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Matract-Ttwttment of 3-mcthyknebicyclo(2.2.1 Jhcpt-Scne-2cndocarbxylic acid with ekctmphilic 
reagents gives lactones of 5-hydroxy-2-methyltricyclo[2.2.2.1.0’~6]heptane-3-carboxylic acid. 

THE preparation of lactones from 3-methylenebicyclo[2.2.l)hept-5-ene-2-carboxylic 
acid (I) has been described by Jones et al.’ They ascribed structures II (X = H or Br) 
although they were unable to detect the anticipated characteristic IR absorption 
bands for C=CH2 around 1650 cm- ’ (C=C stretching) or around 890 cm- ’ (C-H 
out of plane deformation), findinc instead several hands between 90fLlW~ cm-‘. 

They suggested these anomalies could be due to the stramed environment of the 
3-methylene group, which gave the anticipated bands in the acid (I). They also reported 
isolation of formaldehyde dimedone after ozonolysis of either lactone. 

Our interest in endocyclic ketolactones’ led us to repeat the ozonolysis of the lac- 
tone (II, X = H) in the hope of isolating the 3-oxolactone. However, the original 
lactone was recovered in high yield alter attempted ozonolysis, and it also survived 
treatment with potassium permanganate/periodate. These properties, and the reported 
IR spectrum are more consistent with formulation as the nortricyclene lactone (III, 
R = CH,), which would be expected to show more numerous bands between 900-1000 
cm-’ because of ring vibrations. Reexamination of the IR spectrum in carbon 
disulphide showed also a weak band at 3070 cm-’ (typical of nortricyclene) and a 
doublet at 1800 and 1785 cm-’ (CO). The knowi?** lactone (III, R = H) was found 
to have a very similar spectrum including a doublet at 1800, 1780 cm- ‘. 

NMR spectra (Table 1) support this conclusion. The acid (I) shows two protons at 
5a T which are absent in the acid (IV, R = Me, R’ = H) and can be assigned to the 
exe-methylene group. These protons are also absent in the lactone (III, R = Me) 
which in addition shows three protons at 8.67 r. If cyclization is carried out in deuterium 
oxide/deuterosulphuric acid the resultant lactone shows only two protons at 8.67 z. 
This Me group appears as a singlet and is more deshielded than that seen as a doublet 
(J = 7 c/s) at 8.92 T in the bicycloheptane lactone (V, R = Me, R’ = H). The remainder 
of the spectrum of III (R = Me) resembles that of the nortricyclene lactone (III, 
R = H). The spectrum of lactone III (R = CH2Br) can be interpreted similarly. The 
two protons centred at 6.30 r appear as a sharply defined quartet of the AB type, 
J = 11 c/s, typical of geminal coupling due to the highly assymetrical environment. 

These conclusions were confirmed by an independent synthesis of lactone III 
(R = CH2Br). The known’ nortricyclene lactone III, R = COCl) was reduced to the 
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TABLE 1 

Compound Refercnct 
chemical 
shilt (7) 

Number 
of protons 

Assigned 
to proton 

III, R = H Alder et aL3* ’ 

III, R = Me Jones et (II.’ 

III, R = CH,Br Jones et al.’ 

IV, R = Me 
R’ = H 

Alder et aL5 

V,R=Me 
R’ = H 

Beckmann et al.” 

1 Jones et al. ’ 

5.26 
742,755 
8.0 to 84 

5.25 
746 
8.20 

8.3 lo 86 
8,67 
5.15 
6.30 

FlO,F30 
EM), 8.13 

3.8 
6.85 

7.4 lo 7.7 
8.1 to 8.6 

8.80 
5.32 
690 

78 lo 8.7 
8.92 
3.89 
5QO 

60-7.0 
7.5 

2 
5 
1 
2 
2 
2 
3 
1 
2 
2 
4 
2 
1 
2 
3 
3 

1 

5 

24 

:4 

CH, 
5 
CH,Br 
24 

5.6 

CH, 
6 

*2 

CH, 
596 

=CH, 

hydroxylactone (III, R = CH,OH). This was converted to a bromolactone (III, 
R = CH,Br) identical in ozp., mixed m.p., IR and NMR spectra with the lactone 
obtained by bromination of acid I. Moreover, the same hydroxylactone (III, 
R = CH,OH) was obtained by treatment of acid I with performic acid. 

