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CONIFER CHEMISTRY AND. TAXONOMY
‘ OF CONIFERSI ~
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HERDTMAN

AP Kungl Teimka Hagskolwt, Stock?zolni Sweden o
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Our present views-on the phylogeneszs of plants are based essentially on
botanical and plant geogriphxcal evidence: There is as yet no well-fouxfd;d :
phylogeneuc system, only a number of more or less’ “natural systems”,
. Evolution depends upon a combination of internal and external factors. .
“Mutatxon, recombination (of genic differences) and selection as well as
" isolation and extinction are responaible for’ groups and’ categories on all
levels” (Stebbins).2 :
" 'The internal factors aré baswally of a chermcal nature and systematxc :
¢hemical investigation should thus be able to contribute to the elucxdatrcn
. of phylogenetic problems.-
% " “Chemical taxonomy” must, of course, be ba.sed on the occurrerice of
-\ identical or relited compounds in different series of plants arid on knowl-
“edge of thé biochemical systems involved in their formation. A prere-
. quisite for chemical taxonomy is that the reference compounds should be
produced by all specimens grown unden comparablé conditions.
N - Fortunately, as expected, this is usually the case; at: ‘least among the
.- higher plants, although certain exceptions are known. External factors,
oL - such as the temperature, have some influence and should, always be kept
. in mind. The proportions of the constituents, howevés, frequently vary
within wide limits. When large chemical hereditary variations occur it is~
. custotnary to speak about “chemical varieties”. The chefnist interested in
taxonomic problems should pay attention more especially to the natural -
- products which eccur in phylogenetically old, comparatively unspecialized
~ organs, Substances deposited in the “dead” parts of plants such as heart-
- wood or bark -are of special interest as they constitute definite end
prod\iets, latgely mdependent of seasonal vmanoﬂs and other external -
- = .- influences.

¥

~x_ Tt is also advxsable ta take cogmzanoe of ‘the fact that organs which -~ -

appear to'be similar may blologlcaliy be of différént origin, that is analogous
mstead of homologous, e g leavee and leaf-like. organs formed from leaf

P -
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--stalks ‘However,: all chemical constltuents possess some taxonomxc N
- interest even if only slight, -
" A plienomenon well known to all bmlognsts is the “convergence" dunng -
evolution of plants of quite different origin; they may becorhe s6 similar - -
that it is tempting to assume a closer relationship than actually exists. In- j -
the same way identical or closely related. compounds may occur in syster
mnatically quite unrelated groups of plants. A close phylogcneuc relation--
ship between plants or groups.of plants shéuld,not be assumed simply, -
because they have been found to ‘contain ldentxcal or chemlcally related
~ compounds. Many natural products have.little taxonomic value because
~ they occur.in’ almost all plants (glucose oleic acid, the gommon amino
. ac:dﬁ) ot 'because they are produced exclusively by a single spemes To
" be of greater taxonomic value, a compound or preferably a certain pattern
. 'of compounds, should occur in’ larger groups of- plants e.g. a section, a-
¢ subgenys, a genus or a famllyf It follows that it'is difficult or impossible -
~ for a chemist to judge the systematic position 6f genera which embrace
- only a few species or are monotypic. Of course chémistry alone cannot give
- the final answer to taxohomic quesnons it represents merely one method
- among many, othets dnd its importancé should not be over&emphaswed
» .The presence of identical or closely related substanccs in plants of quite
- different systematic ‘position may be due to the presence of similar bio-
-, chemicgl systems but they may also have been' formed: along’ different -
~biochemical pathways. It is therefore theoretically possible’ for identital -
substances to be ,“bxosynthetlcally dxﬂferent" or biologlcally “analogous” .
, mstead of “‘homologous”. >
. Thestilbene derivatives pmosylvm (1) (Pmaceae) and oxyraveratrol @
(Liliaceae) may be detived from acetic acid according to Collies? old hype-
" thesis on the role of pﬁlyketomethylenes ip biosynthesis:* In the case of - -
~ oxyresveratrol this is_an especially “attractivé: assumptmn smce all four
'hy droxyl gréups are at onup correctly onented L

N
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(7) Hydrangeuc acid - (8) Resveratrol(R— R = H)-

However on thxs hypothes;s it is necessary to Rostulate a réductxon of
ring B in pinosylvin and it appears probaole that this reduction would’ ,-
take place at a pre-aromatic stage since the biochemical feasibility of

. reductive elimination of, phenohc hydroxyl groups does Dot seem to have
A been estabhshed
B Pinosylvin occurs in the heartwood of pmes togethet with a series of

