd and W Klync. I C’hem. SOC. 143 (I9631 

Is R Papp. 0 S Allen. R II Ixmlcun and W. S Johnson. J Org. Chrm 21,478 (19%). 



41(M) J C R~ows. H Ii CROSS and J. R. HA-IS 

in the nor-ketone by one-proton at 
mcthylene group and indicated the 

T = 4.98, confirmed the 
prexncc of th fragment 

c-11 

O.C’O 

presence of the terminaJ 

The proton in this fragment was coupled to a single proton appearing as a doublet 
(J = 3 c s) at T = 6.59 in the ester and T = 6.61 in the nor-ketone. This coupling 
was confirm& by double-irradiation experiments In the absence of hydroxylic 
absorption. the resonance at T = 659 can bc assigned to the single proton of a 
trisubstitutcd epoxide. Hence the partial structure 

C’ C’ <’ 
0 

0.m. 

is present. The NMR spectra also contain a pair of doublets at 7 = 7.12 and 7.33 
(J = 5 c:s) (ester) and I = 7Q9 and 7.28 (J = 5 c.‘s) (nor-ketone), reminiscent of the 
10,lOa quartet in the gibberellins, but with a coupling constant nearer that (6.5 c’s) 
of the gibbane 1 -. 3-lactones described above (see fible). The presence of a tertiary 
C-Me group is indicated by a sharp singlet at T = R-83 (ester) and T = 8-84 (nor- 
ketone). On this basis, structure XI (R = H, R’ = CH,) is tentatively proposed for 
the acid C19H220sa Since the 1 -, 3-lactose ring system is usually associated with 
artefacts it seems desirable to discard the name gibberellin A,, for this acid. Bio- 
genetically the acid C19Hz205 could arise by epoxidation of the ring A double bond 
in the acid II (R = H) which was isolated from the same fermentation (see above). 

IiXPERIMENTAL 

M ps wcrc dcrcrmmcd on a Koflcr blcK_k and WCC corrected. llnlw otherwIse sratcd. IR and I;V spectra 
were dctcrmmcd as KC7 diw and In EtOH sofn rcspa-lively NMR spectra were mcasurcd rn CIXI, 

soln on Varian Arscxtatcs A.60 and HA IO qxctrometcrs and had TMS as mtcmal standard. L&t pctro- 

lcum rcfcrs to the fraction b.p. 60 RI) The term ‘*worked-up 85 usual” means washad suczssivcly with 

dll HC’I. water. NaliCO,ay. and water. drlal over anhyd h’a,SO, and evaporated in 1’0cu0 The course of 

rcactlons and the progress of column shromatograms was followd by TLC on silica gel G (.Mcrck) 
Iw>laricm of I~.C ocds The crude “neutral” fraction from a large-scale Gihkrtlla fuiikuror ACC 917 

fcrmcntation was carefully cxtractcd with h’aHC’O,aq This extract was acrdifkd and the organic m~~tcrial 

rccovcrssl m EIOAC Thex “weak aads” were then chromatographcd on silica .cclite II :2) by tlutton 

with mncasmg amounts of EtOAo m lrght petroleum Elut~on with 15”, IltOAc m hght petroleum gave a 

gum IAl. 
A portjon (1 2 gl of the gum (A) wa5 rcchromatographcd on silica gd (I 5 x 22 cm) The fractton clutcd 

with IO”,, ElOAc fight petroleum gave fultnal’ (60 mg) Idcntriicd by its IR spectrum. Ihc fraction clutcd 

with 15^., EtOAc.light petroleum gave gibbcrcllin A*’ (2lOmg) idcntifti by its IR spectrum. The crude 

fractron clutai with 20”, EtOAc light petroleum cvcntually gave II (R 7 H; IO0 mg) after repeat4 crystal- 
hratron The srudc mother liquor on TLC m di-isopropyl ether-AcUH (19: I) showed 3 spots at R, CM6 

(gihbcrellin A,I. 061 (? A’-glbbcrcllm A,) and 056 (acid II; R = H). Repeated chromatography and 

crystaltt7ation eventually gave a fraction [b_ ( KUJOI) .NMO (hr), 1769. 1694. 1657. RX5 sm ‘1 comprising 

predominantly rho spot of R, 06 I. 
T?w fraction clutch with 30”, EtOAc hght petroleum gave XI (R = H. R’ - CIi,; %I mg). 

