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ABSTRACT 

Dianions were made for the first time from a

ketoacids, using n-BuLi/~-BuOK (Lochmann's base), and 

alkylated on oxygen with dialkyl sulfates, alkyl sulfonates 

(triflates, tosylates), or alkyl halides to produce a

alkoxyacrylic acids. This is a more direct and efficient 

route to these acids than those used earlier. The a

ketoacids used were pyruvic acid, 2-oxobutanoic acid, and 

3-methyl-2-oxobutanoic acid. 2-0xobutanoic acid gave (Z)-

2-alkoxy-2-butenoic acids with very high stereoselectivity. 

3-Methyl-2-oxobutanoic acid gave 3-methyl-2-alkoxy-2-

butenoic acids in low yields, but this is the only route to 

these acids to date. 
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INTRODUCTION 

Carbanions are among the most useful intermediates in 

organic synthesis, since they react with many kinds of 

electrophiles in bond-forming reactions. The counterions 

can be of many types, but are most simply alkali metal 

cations such as lithium, sodium and potassium. 

Resonance-stabilized organic anions (Fig. 1) are of 

fundamental importance in organic chemistry and 

biochemistry. Carboxylates 1 and enolates 2 are important 

resonance-stabilized monoanions, and carbonate 4 and 

oxalate 8 are long-known resonance-stabilized dianions. 

Non-oxygenated analogs allyl anion 3,1 dianion 7 from 

isobutylene,2 and dianion 13 3 have been made and reacted 

with many different electrophiles in good yields. 

Dianions 5 from carboxylic acids are widely used in 

synthesis. The dianion from acetic acid was first prepared 

by Depree using a fusion reaction of sodium acetate with 

sodamide (Fig. 2).4 Sodamide, which melts at 210 °c, acted 

both as a metallating agent and as a solvent for the sodium 

acetate. The disodium salt was very insoluble and did not 

react smoothly with electrophiles. On the other hand, the 

dilithium salts of carboxylic acids, first prepared by 

Silbert and coworkers,s were much more soluble and reacted 

well on carbon with many electrophiles. 
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Figure 1. Resonance - stabilized anions. 
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Dianions 6 from ketones, first reported in 1980 by 

Hubbard and Harris,6 have not been widely used, but recent 

results by Bates and Taylor7 may result in their being used 

more. 

The 'goal of this research project was to prepare at 

least one of the oxygenated analogs 9-12 of dianion 13 and 

to investigate its use in synthesis. Dianion 13 had been 

made (Fig. 3) by abstracting two protons from 2,3-dimethyl

l,3-butadiene 14 using Lochmann's base (g

butyllithium/potassium ~-butoxide)8 in THF-hexane and 

reacted with a variety of electrophiles to produce 

symmetrical disubstitution products 15 and 16. 3 Oxidation 

of dianion 13 gave dimer 17. No attempts were made to 

react 13 with one equivalent of an electrophile because of 

lack of success with related dianions. 

There was a report of a failed attempt to make dianion 

9 from pyruvic acid 18 in high concentration for synthetic 

purposes,9 though it a likely intermediate in low 

concentration in the aldol condensations which make pyruvic 

acid unstable in base. The sodium salt of 11 had been 

prepared by fusing sodium methacrylate with sodium amide 

(Fig. 2).4 There were no reports about making 10 from 

biacetyl (though the dianion of its bis-isopropylimine 

derivative has been used10
) or 12 from 3-methyl-3-buten-2-

one. 
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Figure 3. Preparation and reactions of dianion 13. 

15 



16 

Although attempts were made in the present study to 

prepare dianions 9-11, satisfactory conditions were found 

only for dianion 9 from pyruvic acid 18 (Fig. 4). Dianion 

9 was found to alkylate on oxygen to give a-alkoxyacrylic 

acids 20 in good yield and only trace amounts of C

alkylation products 19. The previous methods for preparing 

a-alkoxyacrylic acids 20 will be reviewed next for 

comparison with this method. 

a-Ethoxyacrylic acid (20, R=Et), mp 62°C, was first 

prepared by Claisenll as shown in Fig. 5 by the sequence 

ethyl pyruvate (21) ~ ester ketal 22 ~ acrylic ester 23 ~ 

acrylic acid 20, R=Et. 

Owen and Somade12 repeated Claisen's preparation of 

20, R=Et, obtaining product with mp 62°C. They were the 

first to prepare a-methoxyacrylic acid (20, R=Me), mp 52 

°C. They made this new acid as shown in Fig. 6 by 

saponification of its methyl ester 26 "prepared by the 

method of Baker. 11
13 This is ambiguous since Baker used the 

two routes as shown in Fig. 6 to make a-methoxyacrylic acid 

(20, R=Me). The route from methyl pyruvate (24) was 

patterned after Claisen's a-ethoxyacrylic acid (20, R=Et) 

synthesis. 11 The other route, though several steps longer, 

had the advantage that the product was not contaminated 

with intermediate ester ketal 25. The nitrile 27, another 

possible intermediate for making acids 20 (vide infra), was 
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saponification of it to 20, R=Me. 
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made as shown. 

Keiko and coworkers14 made a-methoxy- and a

ethoxyacrylic acids (20, R=Me and Et) as shown in Fig. 7. 

The alkoxyacetaldehydes (28, not readily available) were 

reacted with formaldehyde in a aldol reaction (70% yield 

when R=Me), and silver oxide oxidation of the intermediate 

a-alkoxyacroleins (29) gave the acids 20, R=Me and Et in 

60-86% yields. 

These workers discovered that a-alkoxyacrylic acids 20 

pick up moisture from the air and rearrange to alkyl 

pyruvates (31). Two mechanisms involving a-lactones 30 were 

proposed as shown in the lower half of Fig. 7, but no 

evidence to support them was provided. Fortunately, it was 

possible to keep acids 20 indefinitely under an inert 

atmosphere. 

Mosvum-Zade and coworkers15 made a-alkoxyacrylic acids 

20 (R=Et, g-Pr, cyclohexyl, and l,l-dimethylpropargyl) from 

a-chloroacrylonitrile (32) via a-alkoxyacrylonitriles (33) 

as shown in Fig. 8. The first reaction went in 97-98% 

yield, but the second (no yield given) may not have gone so 

well due to acid-catalyzed decomposition of the desired 

product 20. 

LaMattina and Muse16 made a-ethoxyacrylic acid (20, 

R=Et) from pyruvic acid (18) as shown in Fig. 9. The 

overall yield for the two steps was 40% of material melting 
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Figure 7. Keiko and coworkers' synthesis of 20 and 

postulated mechanisms for their rearrangement to 31. 
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Figure 8. Synthesis of 20 from ~-chloroacrylonitrile by 

Mosvum - Zade and coworkers. 
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Figure 9. LaMattina and Muse's ~-ethoxyacrylic acid' 

synthesis. 
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54-57°C. They similarly prepared a 2:1 mixture of (~)- and 

(g)-2-ethoxy-2-butenoic acids (35, 36) in 55% yield from 2-

oxobutanoic acid (34). 

