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Abstract-A general approach to both cis- and trans-fused a-methylene - 
I-butyrolactones has been developed. This includes a new, mild method 

for the oxidation of a.8-unsaturated aldehydes. In addition, a new 

method to couple trans-a-methylene hydroxy acids into trans-lactones or, al- 

ternatively, cis-lactones has been developed. This strategy has been 

applied to the total synthesis of both &- and ~-p-menthenolide. 

prepared in 35% (trans) and 21% (cis1 overall yields f r w  isopulegol. 

NUmeTOUS naturally-occurring compounds contain a-methylene y-butyrolactones.2 Many 

of the$e natural products have antitumor activity3 and this has caused much of the interest 

in developing new methods for the preparation of this functionality. Most of these procedures 

first form the lactone4 and then introduce the amethylene group;5'6 however, a limited but 

growing number of methods have been devised for the direct conversion of an olefin into an ~ i -  

methylene y-butyrolactone.' unfortunately, many of these approaches are useful for making azther 

cis- or trans-fused products only, lack regiospecificity, involve exotic reagents or are very 

inefficrent. We wish to report a new, general method for the preparation of both cis- and 

trans-fused a-methylene y-butyrolactones from a single precursor. 

The target molecules in the present study are m-p-menthenolide (1) and G-e- 
menthenalide (21. ~hese lactones have been prepared in unspecified yield from isopulegol 

- 
acetate8 although a similar approach gave the lsomer~c lactone 3 among other  product^.^ Our 

synthetic plan is outlined in equation 1. ~sopulegol (4) will he converted first into the 

alcohol 5 and then the acid 6 as the key precursor for both of the desired products. 



Alternatively, e-pmenthenolide can be prepared from the epimer 7'' of rsopulegoi via a 

parallel sequence of reactions involving the alcohol 8 and the acid 9 (eq 2). The use of 

optically active isopulegol as the starting material for these approaches will allow the 

synthesis of optically active products and will establish the absolute configuration of the 

natural pmenthenolides. 

The transformation of isoplegol into the unsaturated alcohol 5 necessitates initial 

protection of the hydroxyl group1' followed by epoxidation with I?-chloroperbenzoic acid (MCPBAI~~ 

14 
and epoxide ring opening (for example, with lithium diethylamide . A variety of different 

protecting groups has been explored15 and the E-butyldimethylsilyl ether1' was found to be 

the best. This compound was prepared from isopulegol in 84% yield. Epoxidation as usual and 

ring openins with lithium diethylamide gave the allylic alcohol 5 @?=SiHe2 1s-butyl)) 

leq 3). oxidation of this alcohol wlth MnOZ l9 gave the a.6-unsaturated aldehyde which can 

be deprotected with aqueous acid to give aldehyde 10. 
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Oxidation to acid 6 lR=Hl with silver oxide7= leq 41 and cyclizarian to %-p-menthenolide 

with dicyclohexylcarbodiimide (DCCI 7a is accomplished in good yield. 

Direct oxidation of the allylic alcohol 5 to acid 6 presents a significant problem 

apparently because of the sluggish aidation of the a.0-unsaturated aldehyde.'' Application 

of various reagents did nor solve the problem.' Jones reagent16 cleanly gives the aldehyde 

after short reaction times even at low temperature hut, eventually, deprotecrion and overoxida- 

tion results after the prolonged reaction times necessary to obtain the acid. similar results 

are obtained rrm application of the ~rown oxidation.21 ~ ~ ~ l i c a t i o n  of corey8s oxidation 

methodZZa to the aldehyde derrved from alcohol 5 (R = SiMe2 (E-bury111 gave no reaction; 

however, the free hydroxyaldehyde 10 yielded the corresponding unsaturated ester 11 m addition 

to varloue other compounds inclvdrng the 0-~yanoaldehyd~. Unfortunately, the maximum yield 

of the ester 11 was 20%. The use of Caro's acidZZb on the aldehyde 10 gave the same product 

but this w a s  contaminated with the cis-lactone 2. Fortunately, oxidation to acid 6 (n=siMe 
2 

(E-butylll can be carried out in 87% yield with sodium chlorite.20 Consequently, the acid 

can be obtained without using the expensive silver oxlde. 



~n alternative procedure for the coupling of trans-a-methylene hydroxy acid 6 IR=H) 

into the trans-lactone without the use of DCC has been developed. Either the free alcohol or 

the protected derivative (6, R=C H CH or SiMe2 (E-butyl)) 1s simply allowed to react 
6 5  2 

with T M S I ~ ~  in refluxing  he iodolactone 12 is obtained in good yield. Dlstilla- 

t m n  of t h i ~  compound causes loss of HI and gives trans-g-menthenolide in 78% yield from the 

acid 6 (R = C H CH or SlMe (tert-butyl)).   he overall synthesis of lacrone 1 is smarized 
6 5  2 2 - 

in Scheme I. 

