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ABSTRACT 

Ocotillol, C301-I;203, a triterpene isolated from Fozrqwieria splendens Eliselm., has been 
found to have structure I containing a new side chain modihcatior~. Conl i r~nat~on was provided 
by a partlal slnthesis from darnmarenediol-11 mo~loacetate VIIa.  Ocotillol has beer1 f o ~ ~ n d  
to be an intermediate in one path for the chromic acid oxidatio~i of the hydroxy isodctenyl 
side chain S V I ,  a common feature of several triterpenes, to the tris nor y-lacto:le S I X .  

In parts of the Sonoran Desert of south~vestern North Anlerica the nlost conspicuous 
forill of vegetation is the ocotillo (2).3 This singular plant (Foz~puieria splendens Engelm.) 
(Fig. 1) belongs to a small fanlily (Fouquieriaceae) ~vhich has not previously been in- 
vestigated chen~ically.~ I ts  long branches are covered \\-ith a resinous bark and formidable 
spines. During the \vet season the branches also bear leaves (Fig. l a ,  lb) ~vhich drop off 
a t  the onset of dry periods (Fig. lc). However, even after the leaves have fallen, the plant 
is apparently able to synthesize food, for underneath the tough lanlinated bark there 
is a chlorophyll layer. Light urhich reaches this layer could only do so by passing through 
the translucent bark. Any organic conlpounds in this resinous barli have thus been 
subjected to intense desert sunlight for inany years, and it would be suprising i f  some 
photocheinical transformation products had not been formed during this long irradiation 
period. With the hope of finding such products, a chemical investigation of the plant was 
initiated. 

Isolation and Deternzination of Structure 
Continuous ether extraction of ocotillo bark gave 10yo of clear ainber resin ~ ~ h i c h  \\-as 

a mixture of 10 or more compounds. Attempts to separate this mixture by alumina 
chromatography afforded small amounts of tu-o crystalline compounds, m.p. 360.5' and 
111.p. 200'. Greater success was attained when the resin 117as first saponified u.ith methanolic 
potassiuin hydroxide. When the base-insoluble saponification fraction (60% of the resin 
\\-eight) 11 as chromatographed on alumina, thin-layer chroinatography (t.1.c.) indicated 
the presence of three major components. One of these (16% of the unsaponified resin) 
could be purified by recrystallization to give a neu- coinpound, ocotillol, C30132203, 111.p. 
198-200°, [aID +28', \~-hich \\-as identical ~vi th the compound of 111.p. 200" that  \\-as 
obtained from the unsaponified resin. H o ~ ~ e v e r ,  ocotillol \\-as more conveniently isolated 
by direct crystallization of its high-melting n~onoacetate from the acetylation product of 
the base-insoluble saponification fraction. The infrared spectrum of ocotillol shov-ed the 
presence of hydroxyl absorption a t  3 622 cm-I (secondary OH) and 3 580 cin-I (intra- 
molecularly hydrogen-bonded OI-I) (3),  but 110 carbonyl peaks. The  ultraviolet spectrum 

' P a r t  I i s  coltsidered to  be reference 1 iit which a prelimi?zary accoz~nt of sovte of t h i s  work appeared. Presented 
in part at the 47 th  A f z n t ~ a l  Co?zjerence of the Chemical In s t i t~ i t e  of Canada,  hringsto?z, Jzlfte 1964. 

2Fellow of the Alfred P .  S loan  Fou?tdation. 
"Spanish dinzintrtioe derioatiue of the Nahuat l  word ocotl, a certain species of pi?ze tree. 
4 T l ~ e  results of two earlier geiteral exanrinations are given in references 3 and  4. 
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revealed a complete absence of double bonds, an uncomlnon feature which temporarily 
encouraged thoughts of a photochemically transformed triterpene. In agreement, the 
nuclear magnetic resonance (n.m.r.) spectrum had no vinyl hydrogen peaks, but did 
have tn-o multiplets (1H each) a t  6 3.73 and 3.18 p.p.m. from protons bonded to carbon 
atoms bearing oxygen functions. Of the eight methyl groups visible in the spectrum, 
three were a t  appreciably lower field (6 1.12-1.21 p.p.m.) than the others. The only 
structural feature present that could be capable of such deshielding action was oxygen 
substitution on the carbon atoms bearing these methyl groups. 

Reaction with acetic anhydride- pyridine a t  room temperature gave as the only 
product a monoacetate, C32Hj404, 1n.p. 260-261.5', which proved to be identical with 
the second crystalline compound from chronlatography of the unsaponified resin. The 
infrared spectrum had an ester carbonyl peak a t  1 734 cm-I and only one hydroxyl peak 
at 3 580 cm-I (intramolecularly hydrogen-bonded OH) (5). An acetate methyl peak 
appeared a t  6 2.03 p.p.m. in the n.1n.r. spectrum, and the H-C-0 multiplet formerly 
a t  6 3.18 p.p.m. was now shifted to 6 4.50 p.p.m., as expected of the hydrogen on a carbon 
atom bearing a secondary hydroxyl group (6). More vigorous reaction of the monoacetate 
with acetic anhydride - pyridine a t  reflux furnished a diacetate, C34Hj60j, which had no 
hydroxyl infrared absorption. I ts  n.m.r. spectrum had two acetate methyl peaks a t  6 1.96 
and 2.03 p.p.nl. However, the H-C-0 multiplet a t  6 3.73 p.p.m. in ocotillol and ocotillol 
monoacetate had moved only to 6 3.95 p.p.m. Saponification of both acetates regenerated 
ocotillol. From the facts just presented, ocotillol must be a saturated tetracarbocyclic 
triterpene with a secondary hydroxyl group, an intramolecularly hydrogen-bonded 
tertiary hydroxyl group, and an oxide ring with a single hydrogen atom on an a - c a r b ~ n . ~  
The hydroxyl groups were not vicinal since ocotillol was unaffected by sodium meta- 
periodate. 