Divers and Berchtold17 (Fig. 10) showed that 

palladium(II)-catalyzed alkyl exchange could be used to 

convert the simplest a-alkoxyacrylic acid, a-methoxyacrylic 

acid (20, R=Me) , to a-ethoxyacrylic acid (20, R=Et). They 

used the same procedure to convert methyl a-methoxyacrylate 

to methyl ethoxy- and isopropoxyacrylates. 18 The yields 

were 78-83% when excess alcohol was used, but dropped to 

64% when one equivalent of isopropanol was used with 

molecular sieves to scavenge methanol. However, interchange 

with secondary alcohols 37 and 38, which might have led to 

intermediates useful in the synthesis of compounds in the 

shikimate biosynthetic pathway, failed for undetermined 

reasons. 

At least two a-alkoxyacrylic acids are important in 

biology: 5-Enolpyruvylshikimic acid 3-phosphate (EPSP, 42, 

Fig. 11) and chorismic acid (43) are key intermediates in 

the shikimic acid biosynthetic pathway. 42 is produced by 

transfer of a carboxyvinyl group from phosphoenolpyruvate 

(PEP, 40) to the 5-0H group of skikimate-3-phosphate (39), 

apparently via intermediate 41.18 The reaction is 

catalyzed by EPSP synthase (EPSPS), which is the biological 

target for glyphosate, the active ingredient in ROUND-UP 
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Figure 10. Divers and Berchtold's preparations of higher 

alkoxyacrylic acids 20 from a-methoxyacrylic acid (20, 
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Figure 11. The shikimic acid pathway from shikimate-3-

phosphate (39) through chorismate (43). 
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herbicide. The reaction appears to involve reversible 

protonation of the 3-position of PEP (40), since deuterium 

is incorporated from solvent D20 into the terminal vinyl 

positions of PEP (40) and EPSP (42) in the presence of the 

enzyme. 

Some of these conclusions were reached by Kresge and 

coworkers18 after detailed model studies of the acid

catalyzed hydrolysis of a-methoxyacrylic acid (20, R=Me) 

and its methyl ester 26. Their rates of acid-catalyzed 

ether hydrolysis relative to methyl vinyl ether (44) as 1 

are shown in Fig. 12. Carboxylate anion 45 reacts 1000 

times as fast as its conjugate acid 20, R=Me. Since the 

slow step in the hydrolysis sequence is protonation of the 

carbon-carbon double bond, the order of rates in Fig. 12 

represents the ease of protonation of each species shown. 

Kresge, Leibovitch and Sikorski's mechanism for 

hydrolysis of 20, R=Me is shown in Fig. 13. 20, R=Me does 

not usually protonate directly, but instead dissociates to 

carboxylate ion 45, which protonates in the slow step for 

the hydrolysis to give zwitterion 46. 46 adds water to give 

tetrahedral intermediate 47, analogous to 41 in the 

shikimate pathway. Unlike 41, 47 can lose alcohol to give 

pyruvic acid (8). 

It would be interesting to know the relative rate of 

protonation of the natural substrate, PEP (33). Does the 
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phosphate group make the protonation even faster than that 

of 45? Not surprisingly, due to their similarity, the rate 

for EPSP (42) was found to be very close to that for model 

compound 45. 18 

Why does O-alkylation predominate? 0- vs. C-alkylation 

of ambident anions like enolate ions has been studied for a 

long time, and many factors are involved. In this case, a 

pertinent one is that alkyl sulfonates (and sulfates) often 

give much higher ratios of 0- to C-alkylation than alkyl 

halides. 19 In the extreme case of acetylacetonide ion (49, 

Fig. 14), methyl tosylate gives 97% O-methylation (48), 

whereas methyl iodide gives 97% C-methylation (50)! 

C-alkylation of pyruvic acid (18) to a-alkylated 

pyruvic acids 19 has been accomplished by Tapia and 

coworkers 9 in good yield indirectly via the 

dimethylhydrazone 51 (Fig. 15). This was converted to its 

dianion 52, which was n-butylated with an n-butyl halide in 

70% yield and isopropylated with an isopropyl halide in 48% 

yield. 

Of what use are a-alkoxyacrylic acids? They have been 

used as intermediates in several types of syntheses, and 

have promise in others (Fig. 16). They should yield 

polymers 54, though to date, only their esters 55 appear to 

have been polymerized. 21 Acids 20 and their esters 55 

should be especially subject to radical polymerization due 
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Figure 14. 0- vs C-alkylation of acetylacetone ion 49. 
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Figure 15. Tapia and coworkers' C-alkylation of pyruvic 

acid (18). 
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to captodative stabilization20 of the radicals 53 which 

they give upon addition of a radical z· at the 3-position. 

Methyl esters 55,R=Me have been prepared directly from 

acids 20 with diazomethane 9 and indirectly via p

nitrophenyl esters 56. 16 p-Nitrophenyl esters 56 have also 

been converted to amides 57, malonic acid derivatives 59, 

and guanidine derivatives 60. 16 Lithiation of acids 20 by 

Schmidt and coworkers21 gave lithio derivative 61, which 

reacted with electrophiles to give derivatives 62; a 

specific example is the reaction with an aldehyde to give 

the lactone 63. Although they do not report doing it, 

reaction of lithio derivative 61 with aqueous acid should 

yield C-alkylated pyruvic acids 19, and thus provide 

another indirect route for the C-alkylation of pyruvic 

acids. In Hashizume and coworkers' synthetic efforts 

toward a complex alkaloid,22 a pyruvamide 58 which 

apparently could not be made directly from pyruvic acid 

(18) was made indirectly via the a-alkoxyacrylamide 57 as 

shown; thus, a-alkoxyacrylic acids 20 can be thought of as 

protected pyruvic acids, and the pyruvic acid unit can be 

regenerated by acid hydrolysis. 



RESULTS AND DISCUSSION 

A suitable base-solvent system was needed for 

preparing dianion 9. It was anticipated that Lochmann's 

base could not be used since addition to the ketone 

carbonyl group was expected to be faster than abstraction 

of an a-hydrogen. However, the best base-solvent system 

proved to be Lochmann's base in THF-hexane. Perhaps the 

negative charge on the carboxylate makes it difficult to 

bring a negatively charged reagent close to the ketone 

carbonyl carbon for addition. Bases which failed to 

convert pyruvic acid 8 to dianion 9 were NaNH2 , NaH, and 

LDA. 

