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uistory. In 1863 Piessel) made a study of the blue ;o
constituent of several volatile oils® which he termed agulene, |
nfrom agure-blue”, Gladstone,®) in 1864 published his
obaervations" on th& same subjeat and gave the name ooeruloin5),
from the Latin, ooeruleus, blue, to the compound in question.
The blue golor of volatile oils or of higher traétions thereof
.had previously been obaervcd".' Until quite recently these
blue fractions were aupﬁoned to contnih oxygen, hence were
impure, 1.0, cohtnminated with oxygenated oonstituents. In
19156, however, Shernnal', isolated the pure hydrocarbon, to
whioh he assigned the formula C15H18¢ by regenerating it from
its sulphuric acid and phosphoric acid sddition products.
3inoe then blue hydrocarbon materiasl has been studied by
Auguburgera) (1915), R.E. xremerag)(19aa). Ruzicka and
Rudolphl®) {1926), Runemann and Lewyll) (1927) and Asehina
and NakanishilZ2) (1928 and 1932). Ruzioks differentiamtes

séveral azulenes.




1.)
2.)

3.)

4.)

b.)

6.)

Pharm. :Qurno' 2d (1864)|’0 271. _

Piesse separated the blue trsotiénc of the following
oilss- Chamomile, Wormwood, Patchouly (Pogostemon
patohouly), Bergemot (Citrus bergamia) and Ceylon
Lemon~grass {Andropogon Schoenanthus). _

Journ. Chem. Soo., 17 (1864), p. 1. (Abstr. in Chea,
Centralbl., 35, p. 575.) |
Gladstone fractionated the volatile oils ofi- Wormwood
(Artemipil lbsinthiun)..latrioaria Uhnmomilia, and
Achillea Aillefolium.

Gladstons objected to the name azulene beoaﬁso the fcrn
azuline had already been applied to a coal tar dya.'

The earlier observations on blue oils or fraotions there

of sre herewith arranged in their ohronologiocal order.

Year ~ Plant Observer and ref. .
1839 Aohillea Millefolium Foroke, Aroh.d.Ph., .
| _ 67, p. 177, é
1844 Chamomille oi} Borntraeger, Ann., 5
49, p. 243. '

1861 Galbanum resin . Moessmer, Ann., 119, !

p. 262,

1863 Chemomile, Wormwood, Ceylon Plesse, FPh, J., 23, f
Lemon-grass, Patohouly, p. 277. |
Bergamot, . %

1864 Wormwood, Matriocaria Gladstone, J. Chenm.

Chamomilla, A, millefolium So6., 17, p. 1.



Yesr Plan$

1871 Ghamomi;o

18?4 Aoorus éilamua

1876 Gnniaél Peruviana aronatio;

1678 Valerins offiocinalis

1883 Chamonile, Wormwood, ilfoil

laag]Turnnra ditrusa

1889 Angelioa fnoaaln

1891 Asafoetids oil

1892 Cedrela

1893 Achillea ocoronopifolia

1894 Andropogon Sohoonanthgl

1894 Anethum graveolen-.

1899 sagapog oil, Jap. valerian,
Wormwood, Milfoil,Asafoetida

Galbanum, Inule Helenium,
Valerina offioinalis,

Observer and ref,

Kachler, Ber., 4,

p. 36, .
Kurbatow, Ann., 173,
P 4.

. Kopp, arch. 4. Ph,,

209, p. 193,

Bruylants, Ber., 11,

P. 456.

Hook, Arch. 4. fh..

221, p. 17.

Ber. Sohimmel and Co.,
April, 1888, p. 44.

Ber. Schimmel and Co.,
April, 1889, p. 3.
Semmler, Arch. &. Ph.,
229, p. 1. .

Ber. Sohimmel and Co.,
April, 1892, p. 4l.
Report 3Sohimmel and Co.,
April, 1893, p. 72.
Barbier and Bouveault,
Cer., 119, p. 281.
Report Schimmel and Co.,
Oot., 1894, p. 32.
Tschiroh and Hohenadel,
Arch. 4. Ph., 233, p. 259.



Year . Plant
1895 Cubeb oil

1896 Piper Lowong
16899 Aralia Nudicaulis

1899 Ferula opopanax

1902 Milfoil
1902 Asarum canadense
1907 Milfodil

1908 Artemisia arboresoens

4

Observer and ref,

Umney, Ph. J., 4,

p. 961,

Peinemann, Aroh. 4.
Ph., 234, p. 242,
Alpers, Am. J. Ph.,

71, P. 370.
Tsohiroh and Knite,
Aroh. d. Phi, 237,

pe 256, |

Aubert, J. Am. Chem.
Soe., 24, p. 778.
Power and lLees, !?nru
Chem. Soo., &1, p.‘i 59:.
Sievers, Ph. éiv.;uzﬁy
ps 215. N

Report Sohimmel end Co.,
Oct., 1908, p. 145,

7«) J. Am. Chem. Sos., 37 (1915) pp. 167 and 15637.
8.) Science (New Series) 42 (1915) p. 100.

9% J. Am, Chem, Soc., 45, (1923) p. 717,
10.) Helv. Ohim. Aota, 9 (1926) p. 118,
11.) Beriohte, 60(1927) p. 8469,

12.) Journ. Ph. Soec. Japan, 48 (1928) p. 1; ibidem, 52 (1932)

P 2.
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Qoccurenceé:~ The prsnenho of azulene had been identified
in plants in comparatively few cases but its existance is
tndicated in a great number of olls by a blue or green aolor.
In the following teble the famillies are arranged ascording
to the systenm of Engler and Trantl. The numbers are given
in order to indicate how many families have thus far deen
obgerved to yield blue oils or blue fractions of oils.

4. Pinacene

Cryptomeria japonica, Don. : Blﬁn-traotionl)
Pinus montioola, Dougl. Blue fractio 2)

| 13. Gramineae |
Andropogon Sohoenanthus, L. Blue truationa’

' 17. Aracesae

Acorus Calamus, L. | Blue fraotion®)

| 29. Zingiberaceae |
Alpinka offioinsrum, Hance Grooniehnyelloip) ;

o 3b6. Piperacese _ ' ?
Piper nigrum, L. oreenisn®)
Piper Lowong, Bl. ,' Blue fraotion?’ "
Piper Cubeba, L. | Asulcnaa’
| | 49. Aristolochiae
Adsarum gaudatum Blue traotion?] ;
Asarum canadense, I. Bluel?) ' -
71. Lauraceae

Laurus damphort. L. Aznlanell’
Feotandre ?uohury-dajor. Rees : Blua,rrnotionlz)

Neotandra Puohury4ninor. Nees Blue fractionlZ)



98. Rutacese .

| Ruta graveolens, L.

101. Meliaceae

Cedrela _
Dysoxylon aocutangulum, Migq.
104.1Ruphorbiaceas
Cathetus fasoieulata, Lour, |
| 124. ﬁalvaagno
Gossypium | '

139. Turnersceae
furnera diffusa, Willa. |
Turpera aphrodisiasca, Ward.

| 168. Myrtaceae
Leptospermum scopariuam, Forast.
165, Araliaceae
Aralia nudicaulis, I.

166. Umbelliferas

Petroselinum sativum, Hoffa.
Angelica refraote, Sohadt.
1ﬂselint’anonala. Lall.
Perula roitiaa. Reg.
Anethum &raveolens, L.
Pimpinella nigra, Willd.
Siler trilobum, Scop.
- 170. Eriocaceas
Ledum groenlandioum, Rets.

Blue frastionld)

Light bluel4)
&aulanals) ‘

Bluish groon;s’

Blue fraotion?”

Blue frnotion;a’
Blue trnetionls)

Asnlennlg)

20)

Blue fraotion

Yellowinh—;renn31)
Blue fraoction®2)
Blue fraotion®)
Blue fraotion®®)
Oreenish-blueZ4)
Light blue2d)
Asulene®6)

Blue traation37)
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190, Labiatae _
Mentha aquatioa, L. !G110wilhpgrlenaaj
Mentha Javanieca, Bl. Light 83903?9,
Pogostemon Patohouly, Pell. Blusao)
goimum ssnctum, L. . | ~ Green®l)
Lophanthus anisatus, Benth. ' Browninh-graanaz)
Salvia officinalle, L. Gr&oniah-yellowaa)
Calanintha Nepeta, Savi | Greenish-yellowd4)
Origanum Majorana, L. ' - Greanish»ycllowas)
perilla nankinensis, Done. Greenish®®)

_ 2OR%. Rublaceae
Nelitris, Gaertn. | Yellowish-greenc')
_ | £203. Caprifolimceae

Sambuous anigra, L. _ . Yillowinhpgroonaa’

20b6. Valerianacess
Valeriana offiocinalis, L. .. Yellowish—grean?gi
Valeriana officinalis, L., var. Blue4?)

angustifoliae, Migq.

211, Compositae
Eupstorium triplinerve, Vahl Light 5rcen‘1]
Inuls Relenium, L. Blue fraotion4Z)
Parthenium argentatum, Gray Grecnlnh»ynllow‘al
Ambrosis artenisifolia, L. Deep grcan§4’
Osmites Bellidimetrum, L. Yellowish-greentd)
Ashillea Millefolium, L. Azulene46)

Aohillea Coronopifolia, Willd. Blue4?)



