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Abs&n& Some transformation ccactIons of a-pmcnc to glvc 4 and 3-mcmbcrcd nng compounds. not 

hithcflo obtamed from lhrs source. are dwribcd Tbc study furnishal a convcmcnt method of prcparatlon 

of the optically active cyclobutanonc IVa, the tltlc compound which served as the key substrate for all the 

transformations rcportcd. 

a-PI=% has long attracted the attention of tcrpene specialists and chemical tech- 
nologists. Chemical manipulation’ of this abundantly occurring terpene hydrocarbon 
to obtain diverse chemicals ranging from synthetic camphor to substituted cyclo- 
butane compounds makes a fascinating study. 

Pinonic acid, readily obtained from a-pinene is a reactive compound* which can 
undergo a variety of reactions typical of the cyclobutane. the ketomethyl and the 
carlx~xyl functions present in it. The object of this paper is to report our findings in 
Lhe preparation, properties and reactions of the cyclobutanone IV& and chiefly its 
conversion to cyclopropane compounds, e.g. rrans-homocaronic acid and related 
compounds by a ring contraction sequence of the substituted cyclobutanone into 
which pinonic acid was converted via Baeyer-Villiger oxidation.3, 4 

( +)-a-Pinene, isolated from the turpentine oil derived from the oleo&n of Pims 
wullichianu,’ was used for the preparation of ( + )-pinonic acid (Ia) required in this 

H D Sully. Chem dr Ind 263 (1964); X A Dommgucz and G Leal. J Chem. E&c 90. 347 t 19631; 
P Z. Bcdouklan. Am Peti. # Cosm 7914). 27 (1964); K Kulka Perj & E. Oil Rec. 53. 147 (1952). R ‘f. 
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C. L Arcus and G J. Bcnnclt. J. Chem. SM. 3180 (1958); G. W Hcdrick and R V L-awrcncc. Imf. & 

Engg. C&m. S2.853 (1960); J D. Park, N L. Allphtn S K Chat. R 1.. Settmc and G W. Hcdrick. Ind 

&ngg them. 43). 149 (1%5) 

C. H H-1. Organic reucclions (EdItal by R. Adams) Vol 9, pp 73- 106. W~lcy. Ir;cw York (1957). 
In the cxtensrvc mvcshgatlons o-f J. M. Coma on ‘Small ring compounds’ [J. M. Conia et al. a(rr Sue. 

Chim. F’r (Parts I 10 VIII) 72b.7711 (1963); Ibid. (Parts 1X to XIII) 1957 19R5 (19&r]. the physlcal 

properties of a numhr of optlmlly active cycloburanoncs and the detalled mcchanlstlc plcturc of the 
rmg contcactlon of 2-bromocyclobutanonc to cyclopropanc carboxyhc acids are glvcn. In this study 

an cntlrcly new procedure IS reported to ohtam the oplrcally active cycloburanoncs which are new and 

so are thir various rcactlons 
The oleorcsin. called Kuil resin. was oblamecl from the Silvlcultural Fores1 Research hvlsron. Puqab 

(lndla) Investigations on this olcorcsin and rhc turpentine oil dtnved from II have not been reported in 

htctarurc Our srudy (unpubluhad results) has shown this turpentine to bc unusually rrch m ( + )_a- 
pincnc (R5 90’;) unhkc rhc curtenrly explo~~cd Indian turpenlincs from Pinw longijolia roxb. syn. 

Pmus roxburghi which contain 40,50?; of a- and j?-pincncs [V. S Prabhakar, M C Mgam, K L. Handa 
and G. D Kclkar. I&ion Oil and Soap J 29.2HS (1964)] 
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work. Ethyl ( + )-pinonate’ on Bacyer-Villiger cleavage’ gave ethyl ( - )-L2dimethyl- 
3-acetoxycyclobutyl acztatc (Ila) in an excellent yield. Hydrolysis of IIa furnished 
the hydroxycyclobutylacetic acid IIb. 11s esterification’ gave ethyl ( - )-2.2dimethyL 
3-hydroxycyclobutyl acetate (IId). 

The hydroxy acid IIb on refluxing with acetic anhydride followed by fractionation 
furnished the bridged &lactone III in mr yield along with a higher boiling fraction, 
probably the acetate mixed anhydride IIc as revealed in the IR spectrum [IR (neat): 
1821. 1746 cm - ‘3. These bands completely disappeared on exposure to moist air. 
The bridged Nactone 111 on ethanolysis’ furnished ethyl 2.2dimethyL3-hydroxy- 
cyclobutyl acetate (IId), having an IR spectrum completely superimposable with that 
of the ethyl ester of IIb described above. 

Oxidation of Ild with Jones rcagcnt.‘” Na,Cr,O, -H2S0,” and CrOS -HOAc12 
gave ethyl ( -)-2,2dimethyl-3-ketocyclobutyl acetate (IVa)13 in about 50% yield 
together with a higher Kling byproduct vide infra in moderately good yield. 
However, IId could be conveniently oxidized to IVa in 75 % yield by chromic acid 
in pyridine either (i) by Sarrct’s” procedure or (ii) according to Cornforth’s recent 
modification’5 without the byproduct formation. 