How would 9 alkylate? Since carboxylates are very 

poor nucleophiles, it was expected that IDQllQalkylation of 

the enolate part of 9 would be the major reaction under 

most conditions. The question was then whether 9 would 

undergo O-alkylation to a-alkoxyacrylic acids 20 or C

alkylation to more highly alkylated a-ketoacids 19. 

32 

As noted above, the products proved to be very largely 

a-alkoxyacrylic acids 20 from O-alkylation. The acids 

synthesised and reactions used to make them are shown in 

Fig. 17 and Table 1. As can be seen in Table I, dialkyl 

sulfates give the best yields, but halides, tosylates, and 

triflates can also be used. Dimethyl and diethyl sulfates 



33 

R~-<H .. R->-<. .. R=r<H 
R' R' R' 

R R' R R' R R' R" 

18 H H 9 H H 67 H H Me 

18 H H 9 H H 68 H H Et 

18 H H 9 H H 69 H H Bn 

18 H H 9 H H 70 Bn H Bn 

34 Me H 65 Me H 71 Me H Me 

34 Me H 65 Me H 72 Me H Et 

64 Me Me 66 Me Me 73 Me Me Me 

64 Me Me 66 Me Me 74 Me Me Et 

Figure 17. Preparation of a-alkoxyacrylic acids 67-74 in 

this study. 



Table 1. Reactions of dianions from a-ketoacids with 

alkylating agents RY. 

Rxn Starting acid RX Days Product % Yielda 

1 18 Me 2S04 0.5 67 96 (80) 

2 18 MeOTf 0.5 67 20 

3 18 Et2S04 1 68 60 (50 ) 

4 18 EtOTs 1 68 50 

5 18 EtOTf 4 68 50 

6 18 EtBr 6 68 35 

7 18 EtI 6 68 15 

8 18 BnBr 1.5 69 20 

9 34 Me 2S04 1 71 65 

10 34 MeOTf 0.5 71 35 

11 34 Et2S04 4 72 65 

12 34 EtOTf 4 72 60 (50 ) 

13 64 Me 2S04 0.5 73 30 

14 64 MeOTf 0.5 73 0 

15 64 Et2S04 1 74 12 

aYields by NMR (isolated yield in parentheses) 

34 
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are commercially available. Other primary dialkyl sulfates 

can be prepared from primary alcohols via the sulfites. 23 

Hexamethylphosphoramide (HMPA), known to promote 0-

alkylation of enolates,19 was added to all alkylations 

after it was found to double the yield in Reaction 1 (Table 

1) . 

Table 2 shows the changes we used to improve the yield 

of a-methoxyacrylic acid (67) from 0% to 96%. 

NaH at 0 °C in THF and NaNH2 at 200°C in a fusion 

reaction did not yield the desired dianion. LDA at 0 °C in 

THF and Lochmann's base at 0 °C in THF gave aldol products 

and recovered pyruvic acid. 

HMPA was then added to the Lochmann's base at -78°C 

to improve the solubility. The desired product was isolated 

in 6% yield. DMPU (dimethylpropenylurea) and TMEDA 

(tetramethylethylenediamine) were substituted for HMPA as 

co-solvent, but the isolated yields were still very low. 

The percent yield was then calculated using the crude 

product as described in the Experimental Section, last 

paragraph. Surprisingly, it was 52% when a THF/HMPA ratio 

of 20:1 was used. When the amount of HMPA was increased to 

give a 8:1 ratio, the yield increased to 96% after 11 hours 

but dropped to 86% after 24 hours. 

The best conditions were thus Lochmann's base, -78°C, 

THF/HMPA 8:1 and 11 hours reaction time. It was important 



Table 2. Improvement in yield of reaction 1, Table 1. 

Base Temp. °C 

LiN(i-C3H7 ) 0 

n-BuLi/KO-t-Bu 0 

n-BuLi/KO-t-Bu -78 

n-BuLi/KO-t-Bu -78 

n-BuLi/KO-t-Bu -78 

LiN (Me 3Si) 2 -78 

n-BuLi/KO-t-Bu -78 

n-BuLi/KO-t-Bu -78 

n-BuLi/KO-t-Bu -78 

aisolated (ac.id) 

bcrude (salt) 

o 
;,Me 

ACO,H 
67 

Solvent 

THF 

THF 

THF/HMPA 

THF/DMPU 

THF/TMEDA 

THF/DMPU 

THF/HMPA (20:1) 

THF/HMPA (8: 1) , 24 

THF/HMPA (8:1), 11 

Yield, 

aldol + 

aldol + 

6a 

lOa 

Sa 

16a 

52b 

hrs 86 b 

hrs 96 b 

36 

% 

sm 

sm 



to maintain the temperature at -78°C until the reaction 

was quenched with the electrophile. 
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Even though the yield of the crude product was now 

very high, it was still difficult to purify. It was always 

contaminated with HMPA. Literature procedures for removing 

HMPA did not work, so an extraction procedure was developed 

(second paragraph of reaction of dianion 9 with dimethyl 

sulfate) which involved washing of an aqueous basic 

products mixture 8-10 times with chloroform, acidifying the 

aqueous layer in an ice bath with 10% HCI and extracting 

the acidic aqueous layer with ether several times. When the 

combined ether extracts were dried with MgS04 and 

evaporated in the rotary evaporator, crystals of pure a

methoxyacrylic acid (67) formed in 80% yield. 

The only secondary alkyl reagent we tried was i-pi 

bromide, which gave only 5% yield of the desired 0-

alkylation product; fortunately, a-isopropoxyacrylic acid 

(20, R=iPr) can presumably be made from a-methoxyacrylic 

acid (20, R=Me) by exchange by the reaction in Fig. 10. 17 

As alkyl groups are added to the ~-carbon of pyruvic 

acid (18), the reactions go in progressively lower yields 

(Table 1). Thus, pyruvic acid (18) alkylates with dialkyl 

sulfates to 67 and 68 in 60-96% yields, 2-oxobutanoic acid 

(34) gives (~)-2-alkoxy-2-butenoic acids (71 and 72) in 65% 

yield, and 3-methyl-2-oxobutanoic acid (64) gives 3-methyl-
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2-alkoxy-2-butenoic acids (73 and 74) in 12-30% yield. 

2-0xobutanoic acid (34) gives (~)-2-alkoxy-2-butenoic 

acids (71 and 72) with a stereoselectivity estimated by NMR 

to be >99%. If the (~)-isomer is desired, this method is 

much superior to that of LaMattina and Muse,16 which gave a 

2 to 1 mixture of (~)-2-ethoxy-2-butenoic acid (72) and its 

g stereoisomer. Their NMR assignments for the 

stereoisomers (made on unstated grounds) are reversed and 

their chemical shifts are too small by 0.10 ppm, presumably 

because their zero signal was from silicone grease. We 

based our NMR assignments on the expectations that: 1) R 

and R' will absorb farther downfield in the 1H NMR spectra 

when they are ~ to the carbonyl group,24 and 2) The ~ 

geometry should be greatly preferred for dianion 65 on 

steric grounds. 

