
THE CHEMICAL COMPOSITION OF THE WOOD AND BARK 
EXTRACTIVES OF JUhTIPERUS HORIZONTALIS MOEhTCHl 

N. ~ \ ; : ~ I ~ , . ~ S I ~ ~ F ~ A C I I A R I ~ X D  E. VON RUDLOFF 

The wood of creeping jur~iper was found to contain about 10% acetone-soluble material. 
Of this, about one quarter was ligroin soluble aud, from this portion, thujopsene, a-cedrene, 
cuparetle, cedrol, widdrol, 8-sitosterol, esters of fa t ty  acids and 8-sitosterol, the lignan savinin, 
a ~ r d  the recently discovered diterpene communic acid were isolated. Three unidentified 
hydrocarbo~rs and several ~~nl;r~own alcohols and Icetones were also obtained in small amounts. 
?'he ether-insoluble portion consisted of intractable polyphenolic material. The composition 
of the ligroin-soluble estract of the  bark of this shrub resembled that  of the wood in many 
respects. Seither the wood nor the bark estractives contained thujaplicins in detectable 
amoui~ts.  

Creeping juniper (J~miperus horizontalis h/Ioench; also Sabina horizontalis (1)) is a 
prostrate shrub which is found widely distributed across Canada and occurs frequently 
in the dry, sandy regions of the Prairie Provi~lces. A surveIr of the literature did not 
reveal any reference to chemical investigatio~ls of the corllpo~le~lts of this plant. This paper 
deals with sonne of the components found in the wood and bark of the conifer. 

The wood, after removal of the barlr, was milled and extracted with acetone, giving 
9-10% of soluble material. This extract was then fractionated into various groups of 
compounds as shown in Fig. 1. When the wood was extracted directly with ligroin, the 
same yield of ligroin-soluble ~llaterial was obtained and this was divided into neutral, 
phenolic, and acidic ~nlaterial in the ~rsual nzanner. The major portion collsisted of neutral 
components whiclz were fractionated by chromatography on a silicic acid colu~lln illto 
five distinct classes of conzpoiunds: In~~drocarbons, esters, mixed ketones and alcohols, 
sitosterol, and a lactone, respectively. 

Hydrocarbons 
The hydrocarbon fraction (0.22% of the weight of wood) was analyzed by gas-liquid 

chromatography (GLC) (2), which showed the presence of one nzajor and five ~ninor 
sesqiriterpene hydl-ocarbo~zs. The retention times of these co~npone~lts  corl-esponded 
with six of the seven sesquiterpene 11ydrocarbons fou~ld ill commercial cedar wood oil 
(from J z ~ n i p e r ~ ~ s  virginiana). Runeberg (3) has ide~ltifiecl three of these to be a-cedrene, 
thujopsene, and cuparene. The  first peak recorded fronz the ~zlixture fro111 creeping 
juniper had the retelltioil time and infrared spectrum of a-cedrene. The second and major 
co~lstitue~lt corresponded in retenti011 time to either thnjopsene or the isomer of cedrerle 
(4) which is obtained when cedrol is dehydrated by the ~uethocl of RIIotl et al. ( 5 ) .  This 
component was not attacked by cold, dilute pennanganate solutions, nor did it yield 
any identifiable product on dehydrogeilation with either selenium or palladized charcoal. 
On oxidation with se le~l i~ i~ l l  dioxide, a crj~stalline aldehyde, m.p. 71-72" C,  was obtained. 
This, together wit11 the GLC and infrared analysis, suggested the major hydrocarboll to 
be thujopsene. This was confrmed by oxidizing an authentic sample of thujopsene (kindly 
supplied by Prof. 14. Erdtman and T. Norin, Stocl~Ino11~~, Sweden) with selenium dioxide 
to thujopsenal ( G ) ,  m.p. 71.5-72" C, which showed no depression in melting point with 
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ACETOSE ESTRAC.Y 
(650 g, 10% of air-dried \\rood) 

1 Ligroin (11.p. 60-80' C )  
I 

-- I - Insoluble (4G5 g, 754) 

a q ~ l .  TaI-ICO1 (Fraction 11) 
soluble (0.5 g, 0.01 %) 

I 
(ITraction B)  

aqu. SaOI-I soluble (10.5 g, 0.3'2;) 

I ( Ligroin 

Soluble - - I -  Insoluble / ( 1 7 5  g, 0.23(?;) (2 g, 0.WdYh 

I 
Mainly corrin~zlnic acid (12.5 g, O.2Y0) 

traces of pher~ols 

I 
1 Ether 

Soluble -- (60 g, 0.3%) 
t-- 1 aqu. N a l C 0 3  (1-raction D )  