H A Pnrkin and C;. W Ilcdrlck. J. Org Chrm. 25. 1417 (lY64h 

Durmg cstcrdica~~on of Ilb (McOlI- (‘IICI, pTS) a higher bolhng hydroxycstcr [B.p. 187”.2 mm. 

IR (neat), 35W (0- II) and 1736cm ’ (ester c’=c))) was also formed mvanably In amounts varymg 

aaordmg to cxpcrirnental condltronn On mcthanol>sls it gave Ilc with a complctcly superimposable 

IR spctrum wkth the authcntll- sampk Smrx pyrtdmc-chromw acid oxrdatlon of thus fraction fumrshcd 

a hrgher bothng cyclobutanonc atcr [ B 1 165- 170 l-5 mm, IR (neat): 1783 (cyclobutanonc) and 
1735 cm ’ (ester Cd)]. the structures of the higher bolhngcsters which arc under further invutigatlon. 
arc presumed to be Ilf and Ilg the former arlsing from an mtcrmolccular ester&cation 

S Ncclakantan, T. R &hadrl and S S. Subramamam. Tcrrukedron 18. 597 ( 1%2). 
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Studlcs tn the optlcal rotatory dqcrslon of the laevo rotatory ketocstcr IVa derrved from I + J-z- 
pmcnc. rts dcxtro rotatory antrpode derlvcd from ( - F%.-pmcnc by a similar scqucnncc of reactions and 
related cyclobutanant systems will bc communicated sepratcly. 
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l K B. W~bcrgand R. J. NM. I Am C’htm. Sot. 85. 278X I 19631. D J Patcl. M. II H Howdcn and J D 

Roberts. J Am Char. Sot. 85. 3218 (1963) 

The higher boiling byproduct obtained above from the hydroxyester IId on 00, 
oxidation under acidic conditions analyzed for one oxygen more (C,,H,,O,) than 
the ketoester IVa (C10HL60J), the expected normal oxidation prcxluct. Spectral data 
(Experimental and Table 1) indicated that it is a saturated ethyl ester with the 
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gemdimethyt group attached to an oxygen bridge of a y-lactone as in Vb. On acidic 
hydrolysis it furnished a solid acid which in prcscnce of triethylamine16 showed a 
band at 1760 cm ’ (in Chf) confirming the presence of the y-lactonc. That indeed 
Vb was the structure of the byproduct was confirmed by Baeyer-Villiger oxidation 
of the ketoester IVa with perbenzoic acid, when the lactone ester Vb was obtained. 
the IR spectrum of which was superimposable in all respects with that of the by- 
product. Final confirmation came from the factone acid which has the same m.p. 
(87 -89’) reported for terpenylic acid Va. ” Interestingly ethyl tcrpenylate (Vb) was 
found to be the product of oxidation of the keto ester IVa itself under these con- 
ditions. To our knowledgei this appears to be the first instance of a Baeycr -Villiger 
type of cleavage of a ketone to a lactone brought about by chromic acid under acidic 
conditions. Further experimental support will be necessary to check if this is charac- 
teristic of cyclobutanones. 

The expected structure IVa for the cyclobutanone ester was confirmed by spectral 
data” (Experimental) and analysis. The NMRzO signals (Table I) also fully support 
the assignment IVa. The IR spectrum was completely superimposable with that of 
ethyl dl-2,2dimcthyl-3-kctocyclobutyl acetate obtaincd2’*” by a different route 
ci- *+* the pyrolysis of cis dl-pinolic acid (Via) or its acetate VIb and oxidative degra- 
dation of the resulting vinyl VIIa and cthylidcne VIIb cyclobutylacetic acids and gas 
chromatographic separation of the ethyl esters of the corresponding oxidation 
products. 

,_ x ,’ 
. -I’ .‘U)OH 

. r ‘IYIOH 
I! 

Me r’ R7 

OR VI VII 

a. R 2 H a. R = -CII=-CH, 

b. R - AC h. R = =CtI CII, 

The cyclobutanone ester IVa furnished in satisfactory yield a solid furfurylidene 
derivative VIII. Conventional removal of the keto group23 and conversion of the 
furfurylidenc moiety into a 5-carbon chain2* is expected to IX useful in the synthesis 
of 1.2disubstituted 3.3dimethylcyclobutane compounds with the characteristic 
substitution pattern of a number of naturally occurring cyclobutane ring containing 
terpenoids.25 
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K. Nakanishi, fnficped Ahsorprum Sptcrto.scop); Practical p. 44. Holdcnn-Day, San Francisco (1962). 

J. L Simonscn. I Chem. Sol-. 91. 184 ( 1907) 

cf K B Waberg in Oxi&r&n m Ot~unu- Chemrstry (I-dlrcd by K B. Wlbcrg) pp. 69 I!34 Ar;adcmlc Press. 
h’ew York (1965). 

cf. J M Coma. J. Gore. J Salaun and L R~poll. At11 SOC <‘him Fr. 1976 I I%41 
cf. H Hralllon. J Salaun, J Gore and J M. Coma, AA Sur (‘him F’r lY81 (1964). 
J. D. Park. R. 1. Sc~r~nc and Ci W. ilcdrlck. J. Ory. Chcm. 27.902 (1962). 