Is there a good route to E isomer 62 (Fig. 18)? 

Although they report using alkyl iodides only with amide 

derivatives, Schmidt and coworkers' dilithium salt 61 would 

presumably also react well with alkyl iodides and thus 

provide a clean route (Fig. 18) to (g)-2-alkoxy-2-alkenoic 

acids (62) which would complement our route to (~)-isomers 

such as 71 and 72. 

Rearrangements of acids 67-74 to alkyl pyruvates 3114 

were not noticed during normal handling. To avoid 

rearrangement, these acids were kept under argon as 



"R o HylyO-
LI----O 

61 

62 

Figure 18. Proposed stereoselective preparation of (g)-2-

alkoxy-3-alkylacrylic acids (62). 
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recommended by Keiko and coworkers. 14 We did observe 

considerable rearrangement when 68 was heated in ethyl 

acetate/hexane for 20-30 minutes. While a-Iactones are 

well-established intermediates in certain reactions, we 

favor the mechanisms in Fig. 13 over the mechanisms 

proposed by Keiko and coworkers14 (Fig. 7) for this 

rearrangement. The most straightforward one (vertically 

down the page in Fig. 19) involves no high-energy a-lactone 

intermediate. Only small amounts of C-alkylation were 

observed accompanying most of the desired O-alkylations. 

The largest amount of C-alkylation was observed in reaction 

8 with benzyl bromide, which gave the simple C-alkylation 

product 75 in 8% yield and its further C- and O-alkylation 

products 70 and 76 in ca. 2% yield each (Fig. 20). As noted 

earlier, C-alkylation of pyruvic acid (18) has been 

accomplished indirectly by Tapia and coworkers 8 via the 

dianion of pyruvic acid dimethylhydrazone (51) and can 

probably also be accomplished via lithio derivative 61 as 

noted above. 
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H+ OR .... A cer, 

!HP 

RO OH 

X C02H 

t_RCH 

0 R 

ACQ'H 
18 

62 

Figure 19. Alternative mechanisms for the rearrangement of 

a-alkoxyacrylic acids (20) to alkyl pyruvates (31). 
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o 

75, 8% 70, 2% 

76, 2% 

Figure 20. Byproducts of benzylation. 



SUMMARY 

Dianions were made from a-ketoacids using Lochmann's 

base and alkylated on oxygen with dialkyl sulfates (best 

yields), alkyl triflates, or alkyl halides to produce a

alkoxyacrylic acids 67-74. This is a more direct and 

efficient route to these acids than those used earlier. 
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The a-ketoacids used were pyruvic acid (18), 2-oxobutanoic 

acid (34), and 3-methyl-2-oxobutanoic acid (64). Pyruvic 

acid (18) gave a quantitative yield of 2-methoxyacrylic 

acid (67). Conditions were not optimized for the other two 

acids and can doubtless be improved. 2-0xobutanoic acid 

(34) gave (~)-2-alkoxy-2-butenoic acids 71 and 72 with very 

high stereoselectivity. Yields of 3-methyl-2-alkoxy-2-

butenoic acids 73 and 74 from 3-methyl-2-oxobutanoic acid 

(64) were only 12-30%, but this is the only route to them 

to date. All the acrylic acids 67-74 are solids which are 

easy to crystallize. 
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EXPERIMENTAL 

a-Ketoacids 18 and 34 and the sodium salt of 64 were 

used as purchased from Aldrich Co. TLC was carried out on 

silica gel GF using petroleum ether/methanol/acetic acid 

(8/1/0.5) and double elution. Tetrahydrofuran (THF) was 

freshly distilled from sodium with indicator benzophenone. 

Potassium h-butoxide and n-butyllithium were used as 

received from Aldrich Chemical Co. Anhydrous magnesium 

sulfate was used to dry organic solutions. Solvents were 

removed by rotary evaporation. All glassware used in 

carbanion reactions was dried in an oven overnight at 120 

°C . Reaction were carried out under argon. Proton and 

carbon nuclear magnetic resonance (lH NMR and 13C NMR) 

spectra were obtained on a Bruker WM-2S0 instrument in 

CDCl 3 with tetramethylsilane (TMS) as an internal 

standard. Chemical shifts are reported in parts per million 

(ppm) downfield from TMS. Melting points were observed 

using a Mel-Temp apparatus and are uncorrected. Elemental 

analyses were determined by Desert Analytics, Tucson, 

Arizona. 

For yield estimates, a known amount of crude sample 

was concentrated and the NMR of the residue was measured in 

D20 using a weighed amount of sodium 3-(trimethylsilyl)-1-

propanesulfonate as an internal shift and quantitative 
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standard. lH and 13C NMR spectra are compiled in Tables and 

Figures at the end of the Experimental Section. 

Acids 67-69 and 71-74 were purified by 

recrystallization (from petroleum ether, except where 

noted) and/or preparative TLC (silica gel extracted with 

ethyl acetate). Minor by-products 70, 75, and 76 detected 

by NMR were not purified. Elemental analyses were obtained 

on new acids 69, 71,73 and 74. 

Preparation of dianion 9 from pyruvic acid 18 

To a stirred three-necked round bottom flask 

containing potassium t-butoxide (1.0 g, 9 mmol) in THF (20 

mL) at -70°C was added pyruvic acid (18, 3.6 mmol) in 5 mL 

THF over 5 min. 5 mL HMPA and 20 mL THF were added through 

an addition funnel. After 20 min, BuLi in hexane (1.6 M, 7 

mL, 11.2 mmol) was added over 5 min, giving a dark yellow 

color. 

Reaction of dianion 9 with dimethyl sulfate 

After 1 h at -70°C, dimethyl sulfate .(10.5 mmol) was 

added over 5 min to the above yellow suspension and the 

mixture was allowed to warm to 25°C and stirred for 11 h. 

To isolate the product, 5 mL water was added to 

dissolve the suspension. One or two pellets of KOH were 

added if the solution was not strongly basic. The layers 
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were separated and the organic layer was washed with 5 mL 

water. The water layers were washed 10 x 5 mL chloroform to 

remove HMPA and the organic layers were discarded. The 

aqueous layer was acidified to pH 2-3 in an ice bath with 

10% HCI and extracted 5 x 10 mL ether. The combined organic 

layers were dried (MgS04 ). The solvent was removed by 

rotary evaporation and the residue was analyzed by NMR for 

2-methoxyacrylic acid 58 (Table A.1, Figures A.1 and A2) . 

The off white solid was crystallized from petroleum ether 

to give an 80% yield of white needles, mp 51-52 °C (lit. 52 

°C) . 

