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A~~XHBMICAI, examina tion of a sample of Ranu&a sili@uo.~ (H&s.) A. L. Sm. from 
France showed the pnsence of a new lichen acid. The major product subsequently isolated 
by~onfromthislargecollectionwasi~~edashypoprot~c~d~. Although 
R sjIi@osu is the first known natural source of this compound, it has been previously syn- 
the&xl. It was pmparedl by catalytic reduction of cetraric acid (ia) syntiti from the 
naturally occurr& lichen depsidone f~rotocetmric acid (lb). The chemical &uchuz of 
h~~~cacidwrts~b~bypotassiamhydroxidefasion,’~~hy~~~ of 
the free acid E and by ~~0~ and methylation of its trimethyl derivative IV to give 
the highly sub&Wed diphenyl ether V.3 Chemically hypoprotocetmric acid could be con- 
sidered the parent compound of the /3-orcinol-tyPe lichen depsidones and catalytic reduction 

HO-HO CvkOOH 

(1) 

aR=--C!2HS 
b R = --COCH=CHCOOH &am) 
CR=-H 
dR=--COCH3 

1 Y. ASARINA and Y. TANME, Cktr. Ber. 66,700 (1933). 
= Y. AMlimA and J. AshNo. cktt. &?. 66.1193 flP33). 
3 Y. ASMINA and Y. TAB&E, Clam. Be. 67,766 (lPj4). 
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(IV) w 

of fumarprotoce&ak acid (Ib),’ protocetraric acid (Ic),~* 5 physodalk acid (Id)’ and virensic 
acid (III’)6 to hypoprotocetraric acid has established the common basic &ructmz of these 
compounds. 

RESULTS AND DISCUSSION 

Production of hypoprotocetraric acid by Rmffalina &&UMCZ fits well into the general 
pattern of compound types already reported from the genus ~, A number of these 
subs&nces are either unknown in other plaz3ts or occur only rarely in certain other lichens. 
For example, orcinoMerived depsides like sekikaic acid on), where the aryl ester linkage 
combines an acid group in ring A to a position rneta to the acid group in ring B, are nearly 
restricted to RWZ&JU. On the other hand, orcinol depsides such as olivetoric acid (VII), 
having a partially oxidized side chain or#ho to the aryl ester carbonyl, are very common in 
several other large genera of lichens but arc completely unknown in &W.&U. Depsidones 
which might be derived from such depsides are also lacking. ,&Orcinol depsidones related to 
hypoprotocetraric acid are common in the genus, although none of the /3-orcinol depsides 
which would be considered bio~~tic precursors to these &psidones has previously been 
reported. +I’here is some evidence in the present study that a jSorcino1 depside, atranorin 
(VIIIa) and its cbloro derivative (VIIIb) may be present in R. ~~ in small concentration. 

H 
H3 

HO 
OH6 bH 

--_ 

(Lila) X = I-I 

Wlllb) x = CI 

Thcmajorproductob~~from,~~~~~andidentifiedarrh~~~c 
acid could not be reduced achy and did not form an oxime or a 2,~~~yl- 

4 Y. Asmu and Y. Tw CJten~ Ber. 67,4l1(1934). 
5 Y. AshRIm and M. YA&wlTA, c&m. BLI. 66,1217 (1933)). 
6 K. -m, K. G. SARMA and T. R. Snatrmm, ‘Ik- l2,173 (1Wi). 
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hydrazone. The compound yielded the monomethyl ester X under controlled conditions, 
andthisderivativecouldbeconvertedtothediacetateXII. Thesamedketatemethylester 
Xnwss~by~y~onofhypaprotocokaricaciddiacetate~~withdiazomethsne. 

(XI) 

Hypoprotocetmk acid crystal&& 

(XII) 

as a monohydrate from aqueous solvents. The 
hydrate loses its one mole of water only a&r 12 lu at 110” and atmospheric pressure. The 
product takes on a creamy color and appears to undergo some oxidation when heated in the 
prexnce of air for longer times. The anbydrous compound is readily obtained from the 
hydratRby~thepo~solidin~laceticacidand~~. 

