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INTRODUCTION 

Two SpBcIpI of rye grass are commonly grown in the United states, L&m multifirm, an 
annual, and Lolium~erw~, a peren&l. Because of their similar morphology, the seeds are 
di5icult to distinguish by hqection. However, upon germination, the two varieties can be 
readily differentiated from one another owing to the brilliant bhdsh-white fluorescence 
exhibitedbytherootsoftheannuslunderlongu.v.light. TheperenGlrootsdonotnormally 
fluoresce. This difference is utilized by seed analysts to distingGsh between the seeds of the 
two species.’ The characGstic of flu orescence is reported to be inherited as a Mendelian 
dom.inant.2 3 

previousworkin~laboratoryr~~~intheisolationandp~~ti~ofthefluorcscent 
materiaL4 The compound given the trivial name, annuloline, was shown to have the formula 
C&HIONO(OCHJ)3. It is a weakly basic phenylpropanoid alkaloid. The present report 
establishes the structure of annuloline and describes its synthesis. A preliminary note con- 
&rning these studies has appeared elsewhere. 5 Ann&line appears to be the l%st oxazole 
whose natural -hasbeenreporM. 

RESULTS 

The value for the molecular weight of annuloline as deMmhxd by the Rast method (in 
camphor) was found to be 356 indicating that the empirical formula weight, 337, was indeed 
the true molecular weight. 

l Journal Paper No. 2189 of the Purdue University Agricultural Experhnt Station. A portion of this 
w~kktakcnfromtheW~.~ofRS.Karimoto,~Uninrsity,19Q. 

tPfcecnt-:v Departmsnt,u~~tyofOmm,~Omim. 

* U.S. Dep&ment of Agriculture, Testing Agricultural and Vcgctabh Seeds, p. 103, Chemmmt Printing 
Ofb, Wmhhgton, D.C. (1952). 

2 L. N Nature, 130,134 (1932). 
5 P. A. LJNEHAM and S. P. Mmcm~, Narum 131,202 (1933). 
4 B. Axmm~ and ;Bhm;Grg. Chm. 23,919 (1958). 
sR.S.K~mwm, . , . -mdE.D.Smuq Tmwh&oa Lcitm 3,83 (1962). 
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The presence of three methoxyl groups was verifted by the N.M.R specuum which indi- 
cated a ratio of nine metboxyl hydrogens (at 3.77 ppm) to ten aromatic and/or 01efUc hydro- 
gens (at 64-746 ppm). Overlapping pm&led more speciftc assignments in the latter 
region. Methyl, metbylene and tertiary carbon hydrogens were de&My excluded. 

The i.r. spectm, sbowing no OH, -NH or CLO, suggested that the fourth oxygen atom 
might be in an ether structure, and that the N might be in a tertiary amine. A pronounced 
band at 10-35 p indicated a trans-ethylenic group, 

This band was lost on hydrogenation. In further confirmation of this grouping the N&LB. 
spectrum of the hydrogenation product showed a signal at 3Q ppm &am&rMc of 
-CH&U. 

Sign&ant data were obtained from oxidation expe&wnta Thus permanganate oxida- 
tion yielded anisio a&l and veratric acid. The nature of the two acids was established by 
potentiometric de&mination of their acid equivalence vale, by mixed melting point deter- 
minations and by the identity of the i.r. and U.V. spectra witb those of the corresponding 
authentic compounds. Chromate oxidation gave a good yield of anisic acid. Since the sum 
total of veratric and anisic tids excwded one equivakmt per mole of annuIoline it was 
assumed that these acids did not arise t%om common carbon atoms. 

The id~~~o~ of the two aromatic acids among the oxidation produets and the strong 
.~~~on that one of the aryl groups was part of a styryl moiety (in view of the uv. 
spectrum, as well as the i.r. and N.M.R studies discus& above) permitted the suuetuml 
as@ment (I.). Inasmu& as CaeHrsNOb corresponded to 12 rings plus double bo& the 

..a 3 

R’~HorOCH~;R=OCH~orH,mp. 

0 

remaining atoms (2C!, H, 0 and N) required a grouping wbieh provided an additional 3 
rings plus double bonds. Since the uptake of HZ in the presence of Pt02 was IO moles per 
mole of ~~0~ a cyclic enohc ether containing N was proposed to meet these requite- 
ments. 

In~gtfrtpossibifityofa~rinda~~two&~~bon~a~y 
basic nitrogen and an enolic ether, the Bomscent properties of the 55 disubstituted oxaxoh 
(2,5diphenyloxaxole is a well-known phosphor used in scintillation detection of radio- 
i~)commendadtheoxazoleringtoourattention. Severalreasonsmadethisspeculation 
attractive. 