Oxidation of ocotillol by chromium trioxide in acetic acid a t  room temperature produced 
acetone, isolated as the 2,4-dinitrophenylhydrazone, and a keto y-lactone, C27Hq203, 
1n.p. 182.5-184.5", +71°, as the only products. In like manner ocotillol monoacetate 
was rapidly oxidized a t  room temperature with the consumption of 1.37 moles of chrom- 
ium trioxide per mole of acetate. The  only non-volatile product formed in almost 
quantitative yield was an acetate y-lactone, C29Hd604. These facile oxidations with loss of 
three carbon atoms were reminiscent of the oxidation of the dammarenediols VIIb (7), 
dipterocarpol VI (8), folientriol (9), and methyl dammarenolate (10). In fact the physical 
constants for the lteto lactone were the same as those reported, m.p. 183-185O, [a]D +6g0 
to +71°, by three different groups (7,8,11) for the keto lactone IV from dammarenediol-I1 
(VIIb). The methyl peaks in the n.m.r. spectra of the keto y-lactone and the acetate 
y-lactone also corresponded to  those reported (12) for IV and \la. A direct colnparison 
of the two pairs of con~pounds revealed them to be identical, thus establishing the struc- 
ture of the fused ring system of ocotillol. The  oxide ring and the other hydroxyl group of 
the molecule were therefore restricted to the side chain. 

Of the four conceivable side chain forn~ulations A, B, C,  and D with oxygen a t  some or 
all of carbon atoms C-20, C-24, and C-25 as  required by the chromic acid oxidation 
products, three of these can be eliminated. While there are reasonable mechanisms by 

jA triol forn~ula,  C30H5103, for ocotillol i s  not excluded by  the analytical data, but i t  i s  excluded by the 
abse?zce of hydroxyl absorption in the infrared spectrum cf the diacetate as  well as  by  the amount of chromium V I  
consrr~ned on oxidation of the monoacetate to the acetate lactone; a triol would have required 2.00 moles of chromium 
trioxide per nzole of monoacetate as contpared with the 1.37 moles actually found. After this work was concluded, 
the mass spectrum of ocotillol was taken by  Dr. G. Snatzke in connection with his work on gratiogenin. The  
nzolecular ion  at m / e  460 confirmed the molecz~lar forntula. 

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 

10
8.

67
.2

44
.1

0 
on

 1
1/

17
/1

4
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 



I .  1. Ocotillo (Fot~~z~ierzc~ sple?zde?ts Engelm.): (a )  close up of branch, (6 )  in leaf, (c) in  leatlcss dry 
stage. 
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WARNHOFF AND HALLS: OCOTILLOL 

Ac 0 AcO 

p-' p 
0 RO 

VI VII a R=AC 

which each could be oxidized in acid solution to a y-lactone and acetone with the consump- 
tion of 1.33 moles of chronliunlV1 per mole of compound, only A is consistent with all of 
the following observations: ocotillol (a) forms only a monoacetate a t  room temperature, 
(b) has three CH3-C-0 and two H-C-0 groups, (c) is unchanged by anhydrous 
hydrogen chloride a t  room temperature, (d) is not affected by boiling methanolic potas- 
siu111 hydroxide, (e) is recovered from reflux with lithium aluminium hydride in ether 
or dioxane, and (f) is not oxidized by the chromium trioxide - pyridine reagent after 
n~onoacet~lation. If ocotillol had a tetrahydropyran side chain B, (i) i t  would have formed 
the diacetate a t  room temperature, (ii) both H-C-0 groups would have been strongly 
shifted to lower field in the n.m.r. spectrum of the diacetate, and (iii) ocotillol acetate 
\\rould have been oxidized to a lceto acetate by the chromic acid - pyridine reagent since 
the closely related linalool derivative XV is oxidized to a ketone by this reagent (13, 14). 
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Therefore, ocotillol has the structure I ,  its monoacetate formula 11, and the diacetate 
formula 111. When thisstructure \\-as originally proposed ( I ) ,  the hydroxy tetrahydrofuran 
appendage \\;as a new terpenoid side chain modification. At about the same time it  \vas 
recognized in gratiogenin X 