Achillea nobilis, L.
;ohillen_mouohltn. Jaog.
S8olidago nemoralis, Alt,
Chrysanthemum Japonioum, Thundg.
Tanacetum boreale, Fisch.
Katricaris Chamomilla, L.
Matrioaria Parthenium, L.
Artemisia Herba-alba, Asso
Artemisia arborescens, L. |
Artemisia Absinthium, L. .
Artenmisia maritima, L.
Artimisgia friglda, Wwilld.
Artemieia Ludovioiana, Futt.
Artenisia pontica, L.

43)

Blue
49)

50)

Dark blue

Olive green

Grecnbl,

Oreenish brounbz)

Dark blnaaa)
Dark greent*)

Greeniihpyellowab)

A:ulénabe)

Auulen¢57)

Dark greanae)

Greenlnhbg)

Greontnh—y&llowso’

Bluebl)
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1.) Uchida, J. Am, Chem. Sos., 38(1916) p. 687.

g,) Lehmsn and Lyon, J. A. Ph. A., 19 (1920) p. 1187.

3.) Barbier and Bouveault, C.»r., 119 (1894) p. 281,

4.) Kurbatow, Ber,, 6 (1873) p. 1210. '

6.) Gildemeister, Die Aeth. Oele, 3rd. ed., Vol., II, p. 434.
6.) Bberhardt, Arch, Ph., 2256 (18687) p. blb.

7.) Peinemann, Arch., 4. Ph., 234 (1896) p. 242,

8.) Sherndal, J. Am. Chem. Soe., 37 (1916) p. 1537,

9. Burlege and Lynn, J. A. Ph. A., 16 (1927) p. 411.

10.) Power and Lees, Journ. Chem. Sos., 81 (1908) p. 69.

11.) Sherndal, J. Am, Chem. So0¢., 87 (1916) p. 1637.

12.) Mueller, Journ. L. prakt. ohem., 68 (1853) p. 463.

13.) Power and Lees, Proo. Chem. Soc., 18 (1902) p. 192,

14.) Ber. Schimmel snd Co., April (1892) p. 4l.

156.) Penfold, J. Proo. Royal 80c0., N.S.W., 61(1928) p. 337..
16. )Report of Schimmel and Co., April (1914) p, 102. |
17.) Power end Chestnut, J. Am. Chem, Soo., 47 (1925) p. 1764.
18.) Ber. Schimmel and Co., April (1888) p. é4.

19.) Short, J. Soo. Chem. Ind., 46 (1926) p. 96%.

20.) Alpers, Am. Journ. Ph., 71 (1899) p. 870.

Rl.) Gildemeister, Die Aeth. Oele, 2rd. ed., Vol. III, p. 476.
B2,) Ber. Schimmel and Co., April (1889) p. 3.

23.) Semmler, Aroh 4. Ph., 229 (1891) p. 30.

24.) Report of Sohimmel and Co., Oot. (1894) p. 32.

25.) Bley, Trommsd. Neus Journ. 4. Ph., 13(1826) p. 43.
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'npoourenae:- The pre-existance of azulene in the plant
st),

was first questioned by Tschirch and Hohenadel in 189
when they observed that sagapen yielded a yellow oil upon
axténotion with petroleum ether and that this oil beoame
blue during fractionation. Not knowing whether the formation
of the blue substance was due to the exposure of the volatile
0il extracted with petroleum ether or to resin extracted at
the same time, they prepared a resin-free volatile oll by
steam distillation. This also was faintly yellow and only
upon fractional distillation iavolving high temperatures,
viz. abt. 2009, did they obtain a blue fraction. . They,
therefore, arrive at the oonolusion that "without doudt,.
the blue oil is a pyrogenic decomposition produot'.g) . Ia
1917, however, Tschirch expresses himself as still in doubt
whether the agulens is formed during the prooess of
diltillntion.z)
Horsenb;rg and Ruhemann made & similar investigation
in 1927‘). They found that chamomille yielded only a small
amount of a yellow oil to petroleum ether but that the
extraoted plant yielded a blue oil upon steam distillation.
From this they soncluded that azulene did not pre-exist in
the plant and that its formation was from sesquiterpenes by
fermentative action oapéeially since they had isolated a
- sesquiterpene which yielded a hlus color by dehydrogenation.
However, the experiment performed does not support this

conclusion. If the azulene were formed from sesquiterpenes,
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, it would not then be obtained from the extrsoted mare, from

which the sesquiterpenes had been removed, TFurther, fermentative

aotion would not be expected during steam distillation, where
the temperature is much above the thermal death point of
engymes, Nor is dehydrogenation likely to take place during
steam distillation. '

The existence of agulens in the plant may more logically
be explained by the assumption of an acid eddition product
since it is known that azulene readily forms such a produot
which is not soluble ia petroleum ether. = The unioan of lsuloho
with either phosphoris acid or an acld phosphate would .
presumably give & compound which aould not be extracted with
petroleum ether but which could be degomposed by the action
of stean, :

Another hypothesis whioh may explain the presence of.
combined azulene, i.e. in a form which cennot bhe extraated
with petroleum ether, is that it may exist ia glucosidal
oombination. We usually oconsider glucosides to be ether
like produsts of the union of a sugar and an eloohol, It is
barely possible that a hypothetiocal colorless aloohol,
Glbﬁl,OK. when set free and at the higher temperatures
iavolved in fractionation loses a molsoule of water thus
Jielding the blue hydroearbon. This hypothesis is based on
% possible analogy ¥with the formation of a terpene, CloHi6s -

5) {5 1884 who obtained it upon the
hydrolysis of the glucoside, piorosroein, The presumption .

observed by Kayser
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in this oasc'is that a tcrpani_aloohol results upon hydrolysis
of §hn glucoside and that under the oonditions of the experiment
the aloohol breaks up into the terpene and vatci.

The experiment ot'Harsenbors and Ruhemann has been
repeated upon a larger scale and the results found are in

accordance with their investigations.

The material used was oolleated in June, 1930, from the
gardan of the Wisoonsin Pharmasceutioal Experiment Station
and from land southwest of Madison, under the direotion of
Professor W.0. Riohtmann. Having beon'nir dried, the
inflorescences were carefully removed end ground in e Grumbach
aill, | |

I, Extraotion and distillation of milfoil flowers

4988 gms of the ground milfoil flowers were oxtraoted
with petroleum ether in the Lloyd extractor, The flowers
thus extracted were exposed so as to allow any adhering
petroleum ether to eveporste. They were transfered to a
60 liter Lents oopper still and subjected to steam distillation.
The periods of distillation and the amount of agueous
distillate obtained in each are herewith tabulated:.
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Period ~ Time  Amount
lst day & hre. 7 gal.
2nd * 3 " 10 "
2ra * g " iz
4th » O ™ .
6th * o0 * o "
6th = o0 " o "
fth = 5 156 *

8th * 12 "
9th "  4p "
0th °= 1 "
Yotsls 19 hrs. 73 gal.

ﬂ\gﬂ

The distillation was discontinued when no more golor
oould be extrascted from the distillate with ether. The
squeous distillate which gave no aoid resction with litmus
paper, was shaken with ether, and the ethereal solution |
separated. The solvent was recovered by distillation and
there remsined 4.8 oo (0.096 per ocent) of a deep dlue oil,
which hed a density of 0.9516 at 26°  This 01l was treated
with phosphorio soid, and the azulene-phosphorie acid compound
hydrolized with water. The liberated asulene was extracted
with ether and efter the removal of the solvent, 0.5 oo of

@zulene remained (0.01 per cent.)

The petroleum ether extract resulting from the percolation

°f the flowers was distilled under reduced prcssﬁro to remove
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the solvent, The raiiduﬁ'ihun obtained weighed 186 gms.,

Wwhen steam distilled, 12 e‘dfﬂ.84 ptr.oeht) of a light blue
oil separated from the agueous distillate, It had a dGensity
of 0.9105 at 26%  The oil was fractionated under atmospheric
pressure with the following results:

Temp. Amount
-l?go . 0.3 g0,
170-180° 2.0 »
180-190° 2.5 *
190-200° 2,1 0 *
200+° 4.8 v

Il. Extraction of the azulene oompound

1+ Hot extraotioa with shlorofora.
' 100 gms of the ground flowers were placed in s

sontinubous extraotor and exhausted with ohloroform. The
heat of the vaporas was suffioient to ieep the saall persolator
warm during the extraotion. The solvent was removed from the
extract by distillation under reduced pressure and the extract
Washed with solvents, resulting in the following produots: A.)
& petroleum ether extract, B.) an ether extract, and ¢.) a
resldue,

A.) The petroleunm ether extraot was steam dis tilled and
the dietillate washed with ether. The ethereal solution
¥as colored blue. _

B.) The ether extract was steam distilled and the
Qistillate washed with ether. The ethereal solution was also



esolored bluo.
| g.) The residue was steam distilled and the distillate

washed with ether, yielding no blue color.

