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M-The four diastercomaic keto acid, related to the lactona produced by reduction of the 
tnmthofuran photopcxoxide have ban a&gncd structure and StacodKmistry by alternate syati 
front ps&omzid IV, by stcraxpc& interconversions. and by ORD spectrcl. 

IN CONNJXTION with the structure determination of the menthofuran photoperoxide. 
an a&unsaturated and a &unsaturated lactone (structures I and 11) were isolated.* 
In order to place the structures of these compounds on a firm basis, the four diastereo- 
merit keto acids IIlad which are derived from lactones I and II were studied.s / 9 9 I 0% 

&I 2H 

I II ma-d 

Saponification of the a&?-unsaturated lactone I* produced a mixture of all four 
keto acids;’ the relative amounts were determined to be 18, 37, 41 and 4% of IIIa, 
IIIb, 111~ and IIId, respectively. From this mixture, one acid (IHa, m.p. 143-144“) 
crystal&es readily; this acid is presumably identical to the acid (m.p. 146147’) 
isolated by reduction of the pseudoacid IV with sodium amalgan~~ 

This compound was fret of its isomers; the IR spectrum had bands at 2.9 and 
568 p in CHC&, indicating that the acid exists largely in the pseudoacid (lactol) form V 
in this solvent.7 In addition, the NMR spectrum had no carboxylabsorption below 0 T. 

l Contributinon No 1860 

m Supported by National SC&X Foundation Grants G-25086 and GP-3358. and by the Pctrokurn 
Ruearch Fund, 4ministcrcd by the American Chat&al Seziay; ’ Alfred P. Sloan Research 
Fellow; l National Sciaxx Foundation Undergraduate Summer Research Participant, 1963. 

b C. S. Foote, M. T. Wuesthoff, S. Wcxkr. I. G. Bltntain and R. Damy; G. 0. !khenck and 
K.-H. Schulte-Eltc. Tetrakdron 23, 2583 (1967); ‘all compounds in this saic3 arc ultimately 
derived frcnn (+)_pukgonc. and thus have the absolute c~n@uratiom shown. 

s See Expcrima~tal for details of the analyab of mixtures of Illad. 
4 The saponifkation presumably proox& by way of the /?.y-unsaturated &tone If. Ampk analogy 

is available.’ 
m W. Cocker and S. Homsby, J. Chem. Sot. 1157 (1947); ’ R. B. Woodward and P. Yatco, J. Am. 

Ckm. Sot. 85,551 (1963). 
l R. B. Woodward and R. H. Eastman, J. Am. Ckm. Sot. 72,399 (1950). 
7 Even in the CZJYZ of IIIa (which IR spectroscopy shows to be the most completely in tbc lactol form 

ofthethnxisolatcdi somen) the equilibrium cor&mt for closure is far smalkr than that for ti 
unsaturated kcto acid comqonding to IV, since Illa, unlike IV,’ d&ohm readily in b-ma 
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The mother liquor from the first acid slowly deposited a second keto acid IlIb 
(m.p. 97-98”), which is probably the same as the reported second acid6 (m.p. 89-91”). 
This acid was much more difficult than IIIa to free of its isomers, and usually contained 
traces of IIIa and up to 10% of a third acid 111~. The IR spectrum of keto acid IIIb 
showed no lactol absorption near 5.7~ (CHCIJ, but typical carboxyl absorption 
3.4 and 5.87 cc); in addition, the NMR spectrum had a one-proton peak at - 1.2 T 
(CO,H).’ 

The third keto acid 111~ was isolated by epimerization of acid IIIa with aqueous 
potassium hydroxide (described in more detail below) to a mixture of keto acids 
containing about 65 ‘A of IIIc and 35 % IIIa. Acid IIIa was removed by crystallization 
to leave a mother liquor which was shown by gas chromatography to contain 111~ 
contaminated with less than 10% of its isomers. This acid could not be made to 
crystallize; the IR spectrum showed bands characteristic of both pseudoacid (lactol, 
V; 5.65 ,B) and open keto acid (5.85 p) in chloroform.’ The NMR spectrum (CDCIJ 
had a on&proton peak at 1.2 T, considerably upfield from the normal carboxyl 
position (- - 1 7); this is presumably the time-averaged absorption of the Iactol and 
keto acid OH groups, which undergo rapid exchange. 