I- phenols (10 g )  

I aqu. S a O I l  (Fraction E) 
phenols (30 g )  

.l. 
(Fraction F) Sur'l?~i?r (10 g, 0.15%) 

Insoluble (350 g, -1.7%) -- 

1 
Slnall amount of 

micro crystaIlille 
polyphe~lol(lO g) 

(Fraction C)  
Kcutral col~stituents (140 g, 2.2%) 

I 

I I: - (i Sesquiterpene hydrocarbons (0.22%) Thztjopsene (or-cedreze, cziparerte) / ligroin 

i 11: 
1- Fa t ty  acid esters (1.2%) saponified --, p-Siloslerol (?ttixtztre alcol~ols) fatty acids 
1 CMC13 

I 111: 
i Sesquiterpene alcohols and lietones (0.4%) 

( ~ k I C l ~ : \ ~ I l l I i  ( l 0 : l )  

I v: 1- -+ Suvini7~ (0.05%) 
Acetone: hleOH (1 :1) 

FIG. 1. Fractiorlation scheme for the wood extractives. 

the above aldehyde. I t  was found tha t  although thujopsene dicl not react with cold potas- 
siuill permangallate solution, a liquid diol could be prepared from i t  with os~niunl tetroxide. 
Of the other minor hydrocarbons, none could be obtained pure. However, a concentrate 
of the second last peal: gave an infrared spectrum rese~nbliilg tha t  of cuparene. 

Esters 
The  ester fraction (1.31%) was saponified and from the non-saponifiable portion 

p-sitosterol and a small anlount of a nlixture of aliphatic alcol~ols were obtained. GLC 
analysis of the latter mixture showed two peaks ill the C-12 range, one in the C-15, 
and one in the C-310 range. The  acid portion consisted of a mixture of long-chain fatty 
acids which was analyzed by GLC (7). I'eaks correspo~lding to  palmitic, palmitoleic, stearic, 
oleic, linoleic, linolenic, and arachidic acid were recorded in the ratio of 6:1:1:13:37:6:2. 
The  high proportion of the unsaturated CIS acids is typical for conifer wood (8). 

C
an

. J
. C

he
m

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

U
N

IV
 G

U
E

L
PH

 o
n 

11
/1

9/
14

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
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Ketones and  Alcohols 
The third fraction (0.4y0) froin the silicic acid chromatograin was found to be a mixture 

of sesquiterpene alcohols and ketones. GLC analysis on the adipate polyester column 
showed the presence of two colnponents having retention times correspo~~ding to those 
of cedrol and widdrol, four minor constituents, and a major constituent with a very high 
retention time. Preparative GLC (20 111g scale) led to the isolation of inilligram quantities 
of the cedrol-widdrol ~nisturc,  a inixed ketone-alcohol fraction, and the slow-moving 
major component. The cedrol-widdrol mixture was resolved on the polyester column and 
the identity of each alcohol was substantiated by its infrared spectrum. The identity of 
these two alcohols was further verified by dehydrating the mixture with the pyridine- 
modified alumina catalyst (4) to a product consisting n~ainly of a-cedrene and thujopsene 
(GLC). The second fraction had strong hydroxyl and carbonyl absorption bands in the 
infrared region. lie-chromatography of this fraction on the polyester colulnn gave a t  
least three pealis with strong indications that deco~nposi t io~~ took place. The third 
fraction corresponded to the component having a very high retention time on the poly- 
ester column. Its infrared spectrunl had absorption pealcs a t  1665 and 1618 c~n-I, and a 
maxirnum a t  235 mp with a weali shoulder 285 Inp was recorded in the ultraviolet region. 
Attempts to isolate and purify the Iietones by rneans of Girard I' reagent or c o l u n ~ ~ l  
chromatography failed, mainly because of extensive decomposition of one or more of 
the components. 

Sztosterol 
Free @-sitosterol (0.01670) was obtained crystalline from the fourth fraction. Xo 

volatile constituents could be detected by GLC in the residue obtained fro111 the mother 
liquors. 