ﬂavonoxda all possessmg a non-‘hydroxylated B-ring and it is reasonable -~

. _to assuine that this is not merely a strange coincidence but that thete is
a close biosynthetic relationship betwéen pinosylvin and the flgvonoids.
 The A-ring of the latter appears to be formed from ‘‘acetate” and the :
attached CqCy:system via the shikimic-prépheric acid route.
. 'The relationship between pinosylvin-and for example pmocembrm (5)
would then be analogous to that assumed or good grounds* to exist between -
~ the members of the orcellinic acid (4) series and a large number of natural
' benzophenprie derivatives of which pMoracetophenone (,3) (Rutaoeae) isa -
particularly sxmple example, : '
.According to this hypothesis pmosylvm W(m]d be formed by decatbo-
xylatxon of a pmosylvm carboxyhc acid (6) closely ana!ogous to hydrangexc :
- acid (7) -
- In view: of ‘this possxbxlrty we have searched for the wboxyhc acxd(G) or
‘the correspondmg isocoumarin (au analqgue of hydrangenol) throughout\
" our.investigation on the pine genus but hitherto without positive tesu&t ‘
" In_this connexion it is of interest that chavicol methyl ether and cin-
.~ namic acid have been isolated from some pmewuods The. latter could be
" looked upon éither as a secondary degradation product of pmosylvm or the
assoctated flayonoids or asa stabxhzed or mtercepted mtemnedxate in thenr
biosynthesis. o
-~ In addition to- oxyresveratrol Veratrum gmndfﬂ(mlm also conwms
~another stilbene derivative, resveratrol (8) (R =/ R’ = H); aid the.  question
" arises Whethet this compound is formed stmply from acetate or. from

AN
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acetate and for cxamplc a p-cumanc acid unit. The tetra=. and pentahydroxy-
. stilbenes (8) (R == OH, R’ = H) and (8) (R &= R’ = OH) occurring in the

“heartwood of Voueapoua macrepetala® miy be formed by hydroxylanon of Lh

" - Tesveratral, perhaps at an imtermediate stage.

The confused bxosynthetxc relationships amoog the namral stxibcnes ;‘

- have been further’complicated by the discovery of 4-hyd.roxysulbene in
- the heartwood of Piius griffithii,$ Pinosylvirt and other typlcal pine heart-.
- wood components are also present. 4-Hydroxyst11bene is the only matural”
stiilbene derivative known that lacks hydroxyl groups in' the “orcinol”
- -position but at present it-does not appear worth Whlle speculating about its,
. biosynthetic past. = - ~
“This discussion_shows how essential it is Yo elugidate the actual bxosyn-

In fact a knowledge of the biochemical systems invelved in ‘the bxosyn-

s thesis of a natural product would eertainly be of greater taxonom.u: value

*_ than the praduect itself. It is vquprof)able that the onsynthesxs of natural

.compounds” will play-a_future role in chemwal taxoniomny comparable e

with that of embryology in classncal taxonomy.

i~

Y

| ' P‘xims ', ,—"
The Genus Pmus T

I thcsxs of a natural product in order to be.able to assess its ‘taxonomic value, -

-

- In our studies on the hcartwood const:tuents of conifers we were . '

anxious to begin with a systematic mvesngatlon of the extractives from -
the heartwood of . pmes because the genus: Piniss is well defined and has a
large number of species, about a hundred altogetner We have now. in-
- vestigated about half of them.- queml specimens- have been examined
from many of these specios and in one case, Pinus silvestris, several hundred

; of widely different geographical origin have been inivestigated, It is interest- -

ing to noté that only one compound was found, and this only once, which

could not be detected in other specimens of the same species. This shows S

that the pattern of heartwdod constituents in pinés is very constant.-
P P ery

‘We have, of course, examined wood from pines of both the subgenera ‘

szloxylorg and Haploxylon of the genus Pinus as well as from all sectxons

and smaller groups recognized within these subgenera,. ' -

.- Pinosylvin (1), pinosylvin monomethyl ether and the ﬂa,vanones (- )
-pinocembrin (5) and (-l-)-pmobanksm (9) are found in almost all pines.

