
~er,,ah&cm Vol. 42. No. 12. pp. 3251 to 32% 1986 
Rmtcd in Cituc Bnuin. 

oo404020/86 13.00 + al 
Fupmon JoluluIs Lid 

S-IS OP DISDDIIM PRBPWATE+ 

Robert Rtmtgt*1 and Angus U. UacLtod 

Dtpartmtnt of Chemistry, UWIST, Manchester ?l60 1QD 

(Received in UK 19 December 1985) 

Abstract - An efficient synthesis of dlsodlum prtphtnatt is 
described which Illustrates the use of S-ylldtnt-1,3- 
dloxalan-l-ones for the synthesis of acid labllt a-ktto 
acids. 

The biosynthesis of the important o-amino acids, L-phenylalanint and L-tyroslnt 

is accomplished in plants and micro-organisms by the shlkimic acid pathway,l so 

named after the bioqnthetic inttrmtd1att, shlkimlc acid (1) which was isolated 

first as a natural product in 1885. 2 We oxidation level and stereochemistry of 

(1) make this a challenging target for synthesis which was first rtallstd by 

Raphael3 and Smissman.3 Subsequently the former route was modified to product 

labtlltd shiklmic acid for biosynthetic studies4 designed to probe the 

sttrtochtmlstry of the later steps leading to chorlsmic acid (2) then prephenlc 

acid (3) which 1s the final non-aromatic intermediate leading to L-phenylalanlnt 

(5) and L-tyroslnt (6). Since the shlklmlc acid pathway is not utlllstd by 

mammals there is considerable potential for the design of modified shlkimatt 

inttrmtdlatts as herbicides and antibacterial agtnts.5 Although dlsodium 

prtphtnate (4) has been synthtslstd 6 it remains important to lnvtstlgatt routes 

which can be adapted to afford inhibitors of the enzymes prephenste dehydratase 

and prephenate dehydrogenasc which mediate in the transformation of prtphtnic 

acid (3) to L-phenylalanine (5) and L-tyroslnt (6). 

Before embarking on the synthesis of a natural product it is mandatory to 

take account of the chemical characteristics of the target molecule. In the 

cast of prephenic acid (3) this introduces remarkable constraints upon the 

strategy and protecting group selection. Prtphtnic acid (3) is decomposed 

rapidly under acid conditions to afford phtnylpyruvlc acid (7). However, it la 

decidedly more stable to aqueous alkaline treatment which requires prolonged 

standing, or heating, to convert prtphtnlc acid (3) to phydroxyphtnyllactic 

acid (8) by an intramolecular hydride transfer mechanism7 which utillsts the 

sttrtochtmlcal features of (3). The cfs sttrtochtmlstry of the hydroxyl and 

carboxyllc acid functions follows from the stereochemistry of chorlsmlc acid 

(2)S which is the lmmtdiatt biosynthetic precursor of prtphtnlc acid (3). These 

facts determine that the synthesis of prtphtnic acid (3) should lead to the 

relatively stable and isolable salt (4) and, further, that the uncovering of the 

functionality at the end of the synthesis should require mild alkaline 

'This paper Is dedicated to Profe8mor Ralph Raphael on his 65th birthday In 
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treatment. This policy was adopted by Danishefsky6 

which involved the flnal intermediate (9). 

in his eynthesis of (3) 

1 2 3, R=B 5, R=H 

4, R=Na 6, R=OH 

We have recently described9 a method for the preparation of o-keto acids 

(11) which relies upon the synthesis and subsequent mild alkaline hydrolysis of 

S-ylidene-1,3-dioxalan-4-ones (10). This hitherto relatively unlnvestigated 

class of compounds10 have been made by Wittig reaction of an aldehyde with the 

ylide (12) derived, In sftu, from the phosphonlum salt (13). Thus we sought to 

incorporate the system (10) into a synthetic strategy for dlaodium prephenate 

(4). Retrosynthetic coneiderations led to the structure (14) as the 
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penultimate intermediate in the synthesis. Tuo possible routes to (14) 

immediately present themsalves; namely Yittig reaction of the aldehyde (15) with 

the ylidc (121, or Ylttlg reaction of the protected form of methyl dlformyl- 

acetate (L6)ll followed by elaboration of the product (17/18) to the desired 

dienone (14) using Die18 Alder methodology involving the dlene (19/20).12 The 

considerable steric restraints to the Yittig reaction, together with the likely 

lnstabillty of (15), decidedly favoured the second of these alternative 

strategies. 