WC thank Dr G W Hcdrtck for kindly scndmg us rhc IR qxxtrum. 

J F W. Kcana II-I Steroid &warriuns II:diwd by Carl DJCEISS~) pp 22 30 Holdcn-Day. San Francwo 

11963). 
R. Robrnson, J Chum So<. 13yO (192K); A. Kocbncr and R. Robinson. Ibid I!?44 (1938) 

J M. Mcllor and S. Munavalll. Quurt. Ret* 18, 270 119U); T. G. HalAl and D W Thcobald Ibid 16. 

101 (l%2); E! J Corey. R. B Mitra and H. Uda J Am. Chrm Sot 86.485 (1964). V Jarollm. M Srrcibl. 

1. Ihlqs and 1; .%rm. Cdl Czech. Ch.em. comm 22. 1 Iti6 and 1277 (1957). 
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With one mole of bromine, the ketoester IVa gave ethyl (-)-2,2dimethyl-3-keto- 
4-bromocyclobutyl acetate ( lX).*6 

The bromoketoester IX on heating under reflux with waterz7 furnished a mixture 
of products. The separated rrans-hornocaronic acid was repeatedly crystallized2* and 
Identified as its dimethyl ester (Xb. homogenious by TLC) by comparison of its IR 

VIII IX 

spectrum with that of the authentic dimethyl ( k )-trans-homocaronate.29 JO The 
NMR spectral data (Table 1) also support this structure. The dimethyl ester Xb was 
hydrolysed successfully to truns-homocaronic acid by heating under reflux with 
dil HBr.” The crude acid from the filtrate (after removal of the ttons-homocaronic 
acid which separated as a solid on cooling) on esterification (ethanolchloroform-p- 
tolucnesulfonic acid) followed by chromatographic separation furnished two esters, 
one identified as dicthyl rrans-hommronate (Xc) and the other (more strongly held 

H ‘\ ,CH,C’oRK, 
I I 

COR, H 

a. R, = R, = OH 

h. R, - RI ,-. OMe 

c.R, - R, = OF.1 

d. R, = OH. R, = OEt 

c. R, = NH,, R, - OkIt 
f, R, = Cl. R2 = OEl 

&R, = R1 = NH1 

Xi’ 

‘l 

C’OOH 

0 
-., 
0 

Va 

on the column) as ethyl terpenylate Vb by comparison of IR spectra with authentic 
specimens. The formation of terpcnylic acid could be rationalized on the basis of 
acid catalysed (resulting from the HBr liberated in the reaction) cleavage of the 

*’ The spectral data for the cyclohutanonc carhonyl before and after hrommatlon arc in good agrccmcnr 
with the values reported by Coma for slmrlar cyclohu~anoncs. 

‘- cl J M Coma and J L. R~poll. Bull SNC Chm Fr. 755 (1963). 

” The m ps and rotatlon dala of the vartou9 samples of homocaromc acid obtamcd bv MTercnnr rcacllons 
on IX to be dcscrihed presently are summa&d rn Table 2 

” L C’rombx. J Crosslcy and I). A. Mitchard, J chrm SOL 4957 (1%~) 
lo We thank Prof. L. Crombic for sending us [be infrared spectrum 

‘I cl T Marsumoto. A Nagal and Y Takahashi. f.W Chem Sot. lap4n. 36 481 (1963) 



cyclopropane ring followed by ring closure to the lactone acid as depicted? 
Action of sodium cthoxidc on the bromocyclobutanone ester (IX) gave, kides 

the expected semi-benzilic rearrangement prcduct.z7 ” ciz.. dicthyl rruns1- )-homo- 
caronatc, some amount of the diethyl 3,3_dimethyI3-hcxenc-l,&dioate (XIb), the 
retro-Michael product of the cyclopropane diester.29*J2 The total mixture of the 
saturated ester Xc and the unsaturated ester XIb on complete hydrolysis with alcoholic 
sodium hydroxide furnished 1 he solid 3.3-dimcthyl-4-hexcne- I .kfioic acid (Xla). The 
[runs geometry of the double bond for the unsaturated acid XIa was established by 
the coupling constantJ4 (J = I6 c.s. Table 1) of the olefmic protons in the NMR 
spectrum of Xlc. On hydrogenation XIa gave P.Q-dimcthyladipic acid (XI1).32 Use 
of slightly less than the required amount of sodium cthoxide gave on the other hand, 
diethyl trumf - )-homocaronatc (Xc) and a small amount of the unchanged starting 
material IX, separated by TLC. The structure of the Iruns-homocaronic acid2 
obtained by the above meth& was confirmed by the IR and the NMR spectra 
(Table 1) of its dimethyl ester. 

