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POLYPHENOLS OF PINE POLLENS 

A SURVEY 

MARY JANE STROHL and MARGARET K. SEIKEL 
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(Received 31 July 1964) 

Ah&act-Pine pollens contain an array of polyphenolii compounds. Those identified include the phenolic 
acids p-hydroxybenzoic, protocatechuic, gallic, vanillic, cis- and trans-p-co&c, cis- and tram-fcrulic, and 
4-glucosyloxybenzoic acid; the flavanonols dihydrokaempferol and dihydroquercetin; the flavanone narin- 
genin; and a series of esters of p-coumaric acid which constitute the principal phenolic type present. The 
phenolic acids and the coumarate esters varied little with the species of pine, but the flavonoid fraction has 
sufficient variation to warrant further study. 

INTRODUCTION 

PRECEDING work1 in this Laboratory on the constituents of pine pollens (particularly loblolly 
pine pollen) had concentrated on identification of the lipid materials, but the crude extractives 
were found to give color tests indicative of phenolic and flavonoid compounds. Since benzene, 
ether, and methanol extractives were available from eight pine species (Pinus banksiuna Lamb., 
P. echinata Mill., P. elliottii Engelm., P. palustris Mill., P. ponderosa Laws., P. resinosa Ait., 
P. strobus L., and P. taeda L.) a paper chromatographic study of the variation of the poly- 
phenols with species was undertaken. Characterization of some new compounds has been 
made. 

Previously the only flavonoid compounds reported to occur in pine pollens have been 
isorhamnetin and quercetin in Pinus densiflora and P. thunbergiia; z a flavanone with less than 
five hydroxyl groups in P. ponderosa; 3 and a yellow pigment having flavonol properties in 
P. montana.4 Lubliner-MianowskaS found no indication of flavonoid compounds in the 
yellow pollen of conifers. 

A wider variety of tivonoids has been isolated from other plant pollens and identied. 
Flavonols occur most frequently and are generally in glycosidic form, namely: kaempferol,‘j 

* Maintained at Madison, Wis., in cooperation with the University of Wisconsin. 

1 R. W. &n-r and M. J. STROHL, Phyfochem. 1,189 (1962). 
2 S. IIISAMICHI, J. Pharm. Sot. Jupan 81,446 (1961). 
3 S. L. fiUC3MAN, Forest Sci. 5, 169 (1959). 
4 H. VON Eknx~, L. m&, B. H&BERG and I. Wrre~sso~, Arkiv. Kemi Mineral. Geol. 19A, l(l945). 
5 K. LUBLJNER-MIANOWSKA, Acta Sot. Borun. Poh. 24,609 (1955). Bee World37,118 (1956); Chem. Abstr. 

%I,12206 (1956). 
6H. REZNIK, Biol. Zentr. 76,352 (1957). 
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quercetin,‘j-14 isorhamnetin,8, lo, 12,15-J* robinetin.lg morin,Ig and myricetin.‘The flavanone 
naringenin has been found in Acacia dealbata in two glycosidic forms.9.‘0 Four anthocyanins 
have been identified in the blue pollen of Anemone coronaria.” 

Only two phenolic acids had been formerly reported in pollens, hydrocaffeic in Lycopodim 
clavatwn spores 22, 23 and chlorogenic in Forsythia intermedia. 6 but recently the glucose esters 
ofp-hydroxybenzoic.p-coumaric, ferulic and caffeic acids were discovered in petunia pollen.24 
Also quinic and shikimic acids were found in Ginkgo hiloba pollen.’ 

RESULTS AND DISCUSSION 

Preliminary attempts to prepare well-resolved two-dimensional paper chromatograms 
of the compounds in the phenolic-rich ether extractives (Fig. 1) of pine pollens failed because 
of the excessive amounts of one type of material. When nonpolar developing solvents* were 
used, this material (later identified as p-coumarate esters) gave a heavy fast-moving spot 
trailing over half the sheet: the deep purple color resulting from the spray p-nitrobenzene- 
diazonium tetrafluoborate and carbonate*, effectively hid lesser spots. In aqueous solvents it 

Pollen 
’ Successive 

I --- -- 
1. Benzene extractives 

Lipids 
p-Coumarate esters 

i_‘_“_“““f!_ns.__.._. __._________( .._.--- 
2. Ether extrktives 3. Methanol extractives 

successive Sucrose 
/ extractions Flavonoid compounds 

(naringenin) 

r---- 
_ ____;-- --_-- 

Sodium acetate soluble Sodium cardnate soluble Resike 
(A fraction) (C fraction) (B fraction) 

Polyphenolic acids Flavanonols p-Coumarate esters 
(group 1) 
“Blue” acids 
(group 2) 

FIG. 1. EXTRA~VES FOUND 1~ PINE POLLENS 

* See Experimental for description of developing solvents and sprays. 

7 M. FUJITA, S. HISAMICHI, T. ANDO and N. MURAKAMI, C’hem. Pharnz. Bull. (Tokyo) 8. 1124 (1960); Chem. 
Abstr. !56,7707 (1962). 

8 F. W. HEYL, J. Am. Chem. Sot. 41,1285 (1919). 
9 A. SPADA and R. CAMERONI, Gazz. Chim. Ital. 86,965 (1956). 

10 R. KUHN and I. Lilw, Ber. 77B, 196 0944). 
11 M. S. EL RIDI, L. A. STRAIT and M. H. Aaou~ WAFA, Arch. Biochem. Biophys. 39, 317 (1952). 
11 M. FUKUDA, Bd. Chem. Sot. Japan 3.53 (1928); Chem. Abstr. 22,1993 (1928). 
13 J. B. HARBORNE. Biochem. J. 84.100 (1962). 
14 C. T. REDEMANN, S. H. WITTWER, C. D. BALL and H. M. SELL, Arch. Biochem. 25,277 (1950). 
1s M. B. MOORE and E. E. MOORE, J. Am. Chem. Sot. 53,2744 (1931). 
16 G. E. INGLETT, Nature 178.1346 ( 1956). 
17 H. ARAKAWA, Nippon ffigaku Zasshi 77,1057 (1956); Chem. Abstr. 53.20316 (1959). 
1s G. TAPPI. and E. MENZ14NA. GUX. Chim. Ital. 85, 694 (1955). 
I9 A. SPADA and R. CAMERONI. Ga==. Cbim. ItaZ. 85,1043 ( 1955). 
20 G. TAPPI, A. SPAUA and R. CAMERONI, Gaze. Chim. Itul. 85,703 (1955). 
21 G. TAPPI and A. MONZANI, GUX. Chim. Ifd. 85.732 (1955). 
12 F. ZETZ~CHE and K. HUGU.FK, Helv. Chim. Actu 10.472 (1927). 
23 F. ZETZ~CHE and K. HUGGLLK. .-inn. 461,89 (1928). 
2J L. BIRKOFF.R. C. KAISER and H. ME~R-STOLL. Z. Nutrrrfirsch. 178, 352 (1962). 
zI W. TI:LE(XF, L. H. WFrhsrFIv. A. R[I~EK and H. J. LAUREN~UT, Corztrib. Boyce Thompson hrst. 21, 291 

(1962). 
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did not move. Fractionation of the extractives by alkaline extractions (Fig. 1) resulted in the 
separation of two series of minor components which gave good chromatograms and a residue 
of “purple” compounds which could be handled best by thin-layer chromatography. The 
benzene and methanolic extractives were briefly investigated, principally for the isolation of 
specific components. 