‘D.) The extraoted flowers were distilled with stecam
and the aqueous distillate ylelded no blue 6olor when washed
with ether. F | |

2. Cold extraotion by meoération.

1000 gms of the dried flowers were extracted by
maceration with shloroform at room temperature. The '
shloroform was removed by distillation under reduced pressure,
fhis extract was treated as in the previous experiment and
resulted in similar produsts:

A.) The petroleum ether was removed by distillation under
' rudﬁaed pressure. The extract was steam distilled and yielded
3.4 oo (0.34 per cent )} of s yellow oil. S |

B.) The ether oxtraot was steam distilled after the
removal of the ether. The distillate when washed with ether,
yielded a blue aolor. | |

0.) %The residue was stean distilled and the diatillate
Yielded a blue color.

D.) The extracted flowerd, when steam distilled, ylelded
& faint blue color. | A | o

3. Bxtraction by percolation.

. two sauples of 1000 gus each of the grount flowers

Were packed in a percolator and extracted with ohloroform.
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The ahloroforn wag removed from the extraot by distillation
under reduced pressure, The extracis were treated as in
the previous experiment:.

A.) The petroleum ether was removed by distillation
under reduced pressure. The extracts were steam distilled
and 3 oo and 3.1 oo of a yellow 0il resulted.

B.) The ether was removed by distillation under reduced
pressure and the extraats steam distilled, The distillate
from both extrsots yielded a blue aolor, |

C.) The residues were steam distilled and both yielded
a blue oolor. |

D.) The extracted flowers were distilled with steam end
no blue color wes obtained.

4. Preparation of the chloroform extract.

15,400 gms of the éround flowers were paocked in

percolators and extracted with ohloroform. The ohloroform
was removed by distillation under reduced pressure and 1520 _ E
gns. of extraot resulted.  The extract was washed with |
Petroleum ether, resulting in twe products: A.) 877 gms.
of a petroleum ether extract and 790 gas of residue.

III. The azulene compound

The 790 gms of extraot previously obtained ocontained
the azulene compound an& were used in the following experiments.
l.) Determination of the inorganic constituents.
8. ) 0.8277 gms. of the extract yielded no ash. | |
B.) 1.6176 gms. of the extraot yielded 0.0001 &ms. ash,
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Thoanlrosults indicate the improbabllity of an soid
addition product sinoce azulene is not known to add to any
organic acid except formis, with whioh it forms a liquid
end easily hydroliged compound.

2.} Aoid hydrolysis.

If azulene is contained in the molecule in glucosidal
oombination; hydrolysis with acid should liberate 1t from
the mocompanying sugar moleoule, which could be deteated.
The extract reduced Fehling's solution before hydrolysis
and after hydrolizing with dilute hydroohloric acid, the
anount of ocojper oxide was 1nnfenned but constant values
oould znot be obteined.

The extract was hydrolized for ten hours with § per |
cent sulphurioc aeoid. After the reaction mixture was filtered
it was divided snd made neutral with sodium hydroxide. One
half of the solution was extracted with ¢thyl acetate. Both
portions were then treated with rthling's solution. The
untreated portion 4id met reduce ?ahlingt solution. The
portion washed with ethyl acetate 4id not reduce the copper
solution.

Therefore, it was concluded that the extraot sontained
10 sugar mnd 4id not yield sugar by acid hydrolysis.
| 3. Ester Value.

| The ester value of the extract was determined in order
to obtain an indication of the possibility of alkaline
hydrolysig, -

%.) 0.4204 gme. of the extraat required 0.379 oo of
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pormal potassium hydroxide for neutraliszation, ocorresponding
to sn a0id value of 61, When heated for one half hour, the
sample reacted with 1.94 oo of normal potassius hydroxide,
1,grraspond1ng to a asponifioation.vnluo of 261, FEster

vnlua = 200,

b.) 0.4046 grms. of the extraot reguired 0,4 c¢o of normal
potassium hydroxide for neutralization, eorreasponding to an
acid value of 66. When heated, it reaoted with 1,94 oo of
pnormal potansiun hydroxide, oorroapondiag to a saponitication |
value of 2728, EKster vslue = 206, ' '

4. Alkaline hydrolysis
The extraot was treated for an hour with sodium

hydroxide solution without hest. The mixture was filtered

on a force filter and the residue washed with watef. The
filtrate was made acid with dilute hydroohlorisc acid, added
slowly and with continuous stirring. The resultting precipitate
was geparated on a foroe riltéé #na iaahed with water. The
filtrate was distilled to drynebnaand the residue extracted

with aloohol, which was removed by distillation. The results

0f the hydrolysis are shown in thn aoeogpanytng tab10°
Reagent Extract Insol. sub. Sol. sub. Residus
5 #NeOH 4 gm. 0.06 gm.l 0.7 g8  cocme--
5 = 310 0.3 " 4.5 * 3.0 ca.
$£ " 20 * 01 " 20 v gz =
6% " 10 * 00 * 43 v 3.5 v
24 » 10 87 * 18 " p, 0
24 » 30 v 2.7 * 1.9 ° g, p ®
24 » 10" 397 * a0 " a.p ®



¢he aoid precipitated substances of the first four

.;xyerimentn were bulked and neutralized with sodiua
hydroxids. This sodium salt was used to prepare the
barium and silver salts., 0 gms. of the sodium sal$
yielded 2 gms of the barium salt, whioh was analyzed
for barium oontens. '

8.) 0.9198 gms. of the bariuam sAlt yielded 0,968
8ns. of barium oarbonate corresponding to 7.32 per cent
of berium.

b.) 1.0230 gms. of the barium salt gave 0.1070 gms.
of barium ocarbonate, sorresponding to 7.28 per cent of
bariun,

b gms., of the sodium salt were treated with silver
nitrate aﬁd vielded 5.0 gme of silver salt, whioh upon
annlyﬁia yielded the following results:

8.) 0.9760 gme. of the silver salt gave 0.2395 gus.
of silver, corresponding to 24.5 per sent of silver.

b.) 1.0946 gne. of silver salt gave 0.2690 gas. of
silver, oorresponding to 24.57 per cent of silver.

Attenpts to form oximes or acetyl derivativea with
other products of the hydrolysis yielded no results.

6. Carbonyl oxygen.

a.) reaction with phenyl hydrazine. 0.5 gms. of
the extract were dissolved in aloohol. 8 so. of acetio
80id and b co of pheanyl hydrazine were added. The mixture

¥as warmed for 10 minutes. Upon cooling, small orystals
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of phonylhy&razina acetate, m/p. 137°%, gettled out and were
filtered off, The mother liquor yielded an amorphous
produot with no characteristic melting point. .
b.) Reaction with hydroxylemine., . 8 gms. of the N
extraot were dissolved in aloohol and treated with B gnms. '
of hydroxylamine hydroohloride and sodium 6nrbonate. Upon
standing, a grayish green amorphous precipitate formed. This
precipitate was filtered off and treated with hydroohlorie
sold. The reeulting solution gave no reduckion of Yehling's
solution,
6. Hydroxyl groups. _ |
a.) Acetylation. 5 3@0 of the extract were hested
with acetis anhydride and sodium acetate for one hour, The
product was washed with sodium sarbonate solution, then with
water and dried. The sapoanification vslue of this product
oould not be determined because of the color.
b.) Bengoylation. 13.5 gms. of the extraot were
dissolved in &0 go. of pyridine and oocoled well. 15 ce. of
benzoyl ohloride were added in small portions, shaking a‘ter
Sach addition., White orystals separated which were riltored
off on a force filter and washed with pyridine. The platinum
doudle sait of these orystals melted at 240° { pyridine
Bydroshloride). The filtrate was diluted with ether. 2.2 |
€08, of an insoluble residue remained, which when treated with
todium hyaroxide gave an odor of psridine. The ethereal
%0lution was washed with dilute hydrochlorie acid, with

Sodiug carbonate solution and with water and the ether removed . *



BT

23

by distillation under reduced pressure, l4 gms. of the ester
were obdteined, | |

a.) 1.0860 gms. of the ester reacted with 4.88 ao of
normal sodium hydroxide, corresponding to a saponification
value of 178, _ .

b.) 0.9885 gms. of the sster remoted with 4.39 oo. of
nornal sodium hydroxide, oorresponding to a ssponification
velus of 179,

7. Oxidation with nitrie acid.

Sinoce the asotion of nitric acid upon agulene is not
known it would render the situation less complioated if the
azulene could be removed from tha.noléoulo before oxidation.
Steam distillation of the extrasct yielded the azulene very
slowly, some blue solor being obtained after 70 hours of
distillation, Therefore, other means for the removal of the
azulene were aought. |

O gas. of the extract were mixed with 300 ooc. of water
and placed in a heavy walled, tightly stoppered bottle and
heated on an oil bath at 150° for eight hours. The contents
of the bottle wére then steaa distilled. The first distillate
Jielded @ deep dlue ooior and es distilletion coantinued less
&nd less of the color was obtained. However, after 60 hours
of distillation some blue color was still obtained.