~ylh~~o~ dimethyre~~(N)waso~intwo~fonmsshowing 
quite difkrent ix. absorption in mull preparations but giving identical spectra in chloroform 
solution The needle form softens or melts at 144-145” ifit has not been thoroughly crushed, 
while a powdered sample shrinks at that temperature and melts sharply at 170-171°. The 
sec4md form melts slightly higher at 172-173” without previous softening at a lower temper- 
ature. Metlumolysis and methylation of the pen&hyl derivative of hypoprotoc&aric acid 
givestheexpecteddipheny1etherv. 

The identity of hypoprotocetraric acid isolated Erom R&WilWs~~wasconflrmedby 
m with authentic samples obtained by reducing fumarpro&etraric acid (&om 
C&&&z ~~~~~), protocetraric acid (from Pam&a cqemtu) and plg~&G acid (from 
~y~~~ ~~~). Since the permetbyl compound is the only simple derivative of 
hypoproto&raric acid reported in the literature and since the preparation of t&s derivative 
may be complicated by crystal modifications, three other derivatives prepared in this study 
are descrii in the present report. 

It~bcr?ns~~7fbat~Rmnalibwrs~probablycontainatleastsomeusnicacid 
(IX). At present there is no known exception and in all but one report of macxoextractions 
of RmnsNM spe&s, the dextrorotary isomer was obtained. As expecbad, R~B&Ru~~&ws~ 
~yielded(+~~acidandthis~p~of~acidw~id~~bycompsviaKnrwitha 
known sample fkom ~~~~. 

Although @-or&o1 depskks have never been reporkd from the gemis ~ the 
/3-orcinol depsidones, such as hypoproto&raric acid, presumed to be formod from such 

7 Y. ASAHINA, J. .kq.wrt Botmy 14,721(1938). 
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depsides are not uncommon. But up to now the most widespread liehen depside, atramuin. 
has not been found in this genus. A small fraction of a substance obtained in the present study 
seems to be a mixture of atranorin and chloroatranorin. A rigorous proof of the identity of 
this material has not been made, but the product gives all the microchemical tests expected for 
atranorin, showing good crystals by the microcrystal method of Asahina and has the expected 
R+ues on ~~o~~~aphy.s But the i.r. spectrum shows some de~atio~ from that of a pure 
sample of atranorin extracted from C&z~o&z evakj and a Beilstein test for halogen was 
positive. Chloroatranorin commonly occurs with atranorin, although as yet no satisfactory 
method has been devised to identify this compound in micro-mixtures. The i.r. spectrum of 
the mixed product was very similar to that of a mixture of atranorin and chloroatranorin from 
Evemia prunastri. 

A sugar akohol isolated during this study was identikd as D-(+>arabitol by comparison 
with an authentic sample and by preparation of the pentacetate derivative. D-(+)-Arabitol 
has been reported from many other species of &W&W. Arabitol was identikl along with 
mannitol in every species tested in the CI3yxnn~s in a c~omato~~p~c survey of low 
molecular weight carbohydrates in lichens of that gro~p.~ 

A fraction of a slightly soluble material was isolated after prolonged acetone extraction 
of the lichen previously extracted with ether. The product, probably a mixture, showed ir. 
absorption virtually identical to that published by Solbergr” for mixtures of tetrahydroxy 
fatty acids extracted from several species of lichens. As in Solberg’s report, the material was 
only slightly soluble in organic solvents but could be recrystalhxed from glacial acetic acid, 
Two recrystallixations of the present sample did not giveapureproduct, however, the resulting 
solid being slightly tan and softening at a temperature 30” below that at which it melted 
(217-218”). This melting point is much higher than any reported by Solberg but corresponds 
closely to that of Zellner’s l1 9 l2 h Poole 11, a material considered by Solberg to have 
been a tetrahydroxy fatty acid. But after a third recrystallixation from gh~$al acetie acid and 
washing with several solvents, the melting point dropped to 191-192’ which is within the 
range reported by Solberg. This material, available in only small supply, was not considered 
pure and was not investigated further. 

