
Plmr. Echeurrra ele&Kns Kose (Crassulaceae). 
Sour-~. Fresh plant material was supphed by the 
Botamcal Garden, Univeraty of Oslo, and Oslo 
Municipal Nursery, Oslo, Norway The Identifica- 
tion was carried out by Dr. Per Sundmg, dlrector 
of the Botamcal Garden Pra:zous work. Phorbic 
acid, (I R. 3R)- 1,3-dlhydroxypentane- 1 ,X5-tncar- 
boxyhc acid, was IsoIated from EupRorh~c~ I’PSIIII- 
few Berg [1,2] and Euphorhia palwtm L 131. 
There are Indications that the acid might be pres- 
ent also in a few other species 14.51 

Prescvt work Phorblc acid has now been lso- 
lated from Echever~ elega~~s m large quantities 
(2-47; of dry wt) The isolated acid corresponds 
m all the mvestlgated properties with phorblc 
acid Isolated from Eupliorhzu r~sr~zl~&~ [I] ‘This 
1s the first time that phorbic acid has been 
reported outslde Eupl~ouh~~ speaes 

EXPERIMEYTAL 

~U~CL~MVI rr,f clrla~~rrphhrr a~rcf Fr kaves (2 45 kg) were 
extracted 2x HIO, lOO’_ 3 I_ 4 hr The extract. was passed 
through a column of Dowex 50-W x 8 [H’]. 20 50 mesh 
(600 ml), and then through ‘3 column of Dowex I x 8 [OH-], 
20-50 mesh (700 ml) The amon exchdnger was &ted. first 
wtth 0 1 N HCI (7 1). md th.cn W&I 1 N HC‘I. (8 I. ). HCI 
WBF removed from the eluate ds described earlier 1.51 lJpon 
treatment with actlc‘lted charcoal. the rerldue was dried 111 
LOC’UO over P20, for 2 days Thus converted the residue Into 
a crystalhnc m&s, which after lecrystalhzatlon from dry FtOH 
gave a whltc compound (chlnctophorblc ,tcldj Yteld 231 g 

154 [I j The ethyl ester’ prepaled lb! the method described 
earher T61. was recrvstalllzed frIII1l di\ EtOH Mp 90-92 
ht F-1 5x2 [:I, ;rj;l 432 it ~ 1518 ~toIf~.‘:ft [x];B 
+33 (c = 1018 EtOH) [I] (Found C 5262. H 551 Calc 
for C,OH,ZO, C 5262. H 5 30”,,1 

The IR spectrum PJS Identical wtth that of authcntrc dllac- 
tophor’mc ncld monoethyl ester 171 The prepdratmn of the 
methyl ester the GC’- MS dnalys~s of the methyl estel and 
the corrdrtrons for the TLC mere the same ‘(5 thoSr desrrbed 
bq Krmgstdd nnd Nordal [5] TLC *as calrlcd out with the 
Isolated actd and w,lth the correspondmg methyl nnd ethyl 
esters All the &tamed dat‘t WCIL’ found Identical with those 
of the refercncc compounds d&ctophorblc acid. phorhlc acid 
monomethql ester .md phorblc actd monocth!,l rstet 
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SYNTHESIS OF EIJPOMATENOID-7 AND 
EUPOMATENOID-12 
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From the bark, leaves and wood of Eupormt~~ has been introduced. Although these products do 
I~WVW R.Br , Rltchle and Taylor and their cowor- not conform strictly to the time-honoured Haw- 
kers [l-3] have ldentlfied 12 closely related pro- orth defimtlon [4] of hgnan (a structure m which 
ducts for which the gcnerlc name eupomatenold two rl-propylbenrcne umts are umtcd by the [i- 
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carbon atom of the side chain), it was recognized 
that they could be formed by the same primary 
oxidation process incorporated by the brilliant 
biogenetic hypothesis of Erdtman [SJ. U&l a 
consensus on the conflicting proposals of defini- 
tion [1,4,6,7] and distinction between the terms 
“hgnan” and “neolignan” emerges, it is unfor- 
tunate that the classification of many bis-arylpro- 
panolds (including the eupomatenoids) will 
remain arbitrary. 

YOYpOR YY7qOR 
OR’ 

(11 R,R’= -_cH,- (4) R = H R’= Me 
(2) R = H, R’= Me ( 5 1 R, R’= -CHP-- 
(3) R = R’= Me ( 6) R = AC. R’= Me 
(7) R = AC, R’= Me (6) R = R’= Me 

Eight of the Eupomatza constituents are 2-aryl- 
3-methyl-5-(E)-propenylbenzofurans as exempli- 
fied by eupomatenoid-1 (l), eupomatenoid-7 (2) 
and eupomatenold-12 (3). In addition, from Li- 
curia aritu Ducke, two analogous dihydrobenzo- 
furans, licarin A (4, optically active dehydrodi- 
isoeugenol) and hcarin B (5, same as eupoma- 
tenoid-8) have been isolated [8,9]. 