L a c t o m  
Of more interest was the last fraction (0.05Y0) from the chromatogram which was also 

obtained in cr)-stalline form. The purified, light j~ellow con~pound had m.p. 146-147", 
-52.8", and a molecular weight of 362. The ultraviolet spectrum showed maxima 

a t  237, 204, and 834 mp, whereas thc infrared spectrurn (KBr disk and CI-IC13 solutiol~) 
had two strong aclsorption bands a t  1740 and 3640 cm-I, indicating the presence of an 
a,@-unsaturated lactone. The presence of a lactone ring was confirmed b3, the solubility of 
the compound in ,~lcoholic alkali, from which the parent colnpound was recovered 
unchanged on acidification. The compound was insoluble in cold ethanol or cold aqueous 
allcali. Except for the position of the infrarecl bands discussed above, these data suggested 
a close resemblance with savirli~l. Thc structure of this lignan lactone was elucidated by 
IIartwell ct a l .  (9, lo ) ,  who I-eportecl infrared absorption peaks a t  1731 and 1651 cm-I 
and also that the compouncl formed colorless cr~.stals. 'The mixed melting point of 
duthentic savinin (liindly supplied by Drs. J .  L. IIartwell and A. Ll-. Schrecker, Bethesda, 
U.S.X.) with the 1 ellow compound isolated fro117 creeping juniper was not depressed. 
'The authentic sample also gave absorption bands a t  1740 and 1640 cnl-I on the infrared 
spectrophotometer used in these experiments, and agreed in all other respects as well. 
Thus, there is no doubt that the two cornpou~icls are identical. 

.I cids and Plrenols 
The acidic portion of the ligroin- and ether-soluble extract was found to consist mainl>r 

of a diterpene acid (0.25%) C20H30O2, 111.p. 121-122" C, +40..'j0. On treatment 
with diazomethane the acid readily formed a methyl ester having m.p. 108-101)" C, 
[aID2j +50.5", which could not be saponified even a t  125O C. GLC analysis showed the 
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nlethyl ester to be a single compound. The infrared spectrum showed the presence of a 
terminal nlethylene group (890 cni-I) and a trisubstituted double bond (1645 and 795 
cm-I). Hydrogenation over platinum oxide catalyst resulted in the uptalte of hydrogen 
equivalent to three double bonds. These data suggested that  the acid was identical with 
the sirupy corn~nu~lic acid, isolated recently by Arya et al. from the wood of Jzmiperus 
cornrnllnis L. (11). This was confirmed by preparing the maleic anhydride adduct of the 
ester, n1.p. 170-171° C,  [a]D2' +79.5". I t  is to be noted that in the preparation from 
Jzinieerz~s horizo~ztalis the acid was obtained readily in the crystalline state. 

Small amounts of phenolic materials were also obtained fro111 the acidic portion. 
Paper chromatography (12) did not reveal tlle presence of any thujaplicins or related 
tropolones. This is surprising, since Runeberg and Pilo (13, 14) have found thujaplicins 
and nootltatin in a large number of juniper species. Thus, the extractives of creeping 
juniper wood more nearly resemble those of Chamacyparis tkyoides (15), which are 
reported to contain no tliujaplicins, but  a-ceclrene, cuparene, thujopsene, cedrol, widdrol, 
and carvacrol methyl ether. The finding of thujopsene, a-cedrene, cuparene, cedrol, 
widdrol, and communic acid does show, however, the close biogenetic relationship of 
the extractive components of creeping juniper with the other juniper species investigated. 

The major portion (about 757,) of tlie acetone-soluble extractives of the wood of 
creeping juniper co~lsisted of a brown, resinous pllenolic material. Various fractionation 
attempts resulted only in the isolation of a small amount of microcrystalline polypl~enolic 
material. The separation and identification of individual components from this so-called 
"phlobaphene" fraction will be studied further when Inore suitable fractionation tech- 
niques have been found. 

Bark Extractives 
I t  was of interest to deter~llinc whether the terpenoid compounds found in tlie wood 

could also be isolated from the bark of creeping juniper. The barlt was milled to a fine 
powder, extracted with ligroin, and the extract was divided into neutral and acidic 
constituents. Column cl~romatograpl~y of the neutral portion gave as the first fraction 
hydi~ocarbons which appeared from GLC analysis to co~ltain the same components as 

' 

found in the corresponding fraction of the wood extractives. However, the coniponent 
having the retention time of a-cedrene was present in about three times the amount of 
thujopse~ie. Treatment of the lnixture with aqueous permanganate did not result in the 
forniatioll of a-cedrene diol (16). Oxidation of the mixture with selenium dioxide produced 
a liquid aldehydic nlaterial in high yield which gave, on GLC analysis, o~l ly  a peak 
corresponding to  thujopsenal. Thus it iilay be that the unlrnown major hydrocarbon is 
an isomer of thujopsene rather than a-cedrene. 

The second fraction from the column was composed of esters of B-sitosterol and a 
mixture of fatty acids. A mixed ltetone-alcohol fraction was also isolated but GLC data 
showed that the individual components differed from those found in tlie same fraction 
obtained from the wood. In addition, an ester fraction was isolated which was co~nposed 
of alcol~ols having terpenoid character and a mixture of CISr C18, and Czo acids in which 
the latter predominated. The alcoliolic ~naterial could not be fractionated by col~imn 
chromatography and characterizatioll lvill be attempted by preparative GLC, once this 
technique has been perfected. 