Acid Fraction of the Ether Extractives 

The acid fractions (designated as the A fractions), containing compounds soluble in sodium 
acetate, were most thoroughly studied. A total of 26 A spots were finally differentiated on the 
twodimensional chromatograms, different pollens exhibiting from half to almost the entire 
array. These spots could be divided into two groups ; (1) A spots which gave colors with the 
diaxonium sprays (I and II); and (2) A spots which appeared fluorescent white, blue, or green- 
ish in U.V. light in the presence of ammonia fumes. 

The six prominent A spots of group 1 and two weaker ones (which were, however, import- 
ant in Pinus strobus pollen) were identified by their color reactions and by cochromatographic 
work as the six common phenolic acids listed in Tables 1 and 2. Among the five collections of 
P. taeda pollen these acids varied principally in relative amount. Gallic acid, however, was 
lacking from three; two of these were samples which had been subjected to more or less 
elevated temperatures and humidity because of improper aeration of the male flowers after 
collection. A study of variation of the acids among the other seven pines studied (Table 2) 
revealed few clear-cut distinctions since slight differences in concentration were ignored. The 
lack of gallic acid in the pollens of P. strobus and P. elliottii may have no taxonomic meaning 
as shown by the more extensive work on P. taeda pollen. The lack of vanillic acid in the pollens 
of P. ponderosa and P. echinata may however be taxonomically significant since this acid was 
still present in the poorly handled samples of P. taeda pollen. P. strobus pollen shows 
probably the most fundamental differences from the other pollen in respect to the phenolic 
acids present. It has relatively larger amounts of the cinnamic acid derivatives, p-coumaric 
and ferulic acids, and less of the corresponding benzoic acid derivatives, p-hydroxybenzoic 
acid (the single most important phenolic acid in all but one of the other pollens) and vanillic 
acid. It is perhaps significant that P. strobus is the only haploxylon pinez6 in the list. The 
discovery of these phenolic acids in pine pollens seems to be in no way unusual, as recent work 
shows that they occur and co-occur widely in various plants,27-2g and several have been 
reported in other pine tissues.3os 31 

The group 2 A spots included eight prominent but still unidentified spots which fluoresced 
a vivid turquoise blue in U.V. light in the presence of ammonia. These did not couple with 
diazonium salts; pale lavender and pale rose colors shown by two of the spots seem to be 
caused by overlying spots (see later discussion of spot A-lob). Considerable variation between 
the eight species may not be taxonomically significant, since instability of the two most promi- 
nent spots was evidenced by their absence from or very low concentration in the extractives 
of the older and poorly handled samples of P. taeda pollen and by their loss in isolation and 
hydrolysis work. This group from P. echinata pollen was the most outstanding, as it showed 

26 G. L~DSEDT, Actu Chem. Sand. 5,129 (1951). 
27 R K. ~BILU-IIM and G. H. N. TOWERS, Arch. Biocbem. Biophys. 87,125 (1960). 
28 E. J. B~URNE, N. J. MACLEDD and J. B. J?RIDHAM, Phytochem. 2,225 (1963). 
29 M. L. BUCH, A Bibliography of Organic Acti in Higher Plants, Agr. Handb. 164, U.S. Department of 

Agriculture, Washington, D.C. (1960). 
30 W. E. HILLIS (Editor) Wood Extractives, Acadanic Press, N.Y. (1962). 
31 H. OKSANEN, Semen KemtitiZehti 34, B-91 (1961). 
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six spots in high concentration. The spots occurred in pairs, separable by aqueous developing 
solvents. Attempts to isolate one of these compounds by preparative paper chromatography 
and to hydrolyze it failed to produce fluorescent compounds. It is postulated that they 
represent hydrouycinnamic acid derivatives. probably cis-tram pairs. They may be phcnolic 

Color, ohser\cd: 
,_ _-_-----_-.-_---_ - ..- __.. ___________~ 

M ith spraqb 
spot Identity* (R, r 100) 
No. of acid B7AW/aNaCI+ m UVA In lb II 

_______ ._-___.. _ .-. .__ . . . 

A-2 vanilhc Xl/S?. c 0 \ OR 
A-3 p-hydroxybcnzoic 71/65 c IY R0 dO\ 
A-d truer.\ p-coumarlc 74/38 bBI 0 BlGy 1R0 
A-l I civ p-coumaric 75:74 bBI 0 BIG!: IRo 
A-13 galhc0 37:27 C PY POY C 
A-166 protocatechuic9 46148 C pk pl’ci pPkU 
.4-29 IFUIL~ ferulic 72126 ITuBl IPh pci4 Pk 
4-32 CIS ferulic 78170 pTuB1 PPk PPk 

* Authentic samples mIxed with .4 fractions showed no separation of spo15 or dlffcrcnccs in color. 
+ See Table 9 for solvents. R, values approximate only m BzAW. 
$ UVA - U.V. light m the presence of ammoma fumes. For sprays see Table 10. Abhrellations of colors: 

B = brown, Bl - blue. C --colorless. G 7 green, Gy gray. 0 -- orange. P -- purple (i.e., aborbmg). 
Pk 2 pink, R - red, Ro -- rose. Tu turquoise. V =- rlolct. W white. 1’ -- yelloa, b bnght. d --- deep 
1 -light, p pale. 

