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THE STRUCTURE OF DENDROLASIN 

A. QUILICO, F. PIOZZI, and M. PAVAN 
Istituto di Chimica Genemle del Politecnico, Centro di Chin&a Industriale 

de1 C.N.R. Milano, Italia 

(Received7 March 1957) 

Abskaet-The chemical and i.r. spectrographic study of u!&ro&sin, the odorous substance C,,H,,O 
isolated from the ant L&us (Den&ola~ius) fi+M~ Latr., indicatea that it a B-substituted 
furan structure contajning a sesquitqenoid skeleton formed by head to tail union of three isoprene 
units. Dendrolasin is, most probably, ~-(4:8-dim~hyltwnu-3:7-dknyl) fian (I). Catalytic hydro- 
genation alfords, depending on the conditions, a tetrahydroderlvative which is still a furan, and an 
octahydroderivative which is a tetrahydrofuran. Permanganate oxidation of dendrolasin -yields 
acetone and succinic acid; on ozonolysis, be&W thcae two products, levulinic aldehyde is also 
formed. 

THE odorous substance which we isolated from the ant L&us (DendroZusius) 
furiginoms Latr. was designated as dendrolasin. As previously described in a short 
paper,’ this product is contained in the mandibular glands secretion of the insect. 
It can be isolated in a fairly pure state by fractionation under reduced pressure of the 
oil obtained by steam distillation of a light petroleum extract of the ant, from which 
the solvent had been previously removed. 8-10 kg of insect yield 60-70 ml of oil 
containing about 75 per cent of dendrolasin. 

Dendrolasin, C&J&O, is ‘a colourless oil with a lemon-grass odour, b.p. 148”- 
150’/16 mm, @ 1486, @ 0.9108. It is optically inactive, exhibits a neutral character 
and is not dissolved by dilute alkalis or acids.. It polymer&s on long keeping into a 
viscous oil. Strong mineral acids, particularly nitric and sulphuric acids, transform 
dendrolasin into resinous products. It is readily attacked by bromine in the presence 
of water giving a nearly colourless resin. 

Dendrolasin is indifferent towards hydrazine hydrate, p-nitrophenylhydrazine, 
semicarbazide hydrochloride and phenyl isacyanate. It does not condense with 
maleic anhydride in hot toluene solution. With mercuric chloride or acetate it affords 
white solid compounds which could not be isolated in the pure state. 

Dendrolasin gives the following characteristic reactions: 
(a) Its solution in glacial acetic acid becomes orange-red colour when treated with 

a drop of cont. sulphuric acid. 
(b) Acetic anhydride dissolves dendrolasin giving a dirty violet solution which 

turns rapidly black. 
(c) A pine shaving, moistened with cont. HCl, acquires a dirty blue-green colour 

in contact with dendrolasin. 
(d) With vanillin in HCl-ethanol solution at room temperature, it gives a fine 

fuchsia-red colour, which becomes very intense on heating, and turns fhtally 
to olive brown. A similar reaction is shown on heating with Ehrlich’s reagent. 

The inactivity of dendrolasin towards reagents for the carbonyl group and to 
phenyl isocyanate, indicates that it is not an aldehyde, ketone or alcohol. On the 
other hand, the above described colour reactions, its stability towards alkalis and 
sensitivity to acids, and its capacity to give complexes with mercuric salts, pointed to a 
1 A. Quilicq F. Piozzi, and M. Pavan Rh ScL 26,177 (1956); M. Pavan Ibid. 26,144 (1956). 
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fwun derivative. Taking into account the empirical formula, two double, bonds 
should be present in side chains. 

The ix. spectrwa (Fig. 1, ‘No. 1) of dmdr$asin strongly supports th& hypothesis. 
No band which couid be attributed to a CO ar OH group is prqnt, whereas many 
bands, most of them very intense, can be assigmd to t fkranoid system. Such are the 
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FIG. 1.-k. Spectra. 
1. Dendrolasin; liquid 0.025 mm 4. /?-n Hepf,yltetrahydrofuran; liquid 0.025 mm 
2. Tetrahydroden drubsin; liquid W26 mm 5. fi-i-Butyltetrahydrofuran; liquid eO2.4 mm 
3. Perhydrodendrolasin; liquid @022 mm 



bands at 1565; 1504; 1164; 1065; 1028; 874 and 779cm-I.* The two bands at 
1679 and 834 cm-l are probably due to aliphatic double bonds of the type -CH==C< . 

