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Ahafrac&-Twenty-one species and varieties of Ly~podkun have heen examkd for phenolic acids and for 
phenolic aldehydcs, ketones and acids obtained on ethanolysii or Me oxidation of their extracted wood- 
meals. p-Hydroxyhenzoic, vanilk, pcoumaric and ferulic acids were identified in phenolic acid tractiona and 
phydroxyhenzaldehyde, vanillin, ecctovanillone, vanilloyl methyl ketone, cr-hydroxy- and .zcthoxypropio- 
vanillone were identified among the products of ligcdn degradation. Those species which are inchzded in the 
genera Lycopiium and Diptitm~, as proposed by Rothmaler, were found to yield syringic acid in the ethanol- 
soluble fraction and on degradation of Sin whereas species included in the mra &per& and L&d&is 
did not. Syrkqaldehyde was not obtained on alkaline oxidation of the l@nin of any species thus indicating 
that Lycqxdium s. lat. has esseutially a gymnospermous type of l&tin. Sucrose was identified as the mqjor 
carbohydrate in ethanolic extracts. 

INTRODUCTION 

CHEMICAL investigations of the lycopods have centred around the alkaloids first discovered 
in them by BZMeker l in 1881. Although these botanically interesting plants, of which there 
are possibly 483 species,2 are common elements of the flora of many parts of the world, 
including Europe and North America, they have not been examined extensively from either 
a biochemical or a chemical standpoint. Even the sugars of Lycopodium do not appear to 
have been identified (see Hegnauer 3). 

A few studies have been made of the phenolic constituents. The spores of L. clavatum 
were shown to contain dihydrocaffeic acid4 and ferulic and vanillic acids have been isolated 
from L. clavatum, L. annotinum and L. selago. s Eight species examined by Ibrahim et aZ.,6 
were found to contain vanillic, pcoumaric and ferulic acids and some, in addition, contained 
syringic acid. Vanillin and p-hydroxybenzaldehyde have been identified as products of 
alkaline nitrobenzene oxidation of lignin from L. comphnattun.7 

A correlation has been demonstrated in plants between the presence of syringic andfor 
sinapic acids in ethanolic extracts and the ability to synthesize syringyl lignir~~ Angiosperms, 
for example, contain derivatives of syringic and sinapic acids and give syringaldehyde as 
well as vanillin on alkaline nitrobenzene oxidation of their lignins. They are distinguished 
from gymnosperms which, with few exceptions, do not contain these acids and which give 
largely vanilhn on similar treatment of their lignin. The restricted distribution of syringic 
acid within the lycopods as reported by Ibrabim et al.,6 is therefore of interest and has promp- 
ted us to study, in more detail, the phenolic constituents of Lycopodium. We have been 

l kwued as NRC No. 8239. 

1 K. B&EKER, AM. 208,363 (1881). 
2 w. HER=, Index Lycupoa%wrI, Montevideo, Uruguay (1949). 
3 R. HIXXAUBR, in Ckemotawmomie derppanZen, Band 1, Birkh8user Verlag, Be& tmd StuttM (1962). 
4 F. a and K. HUMLER, Heiv. Chim. Actu 10,472 (1927). 
5 0. Ac!~~~-iow~cs and F. WERNER-ZAMOJSKA, &xzniki Chem. 32.1127 (1958). 
6 R. K. IBRAHM. G. H. N. Tom and R D. GIBES, 1. h. Sot. sa, 223 (1962). 
7 G. H. N. TOWERS and R. D. GIBBS, Nutwe 172,25 (1953). 
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Plfutf 

L. ceriw~ftn L. var. 
cra.tsifXtmt 

L. chutfrttI L 

L. ckwafwn L. var. 
diwficotttnr (Wall. 
cx Grev. & Hk ) Racib. 

L. cmlpllotclrrttlt L. 

L. itttmkftuttt L. 
L. ittttttdufittrr L. car. 

ht&wti Tuckrrm. 
L. Irtc i&/ton M ich\ 

L. ubscwrnu L. 

Snurcc 
_.. ._- - _ - ._ -. 

