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Abatmet-The study is eoneerned with four eastern Mediterranean pines-Pitim &-aria Ten., P. e&&a 
Medw., P. pityma Steven, aud P. strnkewiczii Sulc. Their relation to P. halepeti Mill. is indkated and their 
geographic distribution is discussed. previous chemical investigations of their turpemines are reviewed and 
results of more recent original studies am reported. Very little difference was found in turpentine composition 
of P. brutia, P. eldarica, P. pityusa, and P. stankewiczii. Turpentines of all four, on the other hand, differed 
strongly from that of P. ~~~~, and on this basis it seems that these four pines form a di&kotly different 
group from the latter. Tbe presence of 3-earene in these four pines (other tbau P. ~e~~~s} suggest their 
possible relationship with P. sylvestris L., through its esstem Mediterranean form known as P. sylvestris VU. 
hamata Sosn. While P. eldarica, P. brutia, and P.pityusahave levorotatory turpentine, as is that of var. hum& 
the P. stankewiczii turpentine is dextrorotatory as is that of P. sylves!ris proper. 

INTRODUCTION 

AMONG the pines of the eastern Mediterranean region there occur four species whose tax- 
onomy is uncertain : Pims brads Ten., P. el&rica Medw., P. pityma Steven and P. sf~#~c~i 
Suk. Some conservative botanists1 consider the names of these pines as mere synonyms of 
P. haZepen& Mill., a species widely distributed throughout the Mediterranean area; others2 
maintain that all four are separate entities, independent of P. halepensis. 

Pims balsa is found in Asia Minor, Iraq, Lebanon, Syria, some islands of eastern 
Mediterranean, and the Italian province of Calabria (ancient Brutium, whence the name of 
the pine) (Pig. 1). It is not certain whether P. brutia is native in Calabria or was planted there 
by the ancient inhabitants. 3 Apparently this pine occurs also in the Elburx Mountains, north 
of Teheran, Iran.2s * P. brutia hybridizes naturally with P. halepe~~.4 

Pinus eldarica is a rare pine, found in only one locality-in Azerbaijan, USSR, some 
350 km east of the coast of the Black Sea. Pinuspityum occurs in small groups, extending 
about 400 km along the Black Sea coast of the Caucasus (the ancient Pithyum).5 Pbz.us 
stankewiczii grows on the south coast of the peninsula of Crimea in two locations, with a 
total area of about 450 hectares. Taxonomic difficulties regarding this pine are mentioned by 
Kolesnikov;J some authors consider it an independent species, others believe that it is a 

3 G. R. SHAW, PUN. Art&d Arb. 5,96 (1914). 
2D. I. !%BNOVSKY, Vii% nflis. Bat. Sada 18 (1910). 
3 A. From, A& 18,328 (1931). 
~4 E. BXWER, Fkva Orientalis K p. 8%. Georg, Geneva (1884). 
4 J. PAPAJOANNOU, Forstwiss. Cenir. 58,194 (1936). 
s A. I. Kormmnov, Sama pits~~ka~ i blizkie k aei vi$y [Pitsun& pine attd related speuis], pp. 12,58,71, 

142. Goslesbumizdat, Moscow (1963). 
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variety of P. pir~~su; while still others think that there are not enough reliable morphological 
characteristics to warrant any separation from P. pifyrrsa. 

The turpentine of P. halepensis is dextrorotatory and is composed of (i-)-.r-pinene 
smaller amounts of other terpenes and some unidentified sesquiterpenesh-“m12 (Table 11. 
From the work of L,a~rut,~ who determined the physical constants of many samples 01 
P. halepensis turpentines from Spain, Algeria, Italy, and Greece. it seems that its compo4tion 
does vary only within rather narrow limits from locality to locality. 