Savinin was isolated from the barlt extract in small, tl~ough better, yield than was 
obtained from the wood. The major acidic component was again con~munic acid. Small 
amounts of untractable phenolic material were also obtained. Thus, the coniposition of 
the ligroin extract of the barlt rese~iibled that  of the wood in niany respects. 
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ESPEIII4IENTr\L 

Melting points were cletermined on a Leitz hot stage microscope. The identity of known 
compou~zds was confirmed by mixed melting point and by comparing the infrared spectra 
\\rith those of authentic samples unless otherwise inclicated. Thc  infrared spectra were 
recorded on a I'erltin-Elmer Model 21 double-beam recording spectrophotometer using 
the KBr-disk method, the film technique, or solutions in carbon tetrachloride. GLC 
chromatograms were obtained with a modified Becl:man GC-2 chromatograph, using 
either 6 ft X$ in. O.D. coiled copper columns pacltcd with adipate (2) or succinate (7) 
polyester arid "Chronzosorb W" (80 to  100 mesh) in the ratio of I :  6, an  18 in. X; in. O.D. 
column containing washed silicone grease (2) on Celite (100 to 120 mesh) in the ratio of 
l:G, or a 3 f t X $  in. O.D. stainless steel column containing SE-30 silicone rubber (now 
Corning) on "Chroinosorb W" (40 to GO mesh) in the ratio of 1 :  3. The  commercial cedar 
wood oil (Fritzsche Bros. of Canacla Ltd., Toronto) usecl for comparison was obtained 
from the wood of Jz~niperc~s  virginiana L. 

Extraction of the Wood 
The  plants were collected near Saslcatooil in  the early fall of 1960 and in the spring of 

1961. The leaves and bark were separated mechanically from the wood and the wood 
was milled to a fine powder by illeans of a haminer aizd a Wiley mill. The  air-dried, 
milled wood (6.5 kg) mas extracted continuously with acetone in a Soxhlet extractor for 
24 hours and the extract was reduced to a brown, viscous sirup by distilling off most of 
the acetone. A small aliquot was evaporated to dryness to determine the yield of acetone- 
soluble material. The  residue was poured into excess ligroiil (b.p. 60-80' C) (4 liters) 
and the clear ligroin solutioil was decanted from the brown, resinous, insoluble material. 
The  latter was washed twice with ligroin arid the washings were added to the ligroin 
extract. The  combined ligroin extract (G liters) was concentratecl to 2 liters by distillation. 
The  yield of acetone-soluble inaterial (650 g) was about 10% of the weight of air-dried 
wood, and tha t  of the ligroin-soluble portion was 2.57;. The  lip-oin-soluble material 
could be obtained in about the same yield by extracting the milled wood directly with 
ligroin in a Soxhlet extractor. 

Preliminary Fractionation 
The  concentrated ligroin extract (I60 g in 2 liters) was extracted with a saturated 

solution of sodium bicarbonate and washed with water. The  aqueous extracts were 
combined, acidified with cold dilute hydrochloric acid, and extracted with ether. The  
ethereal solution was dried over anhydrous sodium sulphate and after filtration evaporated 
to  dryiless to yield 0.5 g of a brown sirupy material (fraction A). The  ligroin solutioil was 
then further extracted with two portions (100 ml) of aqueous sodium hydroxide solutio~l 
(5%). The  ligroin layer was again washed wit11 water and the aqueous solutions pooled. 
The  latter was acidified with cold, dilute hydrochloric acid, extracted with ether, and 
worked up as above to yield 19.5 g of wealcly acidic material (fraction B). The  residual 
ligroiil solution was dried over anhydrous sodium sulphate and, after filtration, evap- 
orated to dryiless to  1-ield 140 g of ileutral oil (fraction C). When a small aliquot of the 
neutral nlaterial was distilled 011 a Widiner column, decomposition was encounterccl. 
About 207; of the material distilled between 110" and 140' C a t  3 mm pressure. I t  was 
observed that  chi-omatography on a silicic acid column, followed by vacuum distillation, 
gave a better separation of the volatile components. 
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Silicic Acid C o l u m n  Chromatography 
The neutral oil (10 g) in cl~loroform was chron~atogr-aphed on a 2.0-cm diametercolu~nn 

ol silicic acid (100 g) slurried in ligroiil (b.p. 40-60" C). The column was eluted successively 
with ligroin (b.p. 40-GO0 C), cl~loroform, ch1oroforrl1-2-butanone (10:l and 5:l v/v),  and 
acetone-metl~anol (1:1 v/v),  the solvent being changed when the last 50 ml of eluate 
gave no resiclue on evaporation. Five distinct fractiorls were collected in 1.2, 4.8, 1.6, 
0.6, and 0.2 g amounts respectively. The infrared spectra showed the first to coiltaiil 
hydrocarbons, the second esters, the third a mixture of Itetones and alcohols, the fourth 
alcohols, and the last a lactone. 