These compounds form the main pattern of- the phenolic constituents

isolated from the subgenus Diploxylon (Table I). = -
The subgenus Haploxylon has a. much more complex ‘heartwaod |

chemlstry The main featufe is the occurrence of the stillsénes and flavan-"

ones with their respective hydrogefiation and dehydrogeqatxon products,
;t‘he dnbenzyls and the ﬂavones Tlns may mdwatc that in the Haploxylon

- . L4
~ \’ - A
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pines there is: avazlable an oxxdatron—redueuon system capable of trans-

ferring hydrogen frem the flavanones to the stilbenes. Most probably, the
genetic changes responsible for these characteristic differences are- intim-

" ately related to those i:hat once caused the-‘separation of the subgenéra

Diploxylon and Haploxylon It is possible that these chexmcal differences

are due to a loss mutation, in which case the Haploxylos ‘ptnes would be

forerunners of the Diploxylon pmes Both subgenera are known from the

“early cretaceous period and it is, of .course, possible that the separation’

started or took place even at a pre-Pinus stage. Another very obvious differ-

~ence between the Diploxylon and Haploxylon pines is that the latter appear

to possest more. powerﬁxl methylating' systems. Almost all Haploxylon

species - contain- )pmocembnn (5), its 7—methy1 ether, (— )pmo- ‘

’ -
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strobm (10) and their dehydrogenation products chrysm (11) and
tectochrysin (12). Two subsections of the Haploxylon' pines also contain -
carbon. methylated flavanones and -flavones such as strobopinin (13),” 8.

' cryptostrobin (14),7# strobobanksin (15) and strobochrysin (16).

That these compounds are formed by carbon meth)latton and not by "
incorporation of propionic acid is wery prebable in -view of the many
examples known of progressive carbon fnethylation of resorcinol ahd.
- phloroglucinol derivatives e.g. butanoﬁl\:cuuc acid and Ieptospermone and
~we have recently encountered anotber very “interesting exa!nple of the
..same type.® .

“Ceroptene fourd in the fern. Pztyrogramma triangularis, has bten_
shown to possess: structure (17) (or the tautomeric, structure) and- des-
methoxy>matteucinol from the fern Matteucia ommtalzs was " long ago
found to be (18). R ¢,

1In the formier case we have carbon methylatlon twice in one position and

" in the latter once in twa" positions. “‘Ceroptene’ ¢an be regarded as a very

interesting ‘‘missing.link”’ between the ﬂavones and the tern constituents
of the filicinic acid group. S o

The:bark and the heartwood of pmes sometimes contain - dlffercnt
flavorioids. Aromadendrm (19), taxifolin (20), quercetin (21), dihydromyri-

©_cetin (22), myricetin (23) and pmobankem (9) have been isolated from the .

bark of P. conterta,'® from P. ponderosa- (like P. contorta dlso of the

Dtplox:ylon groug), quercetin, taxifolin; pinequercetin (G-methquuercetm)
‘and pmomyncctm (G-metlwlmyn(.etm) no ‘

<. (9)  Pincbanksin " (10} Pinostrobin

(12) Tectochrysin. = -

"~

« - -A1). Chrysin

(13) Strobepinin,

;
VO

X4



s

. . CONIFER CHEMISTRY AND TAXONOMY OF CONIFERS - = 9

»(17)"Ceropteﬁe"v N T (18) De e.hoxymctteucmol

- L e ey Myr{a"et';n.’ R .
. . . . N e . . o <
ThlS may appear. strange at first srght but must- certamly be due to the
fotmation of bark and wood from different camb:a. This observation is an -
indication 4hat at Jeast some of the heartwood z:o‘npounds are formed in -
- the cambium from precursors synthesized elsewhére, ¢.g. in the leaves,
1and then transported to the dead or dying inner part of the sapwoed. It
was therefore nét unexpectcd to find small amounts of the heartwood ,
constituénts also present in the sapwood [
The stilbene-flavone pattern is very characterlstxc of the pine genus; the
warxanons m the pattern indicate a posslblhty of subﬂwldmg the genus by

-

-
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~ purely chemical means into smaller groups and it is interesting to find .

 that these coincide closely with thése-already recognized by botanists, =
'/ Cyclitols, especially pinitol, occur.in the leaves.of prictically all coniferse . -
and pinitol is present in thé heartwood of several Haploxylon pines, some-

 times i large quantities. They are not yet of any great taxonomic import- -
‘ance. The same applies to the lower terpenes from leaves and from wood

~ oleoresins. The latter have been studied éxtensively by Mirovl® but thére

- appedrs to.beé no clear-cut difference between the terpenes in Diploxylon

:and Haploxylon. Pinene, borneol, limonene; and many other terpenes decur

/ scattered throughout the conifers. Some higher terpenes appear to have a-

_more restricted distribution® and are taxonomically more interesting.