Alabama. U S.A. 
Nova Scow. Can. 
Qucbcc. Can. 
Wisconsfn. U.S.A. 
Akcrshus. Norway 
Hcismhr. Finland 
Nova Scotia. C.fn. 
Vermont. US A. 
Now Scoffa. Can. 
Now Scotra Can. 
Trinidad. B.VV.1. 

Trinidad, B.W.I. F. w. cope 
Sierra Leone J. K Morfon 
Malgn E. 4 Turnau 
Havail. USA 0. Dqencr 

Nova Scotia, Can. 
Quebec. Can. 
Brit. Columbia. Can. 
#itconsin. U.S.A. 
Vermont, U.S.A. 
Akenhus. Nonva3 
Malaya 

Nova Scona. Can. 
Quebec. can. 
M&i$l 
Now Scotia. Can. 

Vermont. U.S.A. 
Nova Scotia. Can 

Nova Scotia. Curt. 
Quebec. Can. 
Vermont. US A. 
Nova Srotls. Can 
Quebec. Can. 
Vermont. U.S.A. 
Qucbcu. Can. 

Malay& 
Nova Swtfa. Can. 
Quebec. Can. 
MI. Kenya. Ken3.f 
Nova Scana. Can 
Vermont. U.S 2 
%\a Scofru. Can. 

Rcreivc$ ffom McGrll . . 

iv. s c, M33?18 
G. H N. Towers 
E. A. Turnau 

* \‘ouchcr spccfmens of these spews have been rehfined 
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particularly interested in discovering whether some species do, in fact, synthesize syringyl 
lignin and whether the distribution of syringyl constituents in this group is of taxonomic 
significance. The species examined and the sources from which they were obtained are shown 
in Table 1. 

RESULTS AND DISCUSSION 

Before proceeding to discuss the phenolics in Lycopodium it is worth pointing out that a 
major component of the ethanol-soluble fraction in many species is sucrose and that it may 
be obtained easily in crystalline form. In L. cluwtum it accounted for 11.4% of the fresh 
weight whereas in L. obscwwn and L. lucid&m it accounted for 6.4% and 5.9 % of the 
fresh weights respectively. Sucrose was identified by chromatography and by its i.r. spectrum 
which was identical with that of an authentic sample. 

TABLE 2. R, VALUES OF AROMATIC ALDEHYLWS AND KBToNes ON SILICA OEL G 

thin-layer plates 

Compound 
R, solvent Colour with 

, I 2#t-dhitro- 
A B C phenylhydrazine 

p_Hydroxybenzaldehyde 
Vanillhl 
Syringaldehyde 
Acetovanillone 
Acetosyringone 
Vanilloyl methyl ketone 
a-Hydroxypropiovanillone 
a-Ethoxypropiovanillone 
Gmifemldehyde 

0.21 062 085 
040 044 0.76 
O-2.8 0.28 0.49 
0.32 0.54 0.76 
0.25 035 052 

z 046 0.42 0.74 069 
039 0.56 078 
O-32 0.59 @78 

Solvents: A. Upper phase 4:l BuOH: 3 % NHPH 
B. 9:l Benzeae:Aceticacid 
C. 3 :l Water-saturated isoamyl alcohol: n-butanolg 

Brown-red 
Brick red 
Burnt sienna 
Brick red 
Brown-red 
Yellow 
Yellow 
Yellow 
Brown 

Phenolic acids could be detected in the ethanol-soluble fraction only after alkaline or 
acid hydrolysis. The derivatives of these acids appeared to be labile compounds, probably 
esters, which were readily hydrolysed when subjected to chromatography on silicic acid using 
the benzene:acetic acid: solvent system (Table 2). Every species examined yielded ferulic 
acid as the major phenolic acid and lesser amounts of p-coumaric, caffeic, vanillic and p- 
hydroxybenzoic acids. Quantitative estimations of ferulic and p-coumaric acids were made 
with some species in order to discover the range in concentration of these acids. The results 
are shown in Table 3. Syringic acid was obtained as a minor acid in some species (see Table 7), 
although it was not always detected in any given species. Thus L. cZuvafum cAlecti from 
Lac Megantic, Quebec, contained this acid whereas specimens collected elsewhere did not. 
Similarly, L. subinuefolium from Knowlton, Quebec, yielded syringic acid whereas a sample 
from Nova Scotia did not. On the other hand all material of L. obscurum gave a positive 
test for this acid. None of the species examined, including those which contained syringic 
acid, yielded sinapic acid. 