Fraction I: 1'1~ujopsenc and  otlzer Sesqwite~pene Hydrocnrbon .~  
r 7 I he material was analyzed by GLC on the adipate poljiester columii a t  180' C. Six 

peaks were recorclecl in the sesquiterpene hydrocarbon range in 5, 72, 3, 6, 5, and 8% 
amounts 1-espectively. The relative retention tiines (RIIT;  a-cedrenc = 1.00) were 1.02, 
1.15, 1.57, 1.74, 1.97, and 2.28 respectively. When commercial cedar wood oil, obtained 
from Juniperus  virginiana,  was injected, seven pealts were recorded, six of which corre- 
sponded in I-etention times to  the above pealts. Fractional distillation gave a middle cut,  
b.p. 110-120' C (ail- bath) a t  il 111111 pressure, which contained about 88% of the rnajor 
component. 1;ound: (.-, 87.41%; I-I, l l . ( iO~ / , ;  nu2& 1.5049; [aID2"44.4 (C1-ICl3). Calcu- 
lated for C131-12.1: C, 88.1 (5%; 1-1, 11.54%. The crude hyclrocarboi~ was i~naifected by 
colcl nei~ti-a1 or alltaline soliltions of potassium permanganate. Selenium dehyclrogenation 
(at 280 to 320" C) dicl not j.ield ally identifiable product, 1101- was a crystalline pici-ate 
obtained. \Vhen the crucle I~yclrocarbon was hydrogenated, ilsing either palladized char- 
coal or platini~m oxide as catalyst, the main hydrocarbon was recovered i~nchanged 
(GLC) . 

The crude hydrocarbon (300 mg) , selenium dioxide (200 mg) , and ethanol (30 1111) 
were heated ilnder- I-eflux for 1 hours. The ethanol was reillovecl by evaporation uncler 
redtlced pressure ancl ether was addecl to the residue. The ethei-eal solution was decanted 
from the resiclual scleniuin metal and the ether-soluble material (~vllich containecl 
appreciable a m o ~ ~ n t s  of selenium) \v:~s distillecl in vac?lo to give a pale yellolv licluicl, 
b.11. 110' C (air bath) a t  3 min pi-essiu-e, \vl~icli solidified partially on standing for some 
time. The distillate was taken u p  in ligroin (1 ml) and left a t  2-5' C for several dal-s, 
when the product crystallized in color-less, rectangular rocls, lll.p. 71-72' C after- two 
1-eci-ystallizations. Found: C,  82.54%; I-I, 10.25%. Calculated for C151-1220: C, 82.5lfh; 
I-I, 10.16%. When ail authentic sample of thujopsene was oxidized in the same manner 
thujopsenal of 111.p. 7 1.5-72' C was obtained. 

A few milligrams ol the first pealt were obtained alillost pure by preparative GLC 
(20 mg scale) (2). 'The material had an infi-ared specti-unl similar to that of a-cedrene. 
The presence of cuparene was inferred from the infrared spectr-um of a concentrate of the 
second last peak, which was similar to that of this ar-omatic hydrocarbon. 

Il'l~rljopsene dial.-Thujopseile (85'z pure) (250 mg) and osmium tetroxide (250 rng) 
wei-e dissolved in anhydrous ether (30 1111) and pyridine (1 1111). A brown, fluffy precipitate 
formed. The mixture was left a t  room temperature lor 24 hours. I t  was then centrifuged, 
the solvent removed bj. decantation, and the solid residue was washed with ether. T o  the 
residue was added soclium bisulphite (1.5 g) in water (10 1111) ancl ethanol (30 ml), and the 
mixture was heated 011 a steam bath foi- 4 hours. The cooled solution was filtered and the 
alcol~ol was removed by evaporation in vacuo. The residual aqueous solution was extracted 
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repeatedly with ether and the ethereal extract was dried over anhydrous sodium sulphate. 
The oily residue obtained on evaporation of the ether contained no starting material 
(GLC) and showed a strong hydroxyl absorptioil band in the infrared region. The diol 
crystallized fro111 ether-ligroin (1:l v/v) a t  2-5' C but liquefied immediately upon 
filtration, eve11 in the cold. 