Acetylatlon of (16) afforded the unstable enolacetate as a mixture (111) of 

z and B isomers which was reacted with the phosphorane (12), generated In sftu 

from (13) by one equivalent of 1,4-diazablcyclo[2.2.2)octane (DABCO). This gave 

the S-ylidene-1,3-dloxalan-2-one (18) as a mixture of two double bond isomers in 

44% yield. Although it was not posalble to separate these isomers by 

chromatography, the major isomer was obtained pure, m.p. 101’C. by fractional 

crystallisation from ether and it was determined by X-ray crystallographic 

analysis to be the E(7,8), 2(3,6) double bond isomer (16).13 Interestingly the 

dlenone system in (18) is twisted from planarity by rotation about the 6.7 bond 

isolating, to some extent, the acrylic ester function required for subsequent 

Die18 Alder addition with a diene system. The enolacetate (18) was heated with 

the important dlcne (19). developed by Danishefsky, l2 for 46 h in rcfluxing 

benzene. After acid hydrolysis of the intermediate enolsilyl ether ;21), 

followed by elimination of methanol, the acetoxycyclohexenone (23) could be 

isolated and characterised but, in practice, this intermediate was directly 

subjected to base-induced (Et3N) elimination of acetic acid to produce the 

dienone (14) in 45% yield from (III). However this sequence of reactions 

starting from the methoxydiene (19) had the disadvantage that loss of methanol 

from (21) was not complete leading to methoxycyclohexenone by-products (24). 

Another disappointment was incurred when the minor isomer of (18), produced in 

the Wittlg reaction with the enolacetate of (16). failed to undergo the Diels 

Alder reaction with (19). We attribute this to the minor isomer being the more 

stsrically demanding E(7,8), E(3,6) double bond isomer of (18). 

17, R’=OAc , R2 =H 19, X=OYe 21, X=OMe 

18, R1=H,R2=OAc 20, X-OAc 22, X=OAc 

These problems could be resolved easily resulting in the efficient 

preparation of (14) from (12). The yield loss due to the formation of the 

unreactive E( 3,6) isomer of (18) was avoided by the simple expedient of using 

the anion of (16) for the Yittig reaction. The phosphorane (12) was generated 

from the salt (13) in the usual manner using DABCO but, in this instance, 2 

molar equivalents of the base was ussd. Addition of methyl diformylacetate 

(16) resulted in enolate formation with the remaining equivalent of DABCO 

followed by Ylttig reaction indicated by the loss of the orange colour of the 
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ylld. The resonance stabilined enolate product (25) wan quenched with acetyl 

chloride to afford the mixture of dlenes (17) and (II) In 59\ yield a8 a I:4 

mixture of isomers in which the latter was favoured. In this case the minor 

product of the Wlttlg reaction was not the same as the unreactive minor lsoner 

obtained in the previous Dlels Alder reaction. It has prevloumly been found10 

that resonance stablllsed aldehydes favour the formation of the 2(3,6) double 

bond isomer in the Wlttig reactions leading to the series (10). In contrast to 

prevlous experience it was found that both isomers (17) and (18) reacted 

smoothly in the Die11 Alder reaction with 1-acetoxy-3-trimethylsllyloxybuta- 

dlenc (20), which was prepared readily from 4-acetoxybutenone14. Reaction of 

this diene (20) with the mixture of (17) and (18) gave the adduct (22) which was 

found to ellmlnate efficiently two molar equivalents of acetic acid to give the 

desired dlcnone (14) in 72% yield. 