COOR C'OOR 

XI XII 

a, R = 11 
b. R - I:1 
c. R L Me 

Treatment of bromocyclobutanone ester (IX) with aq silver nitrateJ5 (15 hr) gave 
a mixture of a solid and a liquid product. The solid was readily separated and was 
identified as rrons-homwronic acid 28 (Xa). The liquid was shown to be ethyl 
eran.s( + )-2,2dimethyl-3carboxycyclopropyl acetate (Xd). Tratment of IX with aq 
silver nitrate for only 5 hr gave exclusively the half ester Xd in good yield. Hydrolysis 
of Xd (acidic as well as basic) furnished tranr-hommronic acid.lB 

The bromocyclobutanone ester (IX) on reaction with liquid ammonial’ gave 
ethyl transf -)-2,2dimethyI-3carboxamidocyclopropyl acetate(Xe).Theacid chloride 
Xf of the half ester Xd on saturation with ammonia in benzene solution furnished the 
same solid amide ester Xc. The amide ester Xe has the interesting property of con- 
verting a variety of organic solvent media such as hydrocarbons. fatty oils, terpcne 
rich essential oils. etc.. into stable non-elastic gels when warmd with up to t “/, by 
weight of the compound.36 However, the crys talline diamide Xg obtained from the 
ester amide Xe does not exhibit this behaviour. 

The action of dil sodium hydroxide on the bromocyclobutanone ester (IX) gave 
trans-homocaronic acid.37 

In the above experiments of the bromocyclobutanone ester (IX) with various 
nucleophiles to give stercospecific;illy trans-cyclopropane compounds. the same 

” cl G Wdmark. Arkrr_jor KUUJ 11. I95 11957~ 

J’ J M Conla and J Salaun. Ad. Sot. C‘hint Fr 1Y57 (19641 

” R H Hlblc. Inrwpmmrion o/NMR Sp~crru p 3% Plenum I’rcs. NW York I19651 

” J M. C:onta and J. L RipelI. /AdI Sor Chrm Fr 773 (1963) 

ID The prcparalwn of Xc and the method cd producmg rhc various gels have &n covcfd by o patent 
“ cl Rcfs 27 and 28 
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stereospccific semi-ben;Lilic ring contraction mechanism must be opcratlve as 
demonstrated by Conia.33 

Table 2 below gives the m.p. and optical rotation data38 of the tron+homocaronic 
acid obtained by various reactions as indicated. It could be seen from the Table that 
the only reasonably reliable rotation values are those at 232 rnp (due to the 
carboxylic acid chromophorc). where [r] is a maximum. Sptcimens 2.3.4 and 6 
(Table 2) exhibit [r] of almost identical order within the limits of expcrimcntal 

‘I’ARLC z 
__ -__ _. - _-__ .-- 

Reaction by which 
SI. rrans-homcxzaromc ORD data ‘“*” [ z] .i ii. In rnlr) 

t+iO acid was obtamrd 
mpJp 

value dl I_ undcrlmcd 
- _ _ . _ _ __ _ 

I IX with water 180 I82 -6’ 400. - .34 278.0 253. I60 -231 

2 IX with aq AgFiO, 169 170 +? Soo. + 22 278.0’ 263, - 330 232 

3 1X with aq NaOH 169 170s + 6 400. + 38’ 283.0' 255. - Z!N__Z.j! 
4. Xd with aq HHr 167 169 -6’ 400. +36 278.0 258. - 310 -231 

5. Xd wtth aq NaOtl” 170 171’ 

6. Xc wtth aq HBr I69 170’ 0 4oHI. + 24 ’ 283.0 263, 320 232 - 

-- -_ 

error. while entry No. I indicates a specimen of grcatcr cxtcnt of racemization. 
However, the IR spectra (mull) of all the specimens (1 to 6) were completely identical. 
The sample of the acid (entry 2 of Table 2). m.p. IbY-170’ could not be. however, 
convcrtcd to one of a higher m.p.39 in an attempt to bring about complete race- 
mization by refluxing with lo:/, HBr (5 hr). There was no change in its m.p. after 
three recrystallizations. 

Compound IM21.2 g) was mlxcd with 260 ml standardized, motet CIICl, soln contarnrng pcrbcn~~rc 

acid Iapprox 0 12 mok) and the rcsultmg cloudy soln was sw~rlcJ at tntervals and allowed to stand In 

the dark at rwm temp After the theoretical amount of prbcnt.orc actd has been consumed Ica. IS days). 

the CYKI, sdn was shaken with IO”, Ka,CO,aq until free of acid Dlstrllatton after removal of solvent 
gave IIa (2Og). bp. 103 IO5 1 mm. $,” 14478. [,zll, 23 8 , (c. 6 I), IR (neat): 1736 (ester C--O). 1238 

cm ’ taatate) (Found: C. 63.2: Il. 8.9 C,,H,,O, requires: C. 63.1, If. X79,.) 

The above Ila 121 g; was rcfluxcd with alcohohc KaOHaq (I6 g) for I8 hr The rcstduc after removal of 
alcohol was taken up In water and acldlficd under cooling with cold cone tiCI The lrbcrated acid was 

WC arc pratcful IO 1901 h li;lnc for the OR11 Dada and his cclmmcnt\ 

Cromblc-)* reports m p 193 I95 for Irum\.\-dl-homocarantc acid 

The ORD curves wccrc rccordcd at the same conccntratton rn methanol 

The pure svcimcn was obtamcd much later and could not bc rncludcd rn the samples sent for ORD 
tlctcrmmatlon 