Partial Synthes~s 
The structure I banished consideration of a photochemical origin for ocotillol and 

suggested that it was probably formed in the plant from a dammarenediol derivative by 
the biogenetic ecluivalent of 1,2-epoxidation a t  C?i=C?; \\-it11 subsequent oxide opening 
a t  C-24 by the C-20 hydroxyl group. This possibility \\.as later rendered more lil;ely by 
the discovery in Thailand of a closely related naturally occurring C2,i-C?j oxide, aglaiol 
X I  (18). Although oxide ring opening might occur a t  C-23, particularly in acid medium, 
five-membered rings are usually formed more rapidly than six-membered rings. 1 [oreover, 
there is an excellent analogy for this course of events in the careful 11-orl; on the so-called 
linalool oxide (13). Oxidation of R(-) linalool XI1 11 ith one equivalent of monoperphthalic 
acid gives as the primary product a pair of very sensitive diastereoisoilleric 1,2-epoxides 
XI11 and not a mixture of two pairs of diastereoisomeric 1,4- and l,j-oxides XIV and S V  
as previously claimed (17). 1,2-epoxides XI11 are very easily converted by acid or 
heat into a illixture of XIV and X V  in the ratio of about 9:1, respectively, the five- 
menlbered ring being formed Inore rapidly even in acidic medium. Consequently, a partial 
synthesis of ocotillol monoacetate from dammarenediol-I1 monoacetate VIIa \\-as under- 
taken to confirm the structure I .  

Xlll XIV xv 
Oxidation of VIIa under the conditions that produced the true linalool oxide XI11 did 

not perinit isolation of the C24-C?a epoxides VIII ,  which are apparently even Illore 
easily opened than XII I .  Attempts to  prepare VIII a t  lower temperatures or in solutioil 
buft'ered with triethylamine oxide \\-ere also unsuccessful. The presence of some 1,2-epoxide 
could be detected by t.1.c. and was further corroborated by dividing one oxidation product 
into two fractions, one of which \\;as heated to 100" and the other reduced with lithiunl 
aluminium hydride. The thin-layer spot presumed to be epoxides VIII had disappeared 
in the heated portion wit11 intensification of the spot corresponding to ocotillol monoacetate 
11, ~vhereas the hydride reduction product contained a ne\v component nluch illore polar 
than damn~arenediol-I1 (VIIb) or ocotillol I ,  which could reasonably be only the trio1 IX. 
I-Iowever, if the epoxidation of VIIa was allo~ved to go to completion and I\-orlced up as 
usual, the product gave a single spot corresponding to I1 on t.1.c. Ocotillol monoacetate 
\\-as crystallized directly from this product in 35% yield and shown to be identical with 
the natural material. 

The optical rotation and n.il1.r. spectrum of the residue from the filtrate betraj-ecl the 
presence of a second coinpoilent as well as of I1 in about equal amounts. From the n.il1.r. 
spectrum and the single t.1.c. spot, the second coinpound is most probably the C-24 
epiiller of ocotillol monoacetate, but atteillpts to crystallize or separate it  by chronlato- 
graphy were unsuccessful. 

WY.  Snatske  hns itlfornzed tkat botlz gvntiogenin and ocotillol have as  the bnse peak i?z tlzeir i i ~ n s s  spectra 
t l ~ e  i o n  11rle 143, CsH ,SO?, fro7,z cleavage of tlze side clznin to  X X .  
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Stereoche~nistry 
The absolute configurations on the fused ring system of ocotillol a t  C-3, C-5, C-8, C-9, 

C-10, and C-14 are fixed by relation to the dammarane slieleton (8, 18), lvhich has in turn 
been related (18) to isoeuphol and isotirucallol (19). The /3-orientation of the C-13 hydro- 
gen at0111 follo\vs from the demonstration that the C-13 configuration of the dammarane 
system is the less stable one. Dammarane derivatives with a carbonyl group a t  C-17 (20) 
or a t  C-12 (21) are epimerized allnost coinpletely to the 13-iso compounds. The less 
stable C-13 configuration is /3 (rings C and D trans fused), and ~llolecular rotation differ- 
ences and conformational analysis support this assignment (20). On the other hand, C-17 

- - 

has the more stable /3-arrangement as witnessed by the stability to base of several C-20 
keto derivatives (9, 18, 20). In agreement the coupling constant (10 c.p.s.) between the 
C-13 and C-17 protons in derivatives with a C-12 lceto group is that expected for a bans 
relationship with a dihedral angle of ca. 150" (12). Of the two asymmetric centers in 
the side chain, the /3-configuration of the C-20 hydroxyl has been assigned (21) to folien- 
triol, folientetrol, and the 11-series of dainrnarane compounds, but the grouilds on which 
the assignlnent was made are e r rone~us .~  Thus the stereochemistry a t  C-20 and C-24 
is as yet unlinown. 

Hydroxy Isooctenyl Side Clzain Osidation 
The quantitative oxidation of the ocotillol side chain to a y-lactone is nlerely a special 

case of the general oxidatioil of mono ethers of 1,2-diols which Chang and Westheimer (22) 
have studied with pinacol inonornethyl ether. The rapidity of the oxidation suggested 
that the ocotillol side chain might be an intermediate in the earlier mentioned chromic acid 
oxidation of the hydroxy isooctenyl side chain XI71 of various triterpenes to tris nor 
y-lactones XIX. This possibility was tested by oxidation of dammarenediol-I1 mono- 
acetate (\/IIa) with just the amount of chrornium trioxide stoichioinetrically required for 
oxidation to 11. From the reaction mixture there was isolated, in addition to lactone \/a 
and recovered \/IIa, G-13% of ocotillol nlonoacetate 11. In vieur of this result, ocotillol 
must be an intermediate in one path for the oxidation of \:IIa to \/a. The hydroxy 
isooctenyl side chain );\/I could produce the hydroxy tetrah1.drofuran either by oxidation 
first to the 1,2-epoxides \/I11 followed by the rapid oxide opening previously noted, or 
by oxidation of the double bond to some such cationic intermediate as XVII which is 
then attacked a t  C-24 by the C-20 hydroxyl group (XI711 + X\:III). Alternatively, the 
oxidation of the double bond might be an intrainolecular process involving a chromate 
ester of the tertiary C-20 hydroxyl group. The details of this side chain oxidation are 
being examined further. 