scanty information on the structure of dendrolasin is obtained from its U.O. 
spectrtn in ethanol solution (Fig. 2a). It shows a practically continuous absorption 
between 220 and 350 rnp, with some inflections and no peak. It is generally similar 
to the spectra of some terpenic akohols such as geraniol and famesol (Fig. 2c),* 

Catalytic hydrogenation of dendrolasin at the ordinary pressure and temperature, 
both in acetic acid solution over PtOs and in ethanol in the presence of Raney nickel 
or Pd-C, yields an octahydroderivative; GHs,O. 

A 
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t-v 
Fra. 2.-U.V. Spectra. 

FallIeMl a’ 56% mg/l. a” 567-6 mg/l. an 2838 mJ1. 
Dendrolasin b’ 32.48 mg/l. b” 324.8 mg/l. b" 1624 mgll. 
Tetrahydrodendrolasin c’ 33-32 mg/l. c” 646.4 mg/l. c”’ 1616 mg/l. 

Perhydrodendrolasin thus obtained is an odourless liquid b.p. 155”/15 mm, rtg 
14478, which does not give the pine shaving reaction and the red colour with vanillin. 
Its ix. spectrum (Fig. 1, No. 3)t is character&d by the total disappearance of the 
bands belonging to the furan system and the occurrence, at about 1060 and 910 cm-l, 
of two broad bands which can be assigned to the saturated tetrahydrofuran ring. 
The presence at 1383 and 1364 cm-l of the isopropyl group bands, associated with the 
absence of those at 1679 and 834 cm-l belonging to the -CH==C< group, indicates 
that an isopropylidene group (C)==C!(CH& is contained in dendrolasin. 

If dendrolasin is actually a furan derivative containing two double bonds in side 
chains, we might expect that from its hydrogenation is suitable conditions, a saturated 
furan C,Hs,O, could be obtained. 

The determination of the appropriate experimental conditions to achieve this result 
has been very laborious, because of the difficulty of arresting the process at the required 

* Most of these bands appear to be shifted from the position they normally occupy in a-substituted 
furans which, in addition to the fundamental member of the series, are practically the only furan derivatives 
of which i.r. spectra data are available. This fact, in union with the aspect of the u.v. spectrum 
of dendrolasin and some peculiarities in its chemical behaviour, led us to the conviction that we were 
dealing with a b-derivative. 

7 Sample prepared in ethanol solution over Raney nickel. The i.r. spectra of specimens obtained with 
PtO, in acetic acid show weak bands assignable. to OH and CHsCOO groups, indicating that hydrogenolysis 
of the tetrahydrofuran ring, followed by esterification, has partially occurred. 
* Y. R. Naves and P. Ardizio H&L Chim. Acra 31, 1240 (1948); F. Bader Ibid 34, 1632 (1951). 
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stage. Eventually we succeeded by the use of a mixture of W-C! and Fd-IWO, as 
the catalyst. 

Tezr&ydm-dim&~jn is a colorless li@dl b.p. 160“/15 mm, P# 1M55. Its 
i.r. specmcm (Fig. 1, No. 2) is closely similar to that of dendrolasin. The bands at 
1565; 1504; 1163; 1065; 1027; 874 and 778~~l are due to the furan ring; the 
bands at 1383 and 1366 cm-l, to the isopropyl group. The colour reaa&ns with 
van&n and the pine shaving test are prac&aUy the same as with den&&&n. 

Important i.z&mnation about the number and the structure of the side chains has 
been supplied by the permanganate oxidation and ononolysis of dendrolasin. Aqueous 
KMnO, attacks dendrolasm, slowly in the cold and more rapidly at loo”, giving 
acetone and succinic mid. On ozonolysis in ethyl acetate solution several products 
are formed; among them acetone (in the form of its dimerio peroxide), letndinic 
aldehyde and succinic acid have been isolated and identified. The formation of 
these substances indicates that the following structural units must be present in 
dendrolasin : 

CH,--C=(C) 

c 

(C)=C-CHs-CHa-$=(C) (C)=C-CH,-CH,-CH=(C) 