Having thus establlshed a convenient and efficient two stage preparation of 

the key dienone intermediate (14) from the readily available starting reagente 

(13) and (lb), reduction to the dlenol (26) was undertaken. After experl- 

mentation with different reagents we opted for 9-borablcyclo(3.3.ljnonane 

(9-BBN)15 in THP which reduced (14) to a mixture of two l pimerlc dlenols which 

were separated by chromatography. The major product (53%, m.p. 74-77-C) was 

assigned the structure (28) resulting from attack of 9-BBN from the least 

hindered face of the dlenone; the lesser product (31%, m.p. 73-74-C) (26) has 

the same relative configuration as prephenic acid (3). Neither of the dlenols 

gave crystals suitable for X-ray studies. However, the relative conflguratlons 

could be assigned unambiguously by a nltsunobu 16 inversion of the major product 

(28) which afforded the formate ester (27) which fulfilled two purposer. 

Firstly, X-ray’structure determination 13 clearly showed the cls relationship of 

the mcthoxycarbonyl and formate functions and, secondly, the fox-mate (27) could 

be solvolysed in methanol, containing triethylamlne, to give the desired dlenol 

(26). This recycling sequence brought the overall yield of (26) from the 

ditnone (14) to 46%. 

23, X=OAc 

24, X-One 
25 26, R=H 

27, R=CHO 
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Finally, the chemistry of the S-ylidene-1,3-dioxalan-4-one system was 

brought Into effect and the dienol (26) was subjected to mild alkaline 

hydrolysis with two equivalents of NaOR In aqueous methanol to give disodium 

prephenate (4) In 97% yield having 360 MHZ n.m.r. data consistent with that 

derived from natural sources (with the exception that the %aturalw material was 

contaminated with aromatic species). Similarly, hydrolysis of the dienol (28) 

gave disodium epiprcphcnate (29) which was Isolated In 89% yield and was found 

to have similar n.m.r. data to dimodium prephenate but clearly different In 

detail as reported by others.6 Thus we have succeeded in designing and 

executing a short synthesis of the salt of prephenic acid Involving only three 

lsolated Intermediates (17/18), (14) and (26) and which 1s capable of 

modification In order to probe the speclficlty of the final stage in the 

biosynthesis of L-phenylalanine and L-tyroslne by the shlkimate pathway. 
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measurements at 360 MHz. 

Experimental 

U.p.s were measured using a Buchi 510 Immersion melting point apparatus and 
were uncorrected. 1H N.M.R. were measured on PerkIn Clmer R34 and 
Bruker-AM360 Instruments and chemical shifts are expressed in ppm downfield from 
TIM. IR spectra were obtalncd using Perkin Elmer 197 or 298 Instruments and UV 
spectra recorded on Pye Unlearn SPI-100 and Caryll8X instruments. Mass spectra 
were measured on a Kratos MS 45 instrument. 

Wlttig Reaction of Phosphorane (12)wIth Enolacetate of Aldehyde (16). - An 
aoueous solution of sodium bicarbonate (5.10 a. 60.7 mmol in 50 ml%,01 was 
added slowly to a stirred solution of me&y1 dlf&mylacetate (16) (7.87 6,'60.7 
mmol) in acetone (100 ml). When evolution of CO2 had ceased, the acetone was 
removed under reduced pressure then the remaining aqueous solution was washed 
wlth ether (20 ml) and freeze dried to give the sodium salt of mct'hyl diformyl- 
acetate (9.05 g, 98%). The white powdered salt (5.09 g, 33.5 mmol) was 
suspended In dry CH2Cl2 (SO ml) to which was added acetyl chloride (3.8 ml, 53.2 
mmol) dropwise with stirring over 15 min. After 30 mln the volatlles were 
removed under reduced pressure and the residue dissolved In ether, filtered and 
concentrated to give the Enonolscetate as an oil which was a 111 mixture of 7, and 
E Isomers (1.5 g, 26\), v x (CH2C12) 1 795 (enolacetate), 1 742-l 700 ( several 
bands, aldehyde and eater T and 1 610 cm-1 (c=c) 6(CDCl3) (60 MHz) 2.41 (3H. s, 
AC), 3.88 (3H, 2 lines, One), 8.45 (s) and 8.77 (d, J 2 Hz) total 1H (CM)Ac), 
9.78 (5) and 10.10 (d, J 2 Hz) total lH( CHO). Due to the lnstablllty of this 
material, which was cd 90% pure (from nmr), it was used lmmcdiately without 
purification. 