Slwtural and s~ereochemid assignments 

The structures of the keto acids follow directly from their spectra and chemical 
properties, and from the interconversions described below, which also permit complete 
stereochemid assignments. Saponification of the B,‘/-unsaturated la&one II prduced 
a mixture of alI four keto acids (IIIa, IIIb, 111~ and IIId, in relative amounts, 7, 52, 
38 and 3%). Hydrogenation of the Woodward-Eastman pseudoacid IV on Pd in 
ethanol gave a mixture which contained only keto acids 111~ and IIId (relative amounts 
40 and 60%. respectively). Hydrogenation normally gives predominantly c&addition 
of hydrogen to the double bond,O thus since only two isomers were formed, these are 
probably the products of crj addition from the two sides of the molecule; acids IIIa 
and IIIb would then be the corresponding rranrcompounds.” 

The acids IIIa and IIIb were heated with 10% aqueous KOH. Under these con- 
ditions, the proton a to the ketone would be expected to be far more easily exchanged 
and thus epimerized than that next to the carboxylate group. In agreement with this 
expectation, only one acid other than the starting material was found in each reaction 
(after correction for the presence of small amounts of isomeric impurities in the 
starting material). The product from IIIa was a mixture of 111~ and IIIa in relative 
proportions 2: 1; that from IlIb was a mixture of IIIb and IIId in relative proportions 

’ E L. Eliel, Stemxhemistry of Cur&n Compounu!~. McGraw-Hill, New York (1962). 
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2: 1. These results indicate that IIIc is more stable than IIIa; the relative stabilities 
of IIIb and IIId cannot be assessed from these data alone, since equilibrium may not 
have been reached. The results also confirm that IIIa and IIIb arc epimetic at least 
at the position a to the carboxyl, since otherwise epimerization a to the ketone would 
have interconverted them. 

The results of the hydrogenation of pseudoacid IV and the above epimerization 
together indicate that the cis acid 111~ and the rratts acid IIIb have one configuration a 
to the ketone, and that the cis acid IIId and the rrmts acid IIIa have the other con- 
figuration. Thus assignment of configuration to any one of the acids is sufficient for 
the assignment to ail. 

Very small amounts of the methyl esters of acids IIIa and IIIb were heated with 
methanolic sodium metboxide; from each, mixtures containing all four esters were 
formed, showing that both positions are subject to epimetition under these con- 
ditions. In the reaction mixtures from both IIIa and IIIb, the proportion of IIIb 
was larger than that of IIId. In addition, in each of the other reactions carried out 
under basic conditions (hydroxide epimetition of IIIb, and saponification of both 
conjugated and unconjugated la&ones), IIIb was present in larger amount that IIId, 
so that IIIb is almost certainly more stable than IIId. 

Thus, since 111~ was already shown to be more stable than IIIa, and since IIIb and 
111~ have the same configuration a to the ketone, IIIb and 111~ can be confidently 
assigned the diquatorial configurations, in which the two ring substituents are fruns; 

the other two then have cLr ringsubstituents. Ib Table 1 summarizes the reactions carried 
out and the stereochemical assignments. 

The ORD curves for the esters of IIIad were taken; the results are listed in 
Table 2. These results clearly separate the esters into two groups: IIIa and IIId have 
large values for the Cotton effects, whereas IIIb and 111~ have small values; all are 
positive. Excellent models for these compounds are provided by menthone and isomen- 
thone, whose ORD spectra have been analyzed and discussed in detail.*( -)-Mentbone 

a C. Djerassi. Optical Rotatory D+ersion; Applications to Organic Chemistry. McGraw-Hill, 
New York (1960). 
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T-1. ~TPR~O~NER.UO~~SOFKE'IWCILX 

Reaction llla 

Illa + OH-/H,0 32 

Per cent of acid (or ester) in produCr 
Illb IIIC 

3 65 

Illd 

tr. 

Illb + OH-/H,0 . 63 . 27 
-. 

l H2lPd - 
- 40 60 

- . .- -.- 
Illa Ester + OMe- l 37 13 41 9 

Illb Ester + OMc-’ 14 33 43 9 
-- -- .-- 

18 37 41 4 
I*c+i’ 

n+OH- 
7 52 38 3 

l Detcrminal by gas chromatography of the methyl ester. 
~Bochthcswting~d~theBnalprod~con~2-3~IIIarrnd8~.Illc. 
‘Product rcmcthylated before analysis; mactim may not have been ccmpbtc. 