Independent synthesis of lactone III (R = Me) was also investigated. The most 
obvious route, analogous to the preparation of III (R=H), would be via the acid IV 
(R = C1,R’ = Me). However hhlorocrotonic acid did not react with cyclopentadiene 
even at 19, nor was the acid chloride more reactive. a-chlorocrotonic acid will 
react3 though the yield is poor in contrast with the ease of reaction of achloroiso- 
crotonic acid. fifklimethylacrylic acid gives ** ’ a poor yield of adduct even at 180”. 
p&dichloroacrylic acid was also found unreactive. A combination of steric and 
electronic effects at the p-carbon appears to be critical. The known” lactone (VI) 
was then considered as an intermediate. Treatment with weak base gave mixtures 
from which the desired lactone III (R = Me), which could be formed by decarboxyla- 
tive debromination, could not be isolated. 

The direct formation of nortricyclene derivatives from the acid (I) by electrophilic 

addition to a homoconjugated diene is unusual as this ring system is normally formed 
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by elimination. The possibility of a similar reaction occurring in the diene acid’ ’ (VII) 
was investigated but the anticipated lactone (III, R = H) could not be isolated from 
the mixture obtained on acid treatment. 

CO,” 
VII 

EXPERIMENTAL 

NMR spectra were measured at 60 mc on a Perkin-Elma Model 10. IR spectra were determined using 
a Perkin-Ehner ModeI 257. Mps are uncorrected. Elemental analyses were carried out by Dr. G. Crouch, 
School of Pharmacy, London University. 

5-Hydroxv_2mthy~~ychlcycIoC22.1.0’. 6]hepmire-~boxylic acfd y-&crone (III, R=Me) 
3_Methyknebicyclo[221~~kna2_mdocarboxylic acid’ (5 g) was shaken with WA “$0, (200 

ml) for 3 hr. The ma&ion mixture was then poured into water (800 ml) and extracted 4 times with CHCl,. 
The combined extract (800 ml) was washed with PA NaHCGs (100 ml), dried (Na,SOJ and concentrated 
to give a residue which, crystallixed from petrokum (b.p. 4(Mo”), gave the lactone (1.71 g, 340/,), m.p. 
54l-52.5”. lit.’ mp. 495-505”. NMR and IR spectra described in text (Pound C, 7180; H, 691. Calc. for 
C,H,,O,: C, 7199; II, 667%). 

5-Hydroxy-2-brornome thylt&yclo[2.2.1.0r~ 6J-heptono3-cmboxyI& o&f, y-loctone (III, R = CHrBr) 
(i) 3_Mahyltntbicyclo[2213htpt-~~2~ xyhc acid (1 g) was dissolved in pk NaHCOsaq 

(25 ml), &red, cooled in ice-bath and Br, (105 g) in CCl, (15 ml) added over 15 min. The aqueous layer 
was then separated and extracted with Ccl. (15 ml) which was added to the organic layer. The combined 
extract (30 ml) was dried (Na,SGJ and concentrated to leave a residue which soliditkd on cooling. Re- 
crystallixation from petroleum (b.p. 40-60“) gave the pure compound (054 g 35 %), m.p. 77-78”. lit.’ mp. 
77-78”. v_(CS,) 3060 (w) 1800 (s) 1785 (shouhler) cm-‘, NMR spectrum described in text 

(ii)Drypyn~(2rm)waslddedtoPBr,(097g)indry~(20ml).Themixtunwas~for 
15 min at 18” and then cooled to - 5”. &red, and 5-hydroxy-2-hydroxymethyltricyclo[2.2.l.O~* 6]hep 
tane-3-carboxyIic a~& y-&tone (166 g) in dry bename (40 ml) and dry diglyme (2 ml) added ober 1 hr. 
keeping the temp of tbe reaction mixture between 0 and 5”. Stirring was continued at room temp for 48 hr. 
The reaction mixture was then poured into water (100 ml). Tbe aqueous layer was separated and extracted 
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with benzene (4Oml), which was added to the organic layer. The combined extract was dried (Na,SOL) 
and concentrated. The residue was dissolved in ether (80 ml), washed 5 times with 8% NaHCO,aq (60 ml) 
once with brine (60 ml), dried (Na,SO,) and concentrated to give a colourlcss liquid (260 g). This was 
chromarographed on silica gel (lO@ s) with benxencaatone (80: 201 and crystallixed from petrdcum 
(b.p. 40-60) to give the bromomethylnortricyckne lactone (062 g, 27x), m.p. 75-77” undepressed by 
mixture with the ketone obtained as describedi and having identical IR and NMR spectra. 