Scheme I. Synthesis of trans-p-Menthenolide - 

la) ClSiMe ltert-butyl) , ~midazole, DMF, RT 
2 - 

(b) MCPBA, NaHCO3. ODC 

( c )  LiNEt2, -78'C 

Id) Mn02, C6H6, RT 

Id HC1, H20, MeOH, RT 

If) AgN03, NaOH, RT (R=H) 

(g) NaC102, e - B u O H  (R=SiMe (tert-Bu)) 
2 - 

(h) DCC, Pyr (R=HI 

(i) TMSI, CHC13,b; Distill 

Preparation of 2-p-rnenthenolide can be accompllsbed essentially as outlined in 

equation 2. The epimer of isopulegol1° i s  prepared i n  84% yield from isopulegol. Protection 

as the s-butyldimethylsilyl ether, epoxidation, lithium diethylamide treatment and depra- 

tection with acid gives the diol 8 (F.=H) in 40% overall yield. Oxidation with manganese 

dioxide yields -- cis-p-menthenolide (63%) .25 There is no need to prepare acid 9 as planned in 

equation 2 
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Even though the overall yield of c&-pmenthenolide from isopulegol is 21%, a vast 

rmprouement m the aesthetics of the synthesis wuld result if the cumbersome epimeriratian 

of lsopulegol could be avoided. I" particular, if an intermediate in the approach to 

trans-pmenthenolide could be used, then an attractive, general method for preparing cis- - 
and trans-fused a-methylene lactones would be available. l he compound of interest is the 

protected hydroxy acid 6 (eq 1) .26 The specific idea is to convert canpound 6 into a deriva- 

tive which would allow an intramolecvlar displacement by the carboxylate ion (eq 51. 

Several possible reagents have been explored in an attempt to accomplish the conver- 

sion in equation 5. In fact. TMSI causes methoxy acids to farm lectones with considerable 

in~ersion;~' however, in the systems studied here, no inversion is observed. Instead, B-iodo- 

trans-lactones like compound 12 are formed. mother posslbihty involves the use of triphenyl- 

phosphine and diethylazodicarboxylate (DEAD) .28'29 Indeed, when the hydroxy acid 6 (R=H) is 

allowed to react with these reagents, s-p-menthenolide is obtained in 43% yield (eq 61 .30 

EtO CN=NCO*Et tJ, E OH 03. > 2 



Consequently, both c i s -  and trans-a-methylene lactones are available from a single 

intermediate. This is especially significant when general application to other target mole- 

cule* is considered. Preparation of trans-8-isopropenyl alcohols should be easy (eq 71 
31 

and this will allow entry into both cis and trans-a-methylene lactones by eventual application 

of TMSI or t r i p h e n y l p h o ~ ~ h i m / ~ ~ ~ ~ .  ~ h u s ,  the cis system can be prepared without epimeriza- 

tion via oxidation and reduction. Furthermore, while reduction of   so pule gone is stereo- 

speclfic, other ketones may not reduce as cleanly $0 inversion via equation 6 eliminates this 

potential problem as well.  he strategy presented here is being refined for application to 

more complex target molecules. 
32 

EXPERIMENTAL SECTION 

General 

~ l l  reactrons requiring anhydrous conditions were carried out under nitrogen in 

flamed-out apparatus. eraton NMR spectra were recorded on a "aria" T-60 spectrometer while 

carbon NMR spectra were run on a JEOL PFT-100 instrument. A11 mass spectra were run on a 

Finnigan 4023 GC/MS. Infrared spectra were obtained on a Perkin-Elmer model 297 or 5998 

spectrophotometer. Meltmg points were determined with a Thomas-Hoover apparatus and are un- 

corrected. Tetrahydrofuran was freshly distilled from potass~um and ether was d~stilled from 

calclum hydrlde. GC analyses were conducted using a Varian 90P instrument equipped with an 

SE-30 column. 

tert-Butyldimethylsilyl ether of isopulegol - 

lsopulegol (7.71 g, 50.0 m n 0 1 ) ~ ~  was dissolved in 125 ml of DMF (freshly distilled 

from calcium hydride) and 6.8 g (100 mol) of imidazole was added. s-Butyldimethylsilyl 

chloride (8.29 g, 55.0 mol) was added and the reaction mixture was stirred under nitrogen 

at room temperature overnight. m he reaction mixture was quenched with 150 ml of cold water 

and then extracted with two 75 ml portions of ether. The combined organic layers were washed 

with 50 ml of brine, dried over anhydrous magnesrum sulfate and concentrated to give 12.1 g 