- Diterpenes of the abietic and dextropimaric-aCid.types probably occurin ~ ~
all pines but they have not yet been studied from a systematic* point of *
view:,/‘ ' TP ' -

.~ The resins ‘exudéd from wounds after the cessation of ‘the primary -
 oleoresin flow are of a special type. As well as, abietic acid and a number of
simple phenylpropane detivatives (caffeic ‘acid, ferulic acid, p-cumaric .
acid) these wound resins contain lignans, e.g. (4-)-pinoresinol (25) .

- thought to have been formed from siﬁlplegphenylpropme' derivatjves, e.g:

- ‘epniféryl alcohol or some bioldgical equivalent by enzymatic dehydrogena-

|~ tion. (et)-pinoresinol s formedin ‘Gitro by. dehydrogenation of coniferyl

. ‘alcoliol as hasrecently been shown by Freudenberg's. R

¢ The lignins are very probably formed r M sirilar precursérs  and |

- following an early suggestion by the writer!¢ it has generally been assumed " -
" that they are produced by ‘dehydrogendtion of such compounds, conifer
lignins being formed mainly from coniferyl aleohol. Only a few conifer

. lignins contain any large proportions of syringyl elements (Tetraclinis.

. and a feW podocarps). It should be noted, however, that coniferin and .

- syringin, unlike caffeic acid; féerulic acid ete., appear to be rare and have =~

been demonstrated in only 4 few plants.® It is still not certam that coniferyl -

*_ aleohol is the immediate precursor of conifer%ignin, -

-+, Long ago the author pointed out that the dehydration of suitably sub-
* stituted phenylpropanes would be equivalent to dehydrdgenation and the
~ structural clement (24) which has attracted copsiderable attention atthe
. present time in relation to hypothetic lignin structures could arise by the '
-v-’follov\viﬁg,' or similar (enzymatic!) series of reactions: = ° S
CHOM— CH—CH,0H.
Mgk

HOH-CHOH—CH,0H  CHOH~CH~CH, OH -

~ . o K ) L AN /41" OCH, -
LHO™ > ' 'CHSO/')\,‘/ B CHaQ/. 7 N SRS
; OH . .0 . e 0 T CHOH—CH—CHOH
. ‘ B I. S L . : ‘ (24) : ,. ‘ Y : -

5
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. o~ (25) Piﬁoresinol ) N | -

Thxs possﬂnhty is ‘even more atfradtive in the light bf ecent work by
. * Winstein and Baird!® on the reaction of p- hvdroxy—ﬁ-bromoethyl benzene
~, ' land of similar studies by Dreldmg“ and is also worth consideration in
L connexion with several other blo'genetlc ‘problems, for instance the
relationship betwéen ﬂavones and. zsoﬂavones, the fonnanon of the bis-
- flavones etc. s ‘
There'is, however, still much toJ)e said in favour of the deh ydrogena-
_“tion hypothesxs, e.g. the occurrence of dlphenyl linkages in: lignin.28:19
C . ngnm has no great taxonomic value except in tlhe delimitation of larg\,
- taxonomxc categories such as gymnosperms and angiesperms.
Thls also seems to be the case with the components of the outer wax-
> layer of the leaves of nbn-decidiqus condfers which conitains 2 mixture of
. long chairi’ hydrocarbon& alcohols and polyestolides of sabinic acid (-
R hydroxy laurxc acld) and juniperic acid (m—hydroxy pahmtlc. acxd 2 ‘

SO OTHER GENERA OF THE OrDER PrNaLes . =
I'Ake Pmus, the genus Pseudotsuga is found orﬂy in the northern hams

. ‘ _— phere and is restricted to western Notth America and eastern Asia; Botamc-' .

) ally as well as chemically it appears to be rather closely related to the pines, - .
- - “Both heartwood and bark of Pseudotsuga douglasii contain large amounts of -
© o - taxifolin. contammated by small amounts of aromadendrin, pinobanksm .

" and pmocembrm i Pmosylvm is absent. The wound-tesin is similar to
tﬁat of the pines and contains abletlc acid, type resin acids, but no large -
amounts of pinoresinol and similas: lignahs which couid be prcclpltattd -

e salts from alcoholic sofutions by potassium hydroxlde 22 :
- The larches, - Larix, containe taxifolin, .aromadendrin and the hgnan
" lariciresinol (26) which is closely related to pinoresinol. Quite recently -

- it has been reported that the resin acids of Larix kdempfeéri ate of the com- )

mon I“mu,s*—chea-type % The wood of many. spruce (chea) speciés contains
- the lignan conidendrin (27). Accor mg to recent investigations the weod of
. No;way spruce {Picea excelsa) contams ‘'small amounts of a whole seriés of -
.. lignans mcludmg pmoresmol, matairesinol (28) and hydroxymatsiresinols.®
+ - 'The wound resin is the most convenient source pf pmoresmol No flavones. .-
have been found: | g 1 :