( & )-Dehydrodi-lsoeugenol (4), readily obtained 
by FeCl, oxidation of trans-lsoeugenol [lo], is an 
obviously attractive starting material since dehyd- 
rogenation of the heterocyclic ring would com- 
plete an essential two-step “biogenetic-type” syn- 
thetic procedure for these benzofurans. It has 
been demonstrated, however, that despite con- 
siderable experimentation, this apparently simple 
transformation was unexpectedly recalcitrant [ 11. 
We now report a procedure which overcomes this 
obstacle. Impressed by the observation that the 
dehydrogenatlon difficulty existed only when a 
conjugated ethylenic (propenyl sldecham) func- 
tion was present, we find that dehydrogenation 
of the heterocyclic ring proceeds with facility after 
protection of the propenyl group by bromine 
addition. 

Treatment of dehydrodi-isoeugenyl acetate (6) 
with an equivalent of Br, in CHCl,, followed by 
solvent removal and refluxing the residual adduct 
with N-bromosuccinimide in Ccl, yielded a 
product which on debrommatlon with Zn dust 
gave eupomatenold-7 acetate (7) m over 80% 
yield. Base hydrolysis of (7) gave eupomatenoid-7 
(2). It should be noted that this dehydrogenatlon 

sequence (Br,, NBS, Zn) does not require isola- 
tion and/or purification of the intermediates. The 
procedure is also applicable to the 2-veratryl-2,3- 
dihydrobenzofuran analogue. Thus, similar treat- 
ment of dehydrodl-isoeugenyl methyl ether (8) 
gave eupomatenoid-12 (3) in 70% yield. 

EXPERIMENTAL 
SI gel PF,,,,,,, was used for TLC and products were 

eluted with acetone UV, IR and PMR spectra were deter- 
mined for all compounds and were m agreement with those 
reported [2,3] 

Dehydroqenatlon of dehydrodl-uoeuqenyl acetate (6) To a 
soln of the acetate (I.0 g) m CHC13 (100 ml), Br, (520 mg) 
was added m the same solvent Removal of solvent gave a 
residual 011 (NMR spectrum showed absence of characteristic 
olefimc absorption at 6 6 O-6 2) which was dissolved m CCIL 
and heated under reflux with N-bromosuccmmude (500mg) 
for 30mm Fdtratlon and solvent evaporation gave a brown 
011 (NMR spectrum showed presence of benzofuran 3-methyl 
group at 6 2.4) Zn dust (2g) was added to a soln of this 
011 m HOAc (SOml), the mixture heated on the steam bath 
for 5mm, filtered and evaporated to give a crude product 
(0 98 g, estimated by NMR spectrum to contain 66% df eupo- 
matenold-7 acetate) Purification of a portion (400 mg) by TLC 
usmg CsHs-Me,dO (9 1) and elutlbn of tde front r&mmg 
band gave 7-methoxy-3-methyl-2-(3’-acetoxy-4’-methoxy- 
phenyl)-5-(E)-propenylbenzofuran (7), (250 mg). as needles 
mp I&142” (ht. [2], mp 144”) from MeOH The multiplet 
pattern of the trans-vinyl protons bear a strong resemblance 
to that of trans-lsoeugenol rlll In subsequent repeat exper- 
iments, yields surpas&g SO’/0 were obtained 

Eunomatenold-7 (2) A soln of KOH (3 g) m H,O (50ml) 
was added to a soin of eupomatenold-7’ acetate (iOOmg) 1; 
MeOH (50 ml), the mixture refluxed for 1 hr. concentrated and 
acidified with dll HCl Several crystalhzatlons of the ppt 
(78 mg) from light petrol gave 7-methoxy-3-methyl-2-(3’-hy- 
droxy-4’-methoxyphenyl)-5-(E)-propenylbenzofuran (2) mp 
104106” (ht r21 mp 105-106”) 