(90%) of product (pure by GC and TLC) after distrllatmn: BP 110-113°C (0.3 m);  'H NMR 

(CC14) 6 0.1 ( s ,  6Hj. 0.9 (8, 9HI. 0.9-2.2 (m, 14H). 3.5 (td. 1H. Jt = 10 Hz, Jd = 4 Hz), 

13 
770; C NMR (CDCl31 ppm - 3.840;3.040, 18.105, 20.848, 25.847, 30.541. 31.699, 34.443, 45.172, 
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Epoxide of e-butyldimethylsilyl ether of isopulegol 

The silyl ether (12.1 g, 45 moll was dissolved in 150 ml of dichloromethane contain- 

ing 0.5 g sodium bicarbonate and this was cooled to O'C. Excess MCPBA (10.4 g of 80%. 60 

mol, Aldrichl was added and the reaction mixture was stirred for 36 hours, washed with 40 ml 

of satorated aqueous NaHC03 and 50 ml of water.   he organic layer was dried over anhydrous 

MgSO and concentrated to give 11.9 g 193%) of the epoxide after distillation: BP 90-94'C 4 

(0.2 m); NMR (CCl41 6 0.1 ( s ,  6H1, 0.9 ( 9 ,  9H). 0.9-2.2 (m, 14H1, 2.5 (m, 2H1, 3.5 (m, lHl; 

IR (NaC11 2950, 2920, 2850, 1460, 1380, 1250, 1100, 1060, 870, 770; 13c NMR (CDCl31 p p  

4.755, -3.536. 16.337, 22.129, 25.725, 31.456, 33.711, 44.876, 52.610, 56.755, 57.608, 72.422. 

Preparation of alcohol 5 (R==-butyldimethyl~ilyl] 

Freshly distilled diethylamine (2.73 g, 34.7 moll was dissolved in 75 ml of dry 

ether under N~ at O'C. 5-~utyllithium (14.8 ml of a 2.4 Y solution in hexane. 35.5 mol, Alfal 

was added dropwise over 10 minutes and the resulting pale yellow solution was stirred 15 minutes 

more and then cooled to -78T.   he epoxide (4.83 g, 17.0 moll in 15 ml of ether was added 

dropwise over a 20-mmute period.   he brown reaction mixture was allowed to warm to RT and 

was stirred for 24 hours after which the reactlo" was quenched with 10 ml of saturated aqueous 

amonium chloride rexothermicl. The organic layer was washed with three 50 ml portions of 

water, dried (MgSo ) ,  concentrated and distilled to give 3.97 g (82%) of the desired pro- 
4 

1 duct: BP 122-126-C (0.2 m); H NMR lCC1 1 6 0.1 (9, 6H). 0.9 Is, 9H). 0.9-3.0 lm, 12HI. 3.5 
4 

(td, 1H. J = 10 HZ, Jd = 4 Hz), 4.0 1.5, ZHl, 5.9 (d, ZH, J = 12 Hz); IR (NaC11 me' 3400, t 

2950, 2920, 2850, 1650, 1460, 1360. 1250, 1100. 1060, 870, 830, 770. 

Preparation of dioi 5 IR=H) 

The ether 5 IR = ==butyldimethylsilyl, 2.84 g, 10.0 moll was dissolved in 50 ml 

of methanol and 10 ml of 15% aqueous HC1 was added. This caused a slight exothem. After 6 

hours of stirring at room temperature, the reaction mixture was diluted with 50 ml of ether and 

this was washed three times with 50 ml portions of water. The combined aqueous layers were 

extracted with 50 ml of ether and the ether layers were combined, washed once with 50 ml of 

water, dried over MgSO and concentrated to give a solid. This was triturated with henane to 4 

leave 1.6 g (95%) of the white, crystalline diol: MP 87-90°C; 'H NMR (CDC~ I S 0.8-2.3 (m, 11HI. 
3 

3.2-3.9 (br s ,  3H1, 4.1 (hr 3 ,  2HI. 5.1 (d. 2H. J = 8 Hz). This did also can be prepared by 

workup of the lithium diethylamide reaction with aqueous HC1 

Preparation of aldehyde 10 

The diol 5 (R=H, 1.5 g. 9.0 moll was dissolved in 60 ml of dry benzene and 6.0 9 

of activated manganese dioxide1' was added.   he reaction mixture was st~rred overnight at 



mom temperature, filtered through celite and concentrated to give 1.25 g (83%) of the aldehyde 

(which decomposes upon distillation, BP 83-90DC (0.2 m): 'H NMR (CCl41 6 0.8-2.9 (m, 11HI. 