The turpentines of P. brrrtia from Cyprus q, lo* and from Greece’: on the other hand were 
found to contain in addition to a-pinene, substantial amounts of /3-pinene and 3-carene. 
The cyprian turpentine as well as the Isolated Ix-pinene were found to be levorotatory.Y.“’ 

_I . __ ___ ;-_‘I___ 

I ----- -- ----- .--. .._. ___ ---._--- .__- - 

FIG. 1. GHXRAPHIC DISTRIBUTION Of SEVERAL PINES Ih THE MTDlTERRAhE~~ REGIO%. 

Approxrmate area of: P. brutia-_(B); P. .crankewicz&iS): P. p&ma-+ P); P. elrlurrcc+_( E I. 
P. J.I lrestris (Mediterranean region)-(black); P. sdrestris (Western part of northern Eurasia)-- 

( . . . .I. P. hulpensir--( -- -1. 

Arbuzov et al.” analysed the turpentine of P. piryrsa. The turpentine had a specific 
optical rotation of - 5.33” and was composed of (- I-a-pinene and 3-carene with a smaller 
amount of unidentified constituents (Table 1 I. 

* The turpentine analysed was “obtamed from P. Iruleperrvi.~ from Cyprus.” Thl\ would refer IO P. hrur~. 
because P. hulepensi.~ does not occur on Cyprus. 
6 M. VCZES and G. DUPONT. C/ii/~. & Ind (Purrs) 8. 31X t 1922). 
7 G. DUWNT. C/h. & Id. (Purts) 8, 320 (1922). 
8 M. T. LACRU~, Inst. Fomstul Invest. y Experiencius (Mm/rid) Bol. 2. 116 (1928,. 
’ N. T. MIHOV and P. M. ILOFF, JR., J. Am. Plzurtn. Assoc. Sri. Ed. 43, 378 ( 1955 I 
lo ANON. (London), Imp. Inst. Bull. 39,104 (1939). 
I1 B. ARBU~OV. L. BASTANOVA, E. IVANOVA et al. Z/I. PrrXI. K/h. Z.enrngr. 5. 7X7 I 1933, 
I’ N. kn~wou. G. V~LE~AS and J B~‘THI. J C/rror~~ 16, 29 (1964). 
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Thus, preceding reports show that Pirm Aalepensis is devoid of 3-carene. whereas both 
P. hrutia and P. pityzrsa turpentines contain considerable quantities of this terpene. In 
addition a-pinene contained in P. Ilaleperds turpentine is chiefly de\trorntatory while that 
of P. hrutia and P. pitwsa is levorotatov. Therefore it appeared to 114 desirable to investigate 
further the problem of turpentine chemistry and its relation to the ta\~lnomy of the ca\tern 
Mediterranean pints. still t)ften lumped together under the narnr of P. /ra/qwivi.\. 

Earlier investigations indicated that P~rnrs halepauis turpentine does not cL\nt:un 3-carenc 
but that turpentines of P. hrvtia and P. pifrr~n contain appreciable amounts of thl, terpznr. 
The present analysis by GLC Leritieh the occurrence oflarge quantities of?-carcne in P. hwfiu 
turplzntine from three new localities. Turhey, Syria. and Northern Tran. and alscj sh0~3 it< 
occurrence in P. eldurica and P. stamh~ic-_ir turpentines (Table 11. 

We found very little ditrerence. if any. in turpentine composition of P. brutiu, P. cltlaric~r;. 

P. pit~wsn, and P. sttutlir~~ iczii. The presence of small amount\ of camphene. sabinene. 
limonene, y-terpinene. terpinolene, myrcene. and P-phellondrene is of minor importance fol 
the taxonomic differentiation of these pines. 

Some botanists consider the live pine> as independent species, while others lump four of 
them as P. brutia, or all five as P. hakeperrsis. This is a matter of personal preference. I’ The 
unescapable conclusion based on our imestigations is that P. hrutia, P. ch’mica. P. pitymr, 
and P. srmlke~tkzri compose one group. characterized by large amount\ of’ 3-carcne III their 
oleoresin. whereas P. hukcpemis forms another. monospecific group. containing but traces. 
If any. of 3-carene. As P. hrtiu crosses naturally with P. halcpcn.~is. the hybrids betseen the\e 
pines no doubt will contam 3-carene, but this will not invalidate our contention that 3-carene 
is essentially a terpene of the P. brutia group and not of P. Adepcnsi~. 