8 G~vcs characteristic gray-grcvn with I” ,, ferric chloride spray. 

TAULL 2. DISTKIBLI TION OF IDENTIFIED PHENOLIC ACIDS IS PIM\ IY)LLtV\" 
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*Key: +++ most prommcnt \pot on sheet, + + -- strong spot\, t ucah \pots. f : en only If 
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.t Most rcprc*ntntlve result\ from several samples. 
: In twn out of file: but its absence may have hccn due to poor handling (see TCXLI 
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glycosides of the common acids, since previous workers 32~ 33 reported handling such com- 
pounds with considerable care and hydroxycinnamic acids are unstable to hot 5 N acid.34 
On the other hand, the glucoside of pcoumaric acid does not fluoresce under the conditions 
used.33 Note that a similar fluorescence was shown by the group B spots, identified as p- 
coumarate esters. They do not seem to be depsides of the chlorogenic acid type, as no quinic 
or shikimic acid was found among the hydrolysis products.35 

One additional acid was identified in this work, Cglucosyloxybenzoic acid (p-hydroxy- 
benzoic acid glucoside) (spot A-41), not previously characterized as a natural product. It 
was discovered in solution in attempts to isolate a sample of an acid belonging to group 2, and 
since it is invisible on paper, it has been impossible to decide from the data available whether 
A-41 underlay A-10 or was its decomposition product. In order to visualize A-41, it must be 
studied on fluorescent silica thin-layer plates or on silica plates sprayed with periodate-silver 
(Table 3). Note that the glucoside ofp-coumaric acid is similarly reported to be invisible on 
paper.33 The new glycoside absorbs at an extremely short wavelength in U.V. light, and the 
maximum shows a hypsochromic shift on the addition of base (Table 4). Such phenomena are 
characteristic of p-substituted aromatic carboxylic acids; compare panisic acid36 and the 
hypsochromic base shifts of the glucosides of ferulic and p-coumaric acids.33 Its glycosidic 
nature was proven by its hydrolysis in acid but not in base to yieldp-hydroxybenzoic acid and 
glucose, identified by spectral and chromatographic methods (Tables 4 and 5). Although the 
occurrence of the glucoside of phydroxybenzoic acid in plants has been assumed previously 
in several cases 37-3g from hydrolysis results, the compound itself has not been described as a 
natural product, probably because of the difficulty of detecting it on paper chromatograms. 

A trace of a second acid (A-lob), detected in solution during the above work, was not 
hydrolyzed by dilute hydrochloric acid, resembled phydroxybenzoic acid in color reactions, 
in $values on thin-layer plates (Table 3), and in spectral properties (Table 4), but was clearly 
separated from this acid on paper (Table 5) since its (&x 100) values in A-2 and BzAW* were 
respectively 80 and 54. It could possibly be a compound such as 4-(4’-hydroxyphenoxy)- 
benzoic acid which has been reported to absorb in 10 % dioxane in hexane at 256 m,u with a 
shoulder at 290 n+.40 Although this derivative of diphenyl ether has not been reported to 
occur naturally, others have been found in plants, for example: 4,4’-dihydroxydiphenyl ether 
in Taxodium distichum, RA41 

Carbonate Soluble Fraction of the Ether Extractives 

Flavonoidr. The carbonate soluble materials (designated as the C fractions) were less 
easily studied than the acid fractions because : (1) the amounts of material available were quite 

32 J. B. HAR~~RNE and J. J. CORNER, l3bchefn. J. 81,242 (1961). 
33 V. C. RUNXKLES and K. Woowc~, Phytochem. 2,1(1%3). 
34 S. L. Tom, J. Pharm. Pharmad. W, 741(1961). 
35 E. SENDS in Plant Phenolics and Their Industrial S&&ance (Edited by V. C. RUNJXKL@, p. 15, 

Proc. Symposium of The Plant Phenolics Groups of North America (held 1962, Cbrvalhs, Chg.) (1963). 
36 M. J. K4rMLBT, Organic Ekctronic Spectral Data, Vol. I, p. 194, Interscience Publishers, Inc., N.Y. 

Wm. 
37C. F.VANSIJMERE,C.VANSUMBRE-DEPRBTER,L. C. VINING andG. A. LEJXNGELW, Can.J. Microbial. 3, 

847 (1957). 
3s I. A. PEARL, S. F. DUG, H. DEHAAS, B. A. LOWNG, D. A. SCOIT, R H. TUIUFX and R. E. WERTH, Tappi 

44,475 (1961). 
39 E. C. BATE-SMTW, in WoodExtractives (Edited by W. E. HILL&, p. 147, Academic Press, N. Y. (1962). 
40 H. E. UNGNAJX, E. E. PICKFIT, L. RUBIN and E. YOVSE. J. Org. Ch+?m. 16,1318 (1951). 
41 H. L. HFXGEIIT, Abstr. Am. Chem. Sot. Meet., Div. Cellulose, Wood, Fiber Chem., p. 9D, Los Angeles, 

April (1963). 
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TABLE 5. PAPER CHROMATO(iRAPHIC D4TA ON DFRIVED PHFNOLIC ACIDS* 

Acid source 

(RI> 100) v.ltht 
_--_.--L -7 
A2 aNKI AtW BzAW 

_- .--.-.. __. - 
p-Hydroxybenzoic 

p-Coumanc. 
trut1s and cib 

From A-41 
Authentic 
From B-1 

From B-4 

Authentic 

69 8X 75 
68 88 76 

38.69 

45.73 39,71 74.85 77 
35.66 

45,76 38,69 7-l. 86 77 
36.66 

* Spob of knowns and unknowns matched m color properties: set Table I for dexriptions. 
f See Table 9 for solvenls. 

limited in several cases: (2) color distinctions were poor so that key spots were difficult to 
locate in comparing chromatograms from different samples (the benzene-acetic acid-water 
solvent gives excellent separation but poor reproducibilityJ’ of R, values): and (3) the useful 
spray, Benedict’s reagent ( IV),az was not used until some samples were exhausted. DitTer- 
entiation between species. honever. was most marked with this fraction. and it should be 
studied in greater detail. 

The two-dimensional chromatograms of the eight species showed the following dis- 
tinguishing characteristics: P. elliottli and P. palrrstris. very few spots: P. echirzata. ;L large 
number of minor spots. plus an extensive lightly colored area (4 of sheet) when viened m u.\. 
light or sprayed : P. pomkrora. similar lightly colored area: P. stroh. three apparently 

spot 
No. IdentIty 

-.__._.__._.. __ -._ _. .__. 

r-1 Auronc (?I 
C-6 { Dihydrokaempferol C-12 _ 
C-7 Dlhydroquercetm 
C-IO 
c-11 
c-14 Ellagic acid ( ?) 
c-17 

(R,X loo)* 
BzAW/A?O uv 

Colors obsenedt 
- --.-.-- -. . _ .-_. _ .-_-. . . 