(1) A spot of2,S-dipbenyIoxaxole placed on Wer paper fluoresced blue-white in long 
U.V. hght, but turned green after exposure to fumes of HCl. Treatment with fumes ofN& 
resulted in the restoration of the original fluorescence. This was pmeisely the behaviour of 
annulohne. 

(2) Theu.v.spcctraofannuloliner~bl~thatof~o~2,5~l~u~ti~~o~i~. 
For example, the absorption maximum and extinction coe&ient found for~~o~e4~ 



350 w (log W4.56) while the corresponding values6 for s-phenyl-2-stylyl oxazole were 
334 q (loge = 3.19). Methoxylation could conceivably account for the bathochromic shift. 

(3) It has been previously observed that the addition of small amounts of oxygen-con- 
tainingsolventstoasolutionofann~o~ein~leumethetstro~ydeptessedfluoresCence.4 
Similar behaviour wa8 observed with 2,5diphenyloxazole. 

(4) Comforth’had reported that in the hydrogenation of diphenyl oxazoles hydrogenoly- 
sis of the cyclic ether linkage occurr& in addition to the reduction of the aromatic rings. 

In order to assign the styryl and phenyl moieties to their positions on the oxazole rings, 
the syntheses of the two isomeric oxazoles were u&r&ken The synthetic pathway leading 
to 2-(3,4dimethoxystyryl)-5+nethoxyphenyl) oxazole (IV) is shown in Scheme 1. 

The prod- IV, proved to be identical with natural annuloline on the baais of mixed m.p. 
determination, U.V. spectrum, i.r. spectrum, fluo- activation and emission spectra and 
elementaryanalysis. 

The isomer, VI, was synthesiz& in an analogous manner, starting with l&dimethoxy- 
benzene and going through the isomeric amide (V). 

Me M Me 

The product, VI, di&red from annuloline’in having a slightly different ix. spectrum, and 
it gave a depressed melting point on being mixed with authentic annuloline. 

The close resemblance of annuloline to 2,5diphenyloxazole in structu~ and its marked 
fluorescentqualitiessuggesteditspossibleuseasafluot. Itwasaccordinglytestedasarepkce- 
ment for 2,5diphenyloxazole in a mixture normally used for counting ‘Ic in a Packard 

~D.O.OIT,P.N.HAY@S,B. -Y and V. N. KERR, J. Am. Gem. Sbc. 79,5448 (1957). 
lJ.W.~inEet~~~,,Ed.RC.~~~ Vol. 5, p. 327, J. Wiley and SODS, Inc., 

New York (1957). 
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Tri-Carb Counter. The counting rate obtained when diphenyioxaxole was replaced with an 
equal weight of annuloline was 34 % of the normal rate. 

DISCUSSION 

Annuloline is apparently the first naturally occurring oxaxole to be identified. Katritxky 
and Lagowski 8 have stated in their recent monograph on heterocycles that oxaxoles are not 
found in Nature. The absence of references to oxaxole alkaloids in the literature contributed 
to the difEculty in arriving at the structure of annuloline since oxaxoles were not considered 
until experimental evidence forced them into focus as a strong possibility.g 

Now that the structure of annuloline is known, it appears feasible to undertake the study 
of its biogenesis. The relationship of annuloline to phenylpropanoid precursors is obvious. 
The synthetic pathway itself involving an N-cinnamyl-phenylethylamine suggests what is at 
least super6cially a reasonable biological route from two common “building blocks” 
encountered in plants, phenylethylamine and cinnamic acid. It is of interest to note that an 
amide, N-(2-p-anisylethyl)-N-methyl cinnamide (VII), similar to that proposed has actually 
been isolated from the bark of the southern prickly ash.‘O 

M ~CH~NK%QCOCH==-CH 

(VII) 
e 

It is hoped that a comparative study ofthe individual steps will reveal the enxymic basis for 
the di&ence between the fluorescent and non-fluorescent species of rye grass. 

