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Plants ad sources. Families and species exam- 
ined are listed in Table 1. Species of the Cacta- 
ceae, except for Echinopsis rriunzphatts. Opuntia 
f&s-indica and Pachycereus pringlei, was supplied 
by Apotekare Jan G. Bruhn, Department of Phar- 
macognosy, Faculty of Pharmacy, University of 
Uppsala, Stockholm, Sweden. Identification was 
carried out by Dr. Helia Bravo and Dr. Hernando 
Sbnchez-Mejorada, Departamento de BotAnica. 
Instituto de Biologia, Universidad National 
Aut6noma de MCxico, Mkxico D.F. Pachywtms 
prirylei was supplied by Dr. A. A. Benson. Scripps 
Institution of Oceanography, La Jolla, Calif., who 
was also responsible for the identification of this 
species. All the other species originate from the 
Botanical Garden. University of Oslo, Norway. 

PLANTS 

Box 1068. Oslo 3. Norway 

phorhic acid: quinic acid; 

They were identified and partly supplied by the 
director of the Garden, Dr. Per Sunding. 

Previous NW~. Earlier investigations indicate 
that hydroxy acids. which can form lactones (lac- 
tone-forming acids), are widely distributed within 
succulent plants. [I 71. 

Pwsrt~t wwk. The present investigation sup- 
ports earlier findings. as all the plants investigated 
were found to contain one or more lactone-form- 
ing acids (Table 1). The following acids were used 
as reference compounds: dilactophorbic acid [3], 
erythronolactone, I)-galactaric acid. I,-glucaric 
acid (prepared from calcium I>,-saccharate by 
means of Dowex 50 [H . I), hibiscus acid. homoci- 
tric acid &tone. IIt_-isoditric acid lactone. quinic 
acid, quinidc [S] and shikimic acid. 

Table I. Lactone-forming acids in succulent plants 

Plant family and species* 
Lactone-forming 
acids identified Criteria for identification 

Liliaceae 
Aloe U3.a L. 

Amaryllidaceae 
Agcxe sisalur~u Perrine 

Crassulaceae 
E~ciwwria rlrgum Rose 

Isocitric acid TLC, GLC (OV-17. OV-125) 

Glucaric acid TLC 
lsocitric acid TLC‘. GLC (OV- 17. OV-225) 

Isocitric acid TLC, GLC (OV- 17. OV-‘25). GCMS 
Phorbic acid TLC. GLC (OV-17). GC MS 
Isocitric acid TLC‘. GLC (OV-17. OV-225), GC-MS 
lsocitric acid [I l] TLC. GLC (OV-17. OV-225). GC-MS 

lsocitric acid [2] TLC’. GL<‘ IOV- I?. OV-275) 
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Plant family and species* . 
Zygophyllaceae 

Zygophyllum fontanesii Webb et Berth. 
Euphorbiaceae 

Euphorbia canariensis L. 
Euphorbia resini@a Berg 

Cactaceae 
Aztekium ritteri (Boed.) Boed 

Carnegia gigantea (Eng.) Br. & R. 

Cephalocereus chrysocanthus Web. 
Coryphantha calipensis H. Bravo 
Echinocereus cinerascens (DC.) Riimpl. 
Echinopsis triumphans R. Mey. 
Lophophora dSffsa (Croizat) Bravo 

Lophophora williamsii (Lem.) Coult 
(Echinocactus williamsii Coult.) 

Obregonia denearii FriE 
Opuntia jicus-indica (L) Mill. 
Pachycereus grandis Rose 

Pachycereus margin&us (DC.) Br. & R. 
(Marginatocereus marginatus, 
Stenocereus marginatus) 

Pachycereus pecten-aboriginum (Eng.) 
Br. & R. 

Pachycereus pringlei Br. & R. 

Pachycereus weberii (Coult.) Backbg. 
(Stenocereus weberii) 

Pelecyphora asellijbrmis Ehrenberg 
Strombocactus disciformis (DC,) Br. & R. 
Trichocereus pachanoi Br. & R. 