All m ps and bps are uncorrected R t refers to bath tcmp Op~tcal rotattons wcrc measured as neat 

liquids or m CHCI, at 25 + 2 l:V spectra Icyclohcxanc) wcrc dctcrmrncd on a Beckmann DL spaztro- 
photomctcr. the tR spctra on a Pcrkm-I.lmcr I37 and the SMR spectra on Varlan A&l spcctromctcts 
(<‘(“,I .II ~1 ML. Hlth TMS .I\ Intl*rn.t: \t.bnd;lnj Mlcroanal>\ry Mcrc carrlcd out by Mc%\r\ 11 R 

.Scctharamalah and II I’ Hour of this department 

All orgamc extracts wcrc washed neutral and drrcri (NalSO,) prior to rcmo\al of the solvent unless 

othcrwisc stated Pet cthcr refers to the fraction 40 60 
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cxtractcd with ether. washed wtth brmc and hc solvent cvaporatccl to g~vc the crude actd (14 g). An analytt- 

cal sample was prcpartd by IWO short-path dlstlllations, b I. 1 .W 145 1 mm, &’ 1.4630, IR (neat): 3540 
2500 (OH and COOH). 1712 cm-’ lacrd C=(1)* (Found: C, 60.8; II. 8.8 C~II,~O, rcqulrcs: C. 6074; 

Ii. 8.9 %.) 

Erhyl ( - )-22dimcrhyl-3-hydroxyeyclobrrry~ UCYIQ~C (Ild) 

The acid Ilb (I 5 8 g) in CHCI, ( 1oc) ml) was gently rcfluxed with fitOH (25 ml) and p-toluencsulfonK acid 

(501) mg) usmg a umvefsal areotfoplc separator” unlll no mofc wiltef separated The reastlon mixture ylas 

dtluted wtth water and washed wrth drl SalCOJaq Removal of solvent and dlstlllatlon gave lld (I? g), 
b p. 95 97’ 08 mm, ni’ 1.4510. zl, - 2.2 (neat); IR (neat): 35&W (OH), 1736 cm * (cstcr C-O) (Found: 

C, 64.5; H. 100. C,,-,H,,O, rcquircs: C. 64 5; H, 9 7”,) 

The csttr Ilc prcparcd In an analogous manner using McOll for csterllicatlon had b p Y3 94 2 mm. 
e I 4520. [zb -&52 (neat) (Found- C. 62.8; II. 9.4 CPHIeO, requires- C. 627Y; IL 93”“) 3. 5. 

D~~rrro~nzoar~ of Ile had m p 97 98’ from n-hcxanc (Found: N. 7.69 C,,H,,O,K, rcquirclr V. 7 65 “<, 1 

TIC actd Ilb (I gb was rtflux4 with AC,0 (5 ml) for 3 hr. After removal of excess Ac,O under suction. 

the rcsrdue was dllutcd with water and cxtractcJ with cthcr ‘I’be ether layer was then washcd wtth dll 

NaHCO,aq and the solvent evaporated. IR spectrum of the crude mattr~al(8CMl mg) showed bands due to 

anhydrtdc absorption ( 182 1, 1746 cm ‘), which dIsappeared on exposure to motst air Short path distalla- 

tlon of thw crude material yleldcd small quantity of the lactonc (201) mg) contammated with acldlc Impurity 

as rcvcalcd in the 1R spctrum. b I 120,125 2 mm Ths was taken up In ether and washcd fra of actd wtth 

dil NaHCO,aq. The residue after removal of ether wzu subFctcd to short-path Jtstlllatlon to give the 

&lactonc (100mgb bt 90-100 3mm; IR (neat): 1742cm-’ (b-lactont) (Found: C. 68.1 ; H. 8 67 

C, t I, 1OJ rcqu~rcs C’. 68.58 ; t (. 8.57 3,) 

&fhun.olysis oj the t5-luffmae 1111) 
&hum (80 mg) was added to the lactonc III (100 mg) tn sbs EtOH (IO ml) and the mtxturc was rcfluxeti 

(2 hr) The reaction mtxturc was poured Into water and acldilid with dll tfC1 and cxtractal with cthcr 

Removal of solvent and drstlllation yteldcd IId 170 mgl. b t 90 IOU ’ I mm. The IR spectrum of this ester 
was ldcntical with that of IId prcparcd by the direct cstcrificatlon of Ilb. 

0xida;wn 04 Ild: khpl( - )-~.2di~rh~l-3-&etocyck,htrryl ocetclty (IVa) 

(a) Acidic coondir~ns.* To a strrrcd soln of I Id ( 1 II g) m ether (50 ml) was added dropwm chromic acti soln 

preparedfrom Na,Cr,07.2t~10(9-9g)~n96 7: Il,SO* (7 5 ml), dllutcJ with water to SO ml in about 15 mm 

at 20’ After stlrrmg the soln for 2 hr. the ether layer was vparatcd and the aq layer was cxtractal 3 times 

with ether On removal of svlvcnt and dlstlllatlon two fractrom were obtatncd Fraction I : b.p 110 82 

0 5 mm (IO g). Fraction 2: b p 120 122 0 5 mm (4 5 gl Fraction 1 was rcdrstllld to give the pure IVa 

(8 g), hp. 80 82 J?S mm, nr 144611. ‘1o - 14.98 (neat); A,, 274 IC 22~ 280 (r. 24). 294 rnp (c 26L IR 

(neat): I783 (cyclobutanone). 1738 em ’ (csicr C-~)J (Found. c’. 65 2. H. 8 7 ClOtI,,O, rcqulrcs: 

C. 65.22; H. &69”,.) The IVh obtamod from Ilc by CrO, oxidation had h p 82 84 I mm. [ xjo - 13 
(neat) ();ound:C,63,57; H-8 I. CJI,,O, rcqurrcs:C’.‘63~53; tI,8,2”,.) 