k-If pfroxy- I ~-~rhpi.8-mPrhykn~wtbb~~n~- 1% IO&frcwI~x~lic- clrti 1 4 3~z-lacro~u (II ; R - iI J 
The ad orystallizd from acetone hght ptroleum as needles. m.p. I80 IS2 (Found C. 72 5; Ii. 70. 
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c,p?i,,o, rtqums. c 72-s; H. 7as”,) Y, (Nu~ol) 2740-2650 (br). 1755. 1700. 1678. 1M3. 1635.880 and 

g5O cm- I. The methyl CSIPI. prepared with diazomcthanc in ether. crystallucd as needles from acetone-light 

pctroltum m.p. 176178 . (Found: C 734; H. 7.45. C,,H,,O, rcqulres: C. 73.1; H. 7.4?;.) v,(Nu~ol) 

3070,1762 1726.1679.1662 1655.1028.938.89Oand 851 cm ‘. On microhydrogeoatlon it took up 1.93 mol. 

hydrogen 

4.4a-Ep~x~-3z-hpdtox) - I P-~fh~l-X-mrfhplene~i~~~e- 1 x 10~rcurlu,x) Ire acid 1% -. 3~lacfone (Xl ; R = 

H: R’ = C-H21 
The urd srystalltzd as necdlcs from acetone light petroleum m p. 242 244 (dec-) (Found: c‘. 69.3, 

H. 6.8. CIPHZIO, rcqulres: C. 69 I ; H. 6.7”,.) v, (Nu~oll JIMo. 3060. 1777. 1730. 1658 and R96cm-‘. 

[Z][, t 11’ rr. 0.3). 

The merhyl CJIPP, prepared with drazomcthanc m ether. crystallird from acttonc-light petroleum as 

necdks, mp. 179 181’. (Found C, 705. H. 7*1 CtaHz,O, requires: C. 69*75; H. 70”;.) v_ {NUJOII 
3070, 1765. 1729, 1659.8K6 cm _ ‘. Microhydrogenation rcsultcd m tbc uptake of I molt II2 

Oroncll,M.s oj the QSW IXI ; R = Me. R’ = CHI) Tht ester (40 mg) 111 glacial AcOH (5 ml) was traatcd 

with cxcxss ozomzad O1 for 2 mm. The soln was neutrali& with Nat!CO,aq and the organtc product 

recovered m EtOAc Chromatography on Al,O, gave, m the fraction clutcd with EtOAc light petroleum 

(I : 1). the norkvrone (XI; R = MC. R’ = 0) which crystalliz& from acztonc light pctrolcum as small 

nccdlcs. m.p. 179 IHO (Found: C. 65.2; H. 64. C,,H,,O, requires: C, 65.9: H. 64”, I v_ (Nujol) 1770. 

17411 and 1725 cm ‘, (in CHBr,) 1778. 1740 and 1734 cm ’ 
Epoxihrion uf the uttsurwared ho-tvfev (Vll) The kcto-estcr” (100 mg), &, 223 w tz. 1230) and 

mchloropcrbcnzo+c acid (400 mg) In acetone (20 ml) wcrc rclluxcd for 21 hr. then a further amount of the 

pcracid (800 mg) m acetone (5 ml) was added in portions. and tbc mtxture rtfluxcd until all the kctoestcr 

had been consumed (84 hr). Evaporation of the acttom in LUC~YI gave a white solrd which was dLssolvcd rn 

EtOAc. washed succtssrvcly wtth dli Na,SO,aq. dil NaHCO,aq and water and dncd. Recovery gave a 

solId rcslduc (95 mgL which on TLC rcvcalcd the prcscncx d two components. It wu chromatographed on 

silica gel (4 gm ; 9.5 x IO cm) 
ttlution with 25”, EtOAc in Irght pctrolcum gave the epoxykero-esrcr (V; R = MC, R’ = 0; 66mg), 

which crystallrzcd from acTtone light petroleum as prisms (42 mgl. m p 218 220’ (Found: C, 670, 