Eupoma&no~d~l2 (3) (a) Dehydrodl-lsoeugenol methyl ether 
(8) (1 13 a) was treated successlvelv with Br, (530mg), NBS 
(6ii mg)and Zn dust (2 g) as described above for the-acetate 
Slmllar purification of a portlon (400mg) of crude product 
(1 05 g) by TLC yielded 7-methoxy-3-methyl-2-(3’.4’-dlmeth- 
oxyphenyl)-5-(E)-propenylbenzofuran (3) as needles (245 mg), 
mp 114-115” (lit [3] mp 115-l 16”) A form mp 84-86” could 
also be obtained (b) To a soln of eupomatenold-7 (50mg) 
m Me,CO (50ml) was added anhydrous K,COJ (1 g) and 
Me,SO, (1 ml) The mixture was refluxed for 1 hr, acidified 
with dll HCl, and the precipitated oil crystallized from EtOH 
to give eupomatenold-12 as needles (28mg), mp 83-84‘ or 
114-115” 
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Key Word Index-Popmtemon cahh : Lablatae, patchouh 011, 3 - (4 - Methylpentanoyl - )3,4 - chhydro - 6 - 
methyl - 1,2 - pyran - 214 dlone. 3 - (2 - Methylbutyryl )3,4 - dlhydro - 6 methyl - l,? pyran - 2.4 - dlone 

Indonesian patchouli 011 obtained from 
Pogostemon cablin Benth. by steam distillation 
gave a yellowish oil on treatment with 1N 
Na2C0,. The yellowish oil was separated by 

means of column chromatography and the 5% 
EtzO-n-hexane fraction was examined. The gas 
chromatogram of this fraction has 2 mam peaks 
at RT 12.4 min. (peak 1) and 7.6 min. (peak 2), the 
proportions of peak area being 85 and 12% 
respectively. Recrystallization with absolute 
ethanol gave needles of 1 (mp 34.5-35.5”), with 
the same retention time as peak 1. Semicar- 
bazone mp 184~8-185~3” (dec.). On boiling with 
aq 0.SN NaOH, 1 yielded isoamylmethyl ketone 
as the main neutral product. IR spectrum of 1: 
3110, 1743, 1723, 1643, 1609, 1565, and 998 cm ‘. 
MS; mle 224 (M’, 4%), 209 (M&-Me, 3%), 
lSl(M’-C1H7, 40%), 168(M+-56, lOO%), 153(M+- 

71, 81%), sS(i,=/-<,, 28%), and 43(e,H,, 

44%). Elemental analysis of 1 Found; C 64 16%, 
H 7.25%, N O.O%, talc. for C,zH,60,; C 64.28%, 
H 7.20%, 0 28.54%. NMR (6zzb); (a) 0.96 (d, 
6H), (b) 1.55 (m, 3H), (c) 2.95 (t, 2H), (d) 2.23 (s, 
3H), (e) 5.80 (s, lH), and (f) 16.87 (s, 1H). From 
the above data structure 1 was deduced for this 
substance. The compound of peak(2) was ISO- 
lated in the pure state by means of preparative 
GLC. IR of 2; 3110, 1743, 1724, 1642, 1608, 1548. 
1462, and 998cm.‘. MS; m/e 210(M-, 58%). 
168(M+-56, 15%), 153(M+-C,Hs, lOO%), 126(M+- 

&C.C4H9, 26%), -/” , \ * 34% 9 
> 

0 

43(d,H,, 29%), and 29(b2Hr, 10%). NMR (6::::): 
(a) 0.93 (t, 3H), (b) 1.12 (d, 3H), (c) 1.6 (m, 2H), (d) 
2.25 (s, 3H), (e) 3.77 (m, lH), (f) 5.81 (s, lH), and 
(g) 17.18 (s, 1H). The structure assumed for 
peak@) from these data is 2. These two 
compounds were synthesized by the condensa- 
tion of corresponding acid chloride with triacetic 
acid lactone m the presence of H,SO,[ 11. IR, MS, 
and NMR of the synthetic specimens were 
completely in agreement with those of the natural 
compounds. The formal names for 1 and 2 are 3 - 
(4 - methylpentanoyl - )3,4 - dihydro - 6 - methyl - 
1,2 - pyran - 2,4 - dione and 3 - (2 - methylbutyryl 
-)3,4 - dihydro - 6 - methyl - 1,2 - pyran - 2,4 - dlone 
respectively. That these structures are in 
tautomerism with the corresponding enol form, 3 - 
(4 - methylpentanoyl -)4 - hydroxyl- 6 - methyl - cy 
- pyrone and 3 - (2 - methylbutyryl - )4 - hydroxy - 6 
- methyl - I_Y - pyrone IS indicated by the NMR 

spectra. 

1 2 

The presence of two compounds in the original 
oil was confirmed by the direct GLC of the oil. 

EXPERIMENTAL 

Analvtlc al methods For column chromatography 
Kleselgel-G was used with n-hexdne. S’%-Et20-n -hexane, 
10%-Et?O-n -hexane. XI%-Et,O-n -hexane and Et20 as elut- 