8 K. Krum, HOI: a&s Rok- II. Werkstojl!l, 219 (l%l). 
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TAELE 3. YIELDSOF FEXULIC ANDpCOCMARIC AClDSOBTAINED BY ALKr\LlriE Et\ DROLYStS 

Or THE ETHANOL-SOLUBLE FRACTIOS AND ETHANOL IKKILUBLE RPSID1’E.S OF %ARlOUS 

SPECIES OF L_t-COJhXtiWn 

Species 

m3!l3~ 
c-- --‘__--- - 

Feruhc acid from p-Coumarlc acid from 

‘sol. fraction* insol. fraction? sol fractiont insol. fraction6 
.-~ -.-__ -. ---. .____ _~__._____ 

115 ::l: 22 Y 500 
50 1 1 50 

I60 ND.: I( 0 N.D. 
25 0 N.D 75 0 N.D. 
93.0 N.D. N.D. 
1’1 400 \K. 4-w 
9.D. 00 X.D 20 
\ D. 30 X.1) 2100 
S.D. 110 X.1) f 3YO 
46 6 10s 2? I 18X0 
7J7 150 trxe 1750 
\ 1) ?(I c I) 5’0 

’ Fresh wt. basis. 
) Extracted dry wt. ba-sis. 
f Y. D.-not determined. 

TARLE 1. ALKALIhE CGPRIC HYDROXIDE OXID~TICYN PR~DI.CIS rw ~\7Rh~‘it0 

\%OOD-VEAL Ot \ ARIOVS SPECIES 0) L~~~j~f?~f~/~Z 

__ 

Compound found 
. . ---___ ---. --._.-- .-__ ___ 
p-Hydroxy- p-Hydroxy- Syringic 

bcnzllldehyde hcnzox ocu.l ,Icid 

L 
.* 

_. 

.- 

+ 
+ 
2. 

+ 

_- 

. . 

-a- 

+ 
__ 

/4xlma, lc‘ 

Xl11 

.L 

_. 

. 

._ 

_. 

_. 

_. 

.I 

+ 

+ 

+ 

f 

4 

-3‘ 

1 

+ 

i 

t 

f 

f 

4 

+ 

* Vomllin. xetocanillonc and banilk xxi wcrc found m ull the.* specie\. 
I- = Dctcctcd on chromatogmms . - = not dctcctcd on chromatogram\. 
? = Doubtfully prcwnt on chromatogmm\. 
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In addition to the well-known phenolic acids a number of unidentified phenolic com- 
pounds were present on chromatograms, species such as L. clavatum and L. sabinaefolium 
being particularly rich in these. 

Ferulic, pcoumaric and vanillic acids were also obtained on alkaline hydrolysis of 
ethanol-insoluble residues from all species and yields of the first two acids, for several species, 

TABLE 5. YIEUB OF VANILLIN, VANIIJJC A&D AND SYRIN~IC ACID PROM 

ALKALINE CUPRIC HYDROXlDB OXIDATIONS OF PRE-KXTRACI’ED WODD-MJfALS 

Yield in mg/g dry weight l 

species ViUlillm 
Vanillic 

acid 
syringii 

acid 

L. hdiulum 
L. cermaunt 
L. carohiatuun var. meridio* 
L. afvwhhum w3r. acrifolium 
L. annotinum var. pungens 
L. sabituqfolium 

1.0 0.54 
trace 82B x 
0.033 8.70 0 

10+X 0.233 0.138 
17.50 5.83 0667 
17.99 9.36 2.08 

‘Extmteddlyweight. 
t Dried specimens from Trinidad. 

are also given in Table 3. Syringic acid was obtained in this fraction only with L. complanatum. 
There are thus obvious resemblances between Lycopodium and spermatophytes in that not 
only ethanol-soluble esters but also ethanol-insoluble esters of phenolic acids occur in sub- 
stantial quantities. 