Isolation of Ann&&e 

EXPERIMENTAL 

The procedure by which annuloline was obtained from rye grass was essentially similar 
to that described previously.4 In a typical preparation 5000 g of seeds of Lo&an m&i@k4m 
wasspreaduniforrnlyoveF~O~of~terpaper(whatmanNo. 1,46cmx57cm)andkept 
moist for 12 day8 On the fourteenth day the aerial protions of the seedlings were clipped off 
and discarded. The filter paper in which the roots were matted was reduced to pieces about 
10 x 10 cm in sixe and extracted with about 36 1. of petroleum ether. Two days, during which 
the mixture was stirred occasionally, were allowed for extraction. Since the germinations 
took place at room temperatures, there was considerable variation in the yield8 of extractable 
fluore8cence. An average yield was about 1 x lo8 fluorescent units. Fluorescence was 
measured on dilutions made in petroleum ether using a Coleman fluorophotometer (Model 
12C) fitted with B and PC filters. The reference standard used wa8 quinine sulfate solution 
(O-3 &ml in 0.1 N H2S04), with which the instrument was set to read 75. 

*A.R.RAllUTZKY 
(Iwo). 

and J. M. Lmcwm, Hetemcyclic Chemktty, p. 206. Methen and Co. Ltd., London 

* Imk4 a number of other posshlities were considered, in&ding suLwitutcd quinolinc3 isomuic with 
amnlloliue. Inesmucha9the8tructureofannulolinewaSultlnatel~establiahed~compoonds~not0p 
a8pccialiutere8there. Howaver.iti9IlOtCdhcrethatahitherto~~quinolinewaspreparedbyone 
of ua (R. S. K.): 243,~y1yl)4-chlm7~~. R. S. Icmmom, T?lesbwctu?wand 
Syntheh of Amnnblh, a Natma& Ocmrring Oxam& Alkhi4 Ph.D. This, Purdue University (l962). 

‘OF. B. L.mo~~~aud W. F. BAR~~L,J. Org. Chem. 9,250(1944). 
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Thecombined~werecaIKmtratedto540ml~dsto~at -1O”to -2O”forseverai 
weeks. A waxy precipitate which formed was disca&d. In a typical isolation the concen- 
trates from five such runs were combined and further concentrated to 280 ml containing 
364 x lo* fluorescence units. The hydrochloride of armuloline was precipitated by passing 
gaseous HCl into the extract. After cooling to 0” the mixture was centrifuged and the super- 
natant discarded. The resultant black tarry residue was dissolved in a minimum volume of 
ethanol (125 ml) and treated w&h 20 ml of a 10% (w/v) ethanolic solution of picric acid. 
Recrystalhxation of the picrate (O-41 g) from ethanol yielded yellow needles (0.27 g, m-p. 
223-225”, decomp.). ~erno~ff~quor yielded an~~tio~l0~ g (mp. 2X)-219”, decomp.). 
The combined products were augmented with 0.08 g from a previous run, suspended in 
benxene and shaken with 1 N NaOH until no further picric acid was extracted. The benzene 
solution was washed twice with equal volumes of water. Upon evaporation of the benxene 
0.21 g (m.p. 106-1090) of annuloline was obtained. A total of 2.4 g of annuloline was obtained 
from the seedlings produced from 340 kg of rye grass seed. 

Since the elemental analysis of the above preparation was not in satisfactory agreement 
with the earlier tiq4 it was further puri8ed. In a typial procedure, 0.37 g of the above 
materialwasdissolvedin11mlofbenxene-petroleumether(l:1v/v). HClwaspassedthrough 
the cooled solution and the annuloline hydrochloride was recoverad by centrifugation. The 
precipitatewaswaghedb;y~~git~with1.5ml~olonas~bath. Theresidue 
wasmixedwith Sml HzOcont&ingseveraldropsof2 NNH,OHandextractedwithbenxene 
(5~+3~~~1~. Thecombinedbeazene~~~w~~withthree1~mlpor- 
tions of Hz0 and evaporated to dryness to give O-21 g of light yellow crystals (mp. 110-l 14”). 
R~s~ti~~m~~ol~~~l3gof~~o~e(m~p. 112-114~,~~gan~~s 
in complete agreement with that reported originally.4 