EXPERIMENTAL 
Ge1zeral 

Melting points: Reichert microscope hot stage, corrected. 
Optical rotations: Schmidt-Haensch polarimeter, chloroform solutions, 1-dm tube. 
Infrared spectra: Beckman IR-5 or IR-7 spectrometer. 
Ultraviolet spectra: Bausch and Lomb Spectronic 505 or a Beclcman DI< spectrometer. 
Suclear magnetic resonance spectra: Varian HR-60 or A-60 spectrometer, 10-20% (g/rnl) collceiltratio~l 

in deuterochloroform mith tetrall~ethylsilane (=0) as internal reference. Integrations by the cut-and-weigh 
method. 

Chromatography: \Yoelm ~leutral alumina graded according to the Brockman scale. 
Thin-layer chromatography: Calllag ICieselgel silica gel with calcium sulphate binder, ~nethai~ol :chlorofor~~~ 

(1.5:98.5) for development, sulphuric acid (33%) for charring. Reported Rr values are taken froin one 
plate on which all compounds \\,ere present. 

Microanalyses: Dr. A. Bernhardt and associates, Miilheim, Germany. 
Petroleum ether refers to the fraction boiling a t  60-80'. 

' T h e  ass igni i~ent  nvc~s based 071 a ~l~olerz t lar  rotati071 differexce between a 20-hydroxydaii~nrarane (C-13a?) of 
u n k n o w n  C-20 configzrratiotz a ~ ~ d  a dawz711arane also of u n k n o w n  C-20 cazf igz~rat ion,  wh ich  had been oys ta l l i zed  
f r o m  n 7izixtz~re of d a ~ i 7 v ~ n r a ~ ~ e  isomers.  
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WARNHOFF .4ND HALLS: OCOTILLOL 

. . . .  - 
CgO3H 

XIX XVlll b 

Isolation of Ocotillo Resin 
Ocotillo bark was collected in Borrego Valley, California, in January, 1962. The loose sandy soil of the 

region and the shallow root system of the plant make the ocotillo vulnerable to toppling by wind or rain. 
Since the bark of the fallen and partially dried plants was more easily stripped than that of a freshly cut 
branch of a living plant, most of the bark was gathered from fallen specimens. The highly resinous bark 
could not be ground in a Wiley or a hand mill, and instead was cut into slnall bits with a pair of shears. 
These pieces, in batches of 20-40 g, were extracted exhaustively with ether in a Soxhlet apparatus. The yield 
of ether-soluble material per batch varied from 10% to 15% of the weight of the bark. The resin is con- 
centrated in the inner bark, because extraction of the yellow translucent laminated inner bark after separa- 
tion from the darker outer bark gave 15% of ether-soluble resin, whereas extraction of the whole bark 
with ether gave only 10-llyo of ether-soluble resin. From 6.15 kg of whole bark a total of 618 g (10%) of 
clear amber resin was obtained. Further extraction of t4&%8+ bark with nlethanol gave a slnall amount of 
a dark gummy material which was not investigated further. The resin had A,, 269 mp (El,,'% 34), 329 1np 
(El,,'% 30); v:zcl3 3 600 and 3 400 cm-I (OH), and 1 725 cm-I (broad, C=O). 

The absence of alkaloids in the resin was demonstrated by extraction of an ethyl acetate- chloroform 
solution of it with dilute hydrochloric acid. The aqueous acid solution gave no precipitate with silicotungstic 
acid. Basification with sodium hydroxide and extraction with chloroform gave only a trace of residue on 
evaporation of the dried chloroform solution. 

Isolation of Ocotillol Acetate I I f rom UnsaponifLed Resin (with Mr. J. F. Sollors) 
A sample (889 mg) of the unsaponified resin was chromatographed on 30 g of activity 1 Mercli alumina. 

Only the fractions (58 mg, 6.5%) eluted with ether:benzene (1:3 and 1 : l )  could be induced to crystallize. 
These were recrystallized five times from ethyl acetate to give colorless blades, n1.p. 260-260.5", E ? ~ ,  0, 
VIZ 1 724 c~n-I (C=O), and 1 250 cm-I (C-0-C). The compound gave a single t.1.c. spot, Rr 0.63, corre- 
sponding toocotillol acetate. The melting point of a mixture with a specimen of the colnpound from acetyla- 
tion of ocotillol (see below) (m.p. 257.5-260') was 257.5-26O0, undepressed. There was enough material for 
only one analysis. 

Anal. Calcd. for Ca?HsaOa (502.75): C, 76.44; H, 10.83. Found: C, 74.99; H ,  11.30. Mol. wt. (os~nolneter, 
chloroform solution), 513, 517. 