H. 68. CI,,lII,O(, rcqulra C. 66.65; II. 6.7”“) v-s 1775 (y-lactonc), 1734 (cyclopcntanonc), 1723 (ester) 

and H23 (cpoxldc) cm - I, i.,, 2lKmu (c. .m) and 29Omp (c 41). T = 897 (~-MC). 863 (I-Mel. 7.81 

( {‘H 1 CO. 1. 7 34 and 64g (doublets J - 6 5 c s; IO and I(kr protons rcspcctlvely~ 7.23 (4b-HL -6.77 

12 and 3 protons) and 6.24 (C)Me), 
IIlutlon with 45”, EtOAc m light petroleum gave the mmor component as a glau (IO mg), whrch crystal- 

liru! from tltC)Ac-light petroleum in prisms (5 mg). m.p 220-230 , P, 1783. 1739 and 1750 cm ’ 

Yrepurutton u/ gthkt&ln A, methyl ester nor-kerow (1X ; R = H. R’ = 0) 

Compound IX (R - H, R’ = CH,, SO mg 0 I4 mmolc) and 0~0, (1 mg) m THF (3 ml) and water (3 ml). 

wcrc cookd to U wrth stirring and this tcmp was maintlslnd whilst powdered NalO, (70 mg 03 mmok) 

was added during I5 mm. The mixturn was strrrod ovcmrght at room temp. and the THF was evaporated 
in ta-w. The produa was taken up mto EtOAc and worked-up as usual. @nng a residue (44 mgl which 
cr~stalb~d from acctonc light pctrolcum In prisms ol IX (R - H. R’ = 0;” 42 mgl. m p. 194 204 

This high ylcld 1124”;~ -as not rcproducti when workmg on a larger scak [l 4 g of gbbcrcllm A, methyl 

tstcr gave only a 52”, yield of IX (R = ?i. R’ = O)]. 

Yrepororicm c$ rhe rror-ketone (IX; R 1 SO,Ct!,. R’ - 0) 
The mcthancsulphonatc IX (R = SO,CH,. R’ = CH,; 5CKl mg), prepared ILJ a colourh w by 

the mcthti of Hanson and Mulholland.” was mgxcd with 0~0, (350 mg) m dry pyrldmc (3 ml) and left 
to stand at rwrn tcmp for 2.5 dayt Water (I 1.5 ml). pyridinc (8 ml), and sodium mttabisulphrte (600 mg) 

wcrt added. Tbc mixture was left to stand for 1 hr. and then trituratod with water Tbc aqueous mixture 

was cxtractcd with EtOAc and worked-up as WA, giving the glycol IX (R = SO,CH,, R’ = OH. 
CH,Oll) as a gum that would not ryotalllzc 

* glycol tn M&H (IO0 ml) was trcatad with aqueous NalO, (8 5 ml. @25 M) and left overnight at 
room temp. The MeOH was cvapratal yl CQCLU). and the rcsiduc tnturated with water The ppt consisted 

’ * B I: (‘r-s. R H B Cialt and J R Ilansnn. J. Chem. Sot. 

‘” J F Grove. J Machllllan. 1’ P C Mulholland and W B 

3783 I19631 

Turner, I Chem So<- 3049 1 I%01 
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of small prisms (130 mgl. m.p 207 21 I . which on rccrystalltzation from EtOAc light petroleum gave 

the pure ru>r-kelorrP (IX; R = SOJH,. R’ = 01 m.p. 217 5- 2lg.5 (Found- G 564; H. 59. CJOII1,O,S 

rcqutrcs. C, 56.3, H, 6 I a” 1 \‘_ I767 (y-lartonc I735 (cyclopcntanonc) and 1722 (ester) cm ‘. Extraction 

OT the aqueous filtrate with kt<)Ac followed by the usual work-up and ctystalli-tatlon from EtOAc-lrght 

petroleum gave morr: prisms (10 mg) of IX IR = SOzCHI. R’ * 01 m,p 201 210 

Yrepurarum of [he un.~tvu~cd keto-cpsler (VI. R -- 0) 

(a) F~MI rhc hydruxy-kerow (IX; R = H, R’ = 0). Usrng the method dCross et ul..’ IX (R - H, R’ = 0) 

was treated with tolucnc-p-sufphonyl chloride UI pyridinc and the crude IX (R = p-CH&H,SO~, 

R’ -_ 0) boil4 with col]idinc to give the rcquirad ktto+sta VI (R = <I), m.p. 159-S 160“. 