TABLE 6. ~ODUCIS* OF ~LYSIS OF EXTRACITD WDOD-MEAL3 OF VARIOUS 

SPECIR? OF Lywpoa%un 

species 
a-Ethoxypropio- 

VNlillOXE 

pcoumaric 
acid 

Lsaluwus 
L. luc&iuhun 
L. inwuhtum 
L. cenluum 
L. carounfonum var. me&ibMlC 
L. antwtinum var. acrrfolium 
L. wutotinum wu. pungens 
L. chvatum 
L. comphatum 
L. jhbellgorme 
L. sabinaefolium 

l Vanillin, vanillic acid and vanilloyl methyl ketone were found in each case. 
+ = Detected on chromatograms; - = not detected on chromatograms. 

Although alkaline nitrobenzene oxidations gave higher yields of vanillin than were 
obtained with alkaline Cu(OH)s oxidations (10 mg/g wood-meal as compared with 8 mg/g 
wood-meal in the case of L. annotinum and 11-6 mg/g wood-meal as compared with 6.7 
mg/g wood-meal in the case of L. complanatum) the latter method was considered preferable 
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because the reaction mixture contains fe\\er compounds interfering \vtth chromatography. 
Alkaline CLIP osidation gives relatively larger :tmounts of vanillic nnd syrtngic xids. 

Table 4 shows the compound\ obtnined by this method of oxidation. and in Table F the 
yields of \nnillin. vanillic and syringic acids for ;t fcu species arc prcwntcd. 

The products of ethanolysis nf various $pectc\ \\crc idcnttficd chrc~m:~tographrc~ll~ and 

arc lrsted in Trrblc 6. Ethtinolysis mixturca \\err found to be particularI! unstable. e\cn uftrr 
partinl purificntton. so th;tt only those chromutogrclms prcpwcd shortly at’tcr the cth3nnlysi\ 
reaction \\crc weful. Considerable variation \\\ts nottced m the rclativc \ icldz of \:tnlllin. 

\anillo~l methyl kctonc ( Itrt and ~-cthox)propio~;lnilInnc ( 1~) hctuccn \pccic\ antI ?\cn 
bet\\wn sclmplch of the wmc rpuac~. 

(H I II, L Ii, 

(. --0 ti -( -011 t1 -( O(‘H,CH. 

c y--o ( --0 c -. (-I 

()( tI OC’H: o< II, 

()I( (ItI ())I 

Id I I,91 1 1 

FIG. I. fu) Vanilloy) methyl ketone. t/j) z-hydrouypropiovanillonc‘. (c) ~~~11~~\~p1op~0~dnlllonc. 

The nuturc of the products of rllkalmc nitrobenzcne or ~lkoline CUB oxidation ;14 
well ;1s thaw of cth:tnolyGs indicotc thut L~cwpotli~wr has it gymnospcrmou~ type of lignin. 

l\;o tr;Lcc\ of syringnldehydc or acetosyringone could bc dctcctcd in o\)d;ttton mi\turc\ nor 
~3s there any indication of the presence of syringogl methyl hetonc 111 cthannlysi\ mtxturcs. 

Sdu~i~rell~~ krmrknru. \\ hich belongs to ;tn allied group of plant\. on the ,)ther hand. \\its 
found to gnc read)ly detectable ;tmount\ of syringaldchydc tind accto\y rtnyonc on alhulinc 

Cu(OH), ouidrttion. The evolution of chetrucally drlfercnt hgnins s)mtlar to thtw fecund in 
htgher plants IS remsrknblc in these cryptogam\ with thetr hwcr Icwl of morphol~~gic;tI 

organization. Tlic presence ol‘g~mno4permou~-like lignin in I.~c~fyotlifff~r :uid of ~lngic~~per- 
mows-like lignin in .Sth,~i~rc//tr may perhaps hit\c hccn c$signific;uwe III the tree-lrhc form< of 

uncestral species. 
Wh)l\t it i\ true that only ;t rekttivcly few species of Lyrwpndiwt~ ha\v bwn included III 

thiz 5tudy. ;1 chemical distInctIon. bct\\cen the group \\hich have been scpqatcd on bit&@- 

cal grcwnd\. cd11 he made. According to more rcccnt idc,is on the ta\c)noniy ol’/_~~c~o~~~o~/i~irrr.U 

the group 14 plitccd in two I’tmtlics. the L~rost~l~ynceae ilnd the L\cclp~~diacwz. /._wc)/wJrwn 
1s di\ t&d into four gcncm. flrquvzia in the l’ro\tachy;tccite ;Ind Lepichit. L~~c~opoclirur~ and 