3.2-4.0 im, 2s). 6.1 (d, ZH, 3 = 13 Hz), 9.3 ( s ,  1"); IR iNaC11 c7r-' 3400, 2920, 2860, 2700, 

1690, 1450, 1220, 1090. 1045, 1020, 935, 890, 840. 

Oxidation of compound 5 (R==-butyldimethylsilyl) 

  he alcohol 5 (R = s-b~t~ldimethylsilyl, 1.42 g, 5.00 mol) was dissolved in 60 ml 

of dry benzene and 6.0 g of activated manganese dioxide1' was added. After 7 hours of stirring 

at room temperature, the reaction mixture was filtered through celite and the filtrate was 

1 
concentrated to give 1.2 g (80%) of the aldehyde: H NMR (CC14) 6 0.1 (s, 6HI. 0.9 is, 9H). 

0.9-2.8 (m, 11H1, 3.9 (td, 1H. Jt = 10 Hz, Jd = 4 Hz), 6.2 (d ,  2H, J = 14 He), 9.3 (9, 1H); 

IR (NaC1) Cm-l 2940, 2920. 2845, 2690, 1694, 1460, 1250, 1100, 1060, 870, 830, 770. 

oxidation of aldehyde 10 

  he aldehyde 11 (1.0 g, 6.0 moll was dissolved in 30 ml of a 181 mixture of 

ethanol and water containing 1.2 g of silver nitrate. TO this was added dropwise a solution 

of 1.2 g of sodim hydroxide in 50 ml of water. The resulting black suspension of silver 

oxide was st~rred for 4 hours at room temperature and the reactionmixture was filtered through 

celite.   he filtrate was diluted with 50 ml of water and washed wlth 30 ml of ether. The 

aqueous phase was then acidified with cool 15% HC1 and extracted with three 30 rnl portions of 

benzene.   he combined benzene layers were dried and concentrated to give an oil which solidi- 

fied upon standing under henane overnight. Trirurerion with hexane gave 0.95 g (83%) of 

colorless crystals of acid 6 (n=Hl: MP 82-86T; IR iKBr) c7r-I 2300-3700, 3010, 2940, 2920, 

1692, 1620, 1210, 750. 

Preparation of trans-p-menthenolide (11 from the hydroxyacid 6 (R=H)  

The acid 6 (R=H, 0.74 g, 4.0 mol) was dissolved in 50 ml of dry pyridine and 0.76 

g (3.7 mol) of DCC was added. The reaction mixture was allowed to stir at room temperature 

for 36 hours and the pyridine was removed under vacuum without heat. The residue was washed 

with cold chloroform which was then concentrated and distilled to give 0.53 g (77%) of the a- 

1 methylene lactone: BP 120-123°C (0.2 m ) ;  H NMR iCC1 ) 6 1.0 Id, 3 H .  J = 4 HZ), 1.1-2.6 (m, 
4 

8H). 3.7 (td, 1H. J = 11 Hz, Jd = 4 Hz) ,  5.7 (dd. 2H, J = 36 Hz, Jd = 3 Hz); IR (NaC11 cm-l 
t d 

2920, 2860, 1775, 1450, 1240, 1220, 990, 780, 750; 13c NMR (CDC1 1 ppm 21.885, 24.872, 31.273, 
3 

33.711, 38.466, 48.525, 82.479, 116.861, 139.236, 170.508; MS m/e 166 ipt), 149, 138, 123, 109, 

94, 81, 67, 53, 39. 

Preparation of acid 6 (R = s-butyldimethylsilyl) 

The aldehyde 11.41 g, 5.00 moll was dissolved in 30 ml of =-butyl alcohol and 7 

ml (70 mmol) of s-amylene (Shell Chemical Company). Sodium chlorite (0.8 g of 80%, Alfal 
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and 0.8 g of sodium dihydrogenphosphate in 10 ml of water was added dropwise. The reaction 

mixture was stirred overnight at r o m  temperature, dilute aqueous NaOH was added until the pH 

was 8-9 and the s - b u t y l  alcohol was removed under vacuum without heat. The residue was 

dissolved in 50 ml of water and this was washed with two 30 ml portions of hexane. The 

aqueous layer was acidified to pH 5 with dilute HC1 and then was extracted three times with 

50 ml portions of ether. The combined ether layers were washed with 50 ml of water, dried 

1 
and concentrated to glve 1.29 g (87%) of pure acid: H NMR lCC1 ) 6 0.1 (s, 6H), 0.9 (s, 9H), 

4 

0.9-2.8 lm, 11H). 3.8 (td, 1H. J = 11 Hz, Jd = 4 Hz). 6.0 (d, 2H. J = 42 Hz), 11.1 ( s ,  lH); 
t 

IR (NaC1) an-l 2300-3650. 1690, 1620, 1460, 1370, 1250, 1100. 1060, 865, 830, 770. 