A 10-mg sample of the compound was treated under reflux overnight with methanolic potassium hydroxide. 
Dilution of the reaction mixture with water precipitated a white solid which was recrystallized from 95% 
ethanol to  yield colorless prisms, m.p. 199' (m.p. of ocotillol 198-200"). The infrared spectrum no longer 
showed carbonyl absorption. 

From chromatography of 2.33 g of a different lot of resin there was isolated a few milligrams of I, m.p. 
197-200". 

Isolation of Ocotillol I from SaponifLed Resin 
A solution of 10.46 g of ocotillo resin in 350 ml of methanol was heated under reflux with 8 g of potassiun~ 

hydroxide for 5 h. The reaction mixture was diluted with 1 liter of water and extracted with several portions 
of ether. The combined ethereal solutions were washed with saturated sodium chloride solution, dried over 
magnesium sulphate, and filtered. Evaporation of solvents left 6.119 g (ca. 60%) of amber-colored neutral 
saponification product. Examination by thin-layer chromatography indicated the presence of a t  least seven 
compounds of which three were present in considerable amount. Attempts to  crystallize the saponifi- 
cation product failed. 

The neutral fraction in benzene was poured onto a column of 180 g of grade I1 alumina, and chromato- 
graphed. Benzene:ether (75:25) eluted two fractions weighing 928 mg (15% of the neutral fraction), which 
crystallized spontaneously and were essentially pure (t.1.c.). Two other fractions weighing 843 mg (13y0 of 
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the neutral fraction) crystallized on trituration \vith ether; these contained a small amount of two con- 
taminants. The total yield of almost pure ocotillol was about 2SY0 of the neutral fraction or approx i~na te l~  
16% of the i~nsaponified resin. Several recrystallizations of the 928-mg fraction from benzene - petroleu~n 
ether or ethyl acetate-petroleu~n ether gave colorless thin prisms of pure ocotillol I ,  111.p. 198-200°, 
[ c r ] ~ ~ j  +28.3" (c, 2.42), [ a ] ~ ~ ~  +25.7' (c, 2.29), Rr 0.36, a:,'b;ou 228, vzfJ:,'l (IR-7) 3 622 cnl-I and 3 580 cm-I 
(OM) (conc. 0.005 llI)." Integration of the n.m.r. spectrum gave a total of 52-54 hydrogen atoms. 

Anal. Calcd. for CloHs.Oa (460.72): C, 78.20; I-I, 11.38; 0 ,  10.42. Found: C, 78.17; H, 11.02; 0 ,  10.90. 
Mol. wt. (~nass  spectrum), 460. 

From the following experiments ocotillol was recovered almost quantitatively. In each case t.1.c. examina- 
tion showed 1 to be the only product. 

(a) A solutio11 of 19 mg of I and 19 nlg of sodium ~netaperiodate in 3.25 ml of water:diosane (5:s) was 
allowed to stand for 140 ~ n i n  a t  room temperature. 

(b) A solution of 10 ~ n g  of I in 3 ml of chloroform was saturated with anhydrous hydrogen chloride and 
allowed to stand overnight a t  room temperature. 

(c) A solution of 11.2 mg of 1 in S ml of ether was treated by reflux with ST mg of lithium alunlinium 
hydride for 3.5 h. 

(d) A solution of 11.4 ~ n g  01 I1 in 20 ml of dioxane was treated by rellux with 191 ~ n g  of lithium alunlinium 
hydride for 8 h (yield: 6 mg of I) .  

Ocotillol nilonoacetate 11 
From Pzlrc Ocolillol 
A solutio~l of 2% mg (0.62 ~nlnole) of ocotillol in 3 ml of dry pyridine and 0.2 rnl of acetic anhydride was 

allowed to  stand for 24 h a t  roo111 temperature. The reaction mixture was diluted with water and estracted 
with chlorofor~n and ether. The co~nbined chloroform-ether extracts were w~ashed successively with dilute 
sulphuric acid, water, sodium bicarbonate solution, and water. The dried (sodium sulphate) and filtered 
solution was evaporated, to leave 284 mg (91%) of crystalline residue, which t.1.c. showed to be almost 
pure monoacetate. Four recrystallizatio~ls fro111 ethyl acetate - petroleum ether or chloroform - petroleu~n 
ether gave colorless prisms of ocotillol m no no acetate 11, 111.p. 260-261.5", [ ~ I ] D ' ~  +41° (c, 1.13), [ a ] u 2 ?  +39.S0 
(c, 2.52) and +40.5" (c, 2.55), Rr 0.63; v::$ (IR-7) 3 580 cnl-I (OH), 1734 cm-I (ester C=O) (conc. 0.005 
M ) ;  v:f,;'l3 3 546 cnl-' (01-I), 1 718 cm-I (ester C=O), and 1 256 cm-I (C-0-C). 

