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ABSTRACT RN

~

Part I of the thesis describes four investigations of some of the

neutral components of bark extractives.

The petroleum ether extract of grand fir [Abies grandis (Dougl.) Lindl.]
Qas found ﬁo contain two triterpene lactones. The first compéund, cyclo-
grandisolide, was shown by chemical and spectroscopic considerations and
confirmed by X-ray analysis to be (23R)—3a—methoxy~9,l9—cyclo—98—lanost—24;
ene~-26,23-lactone- (38). The second component, epi—cyclograndisolide, was
isomeric with the first and was assigned as (235)—3u—methoxy—9,l9—cyclo—98—
lénost—Za—ene—26,23~lactone (43).

In the second investigation, three tritérpenes of the chloroform extract

of Pacific silver fir [A. amabilis (Dougl.) Forbes] were examined. The main

nammonont Ahinanlantimmn  trac brnarm snd had lLianm o mncdanad as (0 QD [ PN
cemponent, gtieciacteone , oL rxncown ond Dol Leen ZZligned o Lok -2u

methoxylanosta-9(11),24~diene~26,23~1actone (30). Chemical and spectroscopic
evidence is considered which indicates that assignment to be incorrect and
abieslactone is tentatively re-assigned as (23R)-3a-methoxy-98-lanosta-7,24-

diene-26,23-lactone (81). A minor component, AA, was assigned on the basis

3
of metﬁylation studies as 3-desmethylabieslactone or (23R)-3a-hydroxy-98-
lanosta—7,24—diéne-26,23-lactone (83). Oxidation of AA3 gave a ketone

"identical to the second minor component, AAZ’ which is then (23R)-3-oxo0-
9B -lanosta-7,24~diene~ 26 23 lactone (82).

The third investigation concerns the structure of W,, a triterpene
ketone from the petroleum ether extract of Western white spruce [Picea
glauca (Moench) Voss. var. albertiana (S. Brown) Sarg.]. The structure

" tentatively assigned on the basis of spectroscopic evidence is 3B-methoxy-

8o~serrat-13-en~-21-one (91).
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The fourth investigation was a chemosystematic study of the petroleum
ether extract of Engelmann spruce [P. engelmannii Parry]. The presence of
methoxyserratene derivatives known to be present in other members of the
same genus were not detected in the presentlinvestigation.

Pért II of the thesis describes synthetic endeavors leading to possible
Bio—intermediates of indole alkaloids and the biosynthetic evaluation of one
synthetic compound.

Condensation of 3-ethylpyridine with 2—carboethoxy—3(B—chloroethyl)inéole
(60) followed by reduction gave N—[B{3(2—hydroxymethyiindolyl)}ethyl]—3—
ethyl-1,2,5,6-tetrahydropyridine (64). 'The'benzokymethyl derivative 65 of
compound 64 was treated with potassium cyanide to give the cyandmethyl
dérivative 66 which could be hydrolyzed to N-[B{3(2-carbomethoxymethylindolyl)}

athuwll2iathl1ol 2 B Aototrvshudvranaridies
- —-—- ~ - - —yT T o s s - ~r - e Y
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......... nound
with methyl formate followed by reduction of the fesulating enol, gave
16,l7¥dihydrosecodip~l7¥ol (69). This compound was shown to be not, or very
slightly, incorporéted intd the alkaloids of yiggé_ggggg L. plants. Attempts
to oxidize the tetrahydropyridine 64 with mercuric acetate under various
coﬁditions failed to give.detectablé aﬁounts of the corresponding pyridinium
salt.

In anothef synthetic sequence, condensation of fhe tryptophyl derivative
‘60 with 3-acetylpyridine ethylene‘ketal followed by tﬁe same sequence of
reduction and homologation as employed before gave N-[8{3(2-carbomethoxy-
methylindolyl)}ethyl]~3—acetyl—l,2,5,6—tetrahydropyfidine (82). Atlempts
to oxidize 82 with mercurous acetate followed by hydrdgenation fajiled to
give the desired N-[B{3(2-carbomethoxymethylindolyl) }ethyl}-3~acetyl-1,4,5,6~
tetrahydropyridine (83).