Lacronization of 3-mrthyleneb&ycl~2.2.l]~pt-5-mc_2cndo acid with deuterosulphurk acid 
The unsaturated acid (@45 g) was added to deuterosulphuric acid (5 g) in D20 (5 ml) and shaken vigor- 

ously for 3 hr. The mixture was then poured into water (100 ml) and extracted 5 times with ether. The 
combined extract (200 ml) was washed twice with 8”/. NaHCOsaq (40 ml), dried (Na,SO3 and concen- 
trated to give a residue which crystallixed from petroleum (b.p. 40-60”) to give the ketone (@152 g, 34%) 
m.p. 52-54”. v, (CS& 3070 cm-’ (w) 1795,1785 cm-r, NMR s~n%trum described in text. 

Attemptedoxidatice ckwooge ofsupposed 3-merhylene-6-endohy&oxyb&yc~2.2.l]heprane-2+ndo-car6oxy- 
lfc acid y-kactone (II, R = II) 

(i) The kctonei (lu) mg) was dissolved in glacial AcOH (30 ml) and 0s (1 ml/mitt) was passed through 
for 2 hr. The reaction mixture was then poured into water (70 ml), cautiously just neutralixed with solid 
NaHCOs and extracted 4 times with EtOAc. The extract (200 ml) was dried (Na,SO& concentrated and 
the residue crystallked from petroleum (b.p. 40-60”) to give a white crystalline solid (130 mg, 8TA) m.p. 
49-w undepressed by mixture with original sample. 

(iii The ketone (150 mg) was shaken with KMnO, (25 mg), K&O, (10 g), KIO4 (0.7 g), and water (10 
ml) for 24 hr. The reaction mixture was then cooled (ice-bath), acid&d with cone HCI and extracted 3 
times with ether. The extract (60 ml) was dried (bIasSO*) concentrated and crystallixed from petroleum 
(b.p. 4060”) to give a solid (104 mg 72%), m.p. 46-51” undepressed by mixture with the original material. 

5-Hydroxy-2-hydroxjmethyltricyck$X!.l.~~ 6]beptme-3-cmboxylic o&f, y-&crone (III, R = CHsOH) 
(i) To a stirred and cooled (ice-bath) soln of 2-chlorocarbonyL5-hydroxytricyclo[2.2.1.0’* 6]heptane-3- 

carboxylic acid 7-lactone’ (10 8) in dry diglyme (100 ml), was added over 15 mitt NaBH, (2 g) in dry diglyme 
(100 ml). Water (10 ml) was then added, followed dil HsSO, (about 30 ml) until the reaction mixture was 
just acid to litmus. Water (300 ml) was added and the soln concentrated and then continuously extracted 
with ether. The extract was dried (Na,SOd and concentrated to give a colourless liquid (8.83 g) This, 
crystallixod from a mixture ofether-petrokum @.p. 40-&Y), and dried in wcuo over P,Os gave the lactone 
(3.5 g, 405%) lap. 130-136”. This compound was very hygroscopic making it hard to puti& and also 
difficult to obtain a satisfactory ekmental analysis, v,, (CHCI,) 3250 (broad) 1775 (s) cm-‘. NMR c 5.57, 
613 (q, J = ll), 673,7.1,7.3,8.23. (Found C: 5839; II, 5.99. C,H,cO,. HrO requires: C, 58.69; H, 657%). 

(ii) To a stirred cookd (- 100) suspension of 3-methyknebicyclo[2.21]hept-5cne-2cndocarboxylic 
acid’ (5 g) in 90% formic acid (15 ml) was added during 3 min, 30% HsO, (12 ml). Stirring was continued 
for 10 min at - 10” and for 5 min at 18”. when all the solid dissolved. Tk stirred cooled sok was cautiously 
made just alkaline to litmus with 8”/. NaHCOsaq and then continuously extracted with ether for 24 hr. 
The extract was dried (bIasSO and concentrated to give a yellow residue (243 g) This was chromato- 
graphed on silica gel (80 s) with graded amounts of dioxan in bcnxene. Fractions 1 to 20 gave non-lactonic 
products. Fractions 20 to 25 (total 0% g) on crystallization from ether gave the hydroxylmethylnortri- 
cyclene lactone (036 g, 65 %) mp. 130-134” undepmssed by material obtained from borohydride reduction 
of the acid chloridq and with identical IR and NMR spectra 
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