Fraction 11: Esters of' p-Sitosterol, Aliphatic --Ilcohols, and Long-Chain 1;atty -4cids 
'This fraction was a viscous oil with a fatty odor. The infrared spectrum showed, as 

the only significant band, an ester carbonyl absorptioll (1740 cm-I). The material was, 
thei-efol-e, sapoilified with alcoholic potassi~iill hycli-oxide (steam bath, 2 hours) and worlied 
up into the neutral and acidic components i l l  the usual mailner. Silicic acid chroma- 
tography of the neutral portioil gave two distinct fractions. The first (lOyo) was analyzed 
by GLC on the silicone coluinn a t  160 mnd 200' C and was found to consist of four 
alcohols, two in the C-12, one in  the C-15, ailcl one i l l  the C-20 range. The second fraction 
(90%) crystallized from acetone and was found to be p-sitosterol, 111.p. 139-140' C, 
acetate 111.13. 132-133' C. An aliquot of the acid portion was methylated with diazo- 
methane and the mixture of methyl esters was ailalyzed by GLC on the succinate pol>.ester 
colunln a t  205' C. Pealis corresponding in retention time to palinitic (9.1%), palmitoleic 
(l .5%), stearic (1.5%), oleic (10.1'%), linoleic (55.5%), linolenic (9.176), and arachidic 
(3.03%) acids were recorded. 

Fraction 111: iVIixed Alcoltols and Icetones 
Infrared analysis indicated that this fraction was composed of alcohols (3440 cin-I) 

and Icetones (1GG7 cln-I). Found: C,  81.93%; I-I, 10.55%. Calculated for C151-IIL'40: C, 
81.'7G%; I-I, 10.9870. 'The mixt~11-e was analyzed by GLC, using the adipate polyester 
column a t  180' C. Seven pealis were recorded in the ratio of 9:20:1 :2:1:2:5:G5. The 
respective RRT (cedrol = 1.00) were 1.02, 1.16, 1.44, 1.62, 1.94, 2.50, and 3.80. Some 
decolnpositioil appeared to take place. Preparative runs of 30-111:. aliquots on the SE-30 
column yielded 5 to 10 nlg each of three major components. These were re-chro~na- 
tographed on the adipate polyester column, when the first fraction was resolved into two 
peaks corresponding in retention tinle to cedrol and widdrol. Sufficient inaterial could be 
collectetl to record the infrared spectra of each component and these corresponded with 
those of cedrol and widclrol. The mixture (10 ~ n g )  was heated wit11 alumina (30 mg) 
containing pyridine (I(%) in a 5-1nnl glass tube (4) a t  230' C for 1 hour. After it was 
coolecl, the product was extracted with ether, and the ethereal solution was filtered and 
then evaporated to dryiless. \Vhen the residue was chi-oinatographed on the adipate 
polycster column, two major pealis, corresponding in retention time to cu-cedrene and 
thujopsene, were recol-ded. The secoilcl fraction from the preparative run was found to 
decompose extensively OII re-chi-omatograpl~i~~g- on the polyester coluinn; one inajor 
(RIIT 1.G2) and two minor peaks (RIIT 1.44 and 1.94) were I-ccorded but all were ill- 
clefinccl. The infrared spectrum of the collected fraction sho~ved strong absorption bands 
a t  3:3(i0, 2!)00, 1G75, (l(i50), 1460, ancl 1377 cn-I and ~necliunl ones a t  88.3, 875, 815, and 
705 cm-l. The ~~ltraviolet  spectrum showecl a broad maxim~~in  a t  245 mp. Tlie thircl fraction 
was composed of the conlpo~~cnt  having RIiT 3.80 on the polyester column. I t  had a weal.; 
infrared spectrum with absorption bands a t  29G0, 2985, 1665, 1618, 1455, 1435, 1387-1372, 
1355, 1205-1285, 1200, ancl 885-870 cin-I. Its ultraviolet spectrum showed a maximuin 
a t  235 mp \vit11 a weal; shoulder a t  282 mp. 

Fraction IV: /:-S'itosterol 
This fraction crystallized on reducing the volume of solvent. Recrystallizatioil from 

methanol gave white plates of p-sitosterol, 111.p. 1:38-1:39' C ,  acetate 111.p. 132-13:;O C .  
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fraction V: Savinin 
The yellow sirup obtained on evaporation of the solvent was talien up in acetonitrile 

and allowed to stand a t  2-5' C for several days. A crystalli~le substance, m.p. 135-140' C, 
was obtainecl which was recrystallized twice from ethanol; m.p. 146-147' C, [a!ID2"882.3' 
(c, 0.6, CI-IC13). Found: C, G8.50y0; I-I, 4.75%; molecular weight (Rast),  362. Calculated 
for C2flEIl6O6: C, 68.18%; I-I, 4.58%; molecular weight, 352. 