Spray\ 
.--- _ .__._A____ 

l!VA III(lJVI la 
--_ _ 

lb 

34/9 PY bOPh pG1 IPkO IOY 
60154 c C I bYG IOY pOk 
48368 P P Ibl IO \I’0 
40160 P P 11.: YO OY 
44/48 P P I\ C C 
39i54 C C IYG c C 
32;8 blB1 IYG l\Ic; C C 
S3/8 PY OY IBIG C PO\ 

- -.-\ 

* See Table 9 for solvents. 
t See Table 1 for explanallons and abbreviations; see Table IO for sprays. 
$ This color changes chdracterlstically with age, becoming more yellow-olangc in 2-3 weeks. A re- 

observation aids differentiation from other spots. 

J2 I. S~IITH, Chromatogruphrc NII~ Electrophoretic Techniques. Vol. 1. p. 3 22, Intersilence Publishers. Inc.. N.Y. 
t 1960) : E. WONG and A. 0. TAYLOR, J. C/womnutog. 9.449 ( 1962). 

dj H. REZXIK and K. E(x;ER, 2. .4mrl. Cllrnr. 183. 196 I 1961 I 
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different spots; P. resinosa, very prominent C-7 and C-12 spots (Table 6); and P. taeda, the 
characteristic and different C-l spot. 

Of the 18 C spots occurring in more than traces, 7 respond to aluminum chloride spray 
(Table 6) and probably represent strongly acidic flavonoid compounds with the 5,7-dihydroxyl 
grouping. Of these, C-7 was shown to be dihydroquercetin and C-12 and C-6 two isomers of 
dihydrokaempferol; spray (IV) clearly differentiates these rather closely running spots. 
Dihydrokaempferol was present in all of the pollens although in low concentrationin P. taeda 
and P. palustris. In P. resinosa a large amount of the major isomer (C-12) and none of 
the minor (C-6) showed. Dihydroquercetin, similarly, produced an outstanding spot on the 
P. resinosa chromatogram, was definitely present in P. taeda and P. echinata, but its concen- 
tration was low or its identity doubtful in the other pollens. No other definite identifications 
were made, although it was postulated from their typical color reactions that C-14 (present 
in all but P. elliottii) was ellagic acidM and that C-l (characteristic of P. taea%z) was an 
aurone.45 With this fraction, also, P. strobus showed some unique spots, such as C-17 and 
“ offcolor” C-7 and C-l 1 spots. 

TABLE 7. PAPER CHROMA~RAPHIC IDENTIFICATION OF NARIN~XNIN 

colors obscrvedt 

Compound 

(R,x loo)* With sprays 
I \ I 
A30 CAW BAm BAW UVandUVAIa Ib IwJv 

Flavanone from 
P. taeda 
pollen 

NZUillgenbl 
Eriodictyol 
Homoeriodictyol 
Liquiriti8enm 
Pinocembrin 

69 69 
70 69 
68 48 
75 73 

;; 
49 

47 95 
47 95 : :; z :: 
14 89 OY 

cc :Y YB :: 

F 
Y YPk 

62 0 OY g 

* See Table 9 for solvents. 
t Abbreviations as in Table 1; see Table 10 for sprays. 

The finding of dihydrokaempferol and dihydroquercetin in pine pollens is not surprising 
since both have been reported in the wood and bark.46 Other less important spots may rep 
resent related compounds such as dihydromyricetin or the simpler flavanones and flavanonols, 
also reported in pine wood and bark. 46 None of the spots showed the color reactions charac- 
teristic of quercetin or isorhamnetin, the flavonols previously reported in pine pollens.2 An 
attempt to repeat this work, as described on 200 mg of pollen,* gave a concentrated methanolic 
solution still too dilute to reveal any flavonoid spots even though a time of extraction used was 
considerably longer than recommended. 

To continue the search for the reported flavonols 2 mentioned in the preceding paragraph, 
the low concentration of flavonoid material contaminating sucrose, extracted by methanol 

d4 L. JURD, in WoodExtructives(Edited by W. E. Hillis), p. 243, AcademicPress, N.Y. (1962); L. H&KU-, 
H. WAGNER and H. SCHILCHER, Arzrteimittel-Forsch. 12,1(1%2). 

45 T. A. G-MAN, J. B. HAIUXIRNE and M. K. SEIKEL, J. Am. Gem. Sot. 78,825 (1956). 
46 H. L. I-&RGERT, in The Chemirtry of Fhvonoid Compounds (Edited by T. A. Geissman), p. 553, Per@mon 

Press, Oxford (1962). 
26 
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from P. taeda pollen, was concentrated by lead precipitation and studied chromatographic- 
ally. The outstanding flavonoid spot was identified as naringenin by cochromatography and 
spectral methods (Tables 4 and 7). Note that two glycosides of this flavanone have been pre- 
viousIy isolated from Acacia pollen.‘0 If flavonols are present in the lohfolly pollen. their 
concentration is thus much less than that of flavanoid materials. 

p-Comarate Esters 

The relatively large amount of phenolic material remaining in the ether extractives after 
removal of the two acidic fractions already discussed and the phenoiic material in the benzene 
extractives was separated into clearly defined spots by thin-layer chromatography on silica. 
Neutral and preferably non-alcoholic developing solvents were used since the compounds are 
very sensitive to transesterification; chloroform-acetone mixtures uere most satisfactory, 
By two-dimensional thin-layer chromatography, five spots giving the typical purple-red color 
with the diazonium spray (lb) and a fluorescent blue or turquoise color under u.v. light in the 
presence of ammonia were discovered and designated as B-I to B-5 (Table 8). 

T,%BLE 8. TWWWFWOHAL THIN-L&\ER CHROMA-~~GR~PHY OP p-COUM~R~TE ESTER\* 

spot tf+x 100) Light or 
No. CAZ/EAFS spray: 
---. .- _- - __ ____ __ 

B-1 86po uvs* 
B-2 69186 WA 
&3 63177 ra 
B4 35:sg lb 
B-5 1 tp V 

Colors observed 
for all B spotsjj 

_. 

Dark 
Fluorescent turquoise blue 
Yellow-orange 
Pmk-purple 
Orange-yellow 

* On fluorescent silica plates: UVS --* seen in short-wave u.\, tight. 
t See Table 9 for solvents. 
$ See Table 10 for sprays. 
I Concentrahons marled greatly. 