~'The hemlocks (Tsuga) appear to be less résmous  than f.he above gcnera
but hkc Picea they contain comdendrm
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(:6) Lanmresmol : L

. T . (27) Eonideﬁ'drin B ",V(28) Matairesitlsol
The true cedars Cedms, appear to be dnvergent The woods of this
~ smalt genus contain an interesting group .of. sesquiterpenes;of which tha
* best known are the atlantones, ;t would be of a conszderable interest to.,
mvestxgate the nonvolatile extractives from these trees to.see whether they
contain ‘any. charactensnc const:tuents kirown from other Pmaceae. e.g-
" flavones:™ S . :
[’nfortunately very little is known about the const:tuents of the systema-
. tically interesting firs,” Abies, though several appear to contain resin ac1ds
~ and Keteleeria and Pseudolanx remain chemically althost untSuched.
- The .northera nemisphere order Pinales (family Pinaceae) has been .
earefully-studied botanically and subdivided ito a serics.of charactenstlc -
" genera; it is therefore not surprising that the chemical result§ on the whole
- are in good agreement with the botanical classification. This- is alsd. an-
: md\;‘,atmn of the usefulness of chémical stuﬂles from a taxonomlc pomt of *
view.” [ . ~ = o

o ‘ PODOCARPALFS AND ARAUCARIALI:S ,
. The Podocarpales {family: Podocarpaceae) and’ Aréucarmles (farmly
Araucanaceae) are .essentially southern hemisphere . orders. They have
. been_less .intensely studied by botanists and the ‘various genera are;,
‘e taxonormcally, not so well defined. It would therefore not be unexpected
+ ~if these groups showed. some conflict between chemm;l and botamcal

", résults.: Unfortunately the’ chemistry of these orders has been very in-

“heartwood - constituents are really representative of. the genera and sub-
gencra into which the families have been divided. b

»_ Botapically the large genus. Podocarpuis and the related somewhat smaller
gequs Dacrydzum are heterogeneous and there is. chequcal evidence for thls
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‘ F completely studied and it is therefore unceftain whether the few kndwn \
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 vinoresinol (25) and its dimethyl ether.® Areucaria bideillis ; prwam,es a

e /.
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asis shown bya perusal of Table II showing the known heartwood consti--
' tuents of a series of species belongmg to these genera ST

t

S ‘ . T There 1T - . _
. Constituents of some-Podocarpus and Dacrydium species .
D g o . i :
N Ialals a o~ ol lintis b
N B|8E|El2| 1215)818)8 8
‘ SRR : 2
S I 2 |l % -
Genera and Section$ 2 Sy gl= gig 2 -,ii
' spécies - - 19 % E gl815].8 Hi6
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Padmmus R Lo ) RE v ) N
N totara - - | Fupodocarpus + AH+ N
totara var. | ., R E N
v -halli | Pupodocarpus | + 3l -
macrophyllc | Fupedocarpus | + |. ‘ - -
. Serrugineus Stachycarpus | + o+ .
« spicatus “tachycarb:.s +1 . + 1 -
dacrydmdos Jacrycm}pus +1 -
cupressmum' Dacrycarpus | | - A A A T I
Dacrydium - EETEETE NS U SRR N B N SR
o cupressinum | - R A R T
colensoi .. R A ] RIS e
biforme b + b Toi+ T
| bideili | - R 1+l
kirkii SRR - +.
= — A ; f

Brandt and Thomas concluded that Dasrydwm cu[xressmum ughtly ‘
bclqngs to the podocarps with which it Las several compounds in commen -

and it will probably] be placed in one of the genera into which the podcc“rpcr E

wﬂl be subdivided in a future revision of the genus., . ‘

* The ‘taxonomic position of Dacrydium franklingi (eugenol me rhv} cther}’
also appears. worth Tewrmdermg Dacrydium elatum has be en stated, to
contain cedrol but this is obviously erronecus. ‘

~'The genera Araticaria and Agathis (A:at.f‘arnceac) are .ttﬂe knéwn- ¥ roro
2 chemical point of view and investigation: has bem ‘mainly confined to

the resinous exudates. It is intéresting that‘ﬂrauramz dngwfy‘am congains

-

rf-v,m from w hxch a’small amount. of‘agatmne d::arbe‘;v‘w aud (38) hasE
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