The compound is sparingly soluble in cold alcohol, insoluble in cold aqueous sodium 
hydroxide solution, and was recovered unchanged on acidifying ail alcoholic solution 
containing sodium l~>~clroxide. 'The ultraviolet spectrum showed maxima a t  334, 294, and 
237 1 1 1 ~  and minima a t  306 and 26G 1 1 1 ~  and allialine solutions fluoresced strongly. The 
infrared spectrum had strong carbonyl absorption bands a t  1740 and 1640 cm-l. The 
position of these bancls did not change on standardizing the infrared spectropl~otometer 
against indene or polystyrene lilm. The authentic sample of savinin, 1n.p. 146.2-147.3" C,  
[a]DZ2 -88.2', also gave absorption bands a t  1740 and 1640 cm-l with the staildardized 
instrument. 
-4 cidic Components 

Both the fractioils obtained from the aqueous bicarbonate (fraction A) and sodium 
hydroxide solutions (fraction B) were investigated for the presence of tropolones. The 
paper chromatographic procedure of IVachtn~eister and Wickberg (12) did not reveal 
any thujaplicins or nootliatin. A iluinber of \veal< spots corresponding to phenols (ferric 
chloride color reaction) were obtained with butanol -acetic acid - water (4:1:2) as 
solvent. 

The acid fraction I3 (see above) was triturated twice with ligroin (250 nll each) and the 
solution was decanted from the insoluble residue. The solution was extracted with aqueous 
sodium carbonate solution. The allcaline solution was separated, acidified with dilute 
hydrochloric acid, and extracted with ether. The ethereal solution was dried, filtered, and 
evaporated. The residue (3.0 g) was chrornatographed 011 a column of silicic acid wheil 
three distinct fractions were collected. Paper chromatography again showed the absence 
of tropolones. 

The carbonate-extracted ligroin solution was dried over anhydrous sodiuil~ sulphate 
and, after filtration, evaporated to dryness. The residue (17.3 g) was chromatographed 011 

silicic acid. The major portion was eluted with ligroin (b.p. 40-60" C) and the residue 
obtained on evaporating the solvent (12.3 g) crystallized froin acetone-ligroin in rec- 
tangular plates, n1.p. 121-122' C ;  [ffID" 640.3" (c, 0.6, CFIC13). Found: C, 79.31y0; 
FI, 9.977,; COOI-I, l3.23Y0. Calculated for C20143002: C,  79.4270; I-I, 10.OOyo; COOI-I, 
15.0y0. The acid formed a cyclohexylamine salt from which the free acid could be re- 
generated. Treatment with diazomethane gave the crude methyl ester, n1.p. 101-102' C. 
On recrystallization twice from methanol, the nlelting point was raised to 108-109' C. 
Found: C, 79.64y0; PI, 10.0876; [a]D" 650.5" (c, 2%, CI-IC13). Calculated for C21E13202: 
C, 79.70y0; I-I, 10.19%. The inethyl ester could not be hydrolyzed, even on prolonged 
treatment wit11 potassiu~n hydroxide in 2-inethoxyethanol a t  125' C. hlicrohydrogenation 
in methanol -acetic acid (4:l) with platiiluin oxicle gave a hydrogen uptake of 3 inole 
equivalent. The inaleic anhydride adduct of the methyl ester was prepared in the usual 
manner; tn.p. 171' C, [@ID 679.5". Arya et al. (11) report for the methyl ester 1n.p. 
105-10GO C, [aID 647.0' and for the maleic anhydride adduct, m.p. 169-171' C ,  [a]D 
685". I-Iydrogenation of the inethyl ester in inethanol over platinun~ oxide gave the 
hexahydro derivative. Found: C, 78.39y0; 1-1, l l .5070; [a]D?' +50.75' (c, 1.2, CI-IC13). 
Calculated for C31F13G02: C, 78.26%; I-I, 11.8%. This inethyl ester could also not be 
saponified. 
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Ether-soluble i l la te~ia l  
The resinous residue (465 g) after ligroin extraction was extracted twice with boiling 

ether (1 liter) and the ether was decanted from the viscous residue. The extract was 
filtered and concentrated (500 ml). A small aliquot mas evaporated to dryness and the 
total yield was calculated to be 60 g. The ethereal solution was then successively extracted 
with 5y0 aqueous solution of sodiuin carbonate (fraction D) and sodium hydroxide 
(fraction E), .ivashed with water, dried over sodium sulphate, and the solvent was distilled 
off (fraction F). 

Iiractions D and E (40.0 g )  
On acidification a bright red oil was obtained whicll was talien up in ether. Attempts to 

crystallize the material failed. With alcoholic ferric chloride solution a bright green color 
was obtained. Paper chromatography (12) did not reveal the presence of any thujaplicins 
or nootkatin. 