To the phosphorane (12), generated from phosphonlum salt (13) (4.2 g, 8.4 
mmol) and DABCO (0.93 g, 8.3 mmol) In dry toluene (10 ml) under nitrogen, was 
added the enolacetate of aldehyde (16) dropwise with stirring. After 15 mln, 
the reaction mixture was poured onto a column of silica gel which was eluted 
with an ether - light petroleum gradient. This gave an 011 from which the E/Z 
dfoxolsnone (18) (544 lag, 21%) could be obtained by fractional crystallisatlon 
mpt lOO.S-1Ol'C (ether) (Found: c, 57.9; H, 5.8 
H, 5.8); 

C15H1807 requires C, 57.9; 
vmax (CH2C12) 1 790 (dioxolanone and enolacetate), 1 720 (ester) and 

1 635 cm-1 (C=C); imax (EtOH) 288 nm (E 16 100) and 222 nm (C 13 760): 6 
(CDCl3; :',2;,;H;) 1.4-1.9 (lH, m, cyclohexyl), 2.25 (3H, s, AC), 3.83 (3H, s, 
One), . 6-H) and 8.29 (lH, s, 8-H). The mother liquors on con- 
centration gavd a'n 011 which was a mixture of geometrical Isomers (590 mg, 231, 
90% pure by nmr), ((CDC13) (220 MHz) 1.4-1.9 (lOH,m), 2.13 and 2.25 (3H, Ze), 
3.78 and 3.82 (3H, 2s). 5.98 (d, J 2 Hz) and 6.22 (9) total LH. 7.50 (d. J 2 Hz) 
and 8.28(s) total 1H. 
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wittig Reaction of Phosphorane (12) with Uethyl Diformylacetate (16).- Methyl 
dlformylacetate (490 rag, 3.17 mmol) was added dropwlse under nitrogen to a 
stirred solution of phosphorant (12) generated In situ from phosphonlum salt 
(13) (1.90 g, 3.82 mmol) and DISCO (940 mg, 8.38 mmol) in dry benzene (5 ml). 
After 25 min acetyl chloride (300 ~1, 4.20 mnol) was added and the roactlon 
mixture stirred a further 10 min, then diluted with ether, filtered and 
concentrated. 
ether - 

Chromatography on silica gel followed by crystallisation from 
light petroleum gave the dioxolanone (698 mg, 59%) as a 411 mixture of 

f{; (I..; and Z/Z (17) isomers,4(CDC13)(220 UHz) 1.4-1.9 (lOH, m), 2.25 and 2.29 

2s): 
3.83 and 3.86 (3H, Zs), 6.23 and 6.34 (lW, 2s) 8.29 and 8.44 (lH, 

SAme E/Z isomer identical with that described above hould be obtained by 
fractional crystallisatidn from ether but this was not necessary in practice. 
The ratio of isomers obtained varied with the eemperaturc at which the reactfon 
was quenched with acetyl chloride (eg E:Z ratio lr2 when quenched at 6O'C). 

Preparation of Dienone (14) using Diane (19). - A solution of the E/Z 
dioxolanone (10) (507 mg, 1.63 mm011 and the dlsaa (19) (600 mu, 3.48 mmol) in 
dry benzene (1 ml) was heated at 77’C. Aiter 46 h, the-solvent-was removed.and 
the remaining 011 dissolved in THP (8 ml) to which was added O.SU HCl (1 ml). 
The solution was stirred for 30 min then diluted with ether, washed successively 
with saturated sodium bicarbonate solution and brine, dried and concentrated. In 
initial studies of this preparation, the reaction mixture was purified at this 
stage by chromatography on sfllca gel eluting with ether-light petroleum (4:l) 
to give the Acetoxycyclohcxenone (23) as a colourless 011, umax(CH2C12) 1 790 
(dloxolanonc), 1 745 (acetate), 1 690 (anone) and 1 605 cm-l (C=C)I Imax (95% 
EtOH) 248 nm (c8 188) and 224 nm (I 8 061); C(CDCl3) (220 MHz) 1.5-1.9 (lOH, m, 
cyclohexyl), 2.04 (3H. s, OAc), 2.68 (lH, dd, J 17 and 8 Hz, CHEHOAc), 2.86 
(lH, dd, J 17 and 4.5 HZ, CMKHOAc), 3.77 OH, s, One), 5.80 (lH, dd, J 8 Hz and 
4.5 HZ, C/BAc), 5.81 (lH, 9, 11-H), 6.15 (lH, d, J 10 HZ, CHCO), 7.02 (lH, 6, J 
10 Hz, CACHCO). Founds H+378.1311. ClgH2208 requires k4+ 378.1315. 