A study of the variation aith species of the four most important of these p-coumarate 
esters in the pollen, easily carried out on one-dimensional chromatograms, showed that the 
variation was principally one of different relative concentrations. P. strcth~.~ pollen contained 
so little of these esters that they were completely extracted by the benrcne, the ether elkactive 
containing none. Since this Same pollen was exceptional in containing p-coumaric aad as 
the principal free phenolic acid. the enzyme(s) responsible for csterification may be lacking. 
The slow running spot, B-4. was the most important spot observed in the ether extractives of 
the other pollens with the exception of P. meda which had an equally prominent fast spot, 
B-1. P. taeda also showed the intermediate spots. B-2 and B-3. clear&. The other pollens 
possessed much lower concentrations. if any. of the last three compounds. A preliminorq test 
on three pollens suggested that the benzene ewtractivc\ were richer in all B <pots. particulari~ 
in B-l. 

An attempt to isolate crystalline samples of one or more of the four esters for analysis from 
a rich benzene extractive of Y. tueda failed. apparently because adhering lipids are not easily 
removed. In addition. the esters are unstable to laboratory conditions(as well as to acid. base. 
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and alcohols), and particularly to heat, for samples which have been preserved or which have 
been extracted with boiling hydrocarbon solvents show increasing amounts of material which 
streaks and which does not move from the origin on thin-layer plates; the latter was always 
present when the crude extractives were chromatographed. Apparently the compounds are 
very sensitive to auto-oxidation. 

For structural studies, micro samples of the compounds responsible for the four principal 
B spots were isolated from the P. fuel pollen by preparative thin-layer chromatography. 
Spectral studies (Table 4) gave indistinguishable results for the four, and values almost 
identical with those of methyl p-coumarate determined simultaneously. These values also 
check those reported for the glucose ester ofp-coumaric acid.32 The B spots, however, show 
one distinct difference from methyl p-coumarate ; they give a yellow color when sprayed with 
acidic 35dinitrophenylhydrazine while the spot of the simple ester remains colorless. The 
p-coumaric acid moiety of the unknown esters was substantiated by basic hydrolysis of B-1 
and B-4 and by spectral (Table 4) and chromatographic proof (Table 5) of the identity of the 

’ acidic product as p-coumaric acid. No water soluble alcoholic moiety could be discovered, 
so the esters are not the glycosyl type reported with increasing frequency,32*47*48 even 
recently in a pollen.24 From a second hydrolysis of a considerably larger sample of B-4, a few 
milligrams of a solid, water insoluble alcohol were isolated. Small amounts of this same 
alcohol were visible on chromatographic plates from the hydrolysis of a crude sample of B-l. 

This alcohol has not been completely identified, but the following data have been deter- 
mined. The pure colorless crystals melt at 895”; too little was obtained for an analysis. The 
compound showed only end absorption in the u.v., but it gave an i.r. spectrum with prominent 
sharp bands,incm-l,at: 3280,2880,1480,1458,1348,1118,1085,1055,1035,1023,995,982, 
972,909,852,818,729, but no sign of a methyl band at 1370-1380 cm-’ or a carbonyl band. 
It was invisible on thin-layer plates prepared with silica containing a fluorescent additive, but 
it moved with chloroform-methanol solutions like unsubstituted diols such as a hexanediol 
and 1,2-, 1,3- and l+cyclohexanediols and reduced the permanganate spray (VII) in approxi- 
mately the same length of time. With chloroform-dioxane (CD), which because of its greater 
basicity seemed to sort compounds subject to intramolecular hydrogen bonding differently 
than chloroform-methanol did and which was shown to separate the cis and truns isomers of 
the cyclohexanediols, the unknown moved considerably faster than the cyclohexanediols. 
Spots of the unknown on plates reacted very slowly (an hour or more) with the acidic dinitro- 
phenylhydrazine spray (V) at room temperature; the cyclohexanediols do not react. With the 
sulfuric acid spray (VI), the U.V. fluorescent orange color which finally develops resembles the 
color shown by 1,3- and IJ-cyclohexanediol and differs from the duller green shades exhi- 
bited by cis and trunk 1,2_cyclohexanediol. 

The data above, plus their distinctive (though similar) i.r. spectra, definitely eliminate cis 
1,2cyclohexanediol, m.p. 98 o,49 95” so (found as a constituent of grandidentatin from the bark 
of Pop&s grundidentata)so and cis 1,3_cyclohexanediol, m.p. 86”.4g Saturated terpenediols 
appear to be eliminated from consideration by the lack of a methyl band in the i.r. spectrum. 
In conclusion, a saturated alicyclic diol still seems to be the structure which accounts best for 
the properties, but other groups or other arrangements than those mentioned above must be 

47 S. /iSEN and S. L. Emmum, Phytoehcm. 1,169 (1962); L. BlRKOFER, C. IGusm, W. Nouwmd and U. 
THOMAS, 2. Nutwforsch. 16B, 249 (l%l). 

49 J. J. CORNER, J. B. HARBORNE, S. G. Hummms and W. D. OLLIS, Phytochem. 1,73 (1962). 
49 I. HEU_BRON and H. M. BUNBURY (Editors), Dictionary ofOrgmic Compounds, Vol. II, O.U.P., N.Y. (1953). 
50 I. A. PEARL and S. F. D-a, J. Org. Chem. 27, 1806 (1962). 
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present. For example, a methoxy group”’ would absorb only near 1450 cm-’ and could 

account for the mobility in the dioxane solvent. 
Only tentative suggestion5 on the structure of this series of unstable p-coumarute esters 

can be made from the data available. They may be simply esters of a series &closely related 
alcohols, an idea supported by the lack of any intermediate during the hydrolysis. On the 
other hand, a study of the Rzl values 52. gave a straight line for the scrlcs. 1% ith the values for B-2 
and B-3 falling close together as if they were isomeric. (Later \\ork suggested that B-4 can be 
separated into two isomers in line with the reported separation of stereoisomers by thin-layer 
chromatography.)5” This may indicate a stepwise increase in one component of the com- 
pound. Complex derivatives of the hydrolycinnamic acids have recently been discovered in 

Polygala senega root, 58 the structure of which is still unsettled. 

The occurrence ofp-coumaric acid derivatives in pollens is not surprising considering the 
prevalence of the derivatives which have already been identified and their probable import- 
ance.?* A recent study on oat kernels”’ has uncovered a group of still incompletely identified 
esters of at least caffeic and ferulic acids \vhich seem to resemble the pollen p-coumarate 
esters, while the occurrence of a pinoresinol ester of p-coumaric acid in rebin of Pinus hero 
has been reported.“’ 

EXPFRLMENTAL 

lli aterial 

Pollen from eight pines was employed: loblolly (Pinus tada), slash (P. elliottii). longleaf 
(P. palustris), shortleaf (P. echinata). jack (P. hanksiana). red (P. resinosa). ponderosa (P. 
ponderosu), and white (P. srrohus). Large quantities (100-1600 g) from collections (0.8 -5 kg) 
of carefully dried and preserved pollen, each derived from many trees in a single location. had 
been previously extracted with benzene. diethyl ether, and methanol in succession.’ The 
extractives were available in the form of gummy or oily residues N hich had been stored in a 
freezer for 2.75-4.0 years. In addition, extractibes from several samples of P. tocda pollen. 
which had been collected in three different years and some of which had been dried aith- 
out proper ventilation. were tested for comparison. 