HI CH, 

Taking these typical degradation products into aceount as well as the i.r. spectra 
data and the colour reactions and the very probable presence of a furan nucleus, also 
a general similarity to the terpenoid substances, it appears likely that dendrolasin 
possesses a terpenoid structure. This could be formed by the union of three isoprene 
unit~,~* one of them oxygenated and involved in the formation of the furan ring. 
Among the different structures which could be assigned to dendrolasin on this basis 
formula (I), derived from the head to tail union of three isoprene units as shown in 
(II), is the most probable: 

HC--C-CH,--CH,--CH=C-CH,-CH,-CH=C-CH, 

H&$H h LH* 

I 

-C-W-C-C-Gc-j-c-c-c-c 
I&i &’ & 

A 8-(4:8dimethylmna~3:7-dbyl)~ structure swh as (I) would aunt. for the 
lack of optical activity of dendrolasin, for its colonr reaetions,‘t for the furmation 
of acetone, levuhnic aldohyde and suczeinio acid on ozonolysis, and would be consistent 
with the ix. and u.v. speotra of this substance, 

Attempts to synthesise dendrola&n and its hydroderivatives are’& progre~. Mean- 
while indirect evidence for the structure (I) is provided by the results of i.r. spectra 
studies of some synthetic models of perhydroder&&sin (III):$ 

j,l(Wh-~~~~~“, ,o,(CWW JOICH+(W~ 

Ill IV V 

: s?%e Structural Rdationa of Natural Proakcta p. 15. Oxford (1955). 
4 lteicW et al., &lu. Chlm. Acta IS,1110 (1932); Ibid 16,28 and 37 (1933). 
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The i.r. spectrum of @-n-heptyltetrahydrofuran (IV) (Fig. 1, No. 4), shows at 
about 1069 and 91Ocm-l the characteristic bands due to the hydrogenated furan 
ring which are present in the i.r. spectrum of perhydrodendrolasin. Naturally, in 
qectrum No. 4 the bands of the 2sopropyl group are absent, whereas the band at 
723 cm-l belongs to the long saturated chain (-CE&),. In /%soMy~?e~ruAy&o- 
fwun (V) i.r. spectrum (Fig. 1, No. 5) the broad band at about 1060cm-1 appears 
resolved into a group of bands; absorption due to the isobutyl group is evident in 
the 1365-1390 cm-l region. 

Further support to formula (I) is given by the occurrence in nature of two /I- 
monosubstituted furan derivatives of unequivocal isopentanoid structure, which 
closely resembles dendrolasin both in their physical and chemical properties. Both 
a-chuxnane (VQ6 and perilhe (VIQ6 are formed by head-to-tail linking of two 
isoprene units : * ’ 

HC-C-CH=CH-CH,-C=CH, 

H&O/&H 

HC&CH,-CH,-CH=C-CH, 

CH, H!,O,CH CH* 

VI VII 

Particularly striking is the simihuity between dendrolasin and perillene; both 
show the same colour reactions and behave in the same way towards catalytic hydro- 
genation and ozonolysis. It is interesting to notice that the evident structural relations 
existing between citral (or geraniol), and perillene in the C;, series, would find a 
corresponding relationship in the C, series between famesal (or famesol) and dendro- 
lasin, as shown by the scheme: 

CH~H-CH,CH,-C==CH 

c Y CH, AH 
// 

0 
citnl 

CH,C=CH-CH,-CH,-CzCH-CH,-CH,-C====== 

!H, !H, L HI CH 
/ 

0 
fwnd 

CH+CH-CH,-CH,-C--CH 

!H, 

perslum 

CH,-CdH-CH,-CH,-CcCH-CH,-W-CH 

c H, kH* 
II ‘II 

C+kOAH 

*~~oceurringin~~andcontPiningthsisoprrnasksbtonars:B-ruroicIrcid,fmmthe 
root9 of Euotdmus aeopmrpweas and Phweoliu mdti~ua; &iwmuyl fury1 kstonc. fkom the ewnthl oil 
of Per~&xj%mce~~, and Mwvukoyl-&methyl &ran from the root9 of E&ho* criatata. 
‘ B. S. Rae and K. S. &ham&an J’roc. Idan Acad. Scl. lA, 189 (1934); Jbtd 2h, 571(193$r Zbid: 

3A, (1936). B. 8. Rae I. Scf. Znd Rar. In& 7, N. 1 B. 11 (1948) (From the cwieatial oil of &VW of 
czihwiaw-ii). 