Fifty-seven herbarium samples of Rar~i&u~ siZiquosu sen. lat. from throughout the range 
of the species in western Europe were tested microchemically to determine their principal 
phenolic constituents. The range of morphologic variation in these specimens would inchide 
the putative species R. ammica NyL, R. amowii Cromb., R. kuIlensir Zopf, R. ~~0~0~ 
(Retz) Ach., and R. ~1~ (Huds.) A. L. Sm. (~ud~ var. ~p~~~ (Ach.) Magn.) all of 
which are very poorly understood botakally. The literature reports on the chemical con- 
stituents of partioular species in this group should therefore be regarded with caution and 
may be more applicable to the group in the broad taxonomic sense used here than to segregate 
species recognixed in some botanical treatments. Actually, it seems now that many early 
extractions reported previously can be explained only as having been made upon mixtures of 
di&rent chemical races or of different species. 

The mifXo&emM tests were performed On fragments removed from specimens in the 
Duke University Herbarium and from three collections supplied by Dr. 0. Almbom. The 

s 5. %lUWTA, &&ihJ h&the &%iQt a&d. 6, (1963). 
*B.FANlXQDO*A. lvfmaw~ and C. A. WA-, 

‘0 Y. J. SOLBERG, Actu Ckem. Scam-i. 14,21X2 (1960). 
Actcl ckeffl. 2ikrd 7,591(1953). 

‘1 J. ZEUNER, MoAarJlk. 64,6 (1934). 
‘2 J. Z~LLNEX, Monutsh. 66,81 (1935). 
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compounds were ideM.ifid by microcrystal tests and by paper chromatography. Table 1 
shows the variatio~~ observed and the number of specimens of each chemical type which were 
found among the samples tested. 