Aold hydrolysis using 1b per ocent hydrochlorie acid in
a2yl aleohol solution®) yielded no agzulene when the contents
°f the flask were steam distilled. The sane reaction was

¥ried under pressure with no different results. Therefore,
/ ‘ .




attompta t0 remove azulene from the molecule were

-

the

abandoned. - _
oxidation of the extract was conduoted in the following

m;nners b gms. of the extraot were mixed with 20 oc. of
nitrio soid, added slowly while the mixture was kept well
cooled. The mixture was then.nllowed to wara slightly,
glmost to room tomperntufe. As soon as browa fumes were
evolved the aixture was oooled in an ioe'hath e0 that the
reaction prooeeded slowly, When no more brown fumes were
evolved with the mixture at room temperature, the reaction
was complete. An insolubdle substance rose to the surface
of the liquid and was separated and washed with water. The
reaction mixture was diluted with water and a flosuleant
precipitate resulted which was filtered off esnd washed with
water. The bright yellow aqueous liquids were nnited and
saved for further investigation. o
The results of four such experiments wre given in the g
following tablé. T
Extraot Insol.Sub.Solub.Sud. Total

b gus. mmemenm Ll9 gNBy emme-
b v 3.89 gmg. Q.46 * 4.34 gna.
b " }J.6 = 1.6 = 3.2 =

&5 = - l.6 * 1.22 ® 3.82 "
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The products were combined and washed with boiling
‘1°;h°1. Thise proooaurc_yielded l.4 gna, of & substanoce
1n351ubln in aleohol, 1.8 gms. whioch preoipitated from the
hot sloohol and & gms. of an amorphous residue. This
residue ¥ms-acid to litmus, soludble in sodium hydroxide
solution from which it was preoipitated by socid. PFrom the
sodium salt a barinﬂlcnd 2 silver salt was prepared.

* 1.) 0.3330 gn. of the barium salt yielded 0.0190 gms.
ot bériuﬂ ourhénatn corresponding to 4.1 per cent af bariwﬁ.

2,) 0.7100 gm. of the darium salt yielded 0.5000 gnms.
of pnriuﬂ osrbonate, oorrenpunnink to 4.7 per cent of barium.

3.) 0.8080 gms of the silver salt yielded 0.1762 gms of
silver, corresponding to 21.8 per sent of silver.

. 4.) 0.7000 gna of the silver sAbt yielded 0.1470 gus of

silver, oorresponding to 20.0 per oent of silver.

| The aqueous liguids trop the oxidation mixture were
distilled and resulted in s olear, scid tiati;lato and a
yellow, acid residue from which nothing solid mseparated. The
distillates icre oombined and neutrcligzed with barium
Serbonate. The mixture was filtered and the residues tested
for orgenio matter. KNone was found pressent. The aqueous
Portion was conscentrated and the orystals obtained 4id not
Ohar, This exoludes the possibility of volatile acids
Fesulting from the oxidation.

The residues were combined and neutraliged with barium

Sarbonate. The exoess barium sarbonate was filtered off and



gave no test for orgenic matter, The agueous portion
when evspornted to dryness was found to contain organie

mpterial. A test for pioric acid eould not be obdbtained.
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1.) Arch. &. Ph., 233 (1898) p. 269,

2.) Ividem, p. 279. | |

3.) Tsohiroh, Randbuoh d. Fharmakognosie, Vol. II, p. 964.
4.) Ber., 60 (1927) p. 2464.

5.) Per., 17 {1884) p. R2228.

6.) Power and Balway, J. Chem. Sod., 103 (1913) p. 399.
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Iaolaﬁion. Rarly investigatora attempted the isclation
of azulens dy fraotionation but this method falled to yield
results even with oils of intensely blue oolor sinoce the
amoun$ of asulene is relativily small and mixed with other
high boiling constituents, e.g. the aesquiforpons aloohols.
The snalysis of the blue frmotions so obtained resulted ia |
the ocnoeption of asulene as an pxyganated eompounﬁl).

fhe isolation of azuleae was mcoomplished by Sherndal®)
in 1915 when he made use of its sapaoity to reaot with
sulphurie and phosphorioe aoidaa). The additioa conmpounds
formed were insoluble in petroleum ether whioh made possidle
the removal of all trasoces of the volatile oil. The sddition
eohpounda were deocomposed by the addition of water and the
szulene extraoted from the reaction mixture with ether.

This prooedure osould not de depended upon $o yield an
entirely pure produst as other oonatitnnﬁts of volatile olls
often exhibit this property of adding mineral nuidu‘), foxr
exanple, oinedl. fherefore, the preparatioa of a orystalline
derivative was desirable. Sinoe aznlens will react with
Piorie aeidp’ to yield an addition produot which is sasily
bydrolised, this derivative, as well as the styphnate, was
recommended by nuuiukacl for the purpose of obtaining the
Pure hydrosarbvon.

A method of isolation was also suggested by narzonborg”

*hereby a eolid addition product was obtained by the sddition



gerrooyanic acld to azulene,.

of

ohe yield of agulene from varigus sources ;- shown in the
fo1lowing tedulation: o SR

Source paro&nt yield Investigator
Nilfoil 1.6 Ruzioks end Rudolph®’ |
Chamomile | 4.6 . | Ruzioka and Rudolph” ;
Chamomile 1.4 Ruhemann and Lo'wlo)
%. globulus | 2.4 Ruziska and Rudolphll)

_ Guajene | | 20.0 | Ruzioka snd Rudolphl®)
Artemisia Arborescens 50.0 Pellini and Moranil®
gurjunene 4-5.0 Herzenberg and

| Ruhemann*4)

Isolation of azulene from oil of Milfoll. _
The materiel used oonsisted of %en lots of oil distilled

from the flowering herb harvested in the gerden of the Wisoonsin
Puarmaceutiocal Experiment Station under the direction of Profeasor
¥. 0. Richtmann, The weight of green material, also the volume
of the oil, $ogether with the name of the distiller are herewith

recorded.

Tear Rerd Orig.0i1 Cohob. oil 2nd, echob. Distiller

192¢ 1200 1bde. 720 oc. 250 00. v - Bacon

193@ 1600 w 2100 200 » - o Bason

1926 3725 *  pesp *  op * 80 oo Christénsen
1927, : #

1928+

1929 1000 = 550 * 65 * . 20 " DBilenfang

* The orop of 1927 and 1928 was not distilled hut was
Gried for Mr. MaolMurry.
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fhe oil was fractionated, the aldehydes removed and the |
ystors seponifisd. It was steam distilled and sgain fractionsted
and the portion doiling above 2007 (1460 oo ) was taken for
the isolation of aszulene.

I. Fraotionation of the oil. ‘

The 1460 oc previously obtained were fractionated in
200 to 230 6o lots under l‘nn. pressure with the following

resul ts?
-809 138 oo
80-856° 237 ¢
85-900 107 »
90-1000 118 v
100+ - gep v

total 1466 oco.

All the fraotions were deep dlue im color. ¥No eonstants
woere ascertained. From all of the fraotions exoept the one
ObSained above 100%, & white orystalline solid separated at
reduged gemperature. These were separated from the 0il on
& foroe filter. The ocombined solids aacunted to 200 gnms.

The liquid portions were sgain fraotionated under 4 mm,
Pressure with the folloiinc resulis« Lots varying from 60

0 2756 co. wers thus fractionsted at a time.




95-80° 65 *
80-88° 100 *
86-909 264 ®
90 -95° R
95-1000 U
100-110° ©o20T ™ .
110-120° - 81 %
1201300 . 9B W
150-140° - - 84 *
140-260° . - 66 ™
160-180° 5 v
180-200° g5 v
Residue 90

At 200% al)l of the blue oil had distilled over snd the
regidue in the flask oonsisted of a yellowish- semi-solid
mase, | | |

The fraotions boiling above 95° had a blue solor and 
were used for the sepsration of azulene,

IIf Isolation of azulene,

The separation of asulene from the fractions wai attempted
both by the sulphurie soid and phosphoric acid methods, with

80 apparent veriation in the results. The phosphoris asid
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pethod was adopted for the bulk of the separations. The

pesults are shown ia the following tabulation:

¥raction Reagent
used
B.Pa.t 4 mm Mount ﬂu
96-100°9 23.5 oo HaPO, 11.5 oe

95-100° 23,6 * HpS04 12.8
100-110° 30.0 ¥ HzPO, 17.6 "
100-110°  30.0 ™ EpS0, 12,2 =
100-110° 30,0 ¥ HzPO, 17.7 *

100-110° 62.0 * ~ * 55.0
110-120° 100,0 * * 80.0 *
120-180° 100.0 * - 85.0 *
180-130° 95.0 *  ® 61.0 =
130-140° 79.0 * v 65.0 *
10-160° 58.0 * ¥ 310 *
160-280° 47,0 . 20.0 *
160-200° 16,0 w = 8.0 *

III. Purifiocation of Azulene,
Trom this azulene in three lots.
Azulene used = Piorate M. p.
3.5 00 2.0 gm. 113-118°
12.0 » 1.0 * 118-115°

23.6 » 20.0 gm  113-114°

Products reaccvered

¥on-vol. Agulene
residue

4.0 gm trace

) 6 00 " tnﬂ'

11.0 * 1.0 ¢o.
1.0 * 1.0 *
10,0 * 1.0
30.0 * 2.0 »
15,0 = 1.8 v
13.0 = 1.4 "
19.0 4.1 "
19.0 * 6.2 »
12,0 * 11.0 *
11.0 = 9.9 »
8.0 " 1.7 »

The piorate was prepared

Regenerated azulene
1.5 oo
4.4 "
9.0 =

¢



The regenersted azulene was distilled at 13.5 ma.