ThcfLrji~lid~nc dcrtvattvc VIII, prepared by trcatmg IVa (184 mg) with furfural (960 mg) In abs EtOH 
In presence of 33 “6 KaOHaq (1 5 g) had m p 1 I6 117 (vt ether); E.,, 317 (c 31.200). 3.30 rnp (~31.M). 
IR (NuJo~): 1732 (cons cyclobutanoneL 1631 cm -I (con) C--c’) (Found: C, ti.6; tl. 6.7 C,,H,,O, 

requires: C 68.7; H. 6.87 ‘?,.I 

(b) tktrrr cundMon-r. *’ The ester Ild (log) In p) rldmc (25 ml) was addal to chromic acid soln prepared 

from CrO, (16 2 g tn I3 ml water) In pyridinc ( 160 ml) and was Icft tn a dark place for 3 days. The rcacllon 

mlxturc was dtlutcd with water, filtered and the hltratc was thoroughly cxtractcd wltb ether. The ether 
extract on washmg free from pyrrdmc b) ia cold d~l HCI and dlstlllatron furmshcd only IVa (7.5 g) 

Sarrct’s proccdurc ” also @l\C slmllarl! IVa In ?S.‘., j&l 

” S N. Balasubrahman>am. I (‘hum. Ed 37.475 (IY60u1 
l Though oxtdatlon of Ild wtth (II Jones rcagcnt lo, (11) Ka,CrlO, HISO:’ and (ni) CrO, A&H” 

gae both the kcrocstcr (IVal and the hlghcr boilinp fraction 2, only the last prormiurc is dcscrlbcri here. 
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Ethyl ( - ) rerpenylale (V b) 

(a) Fraction 2 obtained atKlve under acldlc condltlow of oxldatlon was rcdlstllled. b p 120 I22 05 mm 

(3.5 g). * l.4520, q -26.1 (neat): IR (neat): 1776 fy-lacronel. 1730 cm ’ (ester C -=W (Found: 

C. 59 7; H. 84 Calc for C,,H,,O, C, 600; H. 84”,,.) Hydrolysis of the abvc fraction with con5 H(‘I 

gave lerpenylic acid” (Va). An analytical sample was prepared by subhmatlon_ b.t. 120 140’ 05 mm. 

m.p. 87 89 , IR (Nqol): 3400 (broad. COO~I). 1733 cm - 1 (broad, y-lactonc and acid C-0) (Found 

c’. 55 79. H. 7.1 C,H, #. rcqulrcs: C, 55.8; H. 6.97 DO ) 
(b) Ry Bueyer-b’illiyet oxidulion of IVa. The kctoestcr IVa (1.84 g) rn CHCI, (IO ml) was trcatcd with a 

soln of pcrbcnzoic acid ( I.5 cquivs) in CHCI, and allowed IO stand m a dark place for I5 days The CHCl, 

soln was washd with dil Ir’aHCO,aq and the solvent evaporated Distlllatlon gave Vb. b.p 128 I mm. 

[ z]r, - 35-64 . np 1.4550. The IR spatrum was found to be Ident& m all respects with that of fraction 2 

above. 

(c) Bp chromic acid oxidulion of lhe Ctemeller ( IVa) (I) With Jones rucylunl. ‘Ihe ketoesttr IVa ooO rng1 

was stirred with 2 mt of Jones r-gent contammg 780 mg of CrO, for 3 hr Usual workup gave the crude 

oxldatlon product whose IR spectrum was ldcntlcal with that of ethyl ( )-tcrpcnylatc in all rcspcc~s, b I 

II0 10’ 2mm 123Omg). [a)[, - 20 lc. 386) (Ii) Wuh tGaJr,O.-H,SO, The ketocster IVa 000mg) 
was stlrral (magnetic stlrrcr) with 2 ml of chromic acid soln contammg Na,Cr,O, -2H,O 13lM mg) and 

H,SO, (0225 ml diluted to 1.5 ml). Usual workup gave only the startrng material without any apparent 

change tlowcvcr. with bcry vigorous stlrrmg(mcchanlca1 stlrrcr) and mcrcascd rcactlon t~mc ( IO hr), It gave 

ethyl terpcnylatc. identlficd from its IR svctrum. (Iii) With Cr<), 1IOAc The kctocstcr IVa (368 mg) 

m AcOH (2 ml) waz+ mixed with chromic acid soln (250 mg In @5 ml watcrj There was tmmcdlatc evolution 

of heat and the rcactlon mixture was left ovcrmght t:sual workup gave a crude product whose IR spccctrum 

ww complctcly ldcntlcal wrth that of Vh. 