There is one more pine in the Mediterranean region that contains 3-carene in its turpen- 
tine. It is Pims sylvesbis L.” whose main range is in northern Eurasia-from Scotland 
almost to the Siberian coast of the Pacific (Fig. 1). In the Mediterranean area it occurs a6 a 
Tertiary relic in Spain, southern France, and northern Ttaly. and also in the Balkani. the 
Caucasus, and Asia Minor. In the Caucasian Mountains it IS known as P. syhestris VW. 
Ramata Sosn.. and in Transcaucasia it includes several varieties whose taxonomy i\ un- 
certain and whose cheml\try is not known. Apparently P. .~~h*cctris of the eastern Mediter- 
ranean does not cross naturally with P. hrutiu at present. The relation\hlp of the Tertiar! 
P. syhestris to pines of the P. hrutia group is not known. Presence of 3-carene in both seem3 
to indicate that they are closely related. Perhaps they were even more closely related during 
the Tertiary Period. As seen m Table 1 the turpentine of P. stat&-elik:il has a positive. whrle 
turpentines of other members ofP. brutia group have negative specific rotalions. Apparent]! 
this is connected with the presence of (+ )-or-pincne in the first and of ( - )-r-pinene in the 
second case. Similarly while the turpentine of P. .~_hestris proper has a negatlbe specific 
rotation ((- )-a-pinene) that of its eastern Mediterranean form. known a’~ P. kartzuta Sosn.. 

is positively rotating. I6 This makes the problem of the relationship of these pinea even more 
alluring. A thorough investigation of the geographic occurrence of 3-carene and ( + )-for 

13 G. DUPONT and M. BARRAUD. Chim & Imi. (Pnrb) 19, Special Nomber ahI’. 559 ( 19281. 
I4 N. T. MIROV, UO_IX%X 26, I17 (1963). 
Is N. T. MIROV. U.S. Dept. Agr. Forest Serv. Tech. Bull. 1239. 74 I I96 I ). 
l6 v. 1. LIPSKY. ?%I& rifliir. Bat. ~uda, 4. 1 (1899). 
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(- )-) a-pinene in P. sylvestris of the Caucasus and in the related pines of Transcaucasia and 
Asia Minor may shed some light on the taxonomic relationship of the pines of the eastern 
Mediterranean area and even, possibly, on the tertiary migration routes of pines there. 

EXPERIMENTAL 

Materials 

The two samples of P. brutia oleoresin from Turkey were collected in 1960 in the forest 
region of Mugla, southwestern part of the Asia Minor. The oleoresin samples of P. brutia 
from Syria, P. eldarica from Iran, P. ekiarica and P. stankewiczii were supplied in 1962 by 
Mr. Ibrahim Nahal, Institut Botanique, Montpellier, from the USSR. More accurate 
descriptions of the localities were not furnished, but since these pines occur in well-known 
restricted areas there is no cause for confusion except with P. eldarica from Iran. This species 
has been studied intensively by Russian investigators, and they all agree that the only place 
where it grows naturally is in the northwestern part of the Soviet Azerbaijan, on the slopes 
of the EldarOukhi (“Guardian of the People”) along the southwestern side of the Lori 
Valley.5 Most probably the Iranian sample called P. eldarica came actually from P. brutia, 
a species indicated for northern Iran by Boissier13 and commented upon by Sosnovsky.* 

Isolation of Oleoresin 

In each case the volatile part of the oleoresin was separated by distillation under reduced 
pressure, and the physical constants of the turpentines obtained were determined. The values 
for the specific rotations are listed in Table 1. 