Fractionation of Ether Extractives 

The small ether residues were dissolved in mixtures of ether and butanol and extracted 
exhaustively. first with 2”,, sodium acetate and then with 20”, sodmm carbonate. The 
remaining butanol-ether layers were each evaporated to dryness in vacua yielding fractions B. 
The aqueous layers were acidified and extracted with butanol. Evaporation of these butanol 
layers left respectively fractions ,4 and C. The extractions bvere li~llowed bq spot testing l\iith 
spray lb (see Table 10). The dried gummy residues avaIlable for study uelghed as follows: 
fraction A. II to I I9 mg: fraction C. 4 to 75 mg: and fraction B. 68 to 454 mg for the different 
samples of pollen. 

51 L. H. BRIGGS, L. D. COLEHROOK. H. M. FALES and W. C. WILDVA;~. ANO/. C&VU. 29. 9M (1957). 
.cZ E. C. BYTE-SMITH and R. G. WLST.ZLI.. Biochinr. Biopl1.w. Am 4.427 ( 1950). 
53 G. PASTUSRA and H. J. P~TKOHITZ, J Chromtrfog. 10. 518 (1963). 
5’ D G. H. DANIELS. H. G. C. I+K. and H. F. MARTIN. J. Ser. Footf .4gr. 1-l 385 ( 1963~ 
_- M. B4MRERCiER and A. LAV;~SIF.DI.. Monlc/.sh. Chew. 18.481 (1X97). 
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Paper Chromatography (PC) 

Whatman No. 1 paper was used, and papers were viewed in U.V. light with and without 
ammonia fimes. Developing solvents and chromogenic sprays are listed in Tables 9 and 10. 

Two-dimensional chromatograms of the A spots were developed first with BzAW, then 
with aNaC1. BzAW must be carefully prepared and at least six sheets run simultaneously in 
a large tank in order to obtain a good spread of acid spots with (Z$x 100) values from 33 to 84.42 
Rf values obtained with it were almost impossible to reproduce, and the acids were better 
characterized by their relative positions and their distinctive color reactions. 

Abbrevi- 
ation Composition Type of compound 

Tech- Ref. 
nique* No. 

A2 
A20 
A30 
aNaCl 
AtW 
BAm 
BAW 
BZAM 
BzAW 

2% Acetic acid 
20% Acetic acid 
30”/. Acetic acid 
3% Sodium chloride in O-1 N hydrochloric acid 
Acetone:water (1:l) 
Butanol:2 N ammonia (1:l) 
Butanol:27% acetic acid (1:l) 
Benzene:acetic acidmethanol (2:2:6) 
Benzeme:aceticacid:water (125:72:sat.) 

CA90 Chloroform:acetic acid (9O:lO) 

CA95 
CAM45 

Chloroform : acetic acid (95 : 5) 1 
Chloroform:acetic acidmethanol (45:20:35) 

CAM55 
CAM75 
CAt2 
CAt4 
CAW 
CD 
CM2 

Chloroform:acetic acidmethanol (55: 10: 35) 1 
Chloroform:acetic acid:methanol(75:5:20) 
Chloroform : acetone (2 : 1) 
Chloroform:acetone (4:l) I 
Chloroform:aceticacid:water (2:l:l) (lower layer) 
Chloroform:dioxane (l:l)$ 
Chloroform : methanol (2 : 1) 

CM9 Chloroform:methanol(9:1) 
CMF Chloroform:methywrahydrofuran (1:l) 
EAF 2% Dirnethylformamide in ethyl acetate 

Phenolii acids 
Flavanonols 
FhUlOXlt?S 

Phenolic acids 

Plavanones 
Flavanones 
Sugarst 
Phenolic acids 
Flavanonols 
Phenolic acids 

(monohydroxy-mono- 
CarboXY) 

Sugars and related 
compounds 

Phenolic acid glycosides 

j+Coumarateesters 

Flavanonts 
Diols 
Sugars and related 

compounds 
Dials, p-coumara te esters 
Diols 
p-Coumarate esters 

PC 

2 
z 
FE 
TLC 56 
PC 42 

TLC 
TLC 

TLC 

z 
TLC 
TLC 

z 
57 

TLC 

TLC 58 
TLC 
TLC 

* PC = paper chromatography; TLC = thin-layer chromatography; t On borate impregnated plates; 
$ Dioxane peroxide-free. 

The flavanonols in fraction C were developed with BzAW in the first direction and A-20 
in the second. 

l%in-Luyer Chromatography (TLC) 

Silica plates, made with silica containing an inorganic fluorescent additive (silica gel HF254, 
Brinkmann Instruments, Inc., N.Y.), were used for most of the work, and they were viewed 

56 E. STAHL (Editor), Diinnrehickt-Ckromatographie, p. 476, Springer-Verlag, Berlin (1962). 
5’ K. EGGER, J. Ckromatog. 5,74 (l%l). 
58 L.D. BERGELSON,E.V.D~ATWVITSKAYA andV.V. VORONKOVA, Doklady Akad.NaukS.S.S.R.141,84 

(1961); J. Ckromutog. 10, D17 (1963). 



396 MARY JANE STROHL and MARGARET K. SEIKLL 

under both short-wave and long-wave U.V. light. 254 rnp and 366 rnp respectively, and for the 
p-coumarate esters in the presence of ammonia fumes. Sugars were also tested on silica plates 
impregnated with O-1 N boric acid. 56 Developing solvents and sprays are listed in Tables 9 

and 10. 
The p-coumarate esters (B spots) \%ere developed \vith CAt4 or CAt2 depending on 

whether a good assortment of the fast or slow spots was desired. For two-dimensional work 

CAt2 was combined with EAF. CM9 was used to subdivide spot B-4 into two close-lying 
spots. 

TABLE 10. SPRAYS USED FOR PAPER CHROMATOGRAPHY AND THIN-LACER CHROMAMGRAPHY 

NO. 