Fonnatiwr of ani& and vf?Mtic a&k fm fmnuioiine. Annuloline (46-7 mg) was added to 
alkaline KMn04 (172 mg KMnO,, 5 ml HsO+4 drops 6 N NaOH). After 30 min refluxing, 
ethanol was added to reduce excess KMnOe The insoluble MnOs was removed by filtration 
and the 8ltrate acidified with HzS04. Upon evaporation of the ether extract, a yellow oily 
residue was obtained. Washing the residue with a small amount of ether removed the oil 
and left a white solid, which was recrystalhxed from ether-acetone to give 5-l mg of a sub- 
stance melting at 180-182”. Paper chromatography of the unrecrystalhxed products from a 
previous oxidation in x-butanol-NH40H+UH&COJ l1 showed two substances when viewed 
under short U.V. light (253.7 n+). Both substances were acidic as revealed by a methyl red 
indicatorspray. ~s~tfl~bl~w~e~o~ap~~a~k,q~~~. 
The recrystalhxed substamz from the present experiment gave only the blue fluorescent spot. 
A ~~o-~~tiorn~c titration of the crystalline material gave a vahze of 182 for the neutral 
equivalent (theory for dimethoxy benxoic acid, 182). Veratric acid and the substance in 
question showed identical behaviour on chromatography (I$= 020, blue fluorescence in 
short u-v.). The U.V. spectra of the two substances were similar: the unknown had maxima 
at 283 rnp (log 6 = 3.77),26Omcs(logc =397)and217q(logE = 4910). The corresponding 
vahres obtained with authentic veratric acid were: 281 m,cs (log a = 368), 260 n.u~ (loge = 397) 
and 217 q (logr = 4.29). The i.r. spectra of the two substances in KBr pellets were identical. 

In a subsequent oxidation of a larger amount of ammloline (100 mg) by the above pro- 
cedure 30 mg of veratric acid was isolated. The Citrate af#er the removal of the veratric acid 
was extracted with ether. Evaporation of the ether lefi a yellow solid which was extracted with 
5% NaHCOs. After filtration to remove an insoluble orange residue, the NaHCOs extract 
11 M. B. Fxwwsa and D. A. HALZ, IV’, 168,78 (1951). 
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was acid&l, whereupon S-2 mg of a light brown precipitate was obtained (mp. 175”). On 
paper chromatography the substance gave a dark quenching spot corresponding to that 
prtv/ousy noted. Anisic acid and the unknown showed dark quenching spots on paper 
chromatography with an identical I$ (O-24). The unknown acid had a single absorption 
maximum at 254 q (loge = 422), compared to 253 ml_l (log E = 4.15) for anisic acid. The 
i.r. spectra of the two substances in KBr pellets were identical. Oxidation of annulohne with 
chromic acid yielded a preponderance of anisic acid, whose identity was established by i.r. 
spectroscopy and mixed melting point determinations. 

Hy&ogenation of amulolhe. A solution of ammlohne, 12 mg, in ethanol, was stirred 
overnight in an atmosphere of Hz in the presence of PtOs. The catalyst and solvent were 
removed and the residue crystal&d from a small amount of ethanol to give colorless clusters 
of crystals, m.p. 96-97”; &, 279 m/~, Q = 4.36. 

Synthesis of 5-(3&Dimethoxyphenyl)-2-(4 MethoxystyryZ) Oxazole 

&kiethoxycinnamic acid. pHydroxycinnamic acid was metbylated to give pmethoxy- 
cinnamic acid methyl ester.** The product was dee&r&d by hydrolysis with NaOH to give 
the desired compound (m.p. 172-174”). 

2-Ami1~+3’,4’ dimethoxyacetophenone hydrochloridk Following the method of Moed et 
aZ.,13 15 g of veratrole and 94 g aminoacetonitrile hydrochloride was treated with 30 g of 
anhydrous AlCl3 in 60 g of dry uitrobenxene to yield 19 g of the crude detone. The product 
was recrystalhxed from benzene (m.p. 220-221”, with decomposition). 

N-3,4_Dimetho~phenacykbdwxycinnamam idk (v). The amide was prepared by a 
modification of the procedure of Hayes et uZ.14 The 4-methoxycinnamyl chloride &epared 
from 1*85gof4-methow acidandthionylchloride)wastreatedwith2.3gofthe above 
aminoketone hydrochloride in 30 ml of dry pyridine to give 2.8 g of a crude brown product. 
Thematerialwas~frombenxeneaslightbrownneedles. Thesewererecrystal- 
lixed twice from acetone-ethanol (1: 3, v/v), the second time in the presence of activated 
chamoal. The final yield of N-3,4-&nethoxyacetophenone-4-methoxyctknamam 2% from 
2.3 g of crude material was 0.73 g; m.p. 170-173”. (Found: C, 67.80; H, 6.03; N, 4.03. 
CzoHzINOs required: C, 67.61; H, 5.91; N, 394 %.) 