Erhyl I I-2.2-di~lhyl-3~.,xa-I-hromr~c~~~ohur)I ucelaIe (IX) 

To a stirrod soln of lVa (7 4 pl In CHCI, I ItM ml) mamtamcd at 35 . dry Br, (64 gj In CHC1, (25 ml) 

was added dropuisc After the addition was over. stirring was conrmucd for 5 IO mm unrll II dccolourlrcd 

The CHC’I, soln was shaken once with ICC cold water. cold Na~fCO,aq. twice with KC cold water and 

drjcd over (‘dCIz I-kaporatmn ofsolvcnt and dlsttllatlon yicldcd IX (1.9 gl. b p I IJ. I I6 I mm. PI:,’ I 4818. 

3, - 3.2 (neat); I.,, 118 rnp (c l5%L IR (neat): 1792 (cyclobutanonc). 1733 cm-’ (atcr C- 01 (Found: 

(:, 45.4, ti. 5 2 (‘lOHIJOrHr rcquirrs: C’. 456; II. 5 7”,) 

Reorrinns L$ hrumt&roesrer ( IX) 

111 .4clron ojuufvr The ketobromoestcr IX (3 g) was rcfluxcd with water (25 ml) for 24 hr The clear soln 

on kccpmg ovcrmght dcposltcd crystals of trans-~~mocurontc ortd (Xa) which were filtered (6% mg) 

and rccrystalhrcd thrtcc from nltromethane, mp 1x0 I82 , IR (~GuJoI): 1712. I698 cm-’ lacd CT<)) 

(Found: C. 562; H. 7.1 Calc for CIH,ICI,. CT. 55.X; II. 7.0:,.) 

Homncatonlc acid Xa on trclrtmcnt with dlaromethane In cthcr gave Xb. b t IO0 I IO IO mm. n:,’ 

14452. z0 + 2.M incat). IR (neat) 1745 (CSICI CW), 1724 cm ’ (atcr c’=O m conjugation with 

cyclopropanc) I Found : C. 600; H. 8. I. Calc for C lot¶laO,:<‘, 5991. rI. 84”,,.)Thc ester Xb(ZODmg) was 

rcfluxcd with 20 O0 HHr ( IO ml) for 2 hr The clwr soln was conccntratcd under suction and the xparatcd 

solid II 50 mg) rcorystalll& from mtromcthanc, m p 180 182 II-K IR spectrum (h’u~ol) was idcntlcal wrth 

that of Xa obtained by ~hc actton of waler on IX 

The filtrate from the action of water on IX alter rcmobal of s&d homwaromc acid was cxtractcd wtth 

cthcr. The rcslduc obtamcd (I gl after evaporation of cthcr was cstcrlficd with EtOH (10 ml) m C’IICI, 

soln ustng p-tolucncsulfomc acid as catalyst Usual workup gave crude mlxturc of Coors. Chromatography 

(SiOz) furnish4 Xc I I I pet cthcr hnzcnc) t dr mjru and ethyl trrpen~l~~re (Vb) (I I benzene cthcrj 

(II) Ac-rrc~n c~~~soJium ~IJI(~xIJY To a cuspcnslun of dry EtOtGa (XX, mg. I 25 mole cqu~\s) m dry cthcr 

(50 ml, IX 12.bf glm dry cthcr (541 mll was added slowly with stirring during IO mm at room tcmp hftcr 

<tarring for uddirionial 2 hr. wakr was a&Id IO the rcartlon mlxturc and the organic layer cxtractrA with 

ether. E’vaporation of u+cnt gave 144 g of tcsldus ‘lo - I 64 Incarl IR Incat)- I656 cm- ’ (C:’ C) 
KcJuc~r~g the rcac’twn tlmc from 2 hr IO IS mln did not aflcct the rc~ults 

RepEtitton of this cxpcrimcnt usinp I:tOKa (580 mg 0.85 mok cqulbs) and with a rcact1o-n time of IO mln 

furmshcd a crude matcrlal showmg the prsscncs of unchanged cyclobutanonc [ lR (neat) 17X3 cm ‘1, 

but no unwruratlon (‘ompound Xc was scparatcd (1 pi from the unrcactcd product I-+ ‘1’I.C over silica 

gel+ An analytIca sampk was obtain& by short-path distillation. b.t. IO>1 IO’/2 mm, zr, - 80 (neat). 
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rt:,’ 1442X; IH Incat): 1712 Is&d cslcr c'.lOj. 1730 cm ’ tcstcr <‘-(I In ronI ti,rth qclopropanc] (Found 

C. 62.9; H. 8.8. C’alc for C,,Ii,,O, : C. 63.1 ; II. X 7”..) Compound Xc was hydrolyscd with aq HHr to 

homocaronic acid as described carlicr, m.p 169 170 . IR spectrum idcnttcal with rrans.homol;aronic acid 

The ctudc pro&z (I gg) of L:tOUa (I 25 mole cqu~vsl trcatmcnt above was saponthcd with alcoholic 

NaOH IO gwc Xla 1700mg). m p 1 I2 1 I3 I0 ” (water). 1R (Nu~ol): 3ooO lhroad (‘OOH), 17W. lbY5 

(ad C-0) and 1647 cm ’ (C-C) ‘The dirttt*rhJl usrm Xlc was prcparcd by the treatment of XIa m cthcr 

with diazomcthanc, b I I22 I26 15 mm; IR (neat): 1742 tsard cstcr C’=O). 1727 (unsatd ester C-01. 