. pressure with the following results.

130-145° 1.0 oo
145-160° 1.1 "
160-165° 8.0 "
Residue abt. 4.0 *

~ This azn;ana was used in the feeding experiments (see

therapeutis p:oporties.)

EROY




34

i ) The early ideas of the ocmposition of azulene are here

with tabulated;

3.p. Of fraction Formula  Investigabor and ref,
2892907 CpoH) 50 Moessmer, Ann., 119 (1861)
| p. 262,
576° ¥. O1gE)g0  Piesse, Ph. Journ.,25(1863)
| p. 277,
286-290° CpoHg00 Xopp, Aroh.d.Ph., 209 (1876)
| Pe 193, |

166-1709(10ma)  (CjoF,4)gd Barbier and Bouvealt, C.r.,
119 (1894) p. E81. |

2000 (CygHgg0)  Alpers, Am. J. Ph., 71 (1899)
| p. 370, ”

2.,) Skerndal, Journ. Am. Chem, 30c., 37 (1915) p. 167,

3.) This property of azulene had praviously been noted dy
Xoessmer, Kaohler, and Xopp but thias was apparently anknown
to Sherndal who states "The property which was utiliged
to isolate the subetance and which has heretofore not

been noted, is its solubility in mineral asoids of certsina
strengthn.? _ _ _

¢.) Kopp, Areh. d. Ph., 209 (1876) p. 193.

5.) Sherndal, Journ, Am. Cheg. Soe., 37 (1915) p. 15637.

6.) Ruzioka and Rudolph, Helv. ehim. sota, 9 (1926) p. 118,

.) Herzenberg and Ruhemann, Ber., B8 (1925) p. 2256.

8.) Ruzsicka and Rudolph, Helv. ohim. mota, 9 (1926) p. 131.

9')Rnaiokn and Rudolph, Helv, cohim, acta, 9 (1926} p. 132,
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10. J gRuhemann and Lewy, Ber., 60 {1927) p. 8466.

31.) Ruzioke and Rudolph, Helv. chen, aota, 9 (1926) p. 135.

12.) guziokxa and Rudolph, Helv. chem. aota, 9 {1926) p. 134.

33.) Pellini and Morani, Annali 4i Chimioa Applicata, 7 (1923)
p. 973 from Ber Schimmel nnd Co., (1924) p. 4.

14.) Herszenberg and Ruhemann, Ber., 58 (1925) p. 2259,
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Artificial Preparation of azulene{g) Certain

pydrocarbons, C1sHlge» Yield dlue products when oxidized.
shus, 88 eerly as 1887, it was observed by Wallaoh that
cadinene in acetio aoid solution when aoted upon by a drop

of sulphuric aold, yielded a blue oolorl), A like color

ceaction obtained by Wallach im 1887 with sylvestrene®),

C10H16s 18, 12 a1l probablility, attridbutable %o sesquiterpene
{mpurities, for 1% is not likely that the reaction will
effect a synthesis., Moreover, "pure" aylvestrene yielded
put very 1ittle blue solor when aated apond), 01l of
adris, wﬁioh appears to conteln no sesquiterpene, bdut doeu'
oontain a sesquiterpens aloohol, yields a bdlue color with
this rungOnt‘). : Apparently'the sulphuric aoid first aote
as a dehydrating sgent. Thii doloration with tﬁlphnriu acid
has been noted also with oil of gu;ino‘), oii of ﬁurjun‘],
sucalyptus 011‘), and odparr‘penaa,. Inaiﬁuah es a one
peroent solution of azulene in ether has a deep indigo
blue solor, it is apparent that the produotioa of bdut
infinitessimal smounts of azulene suffioce to yield the
Solor reaction desoribed, Wpon oxidation of Cislm to
C18H; g, the sulphurie aoid in all probability soting as
the oxidizing agent.
Cyplgy + HpS04 ——0y5H1g + S0g + HgO
Atractylol, another seasguiterpene aloohol, yields a

dlue golor with potassium bisulphate, whereas gusjol does
Bot6)
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A similar color reaction hes been reported when bromine
is allowed to.nct on arouaﬁenﬁrent’l, votivcnsa). 1adnn99), |
guajense and audosmnnoloJ._ This reaction may be explained
by gubstitution and subsequent aplitiing off pr hydrogea

brom ide.

0, gfize — CypHy Bryg — 01589

Sulphur salso effects dehydrogenation as shown by

nuzioki in connection with sualenn11) and the sesquiterpene

fraotion of euoalyptus oil. It has also been used to
dehydrogenate uadinanslz). oil of gurjun, glubdulol, the
.cnqditarpenn fraction of hyssop 01115’ and nromnﬁ?ndrenn.l‘)
Other dAgents whioh have been used are: sino ohloride
and phosphorus with gunjollb’. palladium oarion with kesasyl
llooholls), also ntoial with eadinene and gurjun balsam
| oul?, | | |
Finﬁlly heat alone seems to efleot 1ahydrbgonation a8
demonstrated by Semmler and Jﬁkuhuiez in oonneotion with
"*B“riunancls). This may aleo explain the presence of a
blue fraction, yiolding a piorate, m.p. 1179, in oils from
the tar of brown coall?), Dr} diatillatiﬁn of resin of
Ferula Opopanax, Nardostaschys Jttamnnaizo’ and galban 21)
Yields a blue oil. A blue oil has also been obtuinod b}
the dry aistillation of caloium adipate 22} and by the B

%ondensstion of nuttyienn over coppcraa).




yor the purpose of affording a more reasdy oversight,

¢ne several reaotions are herewith tabulated.
A% room temperature |

Sulphurio acid Bromine

Guaiac o0114) 3 Aromadendrens”’)
Ceparrapene’) Vetivine®)
Euoalyptus 011‘, Ledenn”

Gurjun oxl‘j Guajennlo)

Anyrie 011‘," | Euﬁenmcnalo)

Rosewood 01124)  Rosmewood 0112%)
Carotin28) Carotin20) |

_At higher temperatures

Heat Sulphur Palladium Nickel - Other
_ _ ' garbon asentg

Oaloium®2) Gunjenolll ' 'Kousylls) Gur:ua 01117’ Guajollb’
adipate aleohol -
Resin of 21) Euc. Glob}l’
galbanum oil
Resin or20) Gurjun 13)
lard.. Jat. oll

o~gurjunenel8) Hyssop 01113)

011 of brownd?) 1romndendrenol"3
0031 tlro
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The dehydrogenation of sesquiterpenes affordis s means
of in‘ight into their strusture. Dehydrogenation of a number
of sesquiterpenes and sesquiterpene fractions has yielded
evidence that their struotures are similar since the
dehydrogenation produots generally belong to one of two or
three typea. |

The delydrogenation products usually obtained gre
ealaline,CypH;g, eudaline, 014F;8¢ 8nd mzulene, G, 518
Rusioka sasumes that the first two oompounds result upon the
dehydrogenation of bioyolig sesquiterpenes. Therefore the
formation of cadaline from singiverene, a mono~-gyolioe
sesquiterpene, requires o rearrangement to a bioyclio form
such awp hozingiaerenc. denene. & trioyclioe sesquiterpens,
Bay yield the bioyolio oadaline beocause of an unstable
three membered ring whioh readily allows the rearrangenment
to a dioyolic struoture., A similar assumption may account
for the formation of asulene from $ricyoclie seaquiterpenes.

Sinoe the strusture of cadaline and eudaline is known,
the structure of the parent sesquiterpenes becomes sorrespond-
ingly clearer, 4 knowledge of the structure of azulene
Y111 also make posaible a further advance in the ahe.m:lstry
Of the eesquiterpenes. | |
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¢his relationship of the seaquiterpenes is made more

gent in the following teble.

evi
On2n.6 ' CpFon_12
_FEFD FFL A Faa4 EEFEF 84 |
zingiberenewslsozingiberene - ; p
1 “i
I o ' Cadinene o }
Cadaline :
Calamene — .
«—Copaens
Selinene

Atractylene—

Machilene

Eudesnene
. Guajene c |

| | o &%@

- é—ﬂzm@m

F———iromadendrene

A e A e
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gxperimental. The material used oonsisted of two

pounds of oil of gualse wood gonorete obtained from Sohimmel

and Coe
1. Isolation of guajol. The orystals from 933 gus. of

o1l of guaimo woold conoredd were washed with petroleum ether
and the srystals separated on & forse filter. After
wasl:ing seversl times with petroleum ether, they were
orystallized three times from aloohol, when they had a mel ting
point of 89-90% Yield, 61 gus. (6.5 per oent)

II.Preparation of gusjene, 760 gms. of a viscid
yellow oil remained. This oil was heated for one hour with
an equal weight of formio acid. The formio acld layer was

recoved and the oil fraotionated under reduced pressure.