TABLB~. ~~~~~ ~OM~~~~~~~U~~~~# 

Number of 

(Yxmma &xmstituenta* origin 7fiEr 

w acid, umic acid (6) -Wak,Frma, 15 

Nom&tic acid, stictic acid, usnic acid (1) S~~scothnd, 9 

Norstbtic acid, us& acid (1) 
Fraace,portuoal 

AWED 10 
~~4~~d(4) 
~~~~d~l) S-W~F~, 1: 

Us&c acid only CALF- 5 

+Thidataiaparcnthesesindicsathsn~~ofspacimmsoutofthoe#inth,~withatranoria. 

Although here have been several studies on certain of these lichens, the present micro- 
chemical survey considerably extends knowledge of the total chemical variation within the 
group. zOpf13~~~“ecopuloricacid”,laterahowntobeidenticaltosticticacid(xIvb),14 
from Ram&~ sco~krun. Rut Asahina l5 found salaxinic acid (XIIJ) in Japanese samples 
ident%ed as this species and suggested that perhaps Curd and Robertson had studied R. 
annori~a.~~~~ Japanese material also yielded u-arabitol and usnic acid.l’ R. ~~ var. 
cuq&&zta gave usnic acid and prowraric acid .16 The earliest report on this lichen (as 
R. cusptitu) is by Hesse l* who described “cuspidatic acid”. This substance has properties 
which do not correspond to any of the substances found in the present study and Hess’s 
ccmpouncl was probably not pure. Zopf13 also obtained a compound (%&nsic acid”) 
which he could not identify from R. kuZZend8, but this substance may have been only impure 
protoMraric acid.19 Shnilarly, compounds of intermediate properties extmckd by Ryan and 
O’Riordanzo from several species of the R. si&ucsu species complex could have been mix- 
tures. Indeed, au&ring the diMties which would be involved in the purification by 
astir of a mixture of these slightly soluble /3-orcinol depsidones, and the way in 
which the chemical types of the plants themselves oftengrow intermixed in nature, problems 
of these sorts would be expected. 

Comparison of the structures of atranorin (VIIIa), hypoprotocetraric acid (II), proto- 
cetraric acid (Ic), norstictic acid (XIVa), salaxinic acid (XIII) and stictic acid (XI%), shows 
the principal cause of the variation observed to be related to changing oxidation state of the 
Cl substituentx of the aromatic rings. Similar variation hi38 been noted in many other lichen 

13 W. Z~PF, Ann SQ l(l907). 
14 F. H. CUM and A. K~BESTSSN,.~. CRsnr. &PC. 1379 (1935). 
15 Y. AsAmN& &a?#. Meg. (Takyo) 51,759 (1937). 
=6 Y. -A, J. Jqpais Bolany 23,1(1949). 
1’ Y. AsmrNA and M. YANAcm-A, Ch. 3&r. 67,799 (1934). 
18 0. HESE, J. pmkt. Chem. 62,430 (1900). 
‘*W.~iUHbkdar 

G. KLEIN), p. 429, Julius spriaeer, vii (1932). 
wm, Bd. 3. spsatrrrrc An&=. Tdf 2. 0# St&k @Bed by 

20 H. RYAN and W. M. O’RIORDAN, Pm. ROY. Z&h Aced. (Dub&11 33B, 91(1917). 
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pups prochcing @orcinol type dep&ies and depsidones. It was pointed out recently 2A that 
~~e~o~~~oItype~&~&n~atnbe~nsidmd~raduoadf~ofsalazinic 
acid &III). This would also apply to hypoprotocetmric acid. But it was suggesM that 
substituents on ring A are never mod&d, except by methylation of the free phenolic group. 
In the case of hypoprotocetraric acid, when considered as a reduced form of salaxinic acid, 
C1 substituents in both rings are reduced. 

EXPERIMENTAL 

All melting points are corre&d and were determmed with a Hoover capillary Melting 
Point Apparatus (Arthur Thomas Co.). Ultraviolet spectra were obtained with a Bausch & 
Lomb Spectronic 505. I&rated spectra were determined with a Perkin Ehner Lnfracord. 
Microanalyses were performed by Weiler and Strauss, Oxford, and by Clark MicroanalyGcaL 
Laboratory, Urbana, Illinois. 

A large sample of R. sSquosa was collected in June, 1962, at Carnac (Morbihan), France, 
where it grows abundantly on prehistoric stone monuments erected by the Druids. The 
coarselycrushed,air-dn~lichen(35og;9o~drywt.)wasextracted~~ve~~inw~, 
anhydrow peroxide-free ethyl ether. Concentration of the total extract (7.5 L) to a smaller 
volume (about 200 ml) gave several crops of yellow solid which were combined and washed 
with chloroform (100 ml) and with acetone (25 ml). The resulting tan&h solid (19.7 g; 