Diphsiurr~ in the Ly copodi;tcc;~c. This xxmgcmcnt I\ wpported cjn <J tngrnctiatl grounds 
by Love and Liivc. I(’ If the hp~‘c~e\ u hich \\e hale cwninrd ;Lrc‘ ;trrangcd tn rrccord~nc~ \\ ith 
this schcmc (Tublc 7) it c;Ln hc st’cn that the two gcncm Hupcrtr :tnd Lq&h/r\ JitTcr from 

L~ccpxlium and Diph~fsilffn III not yielding syringic acid either 311 :Jk;tlinc 1~) drol?\t\ of 
cthunolic cxtrncts or by copper okidtition of the vvood-meal. 

Angiosperms nre distinguished from ferns and most gymnnsperms by their :tbiltty to 
synthcstze syringyl compounds. In vwv of this distinction bet\vcen nnljor groups of plnnts, 
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the division within the lycopods would appear to be a fundamental chemical difference and 
therefore probably useful as an aid in their taxonomy. If the ability to synthesize syringyl 
compounds is an advanced characteristic then it would appear that Lycopodium and Diphu- 
sium are more advanced chemically than are Hupenia and Lepiabtis. Selaginelha, in turn, 
may be even more advanced chemically since the ability to synthesize a lignin yielding 
syringaldehyde as well as syringic acid, a feature characteristic of angiosperms, has appeared 
within this group. It would be of interest to extend this survey to other species in order to 
see whether this distinction holds. It would also be interesting to survey related plants such 
as Phylkbglossum and Iso&s. 

TABLB 7. %WRlllLTIlON OF SYRmGIC ACID IN RELATION To TAXONOMY* OF LYCOPODS 

ckmls Species 

Syringic acid 
, \ 
in ethanol- from Cu(OHh 

soluble oxidation of 
flXtiOll Wood-llK!d 

Lycopoa7um 

DrpAarirun 

l Division of mupg according to Rothmlor.* 
+Imii~detecttdinallspecimena; f indicates detected in some specimens only; 
- indicates not detected. 

Further work is also necessary to discover the source of the syringic acid obtained in 
alkaline oxidations of Lycopodium extracted wood-meal. It cannot be due to the complete 
oxidation of syringaldehyde obtained under the reaction conditions employed because 
syringaldehyde itself, under these conditions, gives only a 12 per cent yield of the acid. 

EXPERIMENTAL 

Sources of plant material are listed in Table 1. Phenolic acids and aldehydes were pur- 
chased from Light and Co., England, or from Fluka and Co., Switzerland. Vanilloyl methyl 
ketone and acetosyringone were gifts from Dr. J. M. Pepper, Chemistry Department, Univer- 
sity of Saskatchewan. a-Hydroxypropiovanillone was a gift from Dr. A. C. Neish of this 

5 

sekzgo 
blaiiuh 

PZTia 
fnunakta var. bigelovli 
akyecuroldks 
cernua 
cemua var. crafsgoliw?l 
CarolinioM var. nleltinak 
a?vlotl?uan 
omot&ulm var. acri,,ohilm 
annotlilum var.pu?lge?ls 
clowrum 
clavrrlwn var. &mricatunl 
obscunim 
obscurum var. ah&o&ahim 
ComplmroMn 
f?lZih?ll~OF?tU? 

tnmchywn 

sab&laefolium 

- 
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laboratory, a-Ethoxypropiovanillone was prepared from a-hydroxypropiovanillone by the 
method of West et al.” 

Methods for the ide~~~~ation, by chromato~aphy. of phenolic acids have been dcs- 
cribed. ‘1 Rr values 0 f p henolic aldehydes and ketones chromatographed on silica gel in 
various solvent systems are given in Table 2. 