Preparation of trans-p-menthenolide from acid 6 ( R = s - b u t y l d i m e t h y l s i l y l l  

The acid (0.3 g, 1.0 -01) was dissolved in 35 ml of anhydrous chloroform and 0.40 

g (2.0 mol) of TMSI was added via syringe. This caused a slightly exothermic reaction with 

the formation of an iodine color. The reaction mixture was allwed to reflvx for 8 hours and 

then cooled and washed twice with 15 ml portions of saturated aqueous sodium thiosulfate and 

once with 50 m1 of cold water. The chloroform layer was dried and concentrated and bulb to 

bulb distillation of the residue gave 0.14 g (84%) of a colorless liquid: BP 123-128T (0.4 

1 m Spectra ( H NMR and IR) were supelimposable with the a-methylenelactone obtained from 

the hydroxyacid 6 (R=H). Prior to distillation. 'H NMR and I R  showed neither vinyl hydrogens 

nor the E-butyldimethylsilyl group. a doublet at 3.4 6 LS consistent with CH21 and a 

saturated lactone C=O at 1780 an-' also was observed. 

Preparation of epiisopu1ego1 (7) 

Isopulegol (7.71 g, 50.0 -01) was dissolved in 200 ml of acetone in a three-necked 

flask frtted with a mechanical stirrer.   he reaction mixture was cooled to -15Y and Jones 

reagent was added dropwise until the characteristrc orange color persisted far 20 minutes. 

The reaction mixture was filtered and the residue was washed thoroughly with ether. The 

combined organic layers were washed with three 80 ml portions of water, dried and concen- 

trated to give 6.85 g (90%) of crude isopulegone: IR (NaC1) 3070, 2950, 2920, 2860, 

1710, 1650, 1450, 1370, 1190, 1120, 890. 

This ketone (6.85 g, 45.0 mol) was dissolved in 200 ml of dry THF at 0°C and lithium 

tzi-z-butylborohydride (50 ml of 1 Y solution, Aldrich) was added via syringe. The 

reaction mixture was stirred for 9 hours and 15% aqueous NaOH was added at 0-C followed 

by 30% aqueous H 0 and extracted with three 50 ml port~ons of ether. The combined organic 2 2 

layers were washed twice with 50 ml portions of brine, dried, concentrated and distilled 

to give 6.44 g (73%) epiisopulegol: BP 45-47-c (0.2 m) ; 'H NMR (cc14) 6 0.9 (d, 3H. 

J = 5 Hz), 1.0-2.2 (m, l5H), 3.9 ( 5 ,  lH), 4.8 (d. 2". J = 8 Hz); IR (NaC1) 2950, 

3080, 2920, 1640, 1450, 1370, 1020, 950, 935, 890. 



Protection of epiisopulegol as the s-butyldimethylsilyl ether 

Epiisopulegol (1.5 g, 10 mol) was dissolved in 50 ml of freshly drstilled DMF and 

0.81 g (12 mmol) of imidazole was added followed by 1.65 g (11.0 mol) of E-butyldimethyl- 

chlorosilane.   he reaction mixture was stirred for 12 hours at room temperature, diluted 

with 50 ml of water and extracted with three 50 ml portions of ether. The combined ether 

extracts were washed with 40 ml of cold brlne, 40 ml of water, dried and concentrated. Dis- 

tillation of the resldue gave 1.9 g (70%) of the ether pure by GC: BP 110-113'C (3 m m ) ;  'H 

NMR lCC14) 6 0.1 Is, 6H). 0.9 (s. 9Hl. 0.9-2.2 lm, 14H). 4.0 Is, IH), 4.7 (d, 2". J = 6 HZ); 

IR (NaC1) cm-l 3080. 2940, 2850, 1650, 1460, 1370, 1250, 1180, 1120, 1070, 1050, 980, 880. 

13 830, 770; C NMR (CDC1 Ppm -4.938, -4.450, 18.166, 22.372, 24.323, 25.847, 35.113. 43.343, 
3 

Epoxidation of epiisopulegol s-butyldimethylsilyl ether 

 he ether (1.9 g, 7.0 mmol) was dissolved in 100 ml of dry dichloromethane at 0'. Sodlum 

bicarbonate (0.3 g) and 80% MCPBA (1.93 g, 8.9 mol) were added and the reaction mixture was 

stirred for 24 hours.   his was then washed three times with 50 ml portions of cold aqueous 

NaHCO and once with 50 ml of cold water. The organic layer was drled, concentrated and dis- 
3 

tilled to give 1.5 g (79%) of the epanlde pure by GC: BP 85-95'C (0.2 m); 'H NMR (CC14) 

6 0.1 ( 5 .  6") ,0.9 Is, 9H). 0.8-2.2 (m, l4H). 2.2-2.7 (m, 2H). 4.2 (m, 1H); IR INaCI) Cm-l 

2950, 2920. 2850. 1460. 1370, 1250. 1040, 975, 830, 770. 