Reaction of dianion 9 with diethyl sulfate 

After 1 h at -70 oc, diethyl sulfate (1.5 ml, 17.2 

mmol) was added over 5 min to the yellow suspension and the 

mixture was allowed to warm to 25 °C and stirred for 24 h. 

a-Ethoxyacrylic acid (68 Table A.2, Figures A.3, A.4) was 

obtained as an oily residue in 60% yield. Recrystallization 

from petroleum ether gave product with mp 56-58 °C (lit. 62 

OC) • 

Reaction of dianion 9 with benzyl bromide 

After 1 h at -70 oc, benzyl bromide (3 ml, 25 mmol) 

was added over 5 min to the yellow suspension. The initial 

dark purple color faded with addition of more electrophile. 
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The mixture was allowed to warm to 25°C and stirred for 

1.5 days. Isolation was carried out as with dimethyl 

sulfate. a-Benzyloxyacrylic acid was purified by 

preparative TLC and crystallized from ethyl acetate

petroleum ether as white needles.The IH NMR spectrum showed 

a-benzyloxyacrylic acid (69 Table A.3, Figures A.5, A.6) in 

20% yield, mp 96-96.5 °C. Anal. Calculated for CloHl003: C, 

67.41; H, 5.66. Found: C, 67.38; H, 5.61. 

Byproducts (Z)-2-benzyloxy-4-phenyl-2-butenoic acid 

(70, Table A.6, Figure A.9), 4-phenyl-2-oxobutanoic acid 

(75, Table A.4, Figure A.7) and 4-phenyl-3-benzyl-2-

oxobutanoic acid (76, Table A.5, Figure A.8) were not 

purified. 

Preparation of dianion 65 from 2-oxobutanoic acid 34 

To a stirred three-necked round bottom flask 

containing potassium t-butoxide (685 mg, 6.1 mmol) in THF 

(20 mL) at -70°C was added 2-oxobutanoic acid (34, 250 mg, 

2.4 mmol) in 5 mL THF over 5 min. 5 mL HMPA and 20 mL THF 

were added through an addition funnel. After 20 min, BuLi 

in hexane (1.6 M, 5 mL, 8 mmol) was added over 5 min, 

giving a yellow color. 

Reaction of dianion 65 with dimethyl sulfate 

After 1 h at -70°C, dimethyl sulfate (1.5 ml, 17.2 
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mmol) was added over 5 min to the yellow suspension. The 

mixture was allowed to warm to 25 °C and stirred for 24 h. 

(Z)-2-Methoxy-2-butenoic acid (71) was obtained as an oily 

residue in 65% yield. It was further purified by 

preparative TLC and low temperature recrystallization from 

petroleum ether (Table A.7) to give mp 54-55 °C, NMR 

spectra in Figures A.10 and 11. Anal. Calculated for CSHS03: 

C, 51.72; H, 6.94. Found: C, 51.16; H, 6.79. 

Reaction of dianion 65 with diethyl sulfate 

After 1 h at -70 °C, dimethyl sulfate (1.5 ml, 17.2 

mmol) was added over 5 min to the yellow suspension. The 

mixture was allowed to warm to 25 °C and stirred for 4 

days. (Z)-2-Ethoxy-2-butenoic acid (72) was obtained as an 

oily residue in 65% yield. Recrystallization from 

petroleum ether gave acid with mp 50-51 °C, NMR spectra in 

Table A.8 and Figures A.12 and A.13. 

Preparation of dianion 66 from 3-methyl-2-oxobutanoic acid 

lill 

To a stirred three-necked round bottom flask, 

potassium t-butoxide (760 mg, 6.3 mmol) and the sodium salt 

of 3-methyl-2-oxobutanoic acid (64, 350 mg, 2.5 mol) were 

mixed under Ar and dissolved in THF (20 mL) at -70 °C and 5 

mL HMPA and 20 mL THF were added through an addition 
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funnel. After 20 min, BuLi in hexane (1.6 M, 5 mL, 8mmol) 

was added over 5 min, giving a dark orange solution. 

Reaction of dianion 66 with dimethyl sulfate 

After 1 h at -70°C, dimethyl sulfate (1.5 ml, 8mmol) 

was added over 5 min to the dark brown suspension. The 

mixture was allowed to warm to 25°C and stirred for 15 h. 

3-Methyl-2-methoxy-2-butenoic acid (73) was obtained as an 

oily residue in 30% yield. It was further purified by 

preparative TLC and recrystallization from petroleum ether 

to give product with mp 70-71 °C (NMR spectra in Table A.9 

and Figures A.14 and 15). Anal. Calculated for C6H100 3 : C, 

55.37; H, 7.74. Found: C, 55.15; H, 7.52. 

Reaction of dian ion 66 with diethyl sulfate 

After 1 h at -70°C, dimethyl sulfate (1.5 ml 8 mmol) 

added over 5 min to the dark brown suspension. The mixture 

was allowed to warm to 25°C and stirred for 24 h. 3-

Methyl-2-ethoxy-2-butenoic acid (74) was obtained as an 

oily residue in 12% yield. It was further purified by 

preparative TLC and recrystallization from petroleum ether 

to give product with mp 53-54°C (NMR spectra in Table A.10 

and Figures A. 16 and 17). Anal. Calculated for C7H1Z0 3 : C, 

58.32; H, 8.39. Found: C, 57.96; H, 8.48. 
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APPENDIX A 

lH and 13e NMR assignments 



Table A.l. lH and l3C NMR assignments for 67. 

a 

b 

c 

b 1 
H O-CH3 7 ~ a 

H COOH 
c 4 

67 

o 3.66 (s) C1 0 55.5 

4.70 (d, J = 2.9 Hz) 

5.40 (d, J = 2.9 Hz) 

C2 94.7 

C3 151.2 

C4 166.1 

51 
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Table A. 2. lH and l3C NMR assignments for 68. 

a {) 1. 38 (t, J = 7.0 Hz) C1 {) 14.0 

b 3.85 (q, J = 7.0 Hz) C2 64.3 

c 4.65 (d, J = 2.5 Hz) C3 95.7 

d 5.40 (d, J = 2.5 Hz) C4 150.1 

C5 167.5 
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Table A. 3. lH and 13C NMR assignments for 69. 

4 3 10 a 6 
H o-e~2 ~ /J 5 

H 7 • , 
w 

H eOOH d 
c 8 

69 

a {; 4.81 (d, J = 2.9 Hz) C1 {; 70.8 

b 4.90 (s) C2 97.0 

c 5.57 (d, J 2.9 Hz) C3 127.5 

d 7.38 (m) C4 128.3 

C5 128.7 

C6 135.3 

C7 149.7 

C8 166.4 



54 

Table A.4. lH NMR assignments for 75. 

a 0 2.98 (t, J = 7.3 Hz) 

b 3.26 (t, J = 7.3 Hz) 

c 7.25 (m) 
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Table A.5. lH NMR assignments for 76. 