./l,lulyses for Plrerrolic Acids 

Plant material was washed carefully and homogenized with hot absolute ethanol in n 
Waring Blendor. The insoluble material (I) was removed by filtration and repeatedly extrac- 
ted with 807.; ethanol under reflux on the steam bath until the extracts were almost colourless. 
The combined filtered extracts were evaporated to dryness in a rotar] evaporator and the 
residue, thus obtained, was treated with boiling water and filtered hot through a bed of Celite 
(Analytical Filter-Aid). To the cooled filtrate was added sufficient 10 N NaOH to make n 
twice normal solution. After standing for 14 hr in the refrigerator. the solution was acidified 
with HCl to pH 4 and continuously extracted with ether for 20 hr. The ether extract was 
analysed by two-directional paper chromatography for phenolic acids. Phenolic acids were 
eluted from chromatograms and determined quantitatively by spectrophotomctry.‘J 

A portion of the ethanol-insoluble residue (I) was subjected to hydrolysis in 2 N NaOH 
at 30’ for 4 hr after which the solution was acidified with cont. HCI and continuously 
extracted with ether for 20 hr. The ether extract was nnalysed for phenolic acids by chro- 
matography. 

Lignirt Oxidatioru 

The insoluble residue (1) was air-dried and ground to a po&der (40 mesh) in a Wiley Mill. 
The powder was extracted for 48 hr in a soxhlet with water followed by similar extractions 
with 1: 1 ethanol: benzene and with benzene. The powder, which was dried in air, was used 
as a source of lignin and is referred to as extracted wood-meal in the text. 

Alkaline nitrobenzenc oxidations were carried out using the micro-method of Stone and 
Blundel113 as modified as Baayouni and Towen.lJ 

Alkaline copper hydroxide oxidations were carried out as foIloR s : 300 mg extracted wood- 
meal, 1.3 g Cu(OH)* and 10 ml 2 N NaOH were placed in a stainless-steel bomb. sealed and 
placed in an oil-bath at 175 ’ for 3 hr with occasional shaking. The bomb was cooled and the 
reaction mixture filtered, the insoluble material being washed with hot water. The filtrate 
and washings ~erc acidified with HCl to pH 2-3 and estrncted with chloroform in a separatory 
funnel. The chloroform extract was evaporated to dryness, the residue redissolved in a 
small volume of ethanol and analysed by chromatography for phenolic aldchydes and acids, 

A large-scale osidation was carried out with IS g extracted wood-meal of L. cfu~arff~?J. 
The reaction mixture was acidified and extracted with ether and the ethereal solution extracted 
sucessively with ST; Na,C03 and iO:li NaHSO+ Tht: fraction containing the acids V;~S 
chromatographed on paper using the benzene-acetic acid solvent and the bands corresponding 
to vanillic and syringic acids were eluted und rechromatographed using 3”,; HCOOH. The 
appropriate bands were &ted and the eluates chromatographed on silica gel plates using 

‘1 K. A. WFST. L. HAWKINS and H. HILWKT, J. An. Chcm. Ser. 43.3038 f 1941 f. 
I3 S. Z. EL-hSYOUN1 and G. H. N. TOWERS, Cm. J. Biochem. 42.203 (1961). 
l3 3. E. STONF and M. J. BLUNDFLL. .Irwi~t Chrr~t. 23. 771 (1951). 
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toluene : ethyl formate : formic acid (8 : 4 : 1) as a solvent. The eluted bands were extracted into 
ether and the vanillic acid (8 mg) crystalhxed from water. It was identiiied by a mixed m.p. 
and by its i.r. spectrum. The very small amount of syringic acid isolated precluded a m.p. 
determination but the i.r. spectrum obtained was essentially similar to that of syringic acid. 
The aldehydc fraction of the oxidation mixture was banded on silica gel plates and chroma- 
tographed in benzene-acetic acid and the eluted vanillin (45 mg) andphydroxybenz&lehyde 
(3.1 mg) purified by sublimation. They were identiged by mixed m.p.‘s and by their i.r. 
spectra. Acetovanillone, also present in this fraction, was identified by chromatography. 

Pure vanillin and syringaldehyde were subjected to alkaline Cu(OI-Q2 oxidation. With 
vanillin a 9 per cent yield of vanillic acid and with syringaldehyde a 12 per cent yield of 
syringic acid was obtained. 