5-(3,CDimethoxy~yl)-2-(4methoxyztyryl) oxazole (VI). The cyclization of the above 
ketoamide (V) to the corresponding oxaxole was carried out by an adaptation of the pro- 
cedure of Hayes et aZ.l4 The dark brown tarry product obtained from 1.75 g of the ketoamide 
in phosphorus oxychioride (70 ml) was collected by filtration and partitioned between 
benxene and 2 N NaOH. Evaporation of the benzene fraction produced tan-colored needles 
contaminated with a reddish-brown tar. The tar was removed by washing with a minimal 
amount of benzene. Recrystallization from benzene followed by two crystallixations from 
ethanol gave 023 g of the 5-(3,Wthoxyphmy&2-(kthuxyzt~yZ) oxazole (m.p. 
110-111”). (Found: C, 71.18; H, 5.63; N, 4.24. C&YI,~NO, required: C, 7122; H, 564; 
N, 4.15 %.) The m.p. was slightly lower than that of natural annuloline (114”) and was de- 
pressed when mixed with annulohne. 

The u.v. spectrum in cyclohexane showed maxima similar to that of annuloline (350 ~JL). 
However, the intensity found at 275 w titb the synthetic compound was greater than that 

la W. WILL, Ilat. Zo, 294 (1887). 
13~.D.hdoaD,M.Asscmu,P.J.A.v~D~ and H. NIEWAND, Rec. 7km. Chfm. 7l, 933 (1952). 
l4 F. N. Kms, B. S. ROQERS and D. 0. OTT,J. Am. Chm. Sot. 77,185O (1955). 
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observed for annuloline and the band at 350-360 n.u~ was considerably sharper. The acti- 
vation and fluorescence spectra of the two substances were remarkably similar. 

Synthesis of 2-(3,~Dinnettroxyst~~~ethoxypire OxazoIe (Annuloline, IV) 

2-Aminod’-Methoxyacetophenone hydrochlorkk (ZZ). This aminoketone was synthesized 
in a manner analogous tc that described above for the 3,4dimethoxy homolog. The yield of 
crude product from 9-8 g of amino a&o&rile hydrochloride and 12 g of anisole was 12.7 g. 
The product, after recrystallization from ethanol, melted at 203-204” with decomposition. 

N4~etkoxyplrenacyl-3,4Jiimethoxycinnmn id? (ZZZ). This substance was syllthesiX!d 
in a manner similar to that described above for the isomeric amide. 2 g of 3,+dimethoxy- 
cinnamic acid were converted to the acyl chloride and reacted with l-85 g of 2-amine- 
4’methoxyacetophenone hydrochloride. The crude N4methoxyphenacyI-3,4-&nethoxy- 
cirmmnamide (l-9 g) was recry&llized from benzene and acetone+thanol; yield O-36 g, 
m.p. 189-191”. (Found: C, 6758; H, 592; N, 397; QCHs, 2669. Cr,HrsNQs (QCH& 
required: C, 67.61; H, 5-91; N, 394; QCH,, 26-2x.) 

2-(3,~thoxy~tyrur)-Y4methoxypiteny oxuzok? (Zv). using tho Facl, treatment 
described above, N4Methoxyphenyl-3,4dimethoxyc~ (2-05 g) was converted to 
2-(3,4dimethoxystyryl)-5-(4+uet~xyZ&euyZ) oxazole, which was isolated as the picrate. The 
picrate was suspended in benzene and shaken with 1 N NaOH to liberate the alkaloid. The 
product after recrystallization from benzene weighed 169 g. After two mtions 
from ethanol, the material (023 g) melted at 114-114-5” (Found: C, 71.30,71-33; H, 5.62, 
562; N, 4~25,426; QCHJ, 27.6. C1,HIONQ(QCH,), required: C, 7122; H, 5-64; N, 4.15; 
QCHr, 27*6x.) The U.V. and i.r. spectra of this compound as well as the actiW.ion and 
emission fluorescume spectra were identical with the cormsponding spectra of annuloline 
isolated from rye grass. Moderate to strong absorption peaks were seen at 6X&670,692, 
8-02,9-76,1029, and 13-O /L The fluorescuze value for the synthetic compound was 656 
units/~g per ml compared to 660 units for natural annuloline. 

ANALYSES 

Elemental adyses, mcthoxyl dcwminations, quantitative hydrogenations and mole- 
cular weight determ&tions were performed by Hufbnan MicroanalytW Laboratories, 
Wheatland, Colorada, and Qeller Microanalytical Laboratories, Bardonia, New York. 
Methoxyl determinations were also carried out in this laboratory by the zeisel method.15 

Infra-redspectrawereobtained,uaingKBr~aswen~e~~~inaBairdi.r. 
spectrophotometer. Ultra-violet spectra were obtained in a Cary Recording Spectrophoto- 
meter. The N.M.R spectra were made in a Varian HR60 Nuclear Magnetic Resonance 
Spectrometer. The determinations were made at 60 mc in a carbon Wrachloride solution 
usingWramethylsilaneasastandard. 