~ ~ a,b 

~ c}.-{ 
~eH2 eOOH 

V 76 

a 0 2.74 (dd, J = 14.0, 6.8 Hz) 

b 3.04 (dd, J = 14.0, 8.1 Hz) 

c 4.0 (p, J = 7.5 Hz) 



Table A.6. lH NMR assignments for 70. 

b 
OCH2C6Hs 

CsHS¥C02H -d 
70 

a 0 3.47 (d, J = 7.8 Hz) 

b 4.94 (8) 

c 6.57 (t, J = 7.8 Hz) 

56 



Table A. 7. lH and l3C NMR assignments for 71. 

a 

b 

c 

a 1 2 
H3C O-CH3 ? ~ b 

H COOH 
c 5 

71 

o 1.83 (d, J = 7.2 Hz) 

3.69 (s) 

5.52 (q, J = 7.2 Hz) 

C1 0 11.4 

C2 60.1 

C3 127.0 

C4 146.2 

C5 169.0 

57 



Table A.8. lH and 13C NMR assignments for 72. 

a 0 1.31 (t, J 

b 1. 83 (d, J 

c 3.90 (q, J 

d 6.56 (q, J 

1 3 2 

bH3eHo-e~2-e~3 
4 -5 

H eaOH 
d 6 

72 

= 7.2 Hz) C1 0 

= 7.0 Hz) C2 

= 7.2 Hz) C3 

= 7.0 Hz) C4 

C5 

C6 

11. 6 

15.3 

68.1 

127.2 

145.1 

169.4 

58 
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Table A. 9. lH and 13C NMR assignments for 73. 

a o 1.93 (5) C1 0 20.2 

b 2.13 (5) C2 20.3 

c 3.60 (s) C3 59.7 

C4 140.8 

CS 147.5 

C6 168.9 
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Table A.10. lH and l3C NMR assignments for 74. 

74 

a () 1.31 (t, J = 7.0 Hz) C1 () 15.2 

b 1. 92 (8) C2 20.1 

c 2.13 (s) C3 20.6 

d 3.77 (q, J = 7.0 Hz) C4 68.0 

C5 139.2 

C6 140.5 

C7 168.7 
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APPENDIX B 

IH AND l3C NMR SPECTRA 
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APPENDIX C 79 

A NEW TRITERPENOID FROM BRIDELIA TOMENTOSA 
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A NEW TRITERPENOID FROM BRIDELlA TOMENTOSA 

SUPARB BOONYARATAVE).· 
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ROBERT B. SATES. SRIYANI CALDERA. and KESSARA SUVANNACHUT 
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ABSTRACT.-The new rriter~noid 24-methyllanosta-9< 111.25-dien-3-one [1] and the 
known trite~noid 24.24-dimethyllanom-9< 11),25-dien-3-one [2] were obtained from the 
rootS of Britklia lommlosa. 

Britklia lomenlola Bl. (syn. Britklia 
monoica Merr.), a traditional medicinal 
plant in Thailand, locally known as 
"Khon non," is a small tree in the 
Euphorbiaceae family. A decoction of 
the bark or leaves is used for colic. A de
coction of leaves with pares of other 
plants is used for high fever. The root 
serves as a medicine taken the first 3 days 
after childbirth (1). 

Hui and Fung (2) investigated the 
leaves and stems of B. monoi(a Merr. and 
reported the isolation of friedelin, 
friedelan-3~-oI, glutin-5-en-3I3-o1 (D,B
friedo-olean-5-en-313-01), stigmasterol, 
l3-sitosterol, and a long chain aliphatic 
compound, C2oH3S02' There is no 
other report on B. monoica or B. lomen
lOla. We now report the isolation of one 
new and one additional known triter
penoid from the roots of B. lomenlola. 

Extraction of the ground roots of B. 
lomenlola with MeOH followed by 
chromatography yielded a white solid. 
mp 150-151°. IH-nmr spectroscopy 
showed this to be a mixture of tWO 
closely related compounds which we 

o 

1 R=H 
2 R=Me 

were unable to separate except by gc-ms, 
but which we were able to show. largely 
from the IH_ and I.\C-nmr spectra 
(Table 1) of the mixture, to contain a 
new 31-carbon triterpenoid 1 (60%)and 
the known 32-carbon triterpenoid 2 
(40%) (3). 

The 13C spectral peaks of 2 were 
assigned by comparison with hispidone 
(4) and 24-tpi-dihydrocyclonervilasterol 
(5). The major compound 1 differed 
from 2 onlr. in the side chain. and its 
side-chain H-nmr absorption matched 
that of carnaubadiol (6). The 24(S) con
figuration was determined by hydrogen
ation to the 25.26-dihydro compound 
and 'H-nmr spectral comparison with 
24-tpi-dihydrocyclonervilasterol (5). The 
optical rotation ofl was calculated to be 
+ 65. SO from the rotation of +61.0° for 
2 and the rotation of +63.7° observed 
for the 60:40 mixture of land 2. 

EXPERIMENTAL 

GENERAL EXPERIMENTAL PROCEDURES.
Ir s~crra were recorded with a Perkin-Elmer 781 
s~ctrophotometer. Ms was obtained on a )EOL 
JMS.DX 300 spectrometer. Elemental analyses 
"'ere carried out on a Perkin-Elmer 240C elemen
ral analyzer. Uv s~ctral data were measured with 
a Sh,m.dzu 240 spectrophotometer. Oprical ro
rallons were obtained on an Autopol IJI Auto
m.rJC Polarimeter. 'H-nmr s~ctra ar 250 MHz 
.nd "C·nmr s~ctraat 62.9 MHz in COCl, were 
rt'(orded on a Bruker WM-250 spectrometer. 

PLANT MATERIAL.-The dried roots of B. lO

ll/tn/lisa were obtained from Rayong Province. 
Tha,Jand In February 1986. The voucher speci
men. BK n6.H. was deposited an he Herbarium 
uf Botany Sei:tion, Botany and Weed Science Oi
","on. Department of Agriculture. Ministry of 
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TABLE 1. I 'C_ and IH·nmr Chemical Shifts (Ii) and Coupling Constants (in Hz. in parentheses)for 1 and 2. 