Anal. Calcd. for Cl2I-Is.,O4 (502.74): C, 76.44; H, 10.83. Found: C, 76.85; M, 10.99. 
From iVeutral Snponijicc~lio?~ Product 
A solution of 10 g of the neutral fraction of the resin saponification product in SO ml of dry pyridine and 

8 rnl of acetic anhydride was allowed to stand for 24 h a t  room temperature. The reaction nlixture was worked 
up as in the preparation of the rnonoacetate from pure ocotillol, except that 107; potassiun~ hydroxide 
solution \\,as used in place of sodiu~n bicarbonate solution. The  acetylated product (9.7 g) \vas dissolved in 
ethyl acetate - petroleum ether, concentrated to  about 200 ml, and seeded with pure 11. After several days 
of slow crystallization first a t  room te~nperature and then a t  3', filtration gave 953 ~ n g  (ca. S.7Y0) of colorless 
thin prisms (almost pure I l ) ,  n1.p. 222-243", in three crops. Two recrystallizations from ethyl acetate- 
petroleum ether gave pure ocotillol monoacetate identical with that  prepared as above f ro~n  pure ocotillol. 

Snponijication 
A solution of 71 mg of ocotillol monoacetate I1 and 0.4 g of potassium hydroxide in 20 rnl of methanol 

was heated under reflux for 27.5 h. Dilution with water and extraction \vith ether gave 51 rng (78%) of 
ocotillol, 111.p. 193.5-197", which gave a single t.1.c. spot. One recrystallizatio~l from benzene- petroleum 
ether raised the melting point to  198-198.5', undepressed on admixture with authentic ocotillol. The infrared 
spectrum was identical with that  of ocotillol. 

Ocotillol Diacetate 111 
Preparation 
Ocotillol rnonoacetate (252 mg, 0.50 rnrnole) was treated by reflux for 48 h in 5 ml of pyridine with 0.5 rnl 

of acetic anhydride. The reaction mixture was diluted with water, extracted with ether, and worked up as  
for the monoacetylation of pure ocotillol. The crude dark brown product (278 mg) \vas chromatographed 
on 10 g of activity I1 alumina. Benzene - petroleum ether (50:50) eluted 193 ~ n g  (70%) of colorless crystals 
which gave a single t.1.c. spot, R I  0.74. Three recrystallizations from methanol - ~nethylene chloride gave 
colorless flakes of ocotillol diacetate 111, m.p. 199-202", [ o l ] ~ "  +3S0 (c, 2.60), v;,C,'l 1736 (ester C=O) and 
1 250 cm-I (C-0-C). 

Anal. Calcd. for CaHacOj (544.79): C, 74.95; H ,  10.36. Found: C, 75.23; H ,  10.49. 
An attempted acetylatio~l in pyridine - acetic anhydride a t  90" for 24 h (conditions used for diacetylation 

of gratiogenin X (15)) gave back monoacetate containing only a small amount of diacetate. 
Saponijication 
r l 2 Z m g  sample of the diacetate was treated by reflux for 48 h with SS mg of potassiu~n hydroside in 15 ml 

of methanol. Dilution with water and extraction with ether gave 19 mg of a solid, which \\.as recrystallized 

8For conipnrison, a 0.005 M solution of Sp-choleslanol had v,,,CC1~ (IR-7) Y 620 CV-I.  

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 

10
8.

67
.2

44
.1

0 
on

 1
1/

17
/1

4
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 



WARNHOFF AND HALLS: OCOTILLOL 3319 

froin benzene- petroleuin ether to yield 12.4 mg of ocotillol, m.p. 197-198", undepressed on admixture 
with an  authentic specimen. 

Oxidation of Ocotillol iMonoacetate I1 
Chronzic Acid - Acetic Acid 
A solution of 303 mg (0.61 inmole) of I1 in 41 ml of glacial acetic acid was added to 91 mg (0.91 mmole) 

of chromium trioxide in 5 drops of water and 2 ml of glacial acetic acid. The reaction mixture was almost 
green after 1 h. After 24 h the emerald-green solution was treated with potassium iodide. Titration of the 
iodine liberated by excess chromium trioxide required 2.39 ml of 0.100 N sodium thiosulphate (corresponding 
to 7.9 mg of chromium trioxide). The 83.1 mg (0.83 inmole of chromium V1 consumed in the oxidation 
was 102y0 of the theoretical amount required for oxidation of I1 to the lactone Va and acetone. 

The titrated reaction mixture was diluted with water and extracted with ether. The ether extracts were 
washed with thiosulphate solution, water, sodium bicarbonate solution, saturated sodium chloride solution, 
and then dried over sodiuin sulphate. Evaporation of the filtered solution left 347 mg of crystalline product, 
which retained some solvent and gave a single t.1.c. spot, Rr 0.71. One recrystallization from methanol - 
inethylene chloride gave 211 111g (75y0) of prisms of acetate lactone Va (3P-hydroxy tris nor dammarane 
24:20 fs-olide acetate), m.p. 242-245.5' unchanged on further recrystallization, [o l ]~  $42" (c, 2.24); v2zC1" 
1761 cin-I (?-lactone C=O), 1721  cnl-I (ester C=O), and 1253  cnl-I (C-0-C) (lit. (8): m.p. 237-238", 
[o l ]~  $50'). The inelting point was undepressed on admixture with Va from dipterocarpol (8). 