. _ 

la 

lb 

II 

III 
IV 
V 

VI 

VII 

VIII 

IX 

Composition and method 
_ _.. _.__ 

@OS: ,,, p-Nitrobenzenediazonium tetrafluoboratet 
(stable 6 weeks if refrigerated): 

Ta oversprayed with 2-20” u \odium carbonate 
(after complete drying) I 

Diazotized sulfanilic acid oversprayed with 
20” o sodium carbonate 

1” ,, Alcoholic aluminium chloride 
Benedict’s reagent (basic cupric citrate complex) 
O.OS”‘, Dinitrophenylhydra7ine in 2.4 N hydrochloric 

acid 
Approx. 30”,: cont. sulfuric acid in ether 

(heat slowly from 100-150” and ob%r+j) 
0.3” ,, Potassium permanganate in 0 7” ,, sodium 

carbonate (not heated) 

0.02 M Sodium metaperlodate (NaIOJ) oversprayed 
after + hr or more with 0.1 N silver nitrate 

p-Anisidine phosphate in 2; g phosphoric acid 
in aqueous alcohol (heat at 110-130”) 

Type of compound 

Phenolic acids 
Flavonolds 
y-Coumarate esters 

PC 
TLC 

Phennhc acldc PC 

Flak onoids 
Flal onolds 
p-Coumaratc esters 

p-Coumarate esten 
Hydroxy compounds 
All hydroxy compounds 

(alcohols. diols. 
polyols, sugars) 

Unsat. compounds 
Sugars. glycosideg 
Unsat. compounds 
Sugar\ 

TKh- Ref. 
nique* 

PC 
PC 
TLC 

TLC 

TLC 

TLC 

TLC 

* PC = paper chromatography: TLC = thin-layer chromatography. 
t From Eastman Kodak Co. 
z This spray could not be used when the sheets had been pre\iously exposed to ammonia. 
S; Characteristic color changes appear. 

Hydroxy compounds (alcohols. diols, polyols and sugars) were developed with various 
mixtures of chloroform and methanol of which CM9 separated dials cleanly from the faster 
running monohydroay compounds and the slower running triols and polyols. The routine 
spray used for these compounds was (VII). used without heating; the speed of development 
of the yellow spots clearly differentiated the immediate reducing spots of unsaturated com- 
pounds from the rapidly reducing spots of the polyols t - 3-5 min). from the slowly reducing 
spots of the diols ( - IO-20 min) and the very slowly reducing spots of monohydrovy com- 
pounds ( N 30-40 min). 

Sy I. A. PEARL and P. F. McCoy. Anal. Chem. 32, 1407 (1960). 
bu R. J. BLOCK, E. L. DI:RRUM and G. ZWEIG, A Manna1 of Paper Chromatogruphy curdPaper Eiectrophore~ir. 

Academic Press, N.Y. (I 958). 
61 D. F. ZINKEL and J. W. ROWE, J. Chromntog. 13.74 (1964). 
Q R. L. WHlsrrrK and M. L. WoLrROM. Metho& it? C&ohpkate Chemistry. Vol. 1 p. 28. Academic Press, 

N.Y. (19621. 
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Absorption Spectra 

Ultraviolet absorption spectra were determined on a Beckman DK Recording Spectro- 
photometer. Spectral shifts were measured by adding the following reagents: 63 (1) dilute 
sodium hydroxide to aqueous solutions to pH 125; (2) 1 N sodium ethoxide to alcoholic 
solutions; (3) solid sodium acetate; and (4) 5 % alcoholic aluminum chloride. Fluorescence 
spectra were observed by the use of the Beckman 73500 Fluorescence Attachment. 

Infrared Spectra 

Infrared spectra were determined on a Baird Infrared Recording Spectrophotometer. 

Two-Dimensional Paper Chromatography of Acid Fractions (Fraction A) and Flavonoid 
Fractions (Fraction CT) 

The A and Cfractions were dissolved in methanol (0.05 g/ml), and 10-50 ~1 of the solutions 
were spotted on paper in triplicate, the amount applied being adjusted to produce at least one 
strong spot. For cochromatographic comparison the samples were overspotted with similar 
solutions of known phenolic acids and ftavanonols, respectively. The papers were developed 
and sprayed as described above. 

Thin-Layer Chromatography of pcoumarate Esters (B Spots) 

The B fractions of the ether extractives were carefully freed of traces of butanol in vacua, 
10 mg samples of the brown gums were dissolved in O-2 ml acetone, and 2-12 ~1 of these 
solutions were applied to the fluorescent silica plates for one- and twodimensional chromato- 
graphy by the methods described above. Samples of the benzene extractives of several pollens 
were similarly dissolved and studied. 

Isolation of CGlucosyloxybenzoic Acid and Its Characterization 

The remaining fraction A from longleaf pollen was streaked on large sheets of Whatman 
No. 1 paper and developed with 2% acetic acid. Two light “blue”, fast-running bands were 
cut from the paper, eluted with water, and the concentrated eluates purified by rebanding with 
BzAW. From the still fainter “blue” bands resulting, two aqueous ehtates were obtained 
which were studied spectrophotometrically in neutral and basic solution (pH 5 and 125, 
respectively) and after heating on the steam bath at pH 1 and 13 for 7-15 hr. After this work 
showed that the absorbing compounds present in the eluates, called A-41 and A-lob, were not 
responsible for the “blue” color used in their isolation, a thin-layer chromatographic method 
using fluorescent silica plates was developed for studying them, particularly A-41, since it 
could not be visualized satisfactorily on paper (see section on TLC). The combined residues 
containing A-41 were dissolved in 0.5 ml water, treated with 0.5 ml 2-O N hydrochloric acid 
and the mixture heated 8.5 hr on the steam bath, a paper blank being carried through the 
hydrolysis procedure. The hydrolysis solutions were extracted with peroxide-free ether, and 
the residue of the ether solution studied by spectral and chromatographic methods. The 
aqueous layer from the hydrolysis was freed from acid by repeated evaporation and studied 
by TLC. The trace of spot A-lob was similarly studied. 

63 L. JURD, in The Chemistry of Flavonoid Compouncls (Edited by T. A. cdSk4AN), p. 107, Pergamon bt%, 
Oxford (1%2). 
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Isolation qf’ Naringenin From Methanolic Extractives 

The small amount of flavonoid material in a 20 g sample of the methanolic estractibe 
from loblolly pollen was separated from the large amounts of sucrose by precipitation with 

neutral and then basic lead acetate. *-I The two samples of moist. mixed salts v.ere suspended 
in methanol and treated obcrnight with Dowex-50 (H form) to remove the lead. Paper 
chromatography of the residues of the two methanolic liltrates shoued principal]) one 

flavonoid compound derived from the neutral lead fraction with lehs in a more complex 
mlvture from the basic lead fraction. This compound was isolated from the 0.2 g of the first 
residue by twice banding on paper, tirst with CAW. then with A30. The bands \\et-c detected 
by spray (III) and were eluted first with methanol and second (for spectral \+ork) with 95”,, 
ethanol. a paper blank being prepared in the latter case. 