B.p. at 10 mm Amount dpg By  Sap.V, aftephoetyl
125~136° 163 gus 0.9178  1.5000 4.3 21.89
135-146° 296 *  0.9200  1.5020 22,7  39.8
145-165° 58 ® . 0.9640

Residue 83 "

III. Dehydrogenation with sulphur. The above fractions
were dehydrogenated with sulphur using three atoms of
'“1Phur'tor each moleoule of sesquiterpene., The hydrogen
Sulphide evolved was oolleoted in lead mcetate solution and
Trom the mmount of lead sulphide formed, the progress of the
1'h?ﬁrﬁsanation was followed. The results are shown in the

Tollowing table.
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graction &mong,  §%8 011 recovered ,q..lene+ |

10 mm | | | |
135'1550. 62 gne  ~~= - B1.5 gus ? gms
y25-136° 85 " BB gas 350 " 13 »
ja5-145° 62 " 96 " 26,0 % g0 w

136-146° €2 " 108 T 2.0 % 1 = oy R
135-146° 68 " 91 " 18.0 * 12
135-146° BL.6 % 86 * 20,0 * 8
145-156° 2.5 % 127 % 16.0 v g«

Fron the agulene thﬁ- obtained the piorate was prepared, .
which after orystallizetion from alachol melted at 115°.
Yield, 25 gma. The piorate was decomposed with with
sodium hydroxide snd the asulens extracted with ether, and -
distilled at 60 mm pressure. 6 gms of agulene boiling‘ h

st 201° were obtained leaving a non-volatile residue of
é 08,

* regenerated from the phoephate.
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ngtioal Properties., Only those gonstants recopdsd

"5, pegenerated azulene are worth gonsidering. (See isolation)

'Lt room temperature asulene is a liquid. In dulk it appears
almost black, bus is inteasely dlue ia thia laytrc.li_ A one
per oent solution in ether is intensely blue in oolor.

Its odor is desoribed as weakly phonol;o. suggesting

thymol, especially when qarn.;l_

 Boiling pointie Under atomospherie pressure it was
found to bdoil between 295 and 300° leeving a tarry residus.

At 25 mm. pressure 1t boiled at 186-195° leaving a drown

residue of adout & pcr_ooatz!.

 Under a pressure of 11 ma.

it bdoiled at 161-158’ with a olear sut spearation from the
rqsxdnna’. Other doiling points which have been reported

are as follows:

Teup.
136.0°
128.6°
163.0°

168-161°
164°
167-168°
161°
1630

pressure source  iavestigador

0-5 an

1.1
7.0

11.0
11.0
11.0

12.0

14.0

¥. Glod. Rusioka®)
Milfoil . Kremers®)

aloohol

"Kessyl ~ Asahina and lsknnishi‘)

Chemomile ansioka‘)
Guajol . Rn:iokq‘)
Milfoil R. ;romoraﬁ’

Milfoil Ruzioka)

Ohamomile Ruhemann and Lewy!)

Speaitie gravityie Though prepared from different sources

'he density of the regeneratea hydrooarvon has been found o

Yary bvut 1itsle.
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a T souree regenerated  asuthor
' froa

6.9158 C B9 eeaw- -————— Phosphate Sherndal
0.9846  28° nilfoll : - R.Xremers
0.9883 - 20° milfoll - Plorate ° Ruszloka
o0.9881  18° ohamomile . Plorate .  Ruziokas .
0.9789 18° guajol  Plorete Rugioka

L9717 24° Kessyl aloohol - Piorate Asabine and

301db111ty§- Asulenn 1: readily soluble in uont erganio
solvents. It is misoidle with 95 per oent aloohol fa all
proportiénu. bo per cent clcohol ainsolvel enough to 1mpart
a aoaiacdly blus tint to the aolution. It is :olubl. in i
pesroleus ether, ether, acetone, ohlorofors, carbon tetrachloride,

carbon disulphide, heptane, and ethyl acttata.

i i . N i i i e e A et

It is soluble in strong nulphurio. photphario nnﬁ |
h;droohloric soids, from the solutions of uhich it i prceipitntcd»
upon the sddition of water. It behaves simularily with nitrie
80id at reduced tcaporntnro.but at room temperature, oxidation
¢oours. ( see chemical propartiis)

- Azulens is soluble in formio aoid froa uhioh 1tlonn be
Tegenerated by the addition of water. It is not céluhlo in
°§htr organic soids,

The Index of Rerraotion and Dptioal Rotation have not
Yen deternined because of its intense solor.

Absorption spesotrum:~ The absorption speaotrum of the

lue 0ils received éonsiderable attention from early investigatore®)



-
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gho sought to establish the identity of the blue substances in

the different oils. _

R. 'm-amerl” made a thorough investigation of the
gbsorption bands of the regenerated hydrooarvon. The
gegsurement of these bnmli has been used by Herzenberg and
!uhommnm’. Rusinxa‘md Rudolphu), and Asahinas and llakaniahs.u}
t0 indioate a similiarity betwwen the azulenes from various
souroces. ; | |

Ruzioka and Rudolph have also investigated the speotrum
of ootohydroazulens and found that here the ohirnoteristio
absorption 1s only in the outermost ultraviolet. Prom this
they conclude that the absorption bahd.u of agulene in the
visible speatra are produced by the position of the double
bonde and that bands due to the hydroocarbon struoture will de

found in the ultra violes,
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3.) n; Kremers, J. iAn. Chem. Soo., 45, (1923) p. 718,

¢.) Rugioka and Rudolph, Helv, Chim. acta, 9 (1926) pp. 138,
133 and 134. o

5.) Re Kremers, J» A. Ph. A., 10, (1921) p. 258,

é.) Asahine end Nekanishi, J. Ph. Soo. Japan, 48 (1928) p. 1.

7.) Ruhemann and Lewy, Ber., 60 (1927) p. 2466.

8.) Brewster, David, Ph. Journ., 23 (1863) p. 2466.
Gladstone, J. Chem. Soo., 17 (1864) p. 1.
Techireh, Arch 4. Ph., 823 (1895) p. 278.
Hoek, Aroh. 4. Ph., 221 (1883) p. 17.

9.) R, Kremers, Jo 4m, Chep. “0s,, 45 (1923) p. 717,

10.} Herszenberg ead Ruhemann, Ber., 58 (1925) p. 2249,

11,) Rugioka and Rudolph, Helv. Chim. mota, 9 (1926) p. 118.

12.) Asahina and Nakaniahi, J. Ph. Soo. Japan, 48,(1928) p. 1.
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Chemioal Properties.  Because of its highly unsaturated
sharsoter, the additive reactions of azulene have attraoted

special ;ttantion.
Addition of hlgrog The reduction of asulene has been

studied by Shgrnaalli(lelﬁl. Lngsburger8}(19lbl. R. Xremers®)
(1923), Rusiaka"(1926), Ruhemann ’{1927) and Asahina and .
!akaniahie)(1988). There is a difference of opinion ss to
whether eight or ten hydrogen atoms are added., PFor the

convenience of ready ocomparison, the results are herewith

tebulated: |
Agulene used - ~ " Redugtiom Product
Source - B.py .ﬂh. zgzmgln B.p.. & “atRef, _Mol. i
Ixn . Index Refr. !
-2 2953000 0.9728 OygBzg  0.8935 1.4900 67.30 |
u112011%) 1629 at © - 6y g 115-1169 |
‘&t 12 ma. at 12 ma |
nzx:o1133 167-168.490.9846 0, Ko 130-140° 0.8920 1.4870 67.06 i
at 11 sm. at 20 =m ' 1
Mi1ro11%) 161° at  0.9883 ¢, Hpg 119° at  0.8932 1.4856 66.16 3
12 mm, | 11 mm | | 3
dunjort) 164% at  0.9759 o) gy, 128-125° 0.0878 1.4634 66.38 |
i1 ma, - T at 11 mm R Ty
R, axob" 164° at  0.9757 .
| 0hamom11&’159° at 0.9881
Chanon118'1620 et 0, H,g 125-124° o. 8967 1
4921
11 om. 165726 4710 ma

Xessy1®) 1520 as  0.97 00 |
Moohol 7 ma 19 015326 ita;lé:. 0.8930 1.471‘ 64,582
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Other reductions of aszulens have also besn studied.
sherndal attempted to reduce the hydrooarbon wigh sodium
end nloohél but without sucoeas. R. Kremers also Talled
to obtain reduction by this nsuni.' Ruzioka, however, |
sucoeeded in reducing the h;aroourbon using sodius and nn&l
aloohol, obtaining thorgi: s product dolling nt:118-18i° at
11 mm. The analysis of this product indicated the tbrmuiu
C16%24° . el | .

R. Kremers found’? that asulens sould not be reduced with

alumniua amelgem. _ , |
Addition of halogen:- dsulene readily eanters inte

reaotion with the halogens., With bromine in petroleun ether
solution a lemon yellow preoipitate is formed, whioh immediately
begine to regenerate the dlues color. Similar results are
obtained with fodine.

When chlorine 1s'pautad into & petroleum ether solution
of asulene the solution is decolorized with the formation of
8 stioky, blaok presipitate. Upon the further addition of
Ohlorine, this precipitate assumes an orange solor, with the
8volution of hydroges ohloride.