Anal. Calcd. for CZsHacOa (458.66): C, 75.94; H, 10.11. Found: C, 75.66; H, 10.04. 
From another reaction in which 150 mg of I1 was oxidized the yield of crude acetate lactone (one t.1.c. 

spot) was 136 n ~ g  (99y0). 
A solution of 136 n ~ g  of acetate lactone in 30 ml of methanol was saponified by reflux with 564 mg of potas- 

sium hydroxide. Acidification with dilute sulphuric acid and extraction with ether gave 123 mg of hydroxy 
lactone Vb (single t.1.c. spot), which after four recrystallizations from methanol-water had m.p. 208.5-21O0, 
[ o l ] ~  $25" (c, 1.42, chloroform containing 5% of 95% ethanol) (lit. (8): m.p. 205-206', [o l ]~  $39"). 

Chronzi~rm Triowide - Pyridine 
T o  the oxidizing agent prepared from 14.3 mg (0.143 mmole) of chromium trioxide and 0.5 ml of pyridine 

was added a solution of 100 mg (0.207 mmole) of I1 in 9 ml of pyridine. After 4.7 h a t  room temperature 
the reaction mixture was diluted with 40 ml of methylene chloride and poured onto a column of 3 g of activity 
I11 alumina. Further elution with 160 ml of methylene chloride gave a colorless eluate which was washed 
successively with dilute sulphuric acid, water, sodium bicarbonate solution, water, and saturated sodiuin 
chloride solution. The dried solution (sodium sulphate) was concentrated, and left 99 mg (99%) of recovered 
ocotilIol monoacetate, m.p. 250.5-254O, [ol]uZ5 $36' (c, 2.50), which gave a single t.1.c. spot. The melting 
point was undepressed on admixture with the starting material, and the n.m.r. spectrum was identical 
with that  of the starting material. 

Oxidation of Ocotillol I 
A mixture of 202 nlg (0.44 mmole) of I, 98 mg (0.98 mmole) of chromiuin trioxide, and 7 drops of water 

in 17 n ~ l  of glacial acetic acid was allowed to react a t  room temperature for 24 h. Then a solution of 11 mg 
of sodium bisulphite in 50 in1 of water was added and the reaction mixture was steain distilled. The distillate 
(25 ml) was treated with acidic 2,4-dinitrophenylhydrazine solution and the resulting orange precipitate 
(30 nlg, 28y0) was collected on a filter. Two recrystallizations froin ethanol gave 14 ing of prisms of acetone 
2,4-dinitrophenylhydrazone, m.p. 125-126". On admixture with an  authentic sample, n1.p. 125-126.5', the 
melting point was 124.5-125.5'. The infrared spectra of both sainples in chloroform were identical. 

The residue froin the steam distillation was extracted with three portions of ether. The combined ethereal 
solutioils were washed in sequence with water, sodium bicarbonate solution, water, and saturated sodium 
chloride solution before being dried over anhydrous sodium sulphate. Evaporation of the ether left 181 mg 
(99%) of crystalline residue, m.p. 173.5-181.5', which gave a single t.1.c. spot. Three recrystallizations 
from absolute ethanol -petroleum ether gave 101 n ~ g  of colorless prisms of the keto lactone IV, m.p. 
182.5-184.5O, [ a ] ~ ~ ~  +71° (c, 2.51), c&O" 55; 1 757 cm-l (r-lactoile), 1 698 cnl-I (6-ring C=O), 1421  
cm-I (CH? C=O); u:Z4 1775 cm-I (r-lactone) and 1706 cm-I (6-ring C=O). On admixture with a sample 
of the tris nor lactone from dipterocarpol VI ( ~ t r i s  nor keto lactone from damnlare~lediol-11), the melting 
point was undepressed. The infrared spectra in chloroform solution were identical. Both samples had the 
same Rr 0.67 on t.1.c. 

Anal. Calcd. for C27H.4203 (414.61): C, 78.21; H, 10.21; 0 ,  11.58. Found: C, 77.84; H ,  10.13; 0 ,  11.76. 
Mol. wt. (mass spectrum), 414. 

A blank oxidation with the same reagents but with the omission of I, followed by distillation and addition 
of 2,4-dinitrophenylhydrazine gave 110 precipitate. However, extraction of the treated distillate and 
chro~natography on silica gel did give 12 mg of a mixture of dinitrophenylhydrazones of which the acetone 
derivative constituted about 6 mg. Since this is much less than the precipitate collected in the ocotillol 
oxidation, acetone is one of the products of oxidation of ocotillol. 

Danznzar.enedio1-I1 Monoacetate VIIa  fronz Dipterocarpol VI  
A solution of 727 mg of sodium borohydride in 40 in1 of dioxane-water (1:l) was added to a solution of 
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1.781 g of dipterocarpol VI (=20-hydroxydammarenone-11), Rr 0.73, 1n.p. 124-134", [CX]D~' f 62" (c, 3.47) 
(lit. (8): m.p. 127' and 135-136", [CX]D +65") in 60 n ~ l  of dioxane. \Vorlc-up gave l.'i32 g of crude product, 
which was recrystallized from methanol. There was obtained 1.482 g (85%) of colorless flakes of dam- 
marenediol-I1 (VIIb), m.p. 78.582' (lit. (7): m.p. 131-133O), Rr 0.44, which were either solvated or poly- 
morphic. 