Asclepidaceae 
Ceropegin fusca Belle 
Staphelia nobilis N.E. Br. 

Labiatae 
Salvia canariensis L. 

Compositae 
Kleinia neritfloria Haw. 

- 

Lactone-forming 
acids identified 

Isocitric acid 

Glucaric acid [6] 
Phorbic acid [3] 
Quinic acid [S] 

Glucaric acid 
Quinic acid 
Glucaric acid 
Isocitric acid 
Quinic acid 
Quinic acid 
Isocitric acid 
Glucaric acid 
Isocitric acid 
Glucaric acid 
Quinic acid 
Glucaric acid 

Quinic acid 
Unidentified 
Glucaric acid 
Isocitric acid 
Isocitric acid 
Quinic acid 

Quinic acid 

Glucaric acid TLC 
Isocitric acid TLC, GLC (OV-17, OV-225) 
Glucaric acid TLC 
Isocitric acid TLC, GLC (OV-17, OV-225) 
Quinic acid TLC, GLC (OV-17, OV-225) 
Isocitric acid TLC, GLC (OV-17, OV-225) 
Unidentified TLC 

Isocitric acid 
Isocitric acid 

Isocitric acid 

Glucaric acid 
Isocitric acid 

- 
Criteria for identification 

TLC, GLC (OV-17, OV-225) 

TLC 
TLC, GLC (OV-17) 
TLC, GLC (OV-17, OV-225) 

TLC 
TLC, GLC (OV-17, OV-225) GC-MS 
TLC 
TLC, GLC (OV-17, OV-225) 
TLC, GLC (OV-17, OV-225) 
TLC. GLC (OV-17, OV-225), GC-MS 
TLC, GLC (OV-17, OV-225), GC-MS 
TLC 
TLC, GLC (OV-17, OV-225) 
TLC 
TLC, GLC (OV-17, OV-225) GC-MS 
TLC 

TLC, GLC (OV-17, OV-225) 
TLC 
TLC 
TLC, GLC (OV-17, OV-225) 
TLC, GLC (OV-17, OV-225) 
TLC, GLC (OV-17, OV-225) 

TLC, GLC (OV-17, OV-225) 

TLC, GLC (OV-17, OV-225) 
TLC, GLC (OV-17, OV-225) 

TLC, GLC (OV-17, OV-225) 

TLC 
TLC, GLC (OV-17, OV-225) 

* Plant families are listed in the order given by Englers [12]. The species in the same family are arranged alphabetically. 

EXPERIMENTAL 

Acids were isolated from fresh or dried leaves or stems. 
Material supplied by Dr. Bruhn consisted of cont. ethanolic 
extracts prepared from fr. plants in Mexico, Peru and Arizona. 

Isolation of the acid mixtures. Starting material was 
extracted with boiling H,O for 5 min. Extracts were treated 
first with Dowex 50 W x 8 fH+l. 20-50 mesh. and then with 
Dowex 1 x 8 [OH-], 20-50 mesh. From the latter anion 
exchanger, the organic acids were eluted with 2 N HCI which 
was removed from the extracts by repeated evaporation after 
addition of H20. Residues were freeze-dried and stored in 
desiccators in a cold place. 

TLC of the acid mixtures was carried out on Polygram ccl 
300 MN (0.1 mm, 20 x 20 cm), pretreated with the solvent sys- 
tem [C6H,N-EtOAc-HOAc&IzO (5:5: 1:3)]. Methods -of 
detection: (a) UV light; (b) hydroxylamine-ferric chloride [S]; 
and (c) bromophenol blue O.l’k in MeOH. Before application 
of (a) and (b), plates were heated for 1 hr at 105”. Inspection 
of the plates in UV light was found especially useful for the 
detection of glucaric acid, which shows up as 3-4 bright yel- 
low, fluorescent spots. 

Preparation of the methyl esters. Acid mixtures (5~100 mg) 
were esterified with CH2N, [9]. 