Compound 

Atom 1 2" 

'H "C IH "C 

I j32. IOddd(l3.2.6.3. 3.1) 36.7 

2 
{a2.40ddd(l~.4. ~.4. 3.1) 

j32.72dddm.4.13.3.6.3) 
34.9 

3 217.2 
4 46.9 
~ B.4 
6 27.7b 

7 22.~b 
8 2.23 brd(l2.3) 41.8 
9 , 147.0 

10 39.0 
11 ~.28 brd(5.9) 116.3 
12 1.92 m. 2.08 m 37.1 
13 44.2 
14 47.7 
15 33.9 
16 27.9 
17 50.8 50.7 
18 0.665 14.4 
19 1.235 21.8 
20 36.0 36.6 
21 0.87 d(6.3) 18.6 18.5 
22 33.9< 30.7 
23 31.4< 37.3 
24 2.lm 41.6 38.7 
2~ I~O.I 1~2.3 
26 4.67 brs 109.4 4.67 brs. 4.72 brs 109.3 
27 1.64 br s 20.2 1.69brs 19.4 
28 0.74$ 18.4 
29 1.07s 2~.6 

.~O 1.07s 22.0 
31 l.00d(6.9) 18.4 1.0 Is 27.2 
32 1.02 s 27.5 

·Only the parameters which differed from those of 1 are shown for 2. 
h"Values in the same column with the same supersctipt may be interchanged. 

Agriculture and Cooperative. Bangkok 10900. 
Thailand. 

ISOLATION OF TRITERPENoIDS.-Dried and 
ground roots (4.9 kg) were exhaustively extracted 
with MeOH by maceration. The MeOH extract 
was evaporated and partitioned with CHCI,. The 
CHCI I extract was concentrated to give a brown 
semisolid (50.7 g) and column chromatographed 
using Si gel as adsorbent. On elution with 
CHCI,-hexane (1:3). a white solid was obtained 
and recrystallized from MeOH as white needles 
(680 mg): mp I~O-I5Io; la)nD+6.~.7° 
h'= 1.0. CHCI,); R, 0.7 (Si gel. CHCI,); uv ~ 
max (CHCI ,) 291 nm (t H); ir v max (KBr) 
3060. 3040, 1710. 1640.880 cm -I; gc-ms (2<;i. 

OV-I. I m. 270") 1 Rt 6 min. mlz (reI. int.) 
1M] + 438 (28). 423 (79). 311 (100). 2n (44). 
24~ (41); gc-ms 2 Rt 7.4 min. mlz (reI. int.) 
[M) + 4~2 (20). 437 (~O). 39~ (9). 311 (92). 257 
(38). 245 (32). 55 (100); I Hand "C nmr see 
Table 1. Found C 85.09, H 11.60. caled for 
CIIH,uO. C 84.87. H 11.49%, caled for 
C,1H,zO. C 84.89. H 11.58%. 

HYDROGENATION OF THE MIXTURE OF 
COMPOUNDS 1 AND 2.-The mixture of com
pounds 1 and 2 (10 mg). 2 mg of ~% Pdlchar
coal. and ~ ml ofEtOH was stirred under Hz for 
30 min. After filtration and concentration, the 
I H-nmr spectrum showed doublets (j = 6 Hz) at 

Ii 0.782.0.856. and 0.885 characmisticoftheS 
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configuration at C-24 in 2~.26-dihydro-l and 
lacked peaks expected for an R configuration. 
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K.y WOnilMoll-PtricoltW cawiala; Asteraceae; Helenleae; sesquitcrpcnoids; cupatori0plcrin; cauda to!' 

Abstract-From Ihe more polar fraction of Ihe dichloromethane extraci of Ihe aerial pans of Pe,icome cawiara. a new 
guaianolilie. n~med caudalol. has been isolated and identified on Ihe basis of spectroscopy as a denvalive of 
eupatoriopicrin in which Ihe C-8 side chain is funher cslerified at CoS' ;'y 3.4-dihydroxybul-2(S)enoic acid. 

INTRODCcnON 

We reponed earlier [I] the isola lion and idenlification of 
IWO new guaianolidcs. pericomin and isopericomin. co
occurring wilh eupatoriopicrin (I). a known scsquiler
penoid. from the dichloromelhane extract of Ihe aerial 
pans of Perico~ caudata. We now rcpon from Ihe same 
source bul from a more polar fraction anolher new 
guaianolide which we name cauda to I (l). 

RESULTS AND DISC1JSSION 

Caudalol (l) was isolaled from Ihe silica gel column 
chromalographic fraclion eluted wilh ether [I] by funher 
solvent elliraction. precipitation and repealed preparat
ive TLC. Its Slructurc was deduced largely by spectral 
corrclalion wilh I which differs from l only al C-S·. The 
IR (CHCI, ) spectrum ofl was almost idenlical 10 Ihat of 
I. Its 20 eV ElMS. unlike that of I, gave no discernible 
[Mr' peak but its fragmentation below ml: 248 (last 
peak in the spectrum) was qualitatively indistinguishable 
from that of I except for the presence of two relatively 
strong peaks in the low end of the mass scale at ml Z 84 
(48.8%) and S6 (16.1 0/.). The HR mass spectrum demon
strated that these ions from the side chain have molecular 

mlz231!~7.3': mlz 139/9.4) 
I 

mlz230( 21.0'0+ mlzl60(7.8) 

[ 

l ~C01H j+ 
~O <H,O"" 

o 
mlz39I1S.9) 

formulas C.H.O, and C,H.O. rcspeclively. and that all 
Ihe major ions below ml: 248 have the same elemental 
compositions as observed for l. The FAB mass spectrum 
INBA matrix) displayed molecular ion related peaks at 
ml: 477 [M + H] + (base) and 499 [M + Na] + (78.8%). a 
difference of 114 mass units from that of I [ml: 362 
I [M] .', 0.4%)/EI mass spectrum] and peaks associated 
wilh the aglycone and side chain unit at ml: 247 (7.4%). 
231 (47.3%). 230 (21.0%). 229 (20.1 %) and 115 (36.9%). 
This difference of 114 mass units between I and 2. 

J 
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together with the striking similarity in their EI mass 
spectra suggested that 2 could be a derivative of I in 
which the C-8 side chain was further esterified by a 
second five-carbon dihydroxyacid. 

NMR spectral comparisons of 2 with I and cnicin (3) 
[2] (Table II showed this additional dihydroxyacid to be 
that presenttn 3. This additional acid clearly esterified the 
S'-OH grouping as the 5' carbon and protons absorb 
much farther downfield in 2 than in I. In chloroform·d. 
doubling of some I H and I 'C peaks !Table I) suggested 
that nearly equal amounts of two conformations with a 
high energy barrier between them were present. as in 
is;;belin and related germacranolides [3]. 