5.6 % of the air dried lichen) had an i.r. spectrum identical to a fraction from a crude acetone 
extract after elution from a column of silicic acid using a benzene-ethyl ether gradient. For 
the reactions described below, the solid was pur&d by two recrystallirations from anhydrous 
acetoue and trituration with anhydrous benxene or with glacial acetic acid which yields a 
nearly colorless product. For analysis a small sample was recrystalhxed from acetone- 
petroleum ether (Found: C, 6280; H, 4.67. Calc. for CIsH1&: C, 62.79; H, 468 %), m.p. 
turns pink near 230” and melts at 242-243”, decomposing to a foaming red liquid (reported 
for hypoproto&raric acid, m.p. 241” d with coloring at 220” ; 3 240-241” d with coloring at 
230”;4 24006). 

Theproductshownheretobeh ypoprotooetraric acid (II) contained no methoxyl, gave a 
blue color with alcoholic FeC13, and a negative Gibbs reactionZ2 unless fhst treated with 
base(lO%KOH). Attemptstopreparea semicarbaxone and an oxime failed. The compound 
dissolved in 95 % EtOH did not absorb Hs at atmospheric pressure in the presence of 10 % 
Pd on carbon. Hypoprotoc&aric acid (II) chromatographs well in n-butanol saturated with 
cont. ammonium hydroxide (Rf 043, on Whatman No. 1 paper), showing a deep blue 

21 F. M. DBAN, Notovauy Oeaur& Oxvscn J&g Cmnpoursda, p. 574. 
22 C. A. WACHI, Botm. Norher 109,313 (1956). 

JSuttemorth, London (1963). 
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flllo- in uev. light (366 mp) and Btainhg yellow with tetrazotizal bcmzidene and Mue 
with 041% FeC!ls in n-butanol. The ir. spcctnlm (nujol mull) has maxima at 34% (m), 
1685 (s), 1650 (m), 1620 (s), 1580 (m), 1495 (m), 1415 (m), 1395 (m), 1263 (s), 1190 (s), 1138 (s), 

1073 (m), 1020 (m), 854 (m), 787 (w), 757 (w), 737 (w), 716 (w) and 701 (w) a-1. h U.V. 

sw (95 % EtozI) shows & = 216 r~& (loge 4.59) and 262 w (loge 4a) and & at 
246 + (logs 4@3). 

HypoprotocGtraric acid (II) gives colorless needles of a ~~~~noJz+re from d&ate acetone, 

ethanol and methanoL This product has the same m.p. as the original material, and loses 
water only slowly after extended heating above 110”. Anhydrous hypoproto&raric acid (II) 
is most easily prepared from the hydrate by gently warming in glacial acetic acid. The mono- 
hydrate is not a product of hydrolysis of the ester linkage since the Gibbs test 22 is still negative 
except after prior treatment with base. A sample of the hydrate from dilute acetonehad m.p. 

215” turning pink and 241~242.5” melting to a red liquid with gas evolution, (Found: C, 59.65 ; 
H, 4.91; loss of wt. on drying, 4.98. CleH1@,*HzO required: C, 59.67; H, 5-01; loss of wt. 
on drying 4*98’/@. The i.r. speckum (nujol mull) shows maxima at 35% (w), 3240 (m), 
2340-2580 (w), 1680 (s), 1625 (m), 1590 (s), 1310 (m), 1265 (s), 1210 (an), 1130 (s), 1075 (m), 
1015 (w), 1002 (m), 848 (w), 802 (m), 783(m), 741 (m) and 707 (m) cm-l. The uv. spectrum 
(in 95 % EtOH) shows Mections at the same wave lengths as anhydrous product. 

The chloroform and acetone washingr~ of crude hypoprotocetraric acid and the ethyl 
ether mother Liquor from the extraction were each evaporated to dryness under diminished 
pressure. The residues were washed thoroughly with small volumes of chloroform and the 
washingswerecombined(about 1OOml). ~syellowsolutionwas~~~atdiminished 
pressure. Addition of excess ether precipitated a crop of usnic acid (IX) which was recrystal- 
~a~fr~c~~~~yl~. ~erno~~w~~~n~~f~~d 
treated with excess ether. A precipitate wbicb formed was a mixture of yellow needles and 
colorless prisms. The components of this mixture were provisionally identified as tunic acid 
(IX) and atranorin (VI@ by chromatographic and microcrystal comparisons with authentic 
samplesoftheaecompounds. Thecompoundswereseparatedbyf&rctionalmc@alkation 
from benzene, a process involving considerable loss of the smaller atranok fraction. The 

. 
combined crops (0*41 g, O*lZOA of usnic acid (IX), lap. 199-200”, were mc+aked 

. 

Tom benxene (‘Found: C, 62.61; H, 4-76. Calc. for Cr8H1&: C, 62.79; H, 468°A,amy 