The crude acetoxycyclohtxtnont (23) was treated with Et3N (350 ul, 2.52 
mmol) in CH2Cl2 for 21 h at room temperature. The solution was filtered 
through florlsil, concentrated, and the residue DUrifiad by chromatouraDhv on 
silica gel (gradient elutlon with ether - light bttroleum); crystaili~atlon 
from ether gave the Dfenone (14) (235 mg, 45%), mpt 90-91'C (Pound: c, 63.9r 
H, 5.1. Cl7Hl808 requires C, 64.1; H, 5.7j)# umax (CH Cl2) 1 790 (dloxolanone)~ 
1 740 (ester), 1 680 (sh, txocycllc C=C), 1 670 tdienone) and 1 630 cm- I 
(dienont C=C): Amax (95% EeOH) 243nm (c 22 180); 4(CDCl3) (220 l4Hz) 1.4-1.9 
(10H. m, cyclohexyl), 3.82 (3H, s Me), 5.78 (lH, s, 11-H), 6.41 (2H, d, J 10 Hz, 
(CHCH)2CO), 7.02 (ZH, d J 10 Hz, (CACH)2CO). 

The major by-products also obtained were the rYetboxycycZo~exeJ?ones (24) 
higher Rf isomer (32 mg, a\), colourltss oil CB 90% pure by nmr, vmax (CH2Cl2) 1 
785 (dloxolanont), 1 735 (ester), and 1 680 cn-l (enone)! 4(CDCl 
1.4-1.9 (10H. m, cyclohtxyl), 2.56 (lH, dd, J 17 and 9 CMiCHOUe 3 

) (220 MHz) 
Hz, , 2.73 (lH, 

dd, J 17 and 4 HZ, CHKHOM), 3.33 (3H, s, OMt), 3.75 (3H, CO2ne), s, 4.15 (lH, 
dd J 9 and 4 HZ, CKMe). 5.92 (1H. 8. 11-H). 6.07 (2H. dd. J 11 Hz. (CHCMKO) 
and 6.93 (lH, d, J 11 Hz,~(IXCCH)$ZO~J -lower if isom& il55.mg, 27%); colou;iese 
011, vmax (CH2Cl2) 1 790 (dloxolanone), 1 742 (osttr), and 1 690 en-1 (enone)j 
imax (EtOH) 254 and 227 nm; 6(CDC13) (220MHa) 1.4-1.8 (lOH, m, cyclohexyl), 
2.64 (1H. dd, J 17 and 3 Hz, CHICO), 2.84 (lH, dd, J 11 and 4 Hz, CMiCO), 3.30 
(3H. s OMt), 3.79 OH, s, CO2Mt) 4.15 (lH, bm, Clone), 5.65 (lH,s, 11-H), 6.18 
(lH, d, J 10 HZ, CHCO) and 7.20 (lH, dd, J 10 and 2 HZ, CbCHCO). Found: M+ 
350.1364. ClSH2207 requires Mt 350.1366. 