(VII) has a weak positive Cotton effect, while the epimeric (+>isomenthone (VIII) 
has a strongly positive effect. Similar effects are observed with the isopulegones.1° 

Thus, by analogy, the two keto esters with the small Cotton effects would be 
expected to be those with the ring substituents frans, while those with the large Cotton 
effects should have cis configurations of the substituents. These are precisely the 
configurations assigned above to the four kcto acids on the basis of chemical evidence. 
I’ G. OhlofT. J. Osieki and C. Djcrassi, Chcm. Eer. 95, 1400 (1962). 
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Each of the three isolable keto acids Ma-c was dehydrated by distillation both 
from potassium bisulfate and from phosphorus pentoxide.” The products were in 
each case a mixture containing predominantly the B,y-unsaturated lactone II and small 
amounts of unidentied materials. Some of the a&unsaturated lactone I was also 

TARIF. 2. OPTICAL ROTATORY DISPERSION DATA FOR TIIF. KETO ESlZJtS Ih+i 

Zero 

Exlltmea rotation. 
Ester 1. mp [=I 1, mc1 I%1 IV W’ --- 
111a 311 560 267 -1180 34 293 
IIIb 313 38 280 -500 11 309 
IIIC 313 - 12 275 - 436 8 296 
IIId 314 RI7 269 - 1180 40 297 

l As defined by W. Moffitt, R. B. Woodward, A. Moscowitz, W. Klyne and C. 
Djenusi, J. Am. Chcm. Sot. 83.4013 (1961). the difference between peak and trough valu~l 
for [#l/IO0 in standard Cotton effect curves. 

present, apparently produced by rearrangement of the b,y-isomer during reaction or 
gas chromatography. 2o Samples of both lactones were collected from the gas chro- 
matograph; the IR spectra of all samples of each were always identical no matter 
which acid they were produced from. Gas chromatography on a wide variety of 

efficient columns failed to disclose any retention time differences between samples of 
various origins, although smaIl amounts of other unidentified materials were present 
in many of the reaction mixtures. The two diastereomeric forms of each lactone may 
be so similar that no separation is possible under the conditions tried; alI saponifica- 
tions of II would have caused loss of stereochemistry. For these reasons, no stereo- 
chemistry can be assigned to lactone II ; tentative assignment of stereochemistry of 
lactone I is made in the accompanying pape? but this stereochemistry would also be 
lost during saponification.’ 
I1 Treatment of the e+ci& with acetic anhydride, the more usual reagents apparently produced a third 

isomcr,vI,raLhexthanIof1I. 
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EXPERIMENTAL 

All mp.s arc uncorrected. Mkroanalyscs were by Miss Ha&r King, UCLA, IR spectra were 
taken on a Perk&Elmer Model 137 Infracord, calibrated with polystyrene l%s. NMR spectra 
were taken on a Varian A-60 spectrometer (purchased with NSF Grant No. G-#)207) and arc relative 
to internal TMS. UV spectra were taken on a Gary Model 14 spcctrophotomctcr. Gas chromatography 
wa? carried out with a P&in-Elmer Model 154 (thermal conductivity detector) or Model 800 
(llamc ionization detector) chromatograph. ORD spectra were taken on a Gary Model 60 spatro- 
polarimcta (purchased with NSF Grant No. GP-1682). 

AnolVJir of avid mixtures. In the following cxpcrimcnts, analysis of edd mixtures was carried out 
by gas chromatography of the Me esters. The acids wcrc methyl&d with cxass diazomcthane in 
ether; the solns were washed with bicarbonate to remove unreadal acids, as it was found that Illa 
is mcthylatcd only to the extent of 67%. presumably because it is partially in the lactol form. Per- 
centages given have been corrected for the fraction of unmethylatcd IIIa; it is to be expectal that 
111~ is also incompktcly mcthylatcd since it also shows a substantial amount of lactol absorption in 
the IR; however, lack of pure material prevented testing this point, and no correction has been made. 
Erron introduced by failure to make this co&on would not alTcct the conclusions presented. 
since the amount of IIIc could only increase. The esters were separated on a IO-foot I/8’ column of 
3 % rrir-(2-cyano-cthoxy)propane (TCEP) on Chromosorb W at 130” at a flow rate of 50 ml/min; 
under these conditions, the relative retention times for the esters 111~. IlId, IIIa and IIIb arc 75.83.89 
and 100. rcsIKctivcIy. 