’ ?I. I-hdo mid Ywquchi J. Ph. SM. Jupn 39,263 (1919); H. Kondo an&H. Suzuki Bw. DWh. 
Chcm. GM. 69.2459 (1936); H. Suzuki J. Pharm. Sot. Jupun 56,841 (1936); Qoto Ibki. 57,77 (1937) 
(Isolated from the cascntifil oil of PerMa c~frhkwa Mak.). 
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Catalytic hybogenation of dendrolasin to perhydrodendrolas~ (III) 

(a) In acetic acidsoL?ion ouer PtO,. A solution of 3 g of dendrolasin in 100 ml of 
glacial acetic acid was shaken with hydrogen, at ordinary pressure and room tempera- 
ture, in the presence of 30 mg of PtO,, The absorption of & ceased when 1300 N ml 
had been fixed, amounting to 4.23 mole per mole of substance. Aft+r removal of the 
catalyst, the solution was treated with an excess of dilute NaOH, and the oil thus 
separated was extracted with ether. The dried (Na.$OJ ethereal layer, gave after 
removal of ,the solvent, an oily residue which was fractioned twice at reduced pressure. 
The hydrogenated derivative is an odourless liquid, b.p. l&‘/l5 mm, $14484, 
which does ,not give the pine shaving reaction, and only a very faint pink colour on 
heating with HCl-ethanol solution of vanillin. The analysis was in good agreement 
with the required for an octahydroderivative. (Found: C, 79.16 79.20; H, 13.23 
13.19. Calc. for &GO: C, 79.57; H, 13.36 per cent). 

The i.r. spectrum of the sample prepared above, indicated the presence of traces of 
hydroxylated and acetylated impurities, evidently formed by reductive cleavage of the 
tetrahydrofwan ring. 

(b) In ethanol omr Runey nickel. 1.6 g of dendrolasin dissolved in 100 ml of 
ethanol, were hydrogenated at room temperature in the presence of @5 g of W, Raney 
nickel.ll After 3-4 hr 657 N ml of & were absorbed (4.0 mole per mole of dendrola- 
sin). Distillation of the solvent after removal of the catalyst gave a liquid residue 
which &stilled in uucuo yielded an oil # 14478. Vanillin reaction was negative. 

(c) I. ethunol over P&C. A solution of 5 g of dendiolasin in 100 ml of ethanol was 
shaken with hydrogen at the ordinary conditions in the presence of O-2 g of Pd-C 
(containing 10 per cent Pd). The absorption of hydrogen (rather slow) ceased com- 
pletely when 1960 N ml of s had been absorbed (3.83 mole per mole of substance). 
After removal of the catalyst and the solvent, the oily residue was distilled under, 
reduced pressure. B.p. 155”-157’/16 mm; 186’-187”/46 mm; $2 14490. Vanillin 
and pine shaving reaction were negative. For the i.r. spectrum (Fig. 1, No. 3), see the 
introduction. 

Catalytic hydrogenation of dendrolasin to tetrahy&odendroiasin 

A suspension of O-2 g of Pd-C (10 per cent Pd) and 0.2 g of Pd-BaSO, (5 per cent 
Pd) in 5 ml of ethanol was left overnight, then added to a solution of 2 g of dendrolasin 
in 100 ml of ethanol. By shaking with hydrogen at room temperature a slow absorp 
tion occurred, which ceased when 410 N ml of q had been absorbed (about 2 mole 
per mole of substance). After removal of the catalyst and of the solvent, the residue 
was fractioned at reduced pressure. B.p. 160’15 mm; $2 1.4585 (Found: C, 80.52; H; 
11.67. The tetrahydroderivative C&&,0 requires: C, 80.02; H, Il.79 per cent). 

Tetrahydrodendrolasin is a colourless, faintly scented oil, which gives the pine 
shaving reaction and a red colour with vanillin in HCl-ethanol solution. Concentrated 
sulphuric acid dissolves it with red-brown colour. The i.r. spectrum is reported in 
Fig. 1, No. 2. 