P_r_epp_ra_t.!cn of 1-Acttoxy-3-trimtthylsllyloxybutaditnt (20). - To a suspension of 
Zinc Chloride (590 mg, 4.3 mmol) in dry benzene (10 ml) and Et3N (25 ml, 182 
mmol) was added I-acetoxvbuttnont (10.5 u. 82 mmol) in benzene (10 ml). 
Chloro~rlmtthylsilane (17-g. 157 mmoi) was a&ded dropwise and the sol&ion wbs 
stlrrtd for 48 h then poured onto ether - ltght petroleum (111, 175 ml) which 
was filtered and concentrated. Dlstllla~lon of the resulting 011 gave 
I-Acetoxy-3-trlmetbyZslZyoxybutadi,nr (20) (12.05 g, 73%) as a colourless 011, 
bpt 115°C at 30 mmHg; vmax (CH2Cl2) 1 750 (C=O), and 1 655 cm-l (C=C); ((CDC13) 
(220 MHz) 0.01 (9H, S, SlMe3), 2.00 (3H,s AC), 4.13 (2H, S, C'CH2)r 5.73 (lH, d 
J 12 Hz, C*CHO) and 7.42 (lH, d J 12 Hz, CmAc). 

PItparation of Dlenont (14) using Diane (20). - The X/Z dioxolanont (18) (500 
mg, 1.67 mmol) was heated with 1-acetoxy-3-trimethylsilyloxybutadiene (810 mg, 
4.05 mmol) at 80-C for 64 h. the excess blent was removed under reduced 
pressure then THP (8 ml) and O.ll4 HCl solution (1 ml) were added. Af eer 
stirring for 35 mln, the reaction mixture was diluted with ether, washed with 
sodium bicarbonate solution and brine, dried and concentrated. The residue 
was treated with Et3N (450 ~1, 3.23 mmol) in CH2Cl2 (10 ml) for 23 h then 
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filtered through florisil which was washed with ether. Activated charcoal was 
added to the organic solution which was then filtered through ccllte and 
concentrated to give a residue which, on crystalllratlon from ether - light 
petroleum, yielded the dlenone (II) (235 mg) identical with that described 
above. The mother liquors were purified on silica gel to give, after 
crystallisatlon, a further 163 mg (total 77%) of dienone. When the reaction 
wan repeated using a mixture of the 2 (17) and B (18) l nolacetates (Zrl), both 
isomers reacted to give the same dlenone (14) (72%). 

Reduction of Dlenone (II). - To a solution of dienone (14) (343 mg, 1.07 mmol) 
in THP (5 alI under U,. with coolina from an ice bath, was added a 0.W aolution 
of 9-BBN in.THP (5 m’i, 1.5 mmol) -dropwise with stirring. The solution was 
allowed to warm slowly to room temperature then stirred for 2.5 h. MeOH (3 
ml)was added and, after 5 mln, the solution was poured onto water (50 ml) which 
was then extracted three times with CH2C12. The combined organic extracts were 
dried, concentrated, and the residue purified by chromatography (twice) on 
silica gel (gradient elution with ether-toluene). The leas polar isomer (28) 
(Rf 0.40, ether-light petroleum 411) was obtained as pure white amorphous solid 
from ether-light petroleum (182 mg, 53\), mpt 74-77-C (Pound: C, 63.7: If, 6.4. 
Cl7H2O06 requires C, 63.7; Ii, 6.3): vmax (CH2Cl2) 3 580 (OH), 1 787 
(dioxolanonc), 1735 (ester), 1 687 (w, exocycllc C=C) and 1 630 cm-1 (w, C=C). 
kmax (EtOH) 249 nm (C 17 000); a(CDCl3) (300 MHz) 1.4-1.8 (lOH, m, cyclohcxyl), 
3.69 (3H,s, Me), 4.50 (lH, m, Ckoii), 5.74 (1H. s, 11-H). 5.98 (ZH, dd, J 10 and 
1.5 HZ, (ClrCH)2OH) and 6.08 (ZH, dd, J 10 and 3 Hz, (CHCR)20H). The more polar 
isomer (26) (Rf 0.37) was obtained as fine needles from ether-light petroleum 
(108 mg, 31\), mpt 73-74'C (Found: C, 63.4: H, 6.3. C 712006 require8 C, 
63.7: H, 6.3); vmax (CH2C12) 3 580 (OH), 1 788 (dioxolanone , 1 736 (ester), f 
1 687 (cxocyclic C=C) and 1 605 cm-l (C=C); kmax (BtOH) 252 nm (cl4 700). 
((CDC13) (300 MHz) 1.4-1.8 (lOH, m, cyclohexyl), 3.71 (3H, s, He), 4.48 (IH, m. 
CmH), 5.68 (lH, s, 11-H), 5.97 (PH, dd, J 10 and l.SHz, (ChCH)20H) and 6.08 
(lH, dd, J 10 and 3Hz. 2H (CHCN20H). 