Sqpon@carion of the z.B_unsaturatcd lac~onc (1) 

Prepururion of ktto-acfds IIIa und IIIb. A soln of 894 mg (5.39 mmoks) lactone Iy in 30 ml 25 % 
mcthanolic KOH was rctluxcd 1 hr. The soln was diluted with H,O, and extracted with ether, which 
was discarded. The aqueous layer was acidified with 6N HCl. and extracted again with ether. The 
extract from the acidic soln was concentrated to a small volume, and the residue taken up in benzene. 
The soln was washed with H.0. filtered through anhyd N&SO,. and evaporated to give an oily 
residue containing some crystals (755 mg, 4.10 mmola, 76%). VPC analysis (sa above) showed the 
residue to be a mixture containing 18. 37.41 and 4 % of Illa, IIIb, IIIc and IlId, rcspaztivcly. 

The residue was taken up in benzene and diluted with a large amount of hcxane. Two crops 
of llat nadks of IlIa were collected (150 mg, 806 mmoks, 15 %. based on lactonc). The prodti was 
razrystallized to a constant m.p. of 143-144” (reported for one of the acids obtained by Na(Hg) 
reduction of pseudo acid: 146-147“). (Found: C, 65.2; H, 8.4. Calc. for CI,HI,OI: C. 65.2; 
H, 8.7 %.) The IR spectrum (CHClJ had bands at 2.9 (w), 568 (s). 5.85, 932, lQ50 (s), 10.60 (s), 
and 124~; the NMR spectrum (CDCl,) had bands at 7-8-5 (unrtsolvcd). 8.80 (d, J = 7,3H), and 
9.05 T (d. J r- 6, 3H). The UV spectrum (MeOH) bad %a, = 290, 1,.x = 269 w (c - 10). The 
Me ester of this acid had IR bands (CHCl,) at 5.78. 5.85, 7.80, 790, 840. 8.55 (s) and 9.43 p among 
O&S. 

The mother liquor from the crystallization of IlIa was allowed to stand in bcnzzn+hexane at 
10” for several waks; the impure crystals which had separated were rcdtilvcd in benzene; a small 
insoluble rcsiduc of Illa was filtered off and the soln again saturated with hcxanc to yield I10 mg 
(@539 mmok, 11 “/@ of llat needles of IlIb, which were ruaystallized to a constant np. of 97..98- 
(reported’ for the second ketoacid obtained by Na(Hg) reduction of pseudoester: BY-91 ). (Found : 
C, 65.3; H, 8.8. Cak. for CloH,,O,: C, 65.2; H, 8.7x.) The IR spectrum (CHCI,) was: 2-7-4.1. 
5.87 (s), 9.01 (w), 9.29 (w), IQ30 (w). 1@60 (w), 10.80 (w), 11.2 (w), and 11-6/r (w); in the NMR 
(CDCI,) there were bands at - 1.2 I (lH), 7Q7-5 T (unresolved. 2H), 8.78-9.1 I (unresolved. 6 i H) 
in addition to broad absorption from 7-5-8.5 z. The UV spectrum (MeOH) had cII, = 99. A,*. * 284 
mcc(e n 18). The Me ester of this acid had IR absorption (CCl,) at 5.77, 5.85. 8.30. 840, 8.58. 9.32 
and 9.45 /1. 

Fgherizolion of kcro acids IIla and IlIb in q-us bpK 

Prepruth of ucid 111~. Roughly 5 mg each of purilkd acids IIIa and IIlb were rdluxal l-2 hr 
in @5 ml 10% KOHaq; the solm wm acidified with 6N HCI and extracted with benzene. The 
benrcne solns were filtered through anhyd Na&O, and analyzed as described above; the purities of 
the starting acids were simultaneously checked. The results are listed in Table 3. 

The cpimerization of IIIa was repeated on a somewhat larger scale (10 mg). The aqueous soln 
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was &5&d. extracted with benzene and drkd.‘and the ratuGng start& ma&al runovai by 
aysUization (btnteabhaaae). The mother Liquors were -al. and Ihe residue found (by 
the above proedure) to bc acid IIIc. containii kss than 10% of iromricrdda Thisacidhaanot 
ban obtained aystallinc; irrsufficicnt material was avail&k for clemental analysis. The &uncter- 
istic IR band, (CIiCl,) are: 2.74~1, 565, %8S(s). 972(w), lQ73. The NMR spazaum (CD&) 
had a broad peak at 1.9 T (S. 1H). an unresolved multipkt at 6+8.7 7 (8H) and doubkts at 8.81 
(3H. J = 7) and 899 7 (3H, poorly ruolval). 