Ethanolyslp of Lignin 

Ethanolyses were carried out on 300 mg samples of extracted wood-meal using the method 
of Kratxl.14 The ethereal extract of the cthanolysis mixture was reduced in volume and the 
oily residue dissolved in chloroform. The chloroform extract was passed through a small bed 
of silicic acid in a sintercd glass funnel and 100 ml of eluate collected. This ehrate, after 
removal of solvent, was chromatographed for aldehydes and ketones. 

One hundred grams of extra&d wood-meal of L. clavatum was subjected to ethanolysis. 
The weight of residual wood-meal was 8 1.0 g and of ethanol lignin, 3.8 g. The filtrate obtained 
after removal of the ethanol lignin was extracted continuously with ether to give 7 g of a 
dark-brown oil. This oil was mixed with silicic acid and transferred to a column of silicic 
acid (4 x 40 cm) in CHCls. A number of yellow and red bands moved with the solvent front 
or close behind it. These were collected as one fraction in almost 4 1. of eluate. This fraction 
yielded l-4 g of an orange-brown oil. Chromatography on silica gel plates using the benzene: 
acetic acid solvent indicated that there were at least fifteen compounds giving colour reactions 
with 2+dinitrophenylhydraxine. One of the most conspicuous, because of its dark purple 
fluorescence in U.V. light, was isolated in the following way: (1) Chromatography on silica 
gel using n-butyl ether, elution and rcchromatography on silica gel in benzene : acetic acid, 
9:l; (2) chromatography on Whatman No. 1 using 2% HCOOH; (3) sublimation; (4) 
chromatography of the sublimate on silica gel plates in toluene : ethylformate : formic acid 
(5 : 4: 1) followed by sublimation; (5) chromatography in 4: 1 butanol: 3 % NH40H on silica 
gel plates followed by sublimation. In this way 73 mg of a chromatographically pure colour- 
less oil was obtained. The compound was identified by its NMR spectrum as aethoxypro- 
piovanillone. 

The NMR spectrum was kindly interpreted by Dr. A. G. McInnes of this laboratory as 
follows : A triplet centred at a 7 value of 8.76, with an intensity corresponding to 3 protons and 
with a spacing of 7 c/s could be assigned to the methyl group of the ethoxy moiety since the 
corresponding signal for the methylene protons occurred at an average T value of 644, also 
with a common spacing of 7 c/s. A doublet, due to 3 protons, at an average T value of 8.47 
with a spacing of 7 c/s was assigned to the methyl group on the carbon bearing a single 
hydrogen since the corresponding quart& for the single hydrogen appeared with the same 
spacing at an average T value of 5.34. A single signal due to 3 protons at a T value of 6.05 
could be unambiguously assigned to the methoxyl group on the aromatic ring. The three 
aromatic protons appeared as a multiplet centred at a T value of 2.63, and the signal due to 

14 K. KUIZL, Mikrochim. Actu 1,159 (1956). 
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one phenolic hydroxyl group was temperature-dependent appearing at an approximate T 
value of 3.3. Consequently the NMR spectrum was in agreement with the structure given in 
Fig. lc. 

The isolated compound \vas chromatographically identical ivith a sample prepared from 
a-hydroxypropiovanillone. Methylation with diazomethane gave z-ethoxypropioveratrone, 
m.p. 79.5-81.5” uncorrected (reported 81-82’). which was obtained by sublimation and 
crystallization from dilute acctonc. 

Bands on chromatogram\. corresponding to vanillin. Were pooled. and after sublimation, 
40 mg of this aldehydc were obtained. a-Hydroxypropiovanillone \\as also identified as ~1 
minor constituent of the ethanolysis mixture by co-chromatography \vith an authentic 
sample, by its characteristic dark-blue fluorescence in U.V. light and by it> colour reaction with 
2,4-dinitrophenylhydrazine. The band corresponding to \anillojl mcth)l ketone was 
purified by chromatography on silica gel using the benzene: acetic acid and butnnol-N H@H 
solvent systems. It MELS finally identified by co-chromatography will1 an ,luthcntic sample in 
three solvent systems. 
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