The same tetrahydroderivative could be obtained also by hydrogenation over 
Willstaetter platinum, using a sparingly active sample of this catalyst.* 1.2 g of 

* The catalyst had been prepared as dcscxibcd In Houben Metho&& org. Chemie 3d Ed. Vol. III. p. 3 12, 
and preserved for about 1 year before using. 
I1 A. A. Pavlic and H. Adkins J. Amer. C/mm. Sot. 68, 1471 (1946). 
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dendrolasin shaken in ethanohc sol& (100 ml) with O-2 g of the catalyst, absorbed 
260 N ml of &Is (2.1 mole per mole of the substance), and gave a tetrahydroderivative 
with $2 i.4595. 

Oxidztion of &n&olasin with potassium permanganate 

To a suspension of 1 g of dendrolasin in 200 ml of water contained in a Bask 
equipped with a dropping funnel and a r&x condenser and heated on the water-bath, 
were added drop wise under frequent shaking 75 ml of 2 per cent KM.nO, sohstion. 
After 2 hr the reaction mixture was distilled, and the &st 5 ml of d&Bate were 

’ colhxted in a solution of pnitrophenylhydrazine in acetic acid. The abundant yehow 
precipitate thus formed was recrystalhsed twice from hexane. Yellow needles were 
obtained which mehed at 149*-S and showed no m.p. depression when mixed with an 
authentic specimen of acetone pnitrophenylhydrazone. 

The aqueous solution, after f&ration from the MnOs and extraction with ether to 
remove the unchanged dendrolasin, was concentrated to small vdume on the water- 
bath, a&Wed with sulphuric acid, and again extraeted with ether. Removal of the 
solvent gave a white crystalline residue containing some ox& titi which was dissolved 
in a small quantity of water. This solution was then treated with dilute H&JO, and 
an amount of permanganate solution sutticient to destroy the oxalic acid. A new 
extraction with ether yielded a crystalline acid which, recrystalhsed from water, 
melted at 183’-184’ and was identical with succinic acid. The identity has been 
continned by a mixed melting point test, and from the crystaliine form of the subli- 
mated acid. 

~ 020?wly8is of der&okasin 

O-5 g of dcadmlash dissolved in 30 ml of pure ethyl acetate were submitted for 
10 hr to a slow stream of ozonised oxygen. After mmaining over&@ the solvent was 
removed in vacua at room temperature, and the resulting syrup reBuxed for 2 hr with 
50 ml of water. The solution was then distilled, and the first 4-5 ml of liquid were 
collected. on standing, white, square, tabular cry&& were formed, which detonated 
when suddenly heated, and melted at 127’-131’ (crude). The product is identical 
with cycle-diacetone peroxide, * a sample of which we pmpared by ozonolysis of 
geraniol. 

The remaining solution was made slightly alkaline with dilute NaUH,. then 
repeatedly extracted with ether. Evaporation of the solvent left a liquid (~1-0.15 g) 
endowed with a strong aldehydic odouU, which was treated witb a boii solution of 
2A-dinitrophenylhydrazine in methanol. Tht precipitate, collected and dried, was 
dissolved in hot nitrobenxene. The microcrystaliine orange &outed product separa- 
ted on cooling, washed with boiling ethanol to remove the last traces of nitrobenxene, 
melted at 235’. The substance is identical with IeuulrWc a&hy& bis-2:4-&WopIu?nyl- 
hy&uzotre, and showed no depression at the mixed melting point test with a 
pure synthetic specimenl* (Found: N, 24.50. Calc. for Cr,HIdOsN, : N, 24.34 
per cent). 

* The formation of this subt+wzxe in ozonolysis of products containing (C)=C(CH,), groups haa 
been reported by sevd authors. 
I1 H. H. Strah J. Amer. Chem. Sot. 57,760 (1935). 
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The aqueous alkaline solution was again acid&d with sulphuric acid and extracted 
with ether. The residue obtained after distiktion of the solvent was dissolved in 
water, the solution evaporated to dryness, and the solid product pressed on a porous 
tile to remove oily impurities. Recrystallisation from water gave O-2 g of an acid m.p. 
187”, which was identical with suc&ic acid. 

Acknowledgements-We thank Dr. E. Mantica for his assistance in the interpretation 
of the i.r. spectra, and Dr. F. Canal of the Farmitalia Laboratory for some of the 
analyses contained in this paper. 