2015-202~5” @orted23 nip. 203-204”), [ag+495.6” (c= 1.2 in CHC13) (report~I~~ 
[a]g +492*2”). The i.r. spectrum of this product was identical to that of (+)-usnk acid iso- 
lated from Be&a opt ([a8 +484*5’, e = O-834 in CHCla and no depression of the 

melting point WM observed oI1 admixture& 
The sm&L atranorin fraction (0*016 g, mob was recrystallimd from w- 

roleum ether, m.p. M-196.5” (reporteda m.p. 1969). A BeiMein test for halogen .was 
positive. The i.r. spectrum was very t3imihr to one of pure atranorin (VIIIa) isolated from 
Ckkdonia evu& but resembled even more closely that of a sample of an atranorin chloro- 
atranorin (VIIIa-VIIIb) mixture from Ewmiupmmstri. The product was also compared by 
microcrystal te&3 and by chromatography,E but the amount of compound from this extrac- 
tion of Rum&M si&fwsu was too small for further study. 

A larger quantity of ~~ ~~~ (563-l g, air dry wt.) was ~~~~ 
hot acetone. Concentration of the combined extra&s (about 4* L) gave a large precipitate 
of hypoptotocetraric acid containing usnic acid which could be removed with chloroform. 
25 Y.~A~dS.S~[~~~~,~C~~ofWckk~~~,Jppsn~f~the~ti~of~, 

Tokyo (1954). 
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The extracted lichen was then placed in a large soxhlet-type extractor modified for continuous 
drainage and it was extracted with acetone for about one week. 

The acetone solution evaporating slowly at room temperature deposited brown spherkal 
crystals which were separated by hand. The solid was recrystalked from methanol-acetone 
and decolorized with norite, yielding D-(-t)-arabitol (1.35 g, 0*25x), m.p. 101-102”. A 
sample was purified further by two recrystallixations from methanol-acetone and three 
recrystallixations from 95 % ethanol. There was no change in the melting point and a mixed 
melting point with an authentic sample of D-(+>arabitol was not depressed, [aB+ 11.3” 
(c = 1.13, satd. NazB40, solution); the authentic sample (General Biochemicals) gave 
[ag+ 11.4” (c = l-06, satd. NazB,07 solution); (reportedly m.p. 103”, [ag+7.7” [c = 9.26, 
satd. borax solutionl). The pentacetate derivative was prepared and recrystahixed from dilute 
ethanol, m.p. 75-76” (reported23 m.p. 76’). 

A sample (150 g) of Ramalina Mquosa, extracted with ethyl ether to remove usnic acid and 
hypoprotocetraric acid, was extra&d with acetone for 5 days. When the solution was 
fittered, a solid was collected which was only slightly soluble in the common organic solvents. 
This material was recrystallized twice from glacial acetic acid to give a slightly tan product, 
m.p. 217-218”, softening at 187”. A portion of the solid was recry&allized again from glacial 
acetic acid and then washed with small volumes of absolute methanol, anhydrous acetone and 
finally petroleum ether (30-60“), yielding a white powder (Found : C, 6549; H, 10.44 “A, m.p. 
191-192”, becoming amorphous at 182-183”. The total yield was 95 mg (OX%3 yd. The i.r. 
spectrum (nujol mull) shows maxima at 3380 (s), 3300 (s), 1625 (m), 1070 (s), 1048 (m), 1030 
(m), 943 (m) and 720 (m) cm-l, and it corresponds closely to the spectra published for tetra- 
hydroxy fatty acids extracted from other species of lichens.10 

Methyl Hypoprotocetrate Dimethyi Ether (IV) 

A solution of anhydrous hypoproketraric acid (142 g, 3 m-moles) in absohtte MeOH 
(200 ml) was treated with excess diazomethane in ether for 24 hr. Unreacted diazomethane 
was destroyed by adding glacial acetic acid dropwise until the yellow color of the solution just 
disappeared. Some MeOH was removed at diminished pressure. When the product began 
to precipitate, it was collected by filtration and the mother liquor was concentrated further 
to collect a second crop. The yield of white solid, m.p. 169170”, was O-635 g (56yd. The 
permethyl derivative IV was obtained in two crystal forms using either acetone-petroleum 
ether (30-60“) or MeOH for recrystallization. The product as long colorless needles (Found: 
C, 65.31; H, 5.78. Calc. for CZ1HU07: C, 65.28; H, 5*74Oh, softens or melts at 144-145” 