Addition of thiooysnogen: Azulene also eanters into

reaotion with the halogea-like group, thloojanosen. fTorning
1a acetio acid solution, a dark solution from which asulens
{8 regeneratea by the addition of water,

Addition of gxdrohalgﬁonzu Sherndal states that azulene

:Ppﬁruntly doss not react with hydroohlorio acid. However,
¥ has veen found that hydroohlorio @oid behaves in a manner
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.imilar to the other mineral ascids, that is, the azulene
foras n.rsddlnh 1iquid ocompound from whioh azulene ean bde
again regenerated by the a&ditién.or water, Guaeoup
hydrogen ohloride, when passed 1nto'tn atheieal solution
of asulenn. forme a white compound whioh immediately begins
to rsgenorntl the bdlue oolor.

Hyarohrouio end hydriodioe ueian also decolorisze asulene

zorming similar unstadble sompounds. |
- Addition of oxygenie The oxidation of azulene with

potanaiun pormanganato was attempted by Sherndal who obtainnd
only lower fatty aoids, R. Kremers, using lallaoh't
alkaltno permanganate nathod. got very low yields. KHe |
identified aootia acid and acetone in the oxidatioa nixture
and obtainna a solid aocid in trnuos. which on the basis of
& golor reaction, seemed to de a methyl phthalis acid. .. - j
Ruzicka repeated this oxidation emd also obtained traces :
of a luhstanc. comparable to the methyl phthalio a0id of
kremers, Ruzioks however, waas nnahla to find aoetonn xn
the reaction mixture. _
Asahine and Fakenishiy hy-thn osonization of kessazulene
have identified foraio and mcetis soids, acetons and oxalic
2014 as the "abdau” producte ot-azul&na.s’ They ﬁlso
Teported the absence of aoids higher than propionis acid.
Oxidation with nitris acid:~ 3 gi. of azulene was
8dded, drop by drop to 3 eo of gonoentrated nitrie mcid
%coled to 0o, , reddish-brown oil separated and wes
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,,,chd._ When washed with water, it sclidified, yielding
1.4 g@, of s dark brown, amorphous solid.  ¥he aitrio aocld
golution yielded mo further product when diluted with water.
| oxidation with benszoyl hydréporoxiao:- 1.8 gms. of |
szulene were dissolved 1# 20 o0 of schlorofora and added drop
by drop to SeRx per oent excess of ﬁonsoylhyaroperoxiaa in
ghlorofofu solution. The mddition required about 30 minutes
and the reaotion mixture was nnintainnd at 0°¢ The szulens
 was inetantly Qecolorized. The ohloroform was removed by
distillation and the residue extracted with dilute sodium

- hydroxidp solution to remove densoio seid. The resulting

. brown, visoid oil was shaken with 1 per.oent sulphuric acid
for three days. The resulting oil (0.5 gm) was not.rurther
examined. o - | |

_Addaition of nitrogen groupsi- Azulene adds to nitrie

aoid in aqnoeﬁtrnted solution when cooled to 10%, From this
compound msulene oan be regenerated with water., If, however,
the resotion mixture reaches room temperature, oxidation
takes place, yielding the amorphous yellow substanced desoribed
b Sherndsl (See oxidation) |

dzulene readily reaots with nitrogen trioxide and
Ritrosyl ohloride but no charscterietio product has been
1solated. | |

Addition of pioric scid and trinitroresoroin:~ The

%ddition of piloric acid and of trinitroresoroin has afforded
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; oonvenient method of purifioation of azulene. (see .
{solation) Pioric acid yields jet black, shiny needles,
which can be recrystallized from alochol. Ether, oarbon
tetrachloride, and benmene dreak up the oompound dissolving
out the agulene, !hi azulens may also be liderated by
the addition of water. A quantitative deteraination of
the pioric acid shows that ome mol of pierio acid combdines
with one mol of the hy&rouarbong)

For comparison the melting points of the various piorates

and styphnates are tabulated:

sourae Plorate Styphnate Investigator
Gubed ofl 1229 |  Sherndal
Camphor ol 180 . Sherndal
Gurjun 511 J 128° | '_ _ Sherndal
Mlfoll . 110-118° R Xremers
_ Gurjnd oil | 116-117° | . Her:enbérg dnd Ruhemann
Generstor tar oil 116° | | Hersenberg end Ruhemann
‘Chamomile o1l 1180 | Rusioke end Pontaltd
Milfoil o4} 1186° 956-96° Ruzioka and Rudolph
Chamomile o1l 115° 92-93° Rusioke and Rudolph
E. Glodulus o1l  118-120° 122-122° Rusioka end Rudolph
Guajo) 1229 105-106° Ruzioks and Rudolph
Kessyl aloohol 123° 106° Asahina and Nakanishi

Other additdon resctions: ‘Phe addition of sulphuric acid
W83 phosphorie meid to asulene have already been discussed.(see
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1solation). The addition of ferroayanio aoid to azulene
10)

,1,1a. a white orystslline eompound whose analysis

~ {ndicates that one mol of ferrooyanio aocid adds tq one

mol of asulene. _ |
Other resotions of azulene:~ Stirong alkelis, even

with hest, 4o not affeot the oolor of asulene. 1I% also
oannot B isomeriszed with aciasil), :
By the aotion of moetio anhydride and sulphuric acig,
a substance has deen obtained whioh is appsrently a sulphonie
agrivntlvolaj. .
The deoolorization of azulene by metallio sodium was
pointed out by early investigators as evidence of an
oxygenated strucsture, The dlsgovery of its hydrocarbon
nature left this reaotion unexplained, It was found by
R. Kremers that the addition of water would again prescipitate

the azulene,
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Therapeutis properties:; - The therapeutig properties

of asulene have received slight oonsideration, due largely
to the general idea that hydrocarbons of high molecular _ :
weight possess little physiologioel aotivity., - The study
of the hydrooarbons has, however, been stimulated by the
discovery of the relationship of sarotin to the vitémins.
?he question srises whether azulene, also a highly colored,
unsaturated hydrooarbdon, may not be similarly related. The
fact that investigators working with this compound have
noticed an inoreamsed appetite lends weight to the supposition
that it may in some way stimulate metabolism. N '
Loevanhnrt'all discovery that it possessed toxic astion
was also surprieing and made a study of its therapeutis
properties seem desirable,
At the same time, a study of sudstanoces relsted to
azulene, namely the sesquiterpene aloohols, migh$ aleo
Yield results of interest. Yor this purpose, guajol whioh

Jields szsulene by dehydrogenation, was chosen.
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gExperimentall In th&ltollowing investigation the
.;zulenﬂ used was obtained from oil of milfoil by extraction
with phosphoric acid and purified by regeneration from Wje
piorata and subsequent diatillatibn under reduced pressure.
rhe irradiated azulene was prepared by exposing the alooholio
solution for thirty ainutes in aﬁ atmosphere of nitrogen to
the rays of an nltrt-violei lanp placed at 18 inohes distanae,
¥o change in oolor was apparent. fhe aloohol was removed.hy
vacuum distillaetion nnd-the irradiated azulene diaaol;ed in
wesson oil. | |
All solutione were made in wesson 0il and were fed by
mouth with a medicine dropper.' Al}) oontrol‘unimala received
wesson oil, |
The guajol used was obtained from oil of guaiac wood | {
conorete by washing it with petroleum ether until the orystals o ;?
obtained melted at 91°, It was irradisted by exposing the Do b
finely ﬁowdered orystals to ultra-violet light, placed at ' !
18 inches for 30 minutes Qnd a solution prepéred by warming ”
the glcohol with wesson oll at a iempcrature of aproximately
809,
“AIk all experimahta rats were used and kept in nepnrata'
Gages on saresns. Daily coansumption records were kept.'
Effect on appetite. Six animals weighing batweén 60

and 70 gms. were placed onln'normal &1et3). In addition,

¢ The assistence of Professor Steenbook, who direoted
these experiments is gratefully aoknowledged. Thanks
are also due to Miss Riising and Miss Van Donk for o -
their eo-operation and assistance in the laboratory. : 1§
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gnree Of these snimals were given one drop of a solution
of azulens sontaining 1 mg of kzulene in each 4rop and
¢hree oontrol animals were given 1 drop of wesson 0il per
gay. This dlet was fed for three weeks.
- 9hen, while still oontinuing the basioc dletl, two
of the animals received 1 drop of i solution oontaining
10 mg. of azulene per 4drop and one was given one drop (25 mg)
of pure agulene, This diet was fed for ten days. ‘
The av:rasé sonsumption records show that the ¢onsumption
of the ruti given azulene did not differ froam that of the
rats given only wessoan oil. Therefore, 1% may be concluded
that szulene hai no effeat on the appetite of rats.
;werngo consuaption record for 21 days

Azulene per day Rat Consumption Vesson oil Rat Consumption

1l mg. 1 | ;1.0 g3, 20 mg. 4 1l.1 gn.

1 £ 10.6 " 20 * B 1.0 * -

i 3 10.0 " 20 * & 10.9 " -
average 10.5 gas | average T 10.9 gns

Average oonsumption record for 10 days

Azulene per day Rat Consumption Wesson oil Rat Consumption ;

25 mg. 1 1B.¢ gas. 20 mg. 4 10.9 gms
10 mg. 2 13.4 20 ™ 5 14.4 "
10 mg. 3 12.4 " 20 * - & 12,1 "

average 12.9 gms. average 12.7 gas
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Effeot of azulene on xeropthalmia:- TLree animals

yhich had been fed on s diet defioient in vitamin A3) gor

six weeks and exhibited symptoms of xerophthalmia, were |

used for this experiment. Two rats were given each day

1 drop of a solution containing 1 mg. of azulene per 4rop

and one rat was given 1 drop of cod liver 011.' |
The rats receiving asulene gradually lost weight and

died on the 8th and 22nd day. The rat receiving cod liver

oil inoreased in weight asnd was completely recovered on

she 20th day.