Returning to the mass spectrum. cleavage of the acyl 
grouping at C-6' with H-transfer in 2 could give rise to I 
[ml: 362 (not observedl] via tbe elimination of 2-hydro
xyacetaldehyde and a radical ion at m,: 54 (C,H 20. 
composition verified by HR mass spectrum) which ap
peared as a weak peak (7.I"!O) in the EI mass spectrum but 

stands out (46.0%1 in the FAB mass spectrum. This 
conversion of 2 to I upon electron impact explains why 
the 20 eV EI mass spectrum of 2 below m.: 248 represents 
a superposition of that of I and the ions of I at m,: 97 and 
69. isomeric with those of 2 (see Scheme 1) retained their 
dominance in 1 as well. The EI mass spectrum of2 did not 
show a peak at m': 246 corresponding either to the entire 
C·8 side chain + H or the anhydrogenin but did display 
an abundant peak at m,: 230 which. in the HR mass 
spectrum. was due solely to C"HuO (dehydrogenin). 
But its daughter ion at m': 202 (m,: 230·CO) was a 3: I 
composite of CI.H leO and CqH ,,0, species. The laller 
species. marked by the presence of further fragment ions 
(m/: 187. 173. 160 and 159). must be a decomposition 
product of the side chain. The decomposition mechanism 
shown in Scheme 2 is postulated to explain these observa
tions. The elimination of 86 mass unit!. equivalent to the 
elements of 3.4·dihydroxY·I.2-butadiene in the decom
position process ml: 246-m,: 160 IC6 HeO,) suggested 

Table I. "H and "e chemical shifts (d. eDCl,iTMSI and coupling constanls fin Hz. in parenlheses) for compounds 1-3 

1· 3t 

Atom 
no. "e "H "e "H "H 

I 127.0 4.89m 126.8 d 4.92m 
2 26.1 1.9-26m 26.21 1.9-2.4m 
3 39.3 1.9-2.6m 39.41 1.9-2.4m 
4 142.7 143.2. & 1413 
S 130.7 4.79 d (9.81 1l0.9d 4.7S d (9.7) 
6 7S.8 S.21 1 (9.21 76.2 d & 76.1 S.121 (9.21 
7 S2.6 298m 52.S J & S24 2.96m 
8 72.2 S.83 br , 72.5d S.83 br , 

{ 23Sm { l3Sm 
9 418 44.01 

2.8S br d (I S.O) 2.84 d (13.5) 
10 133.9 134.0, 
II 136.4 136.4 , 
12 169.9 170.3 , 

{ S.61 d (2.61 f 5.62 d (2.81 & 5.S9 
13 121.J 121.81 

6.26d (3.31 t 6.26brs 
14 17.4 1.48, 17.6q 1.46, 
IS 19.0 1.77, 19.0q 1.77. & 1.79 
I' 16S.7 165.8, & 165.6 
2' 131.4 126.3 , 
3' 144.S 6.881 (S.8) 149.0 d & 148.8 7.131 (S.71 & 7.14 
4' S8.S 4.40d (S.81 S8.3 1 & 58.1 4.47m 
5' S6.8 4.34 , 65.41& 65.7 4.90 m 
)"' 164.7, 
2" 139.0. & 139.1 
3" 70.7 d & 70.6 4.S3m 4.36m 

4" 59.21 1343 dd (11.4. 6.7) & 3.4S 
),69 dd (I 1.4.3.3) & 3.70 

1127 dd (II. 6.S) 
)'SI dd (II. 41 

5" 127.81 l 599, ) 5.98, 
623 s I 6.22, 

·Where ampersand, appear. a spill ling onlo 1100 conformallons was obser-ed (see lext). 
t Paramelen for Ihe side chain of J on chloform·d conlalnlng DMSO-d. [2]. 
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In S~heme ~. "'as supported by the FAB mass spectrum In 

",hlch similar elimination occurred from the [M.,. H]
Ion 1m ; ~7~1 forming an Ion at m·; 391 15.90'01. the only 
noticeable peak In the region m,; ~50-~77. 

The relative .:onfiguratlons within the sesquiterpcne 
portion of 2 must be the same as in I from the similaritY of 

their S M R parameters. The dbsolute configurations at 
these centers are presumed to be the same on biogenetic 
grounds II dnd 2 co-occur In P. caudaral. and there IS 
some support from their both haVing positive rotations. 
The configuration at cor. like the corresponding config
uration in 3. II as not determined: on biogenetic grounds. 

mil 159114.1) 
C.H,O, t lsoblnc Ion) 

-H -

mit 230 ( 48.2 ) 

C"H"O, 

[ 

HOOCXMe 

I · , 
Hlf CooH 

":::c"lt. 
-I 

OH mIl 160 (7.2) OH t, 
C.H,O, ( Isobaric IOn ) 

HOOC H OH 

~~CHIOH 
Hie 0 

bHml1 246 I nOl observed) 

H M~\ 
011 0 OH It. ~ 

'~OyCH'OH • 

~ mIl 230 (48.2 ) 
CIOH .. O ( nol observed 10 HRMS ) o 

mIt 173( 14.S) 

C.H"O. 

1 
t. 

&-s 

• jib. 
-CHO-CH,CO 

mIl 246 ( nOl observed ) 

-
,-~T' y-sT' . . . ·0 _ 

"":b Me : 
H'" : 

b 

mIl 202 (11.0) 
C,H .. O,( Isobaric ion ) l-Me 

mIl 160 ( 7,1 ) 

C,H"O. 
( Isobaric .on ) 

-H 

Scheme 2, 

m/Z t59 (14.1) 

C ,H"O. 
I lsobanc '00 I 

mIt 187 (12,0) 

C,H,.O, 
( lsobanc.on ) 
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they are more likely than not to be the same. but their 
molecular rotallons differ considerably [M5' + liS' 
IEIOH: cO.751 for 2 and +597' IEtOH: c2.3) for 3]. 

/."lotlOn fir ,,"udarn/121. For planl malerial and its Inilial 
.'tr.,lIon CC procedures. sec ref (I). The fracllon tlO gl eluled 
"lIh EI,O 1100',1"as dlSso!\ed In MeOH and ppld with EI,O. 
The lurbld mal her liquor .• fler separallon from Ihe gummy 
r.Sldue by decanlallon. "as cenlnfuged. and Ihe clear super
nalanl liquid .. apd 10 dr~ness under vacuum. The resulung 
residue .. as separaled Inlo EI,O soluble and Insoluble fracllOns 
b) Inlurallon followed by sllrnng magnellcally for 2 hr. A 
porllon of EI,O-Insoluble residue 11.94 gl when trealed with 
CH,CI. gave a wa.y malenal which was filtered out. The 
CH,CI,-soluble fracllon. afler evapn of Ihe solvenl under 
,"cuum. was further sep.raled inlo Me.CO soluble and In-

soluble fracuons. The Me,CO-soluble fraclion afler decolonza
lion II.~ gl followed by prep. TlC [CH:CI,-EIOAc-~leOH 
16: 21: II. one developmenl] gave a fraclion rich In 2. Further 
prep. TlC (same solvenl sYSleml gave a fracuon conlainlng 2 
with minor Impuriues. Punficalion by 2 x prep. TlC 
[CHCI,-MeOH 18: II. one developmenl and (10: 11.1100 devel
opments] followed by decolonzauon gave foamy 2. homogen
eous by TlC. Its spectral dala are descnbed in Ihe le.t. 
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