The u.\. absorption spectrum and spectral shifts were determined (Table 4). and then the 
sample aas tested by paper cochromatography with samples of all the common flakanones 

which show the same absorption spectrum (Table 7). 

Isolation of’p-Cownarate Estrrs nnd Their Characterization 

(a) StrmJ*insolrrtiort. The remainingfraction Bfrom the P. taeda 1960pollen was streaked 
on tno fluorescent silica plates (thickness of layer, 0.25 mm) and the bands developed with 

CAt2. The bands aere located most clearly by observation in long-uave U.V. light in the 
presence of ammonia fumes : a definite concentration boundary divided B-3 and B-3 on the 
more heavily loaded plate. Isolation of the separated constituents B-I, B-2. B-3. and B-4 uas 
made by sucking the adsorbents carrying the materials from the plate and eluting the esters 
with acetone (0*15-0.2 ml) in a micro cluting apparatus. bS The traces of pale yellow oils . 
obtained on evaporation Mere studied chromatographically and spectrophotometrically. A 
2-5 mg sample of B-4. similarly isolated on two plates from P. tartla 1960 pollen. was subjected 
to alkaline hydrolysis: see section (c) for preferred method. This reactlon mixture. however. 
was acidified with a cation ion-exchange resin before ether extractiun. The acid component 
was isolated from the filtrate by ether extraction, and the partly crystalline residue was identi- 
fied asp-coumaric acid by a spectral study (Table 4) and by paper chromatograph? (Table 5). 
No \\ater soluble hydroxylated compound could be found in the aqueous layer except a trace 
of glycerol. 

(h) Isolation.fionl benzene extractives. A 25 g sample of the waxy benzene extractive of 

P. taea’u pollen was partly freed from lipids by dissolving it in acetone. cooling the solution 
in the freezer, centrifuging. and reworking both the supernatant and the precipitate until. 
after 17 separations, the ecters were concentrated in the IO.5 g of residue obtained bq e\ apor- 
ating the last supernatant. The residue was dissolved in 25 ml \\ater-\\ashcd chloroform. 
added to 44 x 3 cm silicic acid column (prepared with the bame solkent), and another $0 g of 
waxy materials \%anshed out by chloroform. The column was then deleloprd for the B com- 

pounds and eluted in I.5 ml fractions with CAt3. Anal+ by TLC sho\sed that B-l U:IS con- 
centrated in tubes 50-52. B-22 in tubes 55-57, B-3 in tubes 6X -70, and B--I in tubes 92-108. 
When all the eluatrs Uerc evaporated. the aeights of residues obtained in the intermedlnte 
tubes \here not significantly Icss than those in the ester-rich tubes. proof that the latter v,erc 
undoubtedly still badly contaminated. Attempt, to obtain crystalline e\tcrr from the ~va\j 

O5 .M. A. MM R I. W. E. MOORE and J. F. SAEMAN. Itzcrl. fhenr. .36.491 (19~~. M K. SFILFL. M. A. MJLLEJ 1 
and J. F. S,\r\l.tx, J. C/wumcrto~.. 15. I 15 ( 1964). 



Polyphenols of pine pollens : A survey 399 

residue containing B-l or the oily residue with B-4 by recrystallization or extraction with 
petroleum ether failed. TLC studies showed deterioration of the individual spots originally 
obtained when the fresh eluates of the column were tested. The B-4 sample was rechromato- 
graphed on a silicic acid column; 37 mg of colorless oil resulted. (Found : C, 70.99 ; H, 9.8. 
Calc. for C1sH1s04: C, 68.9; H, 6.9 %). Part of this material was further purified by banding 
on silica plates developed with CM9. Two close-lying “blue” bands were obtained, 
(B’x 100) = 58 and 54. The oily residues, of a milligram or less, obtained from these by elution 
with acetone and evaporation were shown by basic hydrolysis to producep-coumaric acid and 
the alcohol described below. 

(c) Hydrolysis and isolation of unknown alcohol. The recommended hydrolysis procedure 
for the p-coumarate esters follows. The sample was dissolved in a 1: 1 mixture of methanol 
and 2 N sodium hydroxide, and the solution was refluxed until paper and thin-layer tests con- 
ducted on acidified test samples showed that the reaction was complete; B-4 required about 
1 hr, B-l seemed to require 5 hr. The methanol was boiled from the reaction mixture which 
was then cooled and extracted with peroxide-free ether. Evaporation of the ether left a solid 
alcohol. The pHof the aqueous layer was reduced to 4-5 with hydrochloric acid, it was in turn 
extracted with ether, and evaporation of the ether left an oily residue of p-coumaric acid. 

The oily acid residue from the saponification of a relatively large sample of B-4 was puri8ed 
by extracting it from an ether solution with bicarbonate, acidifying, and reextracting with ether. 
The partly oily, tan residue from evaporation of the ether was purified by decolorixation with 
Norite and several recrystallixations from water. The white fronds, freed of the insoluble oil, 
decomposed at 213” and did not lower the decomposition point of authenticp-coumaric acid. 

The few milligrams of solid alcohol from B-4 were purified by extraction with ether, which 
removed unchanged ester and then by recrystallization from either ether or acetone-water, 
m.p. 88.5”-89-5”. This material was studied by i.r. spectra and by thin-layer chromatography 
with various solvents and sprays (Table 3) in comparison with many similar straight-chain, 
branched-chain, and cyclic aliphatic alcohols and diols. 

CONCLUSIONS 

(1) Trees offer an abundant supply of pollen for study of the phenolic constituents. 
(2) Pine pollens have been shown to have a much wider variety of these compounds than 

was previously suspected, but the phenolic acids, flavonoids, and esters which have been 
identified (a) have already been discovered in pine wood or bark, (6) have been identified in 
other pollens, (c) are widely present in other plants, or (d> are of type present in other plants. 

(3) Complete identification of the p-coumarate ester series may lead to interesting new 
results, and their role as the principal phenolic material in the pollen should be investigated. 

(4) Chemotaxonomically, only the carbonate soluble material from the ether extractives 
and perhaps the flavonoid fraction from the methanolic extractives, both small fractions, show 
promise of considerable variation between the species. 

(5) Pollen must be handled carefully to prevent changes in the phenolic constituents. 
High temperatures and especially high humidity caused by the bulking of male flowers during 
collection must be avoided. After pollen is air dried, it should be stored in a cool, dry place. 
Differences reported in the literature may be caused by improper handling. 
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