GLC of the methyl esters. GLC was on a glass column 
(3 m x 6 mm), filled with 7.5% OV-17 on Gas Chrom Q, 8& 
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100 mesh, or 3.5’;” OV-21.5 on V araport 30. 100 1X mesh. 
Standard injector temp. was 250’ and detector temp. 300 I. 
The column temp. was kept isothermal at 170 (OV-17 and 1. 
OV-1175) and 1YO (OV-17). 3 

M‘ V/S c?f r/w mcth~~l wws. Apparatus and conditions used 
have been described b? Pettersen and Stokke [IO]. For our 4. 
purpose a column containing OV-I7 (lO”,,) was selected 

i 
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TRIGLOCHINTN IN ,4RC’A4 MACULATC:M” 

ADOLF NAHRSTEDT 

Institut fiir Pharmazeutischc Biologic der L’ni\crsit%t Frcibur_e im Brsp.. German!; 

(Eil7lrclcillcJc,lI I .Irr~~fui lY75) 

A~71 ~mcdnrwn ist schon lange als Blaustiure- 
produzierende Pflanze bekannt. I XX4 zum ersten 
Ma1 van Jorisslen erwghnt [ 11 vermutete Greshoff 
in der Cyanogenese eine Schutzfunktion gegen In- 
sekten in der Spatha nach erfolgter Befruchtung 
[3]. 1921 berichtete Brunswik [3] iiber die 
Cyanogenese einer Reihe von Arten aus der Un- 
terfamilic der Aroideae; zuletzt beschgftigte sich 
Dillemann mit der cyanogenen Suhstanz dieser 
Pflanze und fand. dalJ ein Glykosid vorliegen 
muf3 [I]. 

Unser Untersuchungsmaterial stammt aus den 
Auwtildern der Rheinebene (Vergleichsexemplar im 
Bot. Garten der Universitit). Die oberirdischen, 
jungcn Tcile wurden in Riissigem Stickstoff 
gesammelt, gefriergetrocknet, pulverisiert und mit 
siedendem Wasser extrahiert. Die Aufreinigung 
erfolgte im wesentlichen nach [4]. Kontrolle der 
einzelnen Schritte auf CN-Gchalt und pc-uber- 
priifung zcigten. da13 nur eine cyanogcne Vcrbin- 

* 7. Mittlg. iiber die Cyanogenese der Araccen. 

dung vorlag. Das nach Lyophilisation erhaltene, 
gelbliche. nicht kristalline hygroskopische Pulver 
besitzt glciches Laufverhalten wit Triglochinin 
[4,9] mit einer Reihe van Fliel3mitteln an Kiesel- 
gel, Cellulose und Papier [4.S] und schliefit Trig- 
lochininmonomethylester [YJ aus. Das UV-Spek- 
trum in Wasser weist tin i .,,, i,, bei 275 nm auf, 
das IR-Spcktrum ist identisch mit dem von Trig- 
lochinin [4,S]. SBurehydrolyse in 0.5 N HCI liefert 
nach GC-Untersuchung [7rJ als einzigen Zucker- 
partner Glucose. /?-Clucosidztse aus .4locclsitr IIUII’- 
rwr~hku 183. die fiir Triglochinin einr hohe Spezi- 
fitgt aufweist. hydrolysiert das vorliegendc Gluco- 
sid ebcnso schnell wit Triglochinin. Das (,()-MHz- 
NMR Spektrum des trimethylsilylierten Gluco- 
sides ist mit dem von TMS-Triglochinin identisch 
14.61; es zcigt. dafi such hier geringe Mengen an 
Isotriglochinin [9.6] vorlicgcn. wobei ungekl2rt 
ist, ob lsotriglochinin genuin torliegt. 

.~lwwr~~~~q Hcrrn Dr. W. tianscl (Plyal-m. Inst.) danke 
ich fiir die Aufnahmc des NMR-Spektrum. Frau G. Siud- 
/inski fiir technlschc Hilfc. 