Inversion of Dlenol (28). - To a stirred solution of dlenol (28) (70 mg, 0.218 
mmol) and triphenylphosphine (203 mg, 0.774 mmol) in dry benzene (0.5 ml) under 
nitrogen was bdded-formic acid (36 mg, 0.782 mmol) in benzene (0.5 ml). This 
was followed by the dropwlse addition of diethyl azodicarboxylate (149 mg, 0.856 
mmol) in benzene (0.5 ml). After 15 min the reaction was diluted with ether, 
washed with sodium bicarbonate solution, dried and concentrated. The residue 
was partially purified by chromatography on silica gel eluting with ether-light 
petroleum. A pure sample of the Formdte (27) could be obtained by crystal- 
lisation from ether-light petroleum, mpt 79-C (Pound: C, 62.0: H, 5.8. ClaH2OO7 
requires C, 62.1; H, 5.8); vmaX (CH2C12) 1 790 (dioxolanone), 1 735 (methyl 
eater), 1 725 (formate) and 1 692 cm-l (exocyclic C=C); )Lmax (EtOH) 250 nm (c 
15 100); ((CDC13) (200 MHz) 1.4-1.8 (LOH, m, cyclohexyl), 3.73 (3H, s, One), 
5.67 (lH, s, 11-H), 5.78 (lH, m, CM)CHO), 5.96 (ZH, dd, J 10 and 3 Hz, 
(CHCH) $H), 6.13 (ZH, dd J 10 and 1.5 HZ, (CACH)2CH) and 8.10 (lH, d, J 1 Hz). 

The partially purified formate from above was treated with Et3N (3 ~1, 
0.0216 mmol) In methanol (5 ml) for 24 h at room temperature after which time 
the solution was concentrated under reduced pressure. Chromatography on silica 
gel gave the dlenol (26) (20 mg, 28%) identical with that described above. 

Preparation of Disodlum Prephenate (4). - To a aolutlon of the dicnol (26) (72 
ma. 0.225 mmol) i<WeOH (1 ml) was added 2N NaOH solution (228 ul. 0.456 mmol). 
Aider stlrrlng' for 16 h'at room temperature the reaction mixiure was con- 
centrated under reduced pressure. The residue was triturated with UeOH (2 x 0.5 
ml) to leave a pure white solid which waa combined with that obtained on 
centrifugation of the cooled (O'C) MeOH solution. There was thus obtained 
Disodlum Prephenate (4) (61 mg, 97%) (Pound: c, 42.9: H, 3.0. ClOHgOgNa2.jH20 
require9 C 43.0; 
1 510 cm-i; 

H, 3.2); umax (KBr) 3520 and 3 450 (br), 1 690, 1 645 and 
a(D20) (360 HHZ) 3.22 (ZH, s, CH2), 4.60 (1H. m, CmH), 6.02 (ZH, 

dd, J 10.4 and 3.2 Hz, (CHCkr)2CH) and 6.11 (ZH, dd, J 10.4 and 1.5 Hz, 
(CM.X)2CH). This nmr was consistent with one of disodium prephenate obtained by 
ion exchange of the commercially available barium salt with the exception that 
the natural material was contaminated with aromatic species. 

Preparation of Disodium Eplprephenate (29). - In a similar manner, hydrolysis of 
dlenol (28) with Zmolar equivalents of NaOH gave Dfsodlum Bpfprephenate (29) 
(89%) (Pound: C, 38.31 H, 4.3. ClOH 06Na2.2H20 requires C, 39.2; H, 3.95); 
vma 
CH2 , ‘f 

(KBr) 3 400, 1 695, 1 625 and 1 !70 cm-1 ; ((D20) (360 MHz) 3.27 (2H. s, 
4.64 (lH, m, CmH), 5.99 (PH, dd, J 10.3and 3.2 HZ, (CHCX)$H) and 6.09 

(LH, dd, J 10.3 and 1.6 Hz, (CkCH)$H). 
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