depending upon the extent to which the crystals are puh&zed. A well-powdered sample 
shrinks at this temperature but then melts sharply at 170-171” (reported m.p. 169-170”;6 
17003). 

The i.r. spectrum of the needle form (nujol mull) shows absorption maxima at 1735 (s), 
1618 (m), 1580 (m), 1340 (m), 1318 (m), 1275 (m), 1265 (s), 1200 (s), 1145 (m), 1085 (m), 
997 (m), 852 (w), 794 (w), 784 (w) and 767 (w) cm-l. 

The other crystal form is obtained as colorless rhombic plates, m.p. 172173” (Found: 
C, 65.32; H, 5.84. Calc. for C21H2207: C, 6528; H, 5.74yJ. A mixed melting point with the 
needle form was not depressed. The i.r. spectrum (nujol mull) shows absorption maxima at 
1735 (s), 1620 (s), 1572 (m), 1330 (s), 1320 (s), 1280 (s), 1268 (s), 1232 (s), 1190 (m), 1140 (s), 
1095 (m), 1085 (m), 1055 (s), 1030 (m), 990 (s), 943 (w), 902 (w), 865 (w), 798 (w), 787 (w), 
766 (w) and 758 (w) cm-r. 
2’ 0. Rupp, Chem. Ber. 32,550 (ISW). 
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While the i.r. spectra of the two crystal forms are markedly different in nujol mull, they 
areidenticalinchloroformsolution, showingmaximaat297O(w), 1735(s), 1620(m), 1572(m), 
1470 (m), 1415 (sh.), 1340 (m), 1320 (m), 1275 (s), 1140 (s), 1120 (m), 1085 (w), 1020-1050 (w), 

993 (m) and 960 (w) cm- ‘. Intheu.v.(95%EtOH)~=208~5and271~and&,-245 
W* 

Methyl Hypoprotocetrarate (x) 

Hypoprotocetmric acid (220 mg, 640 pmoles) dissolved in a minimum volume of acetone 
was cooled in an ice bath and a solution of diaxomethane in ether was added slowly with 
stirring. The addition was continued until the yellow color of diaxomethane no longer faded 
rapidly. Addition of petroleum ether gave clumps of colorless crystals which were mcqstal- 
lixed once from acetom+petroleum ether yielding the methy aster X (165 mg, 72 “4 (Found : 
C, 63.61; H, 5.11. CisHrsO, required: C, 6368; H, 5% “A, m.p. 257-260” decomposing to 
a red melt without effervescence. The i.r. spectrum shows maxima at 3430 (m), 1705 (s), 1670 
(m), 1618 (m), 1590 (m), 1265 (s), 1200 (m), 1150 (s), 1080 (w), 852 (w), 800 (w) and 786 (w) 
cm-i. In the u.v., & = 218,262 and 320 nq~ and & = 243.5 and 314 nq.~ 

Hypoprotocetraric Acid Diacetate (XI) 

Hypoproto&raricacid(317mg,92O~moles)inaceticanhydride(3Oml)containingatrace 
of cont. HsSO, (4 drops) was allowed to stand at 40” for 4 days. The cooled solution was 
poured slowly into ice water (200 ml) being stirred vigorously with a magnetic stirrer. The 
oily precipitate which solid&d slowly was separated by filtration, m.p. 164-180”, and 
recrystallixed once from NaOH yielding the diucetute derivative XI (0426 g, 57Oh, m.p. 
189-190~5”. A sample recrystalhmd from MeOH and dried overnight at 110” over PxOs had 
m.p. 190-5-191~5” (Found: C, 61.69; H, 464. C~sHs,&required: C, 6168; H, 4.71 “A. The 
product gave no color with alcoholic FeCls but turned bright blue with the Gibbs reagent 
after previous treatment with base. The i.r. spectrum (nujol mull) shows maxima at 1170 (a), 
1755 (s), 1705 (s), 1270 (m), 1195 (s), 1135 (s), 1065 (m) and 904 (w) cm-l. In the U.V. (95 % 
ethanol) &, = 209 rnp with shoulders at 245 and 285 mp. 

Hj&olyds of Methyl Hypoprotocetmmte Dimethyl Ether (IV) 

Methyl hypoprotocetrarate dimethyl ether (354 mg, 1 m-mole) in 2% methanolic KOH 
w~stimdfor3minand~pourediatowater(100m~and~immediatelywith 
1.0 N HsSO+ The soft white precipitate collected by titration gave only an oil upon attemp- 
ted recrystallixation from a number of solvents. The thick, pale yellow oil (324 mg) was taken 
up in MeOH (10 ml) and treated with excess diaxomethane at room temperature for 2 days. 
When the solution was evaporated, the amorphous product solidified on standing. The solid 
ether V recrystalhxed from acetone-petroleum ether (0204 mg, 46%) and from MeOH 
(Found:C,64W;H,6*39. Calc.for~HzsOs:C,63~88;H,6~530~,m.p.115-116”(reported3 
m.p. 115-116”). The i.r. spectrum (nujol mull) shows maxima at 1750 (s), 1735 (s), 1625 (m), 
1578 (w), 1285 (s), 1270 (s), 1220 (s), 1145 (s), 1060 (m), 997 (w), 835 (w), 802 (w), 763 (w), and 