Preparation of alcohol 8 (R = tert-butyldimethylsllyl) 

Diethylamine (0.88 g, 12.1 mmal) was dissolved in 30 ml of dry ether at O'C and c- 

butyllithium 14.5 rnl of a 2.4 y henane solution, 11 mol, alfa) was added via syringe. After 

10 minutes at O'C, the reactlo" mixture was cooled to -78-C and 1.5 (5.5 mmol) of the 

epoxide from above dissolved in 10 ml of dry ether was added dropwise. d he reaction mixture 

turned brown and was allowed to warm to room temperature overnight. This was then cooled 

to OOC and 30 ml of saturated aqueous NH c1 was added dropwise (exothermic). Extraction 
4 

with three 40 ml portions of ether, drying, concentration and distillation gave 1.2 g (73%) 

of the allylic alcohol: 8P 140-150'C (0.2 mml ; 'H NMR 1CCl4) 6 0.1 (3, 6H1, 0.9 Is, 9H). 

-1 
0.9-2.8 (m. 12X), 4.0 (s, ZH), 4.9 Id, 2H, J = 14 Hz); IR (NaC1) cm 3400, 2940, 2920, 

2850, 1640, 1460. 1370, 1250. 1120. 1040, 980, 895, 830, 770. 

Preparation of Diol 8 (R=H) 

  he ether 8 (~=tert-b~t~ldimerhyls~lyl, 1.2 g, 4.0 mal) was dissolved in 30 ml of 

methanol and 10 ml of 15% aqueous HCI was added. This was stirred for 4 1/2 hours at 

room temperature, dllvted with 30 ml of water and extracted wlth four 40 ml porrlons of 

ether.   he corbined ether layers were washed twice wlth 30 ml of water, dried and 
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Concentrated to give 0.65 (99%) of crystalline diol: MP 108-111DC; 'H NMR (CDC13) 6 0.9 

(d. 3H. J = 6 Azl, 1.0-2.3 (m, 11HI. 2.5 ( 5 ,  2HI. 4.1 i s .  2H1, 5.1 (d, 2H. J = 10 Hz). 

Preparation of -- cis-p-menthenolide (2) from did 8 (R=HI 

The did 8 (R=H, 0.65 9, 4.0 -01) was dissolved in 30 ml of dry benzene and 3.0 g 

of activated manganese dioxide1' was added. The reactmn mixture was stirred for 6 hours 

at room temperature, filtered through celite and the flltrate was concentrated. ~isril- 

1 
lation of the residue gave 0.40 g (63%) of the pure lactone 2: BP 112-llb°C (0.3 m ) ;  H 

NKR (CC14) 6 0.9 (d, 3H. J = 6 Hz), 1.0-2.4 (m, 11HI. 2.8 (m. lHl , 4.4 (m,  lH1, 5.7 (d. 2H. 

J = 32 HZ): IR (NaC1) 3080, 2940, 2910. 2860, 1765, 1675. 1450, 1400, 1260, 1190, 1125. 

1035. 1000, 950, 880, 815; 13c NMR (CDCI ) ppm 21.702, 25.542. 28.347, 31.151, 35.662, 39.381, 
3 

76.994, 119.241, 141.978, 170.449; MS m/e 166 (P+I, 148, 138, 123, 109, 94, 81, 67, 53. 

Preparation of c&pzmenthenolide (2) from acid 6 (R=H) 

The acid 6 (R=H, 0.31 g. 0.75 moll was dissolved in 30 rnl of benzene and 0.26 g (1.0 

mol) of triphenylphosph~ne and 0.17 g (1.0 nnnoll of DEAD w e r e  added. The reaction mixture 

was allowed to stir for 36 hours at room temperature and was then washed once with 30 rnl 

of water and once with 30 ml of 5% aqueous ~c1. The benzene layer was concentrated and 

1 
preparat~ve TLC on silica gel gave 0.049 g (43%) of lactone 2 whose H NMR and IR were 

superirnposable with the material obtained from epiisopulegol 
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A. M. Thomas, J. Med. Chem., 1971, 14, 1147; (c) J. M. cassady, S. R. Bym. I. K. Stamos, -- 
S. M. Evans, A. McKenzie, J. Med. Chem.. 1978, 21, 815. -- 
For a recent review on the preparation of y-butyrolactones, see S. Kano, S. Shibuya, 

T. Ebata, Heterocycles, 1980, 14, 661. t he synthesis of optically active lactones has -. 
also been described recently: W. H. Pirkle, P. E.  dams, J. Org. Chem., 1980, 45, 4111. -- 
(a)  An excellent review of earlier mbthods is found in P. A. Grieco, Synthesis, 1975, 67. 