TMU. 3.-Hv~itoxw EXMFAUATION OF KIT0 

ACWS 

Composition. % 

Mixture IIIa IIIb Ilk llld 
--- -. -_-_ 
llla Initial 100 - - 

Final 32 3 6S tr. 

lllb Initial 3 88 8-S tr. 
Final 2 63 8 27 

*Jicarion o/rhe nncoaj~arcd lacfone (II). Tlu solvent was evaporated from a portion of the 
mixture obtained by reduction of the menthofuran photoperoxide with cxcui triphcnylphospinc 
(which was nearly pure II).- A soln of 1 g of this mixture in 10 ml 10% mcthanolk NaOH was retluxcd 
far 1 hr. thar diluted with twice its volume of water and cxtrrrctcd with bcnua~. which was d-cd. 
The aqueous soln was acidilkd with 6N HCl and extracted with benzene. The benzene soln was washed 
with S’/, HCI, dried over anhyd Na,SO, and evapomtcd. The extract from the acidii soln contained 
approximately 40 mg of a brownish-yellow oil. Analysis of this mixture in the usual way showed the 
approximate composition to be 38% IIIc, 3% IIId, S2% lllb and 7% Illa. 

Hydrqemfkm o/pscdwdd (IV). A sdn of 91.8 mg (@SOS mmoks) of the pseudo&d* lV ia 
10 ml 100% EtOH was stirred over 10% Pd/C for 2.5 hr at room tcmp and atm press, under an l tm 
of Ii,. The H, uptie was 8.S ml (STP, @7S moles Ii, per mole pscudoacid). The ma&on mixture 
was Altered. diluted with water (approx. 2SO ml). and acidified with 6N HCl. The soln was extracted 
twia with ether. the combined ether extracts were evaporated. and the residue takca up in benzene. 
The benzene soln was Altered through anhyd Na,SO,. Gas chromatography (as described above) 
showed two produsts to be preunt, IIIc (40::). and IfId (60x), in addition to M)IIIC uareactal 
pseudoacid. 

Methoxldr epimhzatbn of IIla and IIIb csrcrs. A small cube of Na. freshly cut under hcxanc, 
was plaad in one bulb of a carefully dried apparatus arranged for bulb-tebulb distillation and fitted 
with a septum; the apparatu was flushed with dry N,, and abwt 1 ml McOH w dbtilkd from CaH, 
onto the Na from the other bulb. A soln of the Me am lo be epimaized in about SO ml of baua~ 
(prepaid by methylating the acid with d-methane in bauau, drying and conantratir@) was 
added through the septum with a microsyringe. Aliquott wax withdrawn with a syr@ and quenched 
immediately in 3% 4ueous HCI. The 4ucous solns wat extracted with bcnznc, mcthylatcd by 
adding diazomethane in ether 
chromatography. 

,I’ filtered through dry Na,SO,, conantratcd, and analyzed by gas 

Solns of 3 mg of the Me ester of Illa and 16 mg of the Me ester of ITIb were allowed to react for 
3 hr. at 60” for the soln from IIIa, and at 2s’ for that from Illb. The compositions of the reaction 
mixtures arc given in Table 4. 

Optkal rotatory d@ersion measnrenunrs. ‘Ihe ORD curves of the 3 isolable kctoacids were taken 
in an attempt to measure the Cotton effects resulting from the ketone chromophorcs. All the acids 
had positive Cotton cfTccts in the 300 WI region, but the large contribution from the carboxyl chromo- 
phorc made it impossibk to measure the ketone contribution with any certainty. As the Me csten 

I* The benzene solution from IIIa was also washed with 10% NaHCOm to remove unmcthyhtcd 
acid, a precaution which wru neesary for this acid (cidr sqru). 

I’ This mcthyhtion was mcasary since it was found that despite all prazautions. up to half of chc 
initial ester had been hydrolyed. either during reaction or workup. 

7 
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FiW 37 13 41 9 

mb Inltld 4 86 9 2 
mud 14 33 43 9 