Chromatography 

Since all of the turpentines examined stemmed either from various populations of Pinus 
brutia or from species very closely related to this pine, and since the main constituents of the 
turpentine of this pine have been preparatively identied before,g the identification of the 
individual terpenes in the present work was made chiefly by GLC methods. In this analysis 
Aerograph Hy-Fi Model 600 C gas-liquid chromatographic instrument, equipped with 6 ft 
by + in. size columns in combination with Brown-Honeywell “ Electronik” recorder, was 
used. The quantities of individual terpenes were calculated from the integrated peak areas, 
using disk chart integrator, Model 201 B. The oleoresin was injected directly (about O-2 r\ 
sample) after diluting it 1: 15 with ethyl ether, which was found to give much sharper peaks. 
Merck’s Reagent Anhydrous ether was used as this, unlike other samples contained only 
traces of an impurity running like camphene. The impurity does not seem to be connected 
with peroxide formation, as methods recommended for removal of peroxides from ether were 
found to be ineffective in removing it. 

The stationary phases used for separation of terpenes included Silicone 550 20 per cent 
on Chromosorb 60/80 at 130” and &j!&oxydipropionitrile 10 per cent on the same support at 
65” with the Hz and Ns flow of 15 ml/mm each in either case. For separation of sesquiterpenes 
the same Silicone column at 180” (H, and Ns flow 20 ml/min each) and Ucon polar 20 per 
ant on firebrick at 134” (Ha and Ns flow 15 ml/mm each) were used. The relative retention 
volumes obtained were identical to those of authentic samples run under the same conditions 
and were, as a rule, close to those published previously, *l’s I8 they are listed for terpenes in 

17 N. T. MIROV, E. ZAVAIW and J. G. BICHO,J. Pharm. Sci. 51,1131(1%2). 
1s M. H. KLOUWl5N and R. TRR HEIDE, J. Chromar. 7,297 (1962). 



102 N.T.Mmov, EUGENE~AVARIN and KAROL SNAJBERK 

Table 2. Tn the case of sesquiterpenes longifolene appeared after 13.5 min with Silicone and 
after 16.8 min with Ucon column. Two additional, unidentified. strong peaks appeared at 
relative retention volumes of I.12 and l-50 with Ucon (longifolene= 1.0): with Sihcone. peak 
l-12 merged with longifolene and peak l-50 appeared at the relative retention volume of 
1.16. Unidentified trace components were neglected. 

TABLE 2. RELATIVE RETEhrTloh TIMES FOR VARIOK:STERP~~ES 

Slhcone 550. 130 /3&OxydiproplomtriIe 65’ 
Terpene wPinene=4.3 mm. +Pmene=5 I mm. 

Santene 
Tricyclene 
wPinene 
ThuJene 
Camphcne 
/?-Pinene 
3-Carene 
Sabmene 
tr-Phellandrene 
Myrccne 
Llmonene 
/%Phellnndrcne 
rTerpmene 
Terpmolenc 
p-Cymenr 

077 0 86 
1.32 0.93 
I.00 100 
0.91 I 17 
I.12 I 53 
1.22 19O 
I .26 2 33 
I .‘3 2.56 
I.51 3 02 
I ‘6 3 33 
I.72 3.57 
I .79 4 OY 
I .9x -l YS 
2 37 600 
I.72 8.37 

z-Pinene from the turpentine of P. stutzkewiczii was additmnaliy identified by its i.r. 
3pectrum. The terpene was separated using Wilkens Autoprep A-700 gas--1iqutd chromato- 
graphic instrument in combination with $ m. by 20ft column with Silicone SE-30 10 per cent 
on Chromosorb 60!80 as stationary phase. and at 250 ml per mmute helium flow rate and 
130 temp. The x-pmene obtained exhibited a specific rotattnn (4 [x]7 I- -L 32-83 . 

.4~lirro~rle~lXenreilts-The authors extend thew apprcclation IO Nr. Ibrahm~ Kahal. Inwtur Botnmque. 
Montpelher, France and to the DIrectorate-Genewl of Forcstrv. Mmrw! of Agrrculturc. Turhe> for procure- 
.nrnt of oleorcsm sample\ wed rn this m\t%rgatlon. 