Effeot of agulene on polyneuritis.i~ Seven snimals

whioh had besn fed s diet deficlent in vitamin B*) for
. geven weeks were coantinued npon that diet and inm addition
three of the rats received 1l mg. of azulene and four of._
the rats received 1 drop of weason oil.

The four rats reaciving wesson oil died within & to
14 days and those receiving asulene dled within B to 8
days. |

Effeot of azulene on rickets:e - Twelve rats were .

fed on a diet deficient in vit.ain.nal for three weeks.
When they were all rachitic, as evidenced by the pecullar
€alt and enlarged wrists, the dlet of the various rats
wasg agpylemontod daily by one of the following substances:
e} 1 mg. of azulens _

b.) 0.8 mg. of irradiated asulene

6.} B0 mg. of ood liver oil

d.) 20 mg. of wesson 0il
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After ten days the animals were killed, the wrists removed

and examined for ocaloium deposition by staining section of
the wrist with oilver'nitratt solution. B

In animals fed ah taulenn; irradiated agulene or wesson
oil, there was no oeloium deposition. Those fed on ood liver
oil aho:oa a medium line of ealoium deposition in the wriets.

Effect of azulene on animals reoeivinﬁ a diet defioient

in vitamin E.

. ¥hree male and three female asimals were fed on a dlet
defioient in vitnmin.!“l for seven weeks. Two females tea.
on the same dlet for ten tweeks were also used. ‘

When the females weighed detween 190 and 200 gms., they
were mated and, by means of deily weight records, reabsorption
gurves for this period uart-plottod.. :

After reabsorption had taken place the females were given
1 ng. of azulense dnily‘ana agein mated, Reabdbsorption curves
were obteined as before. . B

Three of the remaloa did not mate the seocond time and
consequently no resbsorption ourves sould be obtained.

Reabsorption Curves |

Rat Without azulene - With azulene | With azsulene

* Reo Bleco celis.

e




Effeot of guajol on merophthelmia.  Four animals

whioh had been fed on a diet defioleant in vitamia t?)_tor
six weeks were then fed, ia addision 1 drop of a solution
eontaining ) mg of guajol. The rats gradually lost weight
and died after 9, 10, 17. and 28 days. , _

- Effeot of guajol on riuketa. 3ix rats were fed on
a diet deficient in vit&mln'ﬁa’ until eall showed the enlarged

wrists and peouliar galt oharasteristio of rachitic animals.
Three of the rats then reoceived ) mg of guajol and
three received 1 mg of irradiated guajol in wesson oil
solution. _ ‘
After ten days the animals ioru_killed and the wrists
examined by staining a seotion with silver nitrate solution,

In no case was there evidence of veloium deposition,
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1.) Journ. Pharaacol. and Exy. !hsrap., 17 (1931) P 346,

g2.) Yellow aora 71.5 ¢n
Alfalfa 2.0 »
011 meal 16.0 =
Crude oasein 5.0 " 2/3
Salt 0.5 *
Ca. a0id phos. 1.0 "
But“r fat 500 " ’
Wheat germ oil O % of the butter fat
Whole milk powder 1/3
3.) Casein 27 (alo. ext'd and heated) 180 gme
Agar 20 v
Yeast, non-irrad. 69 *
Yeast, irrad.. 1 -
Salts,40 40 *
Dextrin 690 *
4.) Casein 22(acetio acid ext.) . 18 gns
Yeast 40 O
Salts 40 4 "
Cod liver oil g "
Dextrin 75 =
8.) Yellow ocoran 76 gms
W¥heat gluten 20
Caloium earbonete 3 "
" 3odium shloride 1 "
6.) Casein 27(elo. ext'd and heated) 180 gnme
Agar , _ 20 =
Yeagt, non irrad. 8o *
Salts 40 40 "
Cod liver oil 2 8
Lard _ 220 =
Dextrin - 440 *
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Struotufc. When the oxygnnné;ﬁ sonoeption of azulens

" was overthrown by Sherndal's isolation and snalysis of the
sompound, its enperioal formula was found to de Cypffig,
thereby plaoing it under the formula of saturntion cnxzn_lg.
Since under this formula of saturation numerous sonfigurations
are possible, the prodlem deoame one of detoraining the aumber
of eyoles. A8 the refrective fndex osnnot be deteramined,
redustion is the only meauns of aauortainlhs this fact. Although
the results are still 4in dispuse, 1t ie an acoepted faot that
asulens is a bioyulio voupound with five dcuble bonds , theredy
elininating the trioyolie formulas proposed by Sherndal. |

(o U Q0

Caloulated in mocordence with the isoprene theory for
the formation of terpenss and nolqultorﬁen.s. fhcrt are |
posaidle for asulens the following types of ring strusture
with five and six sembered oyoles:

9ix meadered rings Five and »ix membered rings

7-il-l r Y E

Tape T
Type X @7 e

1:5;'&!!
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The following formulas of type ¥V have been proposed by
3. Kremers sinoe 1% is possiole %o harmonise the experimental
gaots with such a atruoture and possibly to secount for the
colow of the molecule in tha five meabered riug.

W

Objeotion has been raised to this foraula sinae the
alxylated benso-fulvenes 4o not show such strong oolor as
azulene doss. Rugiokes believes the aclor formation to be
due solely to the psouliar srrangement of the Gouble bonds
since the abmorption speotrum of rydrogensted azulene does
not show auy of the nhnrnutprtatia bands of asulene.

‘ AlmO, thc'nasunptlon of an aromatio ring ia azulens,
wiioh ife strougly indiomted by the formation of & plorate
which will regeanerats the hydrooarbdea, 1s questioned dy

Rusioka.
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summary. The blue solor of volatile oils has

reoeived considerable attention from esrly investigators.
fowever, their investigations yielded suoh varying results,
due to the impurity of the ngtorlal with which they worked,
that 1ittle of scientifio value was derived from their
efforts. The isolation of the bearer of the blue ocolor by
sherndal in 1915 established its identity as a hydrocarboa,
albnls. Its structure has since Sacn sought by recent
{nvestigators through its reduotion and oxidation products,
as well as through the absorption speotrum, These researches
have shown asgulene to be & bieyolio ocompound with five
double bonds, Oxidation, however, has not given satisfastory
results and it eppears that these methods must be applied to
the more stable reduotion produots rather than to the azulene
itgel?f in order to obtain satisfaotory yields.

The importance of azulene o the sesquiterpenes is
evidenced by color reactions of a large number of sesquiterpenes
or gesquiterpene fracstlions. Thege gesquiterpenes, when
treated with ocrtnin.oxidizins sgents yield a blue oolor,
vhioh in some osses has bDeen identified as agulens, A
knowledge of the struoture of azulene may be sxpected to do
much toward solving the strusture of that group of sesquiterpenes.
?his artificial preparstion is aleo of value to the research

o°n azulene in providing a oheaper and more abundant source

than the natursl oils afford.
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fhe variety of sources of asulene has raiged a question
a8 to.tho desirability of terming all blue substances azulene.
she blue hydrosarbon, C14H) 60 obtained by Sohleepfer and
gtadler points to a neaessity of caution in the oonaideration
of blue products. The melting points of the picrates and
styphnates have yielded some evidence thet the hydroocarhoa
natcriai. cleIB' is different when prepared from different
gources, This has resulted in the use of such names as ' 2
gaajuﬁltm. chamagulene and kessazulene, denoting botanical

4

s0UTrce.

The wide spread ogourence of aaulene; indicated by the
color of s large number of volatile oils, is probadly
significant'ot its biogenstio importance. The form of its
existence in the plant has been the subjeot of much
speculation and the theory of Hersenberg and Ruhemann,
indicating a direot formation from the tesquiterpenna, is
not supported by their owan experiments and is entirely
disproven in this investigation so far as milfoll in
conserned. In this inveitigation an sttempt was made %o
acoount for the presence of azulene in & form which ocannot
be extracted by petroleum ether, by the assumptéon of an
acid salt sddition produst or by a glucosidal sombination.
The experimental data obtained, however, have not supporied
these theories. The azulene-bearing ocompound has been
extraoted and found to be a hydroxylated compound with an

indisation of an ester or lictonn linkage. Both hydrolysis
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;na oxidation yield only amorphous produots, from whisch no
oharaoteristio derivatives have been odbtained.

A study of the therapeutioc properties of azulene, whioh
have been negleoted because of its hydrocarbon nature, has
peen rendered desirable by the reaent discovery of the
relationshiyp of ocarotin to the vitamins, Agulens was
found to de without effeot in cases of a defioiency of
vitanins A, B, D, and B, and to be without effest on the
asppetite of rats. However, the long established use of
milfoil by the physicians and common people as a tonie is
indioative of a therapeutio value, which 1f not in the
azulene &s such, may be present in the azulene oompound as

it oocours in the plant.