I656 cm ’ IC’4’l 
Thr: actd Xla (I&l mg) was hydrogenated’l using Pt black m AcOIl as catalyst to gwc flJ?-dimPrhpkJiprc 

ucrdlXIl).mp H6 87 [CIICL, pctcthcr(bO HO I]. IRtNulol): 3MNlOHofacid. 1700sm ilactdC=<)). 

(ml Artton ~$sil~er nifrurr The kctobromoestcr IX 12 gl was stirrod with AgNO,aq ll 5 g in 1Oml of 

water) for IS hr The prccipitatcd 4gHr was filrcretl offand the filtrarc cxtractcd with cthcr Thccthcr extract 

was rccxlrackd with I;allCO,aq which on acidificatton 1d11 IIt’h followed by ether cttraction garc I I e 
OI a semi-slid rcsiduc II was dissolved in crhcr Addition of pet cthcr prcclpitatcd from thu soln 450 mg 

of a solid. m p 169 I70 lcrysrallilcd thrirx from nitromcthancl. its IR sptrum was ldcntical with that of 
rrunr-homocaronic acid L’LIc supru. The hltratc on evaporation gave 580 mg of Xd lscc below) 

Trcatmcnr of IX 12 1 g) with AgNO,aq I I 58 g m IO ml of H20)asabove but only for 5 hr gave cxclustvcly 

the viscous halfester Xd f I 3 g). An analytical sampk wa.s prcparcd by short path distillation, b t IS@ 
I55 2 mm. [a][, + I64 (c. 22 71. 1R lncar): 1730 lcstcr C-0). 1695 cm ' (acd C-0) (Found: C‘. WI, 

II. 8.0 C,,II,,O, rcquircs: C. 600. Ii. KO”, ) The halfcstcr Xd was hydrolyd separately by Al IIHr 

and alcohohc h’aOH IO trtins-hom<~ronic acid .Afrcr 3 crysrallrrarions from nirromcthanc the samples had 

m p. 167-169 and I70 I71 rcspcxtivcly The IR spectra of both the samples i NUJDI mull) wcrc idcntical 

wrth that of rruns-homocaronic acid 

[IV) Actwn ofltyud 4JmnI4l~ltu 'Ihc kctohromocstcr IX (2.63 gl was strrrcd with lrqud ammonia lb00 ml) 

until all rhc ammonia was cvaporatrd IIN rcsiduc left in the flask was taken up In hot bcnrrnc 150 ml) 

and ftltcrcd On cooling the soln a clear transparent gel was obtamcd It was liltcrcd and rhc solid purified 

by dissolving II In cxccss kntcnc and prKipitating with pot ether. Filtration gave the u&e esrcr Xc 

(I.1 g) as snow white fluffy powder. m p. IO5 IO6 . [z][, - 100 I c. .X).5). IR lh’u~ol): 3510. 3300 tNH of 

amide). 17.30 lcstcr C’=O). IW5 cm ’ lamidc C’=Ol lFound: (‘. 59 H. H. X 3. N. 7 I C,,,tl,-O,IV rcqurrcs: 

c‘. cro 3 ; II, 8 54, v. 7.0 ‘,, I 
‘Ihc acd chloride XI (IoIl mg) prcparal from Xd by treatment with SM’I, was dissolved in bcnrsnc 

i IO ml) and sarur,ttcd with dry ammonia pas The bcnrcnc soln was f~lrcrcd and the product was prccipiiarcd 
with per cthcr It ~3% rcprccipitattil once again in tlK: harnc manner to give rhc Xc. m p I05 with no 

Jcprcsslon un atlmlxturc with rhc amidc cstcr obraincd dirtirl) from IX 

The trans-~Jmc~,ruronJramrdP Xg vv;~s prepared from Xc 1%) mg) by rcfluxing II with alcoholic ammonia 

(10 ml) for 4 hr After rcmovmg the solvent under suction, the sold was suhlimcd lb t 140 IW 0.2 mm) 

and the sublimate crystalli& from alcohol. m p 195 196 . IR (~'uJo~I. 3510. 3300 lh’l1 of amidcl. 1641. 

I626 cm ’ lam& C-01. (Found h’. I6 IY C’,II,,0zV2 rcquircs h’, 1646”, 1 
(VI AC~UJ~ CJ~ uquecw .wd~um hydtorlde Ihc kctohromo&cr IX (SWmg) was rclluxd with KaOliaq 

(I g in IO ml f o water) for 3 hr The &ium salt was .uxMuxl with dil HCI and conanrratcd IO half the 

volume The solid separated was recrystallized 3 timcx from nitromcthanc I I30 mg), m p I69 170.5 

The IR spectrum in NUJOI mull wu identical with that of [runs-homOCaronic acid 

Ac&~&rdyemrnr WC arc indcbtcd IO Dr Sukh WV. Asslstanr Director. h’arional Chemical Lrrboratory. 

Poona (India) for the NMR svtra and Professor D K Rancrje of this department for his keen intcrcst 

m this work and conslant cncouragcmcnt One of us II. R.S ) thanks the authorities of the Indian Insrrturc 

of Scicnu: for the grant of a research scholarship 