(b) The most recent syntheses employing these methods are as follows: T. F. Tam, 

8. Fraser-&id. J. chem. soc.,chem. cam., 1980, 556; K. Tanaka, N. Tamura, A .  ~aji, 

Chemistry Lett., 1980, 595; D. Caine, G. Hasenhuettl, J. Orq. Chem., 1980, 45, 3278. -- 
Other approaches which use carbonyl compounds or en01 derivatives as starting materials 

are as follows: (a)  I. ~atterson, I. Fleming, ~etrahedron Lett., 1979, 993, 995. 

(b) T. Shono, Y. Matsumura, S. Kashimura, K. ~atanaka, J. Am. Chem. Soc., 1979, 101, 4752. --. 
(c) T. Shono, I. Nishiguchl, T. Kamamura, M. sasaki, J. Am. Chem. Soc., 1979, 101, 984. --- 
(d) T. Hosomi, H.Hoshimoto, H. Sakurai, ~etrahedran Lett., 1980, 951. 

Representative examples are as follows: 

(a )  J. A. Marshall, and N. Cohen, J. org. Chem., 1965, 30, 3475. -- 
(b) J. R. Norton, K. E. Shenton, and J. Schwartz, ~etrahedron Lett., 1975. 51. 

( c )  E. Wenkert, M. E. Alonso, B. L. Buckwalter, and K. J. Chou, J. Am. Chem. Soc., 1977, 

99, 4778. -- 
V. R. Tadwalkar and A. S. Rao, Ind. J. Chem., 1971, 9, 1416. - 
G. I. Fray, and R. Robinson, Tetrahedron, 1960, 9, 295. 

This compound can be prepared by oxidation of i~opuleqal (G. Ohloff, J. Osieckl, C. Djerassi, 

11 
Chem. Ber., 1962, 95, 1400) followed by reduction with lithium tri-ss-butylborohydride. .- 
H. C. B r w n ,  and S. Krishnamurty, J. m. Chem. Soc., 1972, 94, 7159. -- 

13 (a) Isopuleqal oxide (prepared from isopulegol with MCPBA ) was allowed to react with 

lithium dlisapropylamide (LDA) in ether and hexmnethylphasphoramide (-A). The desired 
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diol 5 IR=H) was obtained but much starting material 175%) was recovered. Forcing 

conditions (refluxing THF/HMPA) still failed to give a useful conversion into d i d  5. 

lb) An alternative solution involves solvolysis of the chloride obtained from the 

reaction of isopulegol with hypochlarous ac~d: S. G.   edge, M. x. Vogel, 3. Saddler, 

T. Arinyo, N. Rockwell, R. Haynes, M. Ollver, and J. wolinsky, Tetrahedron Lett., 1980. 

441. 

W .  K. Anderson, and T. Veysoglu. J. Org. Chem., 1973, 38, 2267. -- 
This conversion has been studied extensively by R~ckborn: R. P. Thmel, and B. Rickborn, 

J. org. Chem., 1971, 35. 1365. More recent alternatives lnclvde the following: 

A. Yasuda, H. Yamamoto, and H. Nozaki, Bull. Chem. Soc. Jap., 1979, 52, 1705; 

s. Murata, M. Suzuki, and R. Noyori, J. Am. Chem. Soc., 1979, .@;, 2738; S. Terao. 
M. Shiraishi. K. Kato, Synthesis, 1979, 467; M. R. oetry, J. Org. Chem., 1980, $5, 924; 

G. A. Kraus, and K. Frazier. J. Org. Chem., 1980. 45, 2579. 

The benzyl ether was prepared with no difficvlty but epoxide opening gave a mixture of 

PTO~UC~S. In addition, oxidation with Jones reagent16 gave unexpected oxidation of the 

ether.17 The ethoxyethyl and methyl ether derivatives caused drfficulty at the oxidation 

stage, while the trimethylsilyl ether led to a variety of products during epoxide opening. 

K. Bwden, I. M. Heilbron, E.R.H. Jones, B.C.I. weedon, J. Chem. Soc., 1946, 39. 

The oxidation of benzyl ethers to benzoate esters and ketones is a general reaction: 

8. 5 .  Bal, K. 8. Kochhar, and H. W. Pinnick, J. Org. Chem.. 1981, 45. 1492. 