(b) Prom rhe mvrtwnvnrlphon~trr (IX; R = SO,<:H,, R’ = 01 The mcthancsulphonatt (140 mg) was 

rcfluxcd with collidmc (IO ml) for 6 hr. Thr soln was co&d, pourad into a mixture of HCI and water 

( I : I. 50 ml), and the product (98 mgj recovered m EtOAc. Chromatography on silica gel 5 gm ; 17 x 10 cm) 

and clution with 25”, IltOAc in light petroleum gave the unsaturated kctocrtcr VI IR = 0) as prisms 

Wmg).mp. 15X3 16CJ,v,, 1774 (y-lactonc), I741 (cyclopentanontl 1729 (titer) and 6g6 (C-=Cl cm _ ‘. 
L. 222 (I; 1490) and 291 (c. 39) mp. 

@oxi&tion qf I& umaturatcd kero-ester (VI ; R = 0) The kcto-ester (85 mg) was rcfluxal rn acetone 

(10 ml) with mchloropcrhcnzoK acid (I~30 g) until all the startrng materta1 had hccn consumed 13 hr) 

The soln was refluxcd for a further I hr and then the acetone was evaporated in t’ucw The rcsrduc was 

dissolved In EtOAc, and washed succcssivcly with dil NalSO,aq. dil. NalCO,aq and sat Nail solns 

and dried over Na+O, Rccovcry gave a cntdc produa II 32 mg) which showd the presence of 3 

components on TLC in bcrurnc EtOH (3 : I). It was chromatographcd on s~hca gel (66 gm, g.5 x I 5 cm) 

Elution with 5”; EtOAc in light petrolturn gave mxhlorobentolc acid (44 mg). Elution with 40:; EtOAc 

tn light pclrolcum gave the epox&crorrp (X) as a gum (69 mgl. whtch crystalhzed from EtOAc ltght 

pcwofcum as prisms 155 mg). m p 15X ,163’ Rccrystalllration raised the m.p. to 161.5 163.5’ (Found: 

C. 62.65; H, 6.05 <Y,,I1l,O, requires. C. 6341, Ii, 6.1 “,1. v_, ICI!Br,) 1776 (y-lactoneb 1737 (6-lactoac) 

and 1727 (ester) cm. ‘, i_, 224 rnp (c 5lW. I = 7.67 (singlet; )C Mel 7 56 lsingkt ; 9-protons). 6*81 

lmultlpkt ; cpaxidc protons). 6.27 (singlet; -CO,McL 5.2 tmultlplct; ‘l-proton) 

The third component of the crude reaction product could not be Isolated 

Reductwn of [he kern--ester (VI; R = 0) The kcto-cstcr (150 mg) In dry McOH (I5 ml) was treated 

wtth cxccss pwdcrcd NaBH, (250 mg) at 0 for 90 mm The soln was acidlhad with dtl. HCI (IO ml) and 

conccntratcd in WCU~. giving a crystalhnc pp~, which was filtered ofl, washed with water and dried 

(140 mg) Rccrystalhzation from aoctonc- light petroleum gave tk unsorururd hpdroxpesttr munohydmtu 

(VI; R = H. OHI as small plates, m.p. IW 19.5 (Found, CY. 65.15: H. 75 CIPH~~OI tf,O rcqutrcs’ 

C, 65 1; H. 7 5”,.) v,,3560. 3350 (br) (OH1 1756 (y-lactoneb 1734 (cstcr) and 1655 (H,O bcndmg) cm ‘. 