Backion F (20.0 g) 
On long standing the concentratecl solution in ethanol deposited yellow prisllls (0.2 g), 

m.p. 142-144" C. The infrared spectrum was similar to that of savinin in all respects and 
the mixed melting point was undepressed. 

Acetone-soll~ble Residue (350 g) 
The residue was taken up  in acetone (1.5 liter) and allowed to stand in the cold for 

several .iveeks when a sinall cluantity (10 g) of microci-j~stalline brown material was 
deposited. The  filtered and dried material gave a positive ferric chloride reaction. Its 
infrared spectrum confirmed the phenolic character-. 

Extraction and Analys i s  of the Bark  
The finely powdered bark (2.1 lig) was extracted contin~~ously with ligroin (b.11. 

60-80" C) in a Soxhlet extractor for 2-1 hours. The soluble illaterial (71 g) was divided 
into neutral (41 g) and acidic (26 g) fraction as above. 

Neutral Components 
Silicic acid cl~romatograpl~y (see above) gave again five fractions. The first fraction 

(3.0 g) was co~nposed of sescluiterpene hydrocarbons and a small amount ol the esters of 
fraction 2. The sesquiterpenes were purified by distillation in vacilo. GLC analysis gave 
seven pealis with RRT,  0.85, 1.00, 1.19, 1.62, 1.76, 2.29, and 2.50 in 1, 63, 21, 8, 2, 1, 
and 30jo aalounts respectively. The tlvo major pealis COI-responded in rete~ltion time to 
a-cedrene and thujopsene. I-Iowever, permanganate oxidation did not give the expected 
a-cedrene diol. Seleltium dioxide oxidation gave a liquid alcleh~~de which showed a single 
peak with retention time equal to thujopsenal on GLC analysis. 

The second fraction (20 g) was colnposed of fatty acid esters and was again found to 
yield p-sitosterol, 111.p. 136-13'7" C, and a ~nistul-e of fatty acids on saponification. 
Fraction 3 (5.0 g) differed ti-om fraction I11 of the neutrals of the wood. The infrared 
spectrum indicated esters of long-chain fatty acid. Saponification with alcol~olic sodiuin 
hydroxide gave a sesquiterpene alcohol fraction (infrared, GLC) and a fatty acid mixture 
in which tlvo Czo acids predoininated. GLC analysis of the derived methyl esters showed 
the CI6, CIS, and C20 acids to be present in the ratio of 1:2.5:3. From the mixture of acids 
a crystalline product, m.p. 65-70' C, was obtained in small yield. GLC analysis of this 
material showed i t  to be composed rnaiilly of arachidic acid, with palnlitic a i d  stearic 
acid as contaminants. The fourth fraction (3.0 g) nras divided into a volatile (b.p. 140- 
IGO" C a t  3 rnm) and a non-volatile component. The latter (0.G g) crystallized from 
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ligroi~l in colorless needles, 1n.p. 136-137' C undepressed in admixture with /3-sitosterol, 
m.p. 187-138" C. The infrared of the volatile material showed bands in the hydroxyl and 
carbony1 region. GLC analysis showed a siinilar mixt~u-e of 1;etones and alcol~ols as  was 
obtainecl from fraction I11 of the wood neutrals, but the rcte~l t io~l  times of all colnpoile~lts 
differed from those of the latter. 'The last fraction (5.0 g),  when talcen up in a little ethanol, 
again deposited small amounts of yellow needles of savinin, 1n.p. 143-146' C after 
recrystallization. 

Acidic Components 
The acidic inaterial was c11romatog1-aphed on silicic acid, ~1si11g the salne solve~lt as  

described above. The major portion (15 g) was found to be comm~iiiic acid (infrared, 
mixed melting point). 'I'he CI-ude acid was converted to the methyl ester wit11 diazomethane 
and analyzed by GLC oil the silicic acid column a t  230' C. Only a single peak having 
the retention time of methyl communate was recorded. Three small viscous fractions 
were also obtained from the cl~romatogra~ll, none of which crystallized. The last two gave 
a positive color reaction for phenols with ferric chloride solution. 

The authors wish to thanlc Prof. I-I. Ercltman and co-worlcers for the gift of samples of 
terpe~les and the many useful suggestions made during the discussion of our findings. 
Thanks are also due to Drs. J.  L. I-Iartwell and A. W. Schrecker for the sample of savinin, 
to Mr. M. Gra~la t  for technical assistance, to Mr. M.  RlIazurel; for the microanalyses, and 
to  kIiss I.  111. Gaffne)~ for recording the infrared spectra. 
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