745 (w) cm-*. In the U.V. (in 95 % ethano9 A_ = 211 q with a shoulder at 280 n+ 

MethyJ Hypoprotocetramte Diacetate (XII) 

(a) From hypoprotocetmric add diucetate (XI). Hypoprotocetraric acid diacetate (85 
mg, 200 ~olcs) in acetone (2 ml) was cooled in an ice bath and treated with diaxomethane in 

62 



960 CEIClTAF.cuLBasJoN 

ether. When the solution had warmed to room temperature, the solvents were evaporated 
and the residue was recrystalhxed from absolute methanol yielding the dlacetatc n&&yi ester 
XII (75 mg, 85 “A, m.p. 1805-lgl#‘. A sample for analysis was recrystalhxed from dilute 
acetone, mg. 181-182” (Found: C, 6250; H, 5.01. C23H2,0s required: C, 6244; H, 5.01 YJ. 
Thei.r.spectrum(nujolmull)showsmaximaat 1770(s), 1750(s), 1620(w), 1575(w), 1240(m), 
1270 (m), 1200 (s), 1135 (s), 1065 (m), 904 (m), 863 (w), 790 (w), 787 (w) and 764 (w) cm-‘. In 
the u.v., & (in 95 % ethanol) = 208.5 w with shoulders at 244 v and 283 w 

(b) from hypoprotocetmric acid methyl ester (x). A solution of methyl hypoprotocetra- 
rate (72 mg, 200 holes) in acetic anhydride (10 ml) containing one drop of HsSO, was 
allowed to stand at room temperature overnight, When the solution was poured slowly into 
ice water (100 ml) with rapid stirring, an oil precipitated which soliditled. The product 
collected by filtration was air dried and recrystallixed from benxenepetroleum ether yielding 
the dketate methyl ester XII (74 mg, 85 YJ, m.p. 1805-181X)“. A mixed melting point with 
the product from (a) was not depressed and the i.r. spectra are identical. 

Catalytic Redwtbn of Pmtocetraric Acid (rc), Fwnarprotocetrark Acid (Id) andPhysor&& 
Acid (RI) 

Pro&mm& acid (108 mg from Pam&u caperata) in 95 % EtOH (30 ml) absorbed an 
equivalentof3molesofhydrogenpermolebyreductionin95%EtOH(3Oml)over10%Pdon 
carbon at room temperature and atmospheric pressure. The catalyst was removed by filtration 
and the solution was concentrated somewhat at diminished pressure before it was diluted to 
the cloudy point with water. Hypoprotocetraric acid monohydrate (74 mg, 74%) precipi- 
tated which crystallized as anhydrous product from glacial acetic acid, m.p. 243-244” d, 
turning pink near 225”. The i.r. speckum was identical to that of hypoprotocetraric acid 
from Rmnalzna si@ma and a mixed meltiug point of the two products was not depressed. 
A small sample of the monohydrate was converted to the permethyl derivative, which crystal- 
lized from methanol as needles, m.p. 171-172”, shrinking near 144”. The i.r. spectrum (in 
solution in chloroform) was identical to that of permethylated hypoprotocetmric acid from 
R. siiiquosa. 

Fumsprotoc&mic mid (45 mg, 95 @ok) from CZadbniu subten& in 95 % ethanol (30 
ml) absorbed 4 moles of hydrogen per mole of starting material using 10% Pd on carbon 
catalyst. The product rec@Mkd from dilute ethanol (16 mg, 50 “A showed ir. absorption 
identkal to hypoprotocetraric acid monohydrate from Rmnalina S&JW~U and from protocet- 
raric acid (m.p. 243-244.5” d, mixed m.p. undepressed) and gave anhydrous product with. 
glacial acetic acid. 

A small sample of physodalic acid from Hy~gym&physodes reduced in the same way 
also yielded hypoprotocetraric acid. 

il4icrochanicaz survsy of Ralnaba siliquosa 

Samples (50-2OOmg) of each herbarium specimen were extracted by the usual method” 
with benxene at room temperature and then with warm acetone. 3ach extract was chromato- 
graphed (Whatman No. 1 paper) in ammonium hydroxide-saturated n-butanol and the 
acetone extracts were also chromatographed in pyridine-ethyl acetate-water (1~2: 1). The 
~tchromatogtamw~sprayedwithdiazotizedbenzideneandthesicondwithapphenylene- 
diamine solution. The benxene extracts were tested for usnic acid and for atranorin by the 
microuystal method of Asahina.* All the acetone extracts were checked in four of the stan- 
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dard micmaystal solutions ud in lichen tihcmhy (GE, GAW, o-T, and ICK, s- 
recently by Shibata~ to confinn the results obtained chromatographically. 