Acetic anhydride (1.2 ml) was added to  a solution of 1.48 g of VIIb in 12 ml of pyridine, and the reaction 
mixture was allowed to  stand a t  room temperature for 26 h. Work-up as for the monoacetylation of ocotillol 
gave 1.571 g of yellow resin. Recrystallization from methanol yielded 1.351 g (83%) of dammarenediol-I1 
monoacetate VIIa, m.p. 130-134", [ c x ] D ~ ~  +38" (c, 2.68) (lit. (7): m.p. 135-137', [a]n +3'i0), Rr 0.73. 

Epoxidation of Damnzarenediol-IT Monoacetate VIIa  
T o  a solution of 299 mg (0.615 mmole) of VIIa  in 15 ml of ether chilled in a bath of Dry Ice and acetone, 

1.5 ml of a n  ethereal solution of monoperphthalic acid (0.687 mmole) was added. The reaction mixture was 
stored a t  -10' for 210 h, then diluted with chloroform and washed successively with sodium bicarbonate 
solution, water, and saturated sodium chloride solution. Evaporation of the dried ether solution (water 
bath temperature = 90') left 263 mg of colorless solid, which was recrystallized from ethyl acetate - petro- 
leum ether. Seeding with a crystal of ocotillol acetate produced 110 mg (35%) of prisms, m.p. 247-248", 
[(u]DZ6 +37O (c, 2.46). Three more recrystallizations from the same solvent gave 65 mg of pure ocotillol 
monoacetate (11), m.p. 260-260.5", [ c x ] D ~ ~  +40° (c, 2.50), Rr 0.63. The melting point was undepressed 
on admixture with an authentic sample prepared a s  described above. The infrared and n.1n.r. spectra were 
identical with those of authentic 11. 

Anal. Calcd. for C32H6404 (502.74): C, 76.44; H ,  10.83. Found: C, 76.58; H,  10.95. 
In an  attempt to  isolate the C-24 epimer of ocotillol monoacetate, the mother liquors from the first crop 

of crystals were combined with those from another reaction and chromatographed on activity I1 alumina. 
Various fractions which gave a single t.1.c. spot corresponding in Rr to  I1 had optical rotations ranging 
from [ a ] ~  +31° to  [Q]D +34', significantly lower than 11 or VIIa. The n.m.r. spectrum of this material 
differed from that of ocotillol monoacetate in that  there were two short methyl peaks a t  1.11 and 1.13 
p.p.m. instead of one tall methyl peak a t  -1.12 p.p.m. The material was apparently a mixture of I1 and its 
C-24 epimer in about equal amounts; however, the C-24 epimer could not be crystallized from the mixture. 
A calculation based on the optical rotations of pure I1 and the estimated composition O F  the mixture gives 
a value of [ a ] ~  ca. +24" for the C-24 epimer of ocotillol monoacetate. 

Chromic Acid Oxidation of Dammarenediol-IT Monoacetate VIIa  
Dammarenediol-I1 monoacetate (249 mg, 0.51 mmole) shown by t.1.c. to be free of I and I1 in 6 1111 of 

glacial acetic acid containing 10 drops of water was oxidized with 33.5 mg (0.33 mmole, the theoretical 
amount for oxidation of VIIa  to  11) of chromium trioxide a t  room temperature. After 1 4  h the reaction 
mixture was diluted with water and worked up as  for the oxidation of ocotillol monoacetate. Thin-layer 
chromatography of the 237 mg of crude product indicated the presence of the acetate lactone and ocotillol 
monoacetate as  well as  unreacted starting material. T o  remove the lactone the product was treated by reflux 
in a mixture of 15 ml of methanol, 5 ml of water, and 175 mg of potassiun~ hydroxide for about 4 h. Dilu- 
tion with water and extraction of the basic solution with chloroform and ether gave 159 mg of neutral 
material, which was mainly a mixture of I and VIIb. Acidification of the basic aqueous layer with dilute 
sulphuric acid and extraction with ether yielded 46 mg (21%) of hydroxy lactone Vb. Acetylation of this 
with pyridine - acetic anhydride a t  room temperature gave 50 mg of acetate lactone Va which after two 
recrystallizations from methylene chloride - methanol had m.p. 241-244.s0, undepressed on admixture with 
a n  authentic sample. 

The 159 mg of neutral product was dissolved in benzene - petroleum ether and chromatographed on 5 g 
of grade 111 alumina. Benzene and benzene:ether (98:2) eluted 55 mg (24%) of dammarenediol-I1 (VIIb), 
which was identified by t.1.c. and conversion to the acetate VIIa. Benzene:ether (98:2 to  90:lO) eluted 
58 mg, which t.1.c. showed to  be about half I1 (-13% yield). Five recrystallizations from benzene - petroleum 
ether gave ocotillol of m.p. 195-196", undepressed on admixture with authentic I. Acetylation of the 
recrystallization mother liquors gave 53 mg, which was estimated by t.1.c. t o  contain ca. 14 ing (-6% yield 
from VIIa) of 11. Three recrystallizations from ethyl acetate - petroleum ether gave 4 mg of pure 11, m.p. 
254-255", undepressed on admixture with a n  authentic sample. 

Dammarenediol-I1 monoacetate gave little or no ocotillol monoacetate I1 on oxidation with the chromic 
acid - pyridine reagent. 
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