E. J. Corey, and A. Venkateswarlu, J. Am. Chem. Soc.. 1972, 94,  6190. 

J. Attenburrow, A.F.B. Cameron, H. Chapman, R. M. Evans. 8. A.  Hems, A.B.A. Jansen, 

and T. Walker, 3. Chem. Soc., 1952, 1094. 

This problem has been studied in great detail: B. S. Bal. W. E. Childers, Jr. and 

H. W.  Pinnick, Tetrahedron, 37, 2091 11981). 

H. C. Brown, C. P. Garg and K.-T. ~ i u ,  J. Org. Chem., 1971, 25. 387. 

la) E. J. Corey, N. W. Gilman and 8. Ganem, J. Am. Chw. Soc., 1968, 20, 5616. 

16) A. Nlshihara, and I. Kubota, J. Org. Chem., 1968, 22, 2525. 

la) M. E. Jung, and M. A. Lyster, J. Am. Chem. Soc., 1977, 22. 968. (b) T.-L. Ho, 

and G. A. Olah, Angew. Ch. Intl. ~d., Eng., 1976, g, 774. 

The methyl ester of compound 6 (R=SiMe2 (tert-b~tyl)) also reacts with TMSl to give the 

iodide 13. Hydrogen iodide is n e c e s s a ~ y  for deprotection of the s~lyl ether since the 

acid 6 lR=SiMe ltert-butyll) gives the 0-iodoacld with the silyl group unaffected when 
2 - 

allowed to react with TMSI in the presence of pyridine. 



(a)  R. M. Carlson, Tetrahedron Lett., 19f8, 111. (bl Silver carbonate also effects this 

type conversion: M. Fetizon, n. Golfier, 3.  -M. Louis, Tetrahedron, 1975, 31, 171. .- 
(a)  This strategy is similar to that used in the epimerirat~on of trans-y-butyrolactones 

via initial ring opening: B. M. Trost, C. D. Shuey, F. DiNinno. Jr. J. ~ m .  Chem. soc.. 

1979, 101, 1284; P. T. Lansbury, D. G. Hangauer, Jr.. 3. P. Vacca, J. Am. Chem. Soc., .-- 
1980, 102, 3964. (b) Benzyl-protected hydroxy esters react with trityl tetraflvorobarate -.- 
to give lactones by a pathway which should result in inversion of the alcohol center: 

T. R. Hoye, M. J. Kurth and V.  Lo, Tetrahedron Lett., 1981, 815. 

B. S. Bal. K. S. Kochhar, and H. W.  Pmnick, Combined Southeast-Southwest Regional 

Meeting of the American Chemical Society, December 10-13. 1980, New Orleans, La., 

Abstract 479. 

This canbrnation of reagents causes the coupling of acids and alcohols to give esters 

with inversion at the alcohol center. For example, see 0. M~tsunobu, M. ~guchi, 

Bull. Chem. Soc. Jap., 1971, 44, 3427; A. K. Base. B .  Lal. W.  A.  Hoffman, 111, and -- 
M. S. Manhas, Tetrahedron Lett., 1973. 1619. A recent review provides an excellent 

overview of the chemistry of triphenylphosphme/D~~~: 0.  ~itsunobu, synthesis, 1981, 1. 

A paper which appeared as this manuscript we& being typed describes the closure of a 

hydmxy acid to a lactone with inversion of the alcohol center as the key step in a 

synthesis of thienamycin: D. G. Melillo. T. Liu, K. Ryan, M. Sletzinger, and I. Shinkai, 

Tetrahedron Lett., 1981, 913. 

This is the result of a single attempt. 

This can be accomplished by opening of epoxides with the necessary capper reagent. 

For example, see C. Huynh, F. Derguini-Boumechal, and G. Linstrumelle, Tetrahedron ~ett., 

1979, 1503; C. R. Johnson, R. W.  Herr, and D. M. Wieland, J. Org. Chem., 1973, 38, 4263. -- 
Diisapropenyl cvprate has been prepared: 0. P. vig, J. C. Kapur, S. D. Shama, J. ~nd. - 
Chem. Soc., 1963, 45, 1026. Both the regiochem~stry and the stereochemistry of this 

1 -- 
reaction are controllable in principle. A complete study of the reaction of substituted 

epoxides with dilithioacetate has been made: S. Danishefsky, M.-Y. ~sai, T. ~itahara, 

J. Org. Chem., 1977, 42, 394. -- 
A very reeent account relates a "biomimetic" synthesis of - -  cis-p-menthenolide: 

T. J. Brocksom, and J. T. Ferreira, Syn. C m . ,  1981, 11, 105. -. 
This material (Aldrich) contains about 20% of the cis-isomer as judged by 13c NMR. 
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