.J,_, 222 mp (E 14501 Extraction of tt~ aqueous filtrate with EtC3Ac. and work-up as usual. gave an 

intractabk gum (7 mg) which was shown by TLC to consist mamly d the abvc alcohol 

Ep~xidurion of the unummfed hydmxy-ester (Vi. R = H. OH) m hydroxyatcr (135 mg) and 

mchloropcrbenzotc acid (2.0 gm) In acetone 110 ml) were rcfluxcd until all starttng material had been 

consum (3 hr) The acetone was evapratcd in ratuc). the residue dissolved m UOAc. and the soln 

washed successively wrth dtl. h’a#-I,aq, dil h’a,<‘O,aq (thoroughly1 and water. Recovery gave a rcslduc 

(188 mg) which was chromatographcd on slhca gel (9.4 gm; 13 x 1.5 cm). Elutlon with 59, EtOAc in 

ltght pctrolcum gag mchlorobcntoyl pzroxtde (62 mgL which crystalhzcd from light petroleum as prisms 

(-50 mgb m p 1205 121 5 (I.rl.” m p 122 123 dcc) (Found: C. 53.9. II, 2 85, CI, 22.35 <Talc for 

C,,II,0,<:12: C. 540, H, 2 6; Cl, 22.K”, ) I-_ 1787 and 1762 cm ‘. Eluilon with 25”, EIOAC m light 

petroleum gave a crystalline mixture (22 mgl. which was rcchromtognphcd on sihca gel (2 2 gm, 

8 x 14 cm). 25”, ErOAc in hght petroleum clutcd a gum 13 rngh which crystalhtad from EtOAc hght 

petrokum as prisms (I mg). m p. 166 174’. Y,, 1777 (y-lactonc). 1730 and I723 fester) cm . ’ This IR 

spectrum was dtffcrcnt from that of tt~ epoxy-lactonc X 31)“,, FtOAc tn light ptrolcum cluted a gum 

16 mg). whtch on cqstallltitton gave roscttcs of nccdlcs (3 rng), m p 178 181 5 . shown to k the cpoxy- 

kctonc V (R -- MC. R’ - 0) l.sec helow) by thctr IR sptrum 

F’lutlon wrth 4O”,, EtOAc m light petroleum gave a gum (7 mg) whrch crystallized from EtOAc hght 

petroleum as roscms of necdlcs m.p. 178 179 5 shown to he the epoxy-ketone V (R = Me. R’ - 0) by 

their IR sCm_rtum Elution with Ko”, NOAc In hght petroleum gave the epoxy-alcohol V (R r MC. 

R’ r= H. OH) as a gum 1x2 mgl. Y_ (html 35tK-I .34+Kl (brl 1OH1 1775 Ly-lactonc) and 1732 (ester) cm ’ 
” C’ ci Swain H’ il Slrwkma)cr and J T C’larkc, J Anr <‘hrm. Sot- 72. 5426 (IWJO) 
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Oxldorron uj the epoxy-&oohol (V; R = Me. R’ 7 H. OH). The alcohol IHO mg) m pyridinc (OH ml) was 

added to CrO, (30 mg) in pyridinc (03 ml). The soln was stirred at room temp (IS mini then lcfi IO 

stand ovemlghl. added to water, and extracted wuh P.IOAC. The extract was washa! with waler. dil, 

tia*COs and -al. NaCl soln. drmd (NalSO,). and evaporated in cucuo. giving a gum (59 mg), which was 

chromatographed on silica gel (4.6 gm. I.5 x I 1 cm). Lluuon with 40”, ErOAc in light petroleum gave 
tk epoxy-kerow V (R 7 MC. R’ - 01. which crystalbd as rosettes of necdks, m.p 180 181-5 (Found : 

C, 65 8; H. 6 5 C,,H,IO, rtquucs- C. 65.9; H, 6.4”,) v_, I776 (y-lacronc). I743 fcyclopcntanonc) and 
1718 (cstcr) cm-‘. Im CHRr,) 1778 and 1740 cm ’ The mass spectrum showul a parent ion peak at m e 

346 The IR spcclrum was tdenrlca) to that of rh+z crystals. m p. 178 181.5 . rsolatcd in rhc prcccdmg 

cxpcrimcnt as a by-product d the cpoxidarion of the hydroxycster VI IR 2 H. OH) 

‘I’hc soln IR and mass spectra wcrc drffercm from those of the mcrhyl ester nor-kcronc of the acid 
. ( ,Q~1120,, m p 242 244’ (dcc). 
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