In a second attempt to synthesize 83, the pyridinium chloride salt
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84 from the condensation of 3~acetylpyridine with the tryptophyl dérivative
60, was hydrogenated to Nf[B{3(2—carboethoxyindolyl)}ethyl]—3—acetyl—l,4,5,
6-tetrahydropyridine (85). Réduction of 85 under a variety of conditions
gave major amounts:of N—[B{3(Z—hydro%ymethylindolyl)}ethyl]—S—acetylpiperi—
dine (86) with only trace amounts of N—[B{3(2-hydroxymethylinaolyl)}ethyl]—
3—acetyl—l,4,5,6—tetrahydropyridine (87) containing the necessary Vinylogous
amide chromophore. |

In a third approach to the synthesis of 83, methyl indole-2~carboxylate
(88) was reduced and homologated as before to give methyl indole—Z—acétate
(92). Treatment of 92 with ethylene oxide and stannic.chloride gave methyl
3(B-hydroxyethyl)indole-2-acetate (93). Tréatment of the tryptophyl

bromide derivative 94, produced by the action of phosphorous tribromide on

an w31+l VP amnatirtacrwd Adrna A atrra Fhs maraed AT vim hamAamT A
oy WLLL STICCUYLAPYTILLNC QOVE LAt Py LI UT SUCTLo

ch could ke
hydrogenated to the vinylogous amide 83. More conveniently, treatment of

93 in 3—aéetylpyridine with phosphorous tribromide and immediate hydrogena-

tion gave 83 in better yield.
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PART I

STUDIES RELATED TO BARK EXTRACTIVES

OF SOME FIR AND SPRUCE SPECIES



Introduction

The mystery of man's natural world can be found in the earliest of
records. It is probable that the utilization of substances now.known as
natural products started before the time of recorded history. Extracts of
plants gave the ancieunt world indigo and alizarin used for dyeing.

Aromatic plants afforded perfumes. Other naturally occurring materials
were, and are still used for healing or killing.

farly investigations.were deeply invelved with the chemistrv associated

with these molecules, Many researchers were severely hampered by the volume

of work needed to make the slightest progress. -As chemical theory evolved

1y

two main areas of research proved ro pe stumbiling bplocks; purification o
products and physical measurements on these produéts were inadequate. The
past few décades have seen remarkable advances in .both these areas,

The progress made in biosynthetic theory has also played a role in
‘hatural product in&estigation. Natural products are often classified in
families, thus biogenetic considerations determined for one member are |
usually applicable to other members of the family. These considerations
have led to predictions concerning the.occurrence of new and, at the time,
unkﬁown structures and even to suggest that some structures aiready
assigned should be re~investigated since tﬂey did not fit the existing
biosynthetic patterns. |

While much of the world is forested, surprisingly little is known

about the chemical composition of the plant life. What is known is often



fragmented and incomplete making systematic studies‘nearly impossible.
Despite the economic importance of the forestry industry the extractableé
found in the trees are poorly understood.

The pulp and paper industry has known pf the existence of extractives
but has often viewed them as a nuisance to be removed., Industrial ingenuity
has accomplished their removal and in the kraft process two by-products,
‘sulfate turpentine and tall oil, are of economic importance.

Sulfate turpentine consists of the &olatile terpenes coﬁdensed from
the relief gases. The production of synthetic pine cil which in turn is
used for conversion to terpin hydrate énd other chemicals, as well as a
solvent and in ore flotation, uses a large portion of the turpentine.
Paints, lacquers, synthetic resin, and the perfumery industry use smaller
quautitiu§.]

The composition of tall oil ié variable'depeﬁding on the kind of wood
and the pulping and recovery processes. According to Browning2 the‘range
of composition may be from 35% to 55% resin acid, 357 to 60% fatty acia,
and 10% to 207% unsaponifiable material. The unsaponifiable matter
ingludes sterols, higher alcohols, hydrécarbons, and even some sterol“

‘esters of fatty acids which are difficult to saponify. Industrial uses

~

of tall'oil'ﬁre in the manufacture of adhesives, binders, drying oils;
soafs, printing ink, and varnishes, ‘Esters of tall oil are used in &rying
oils, alkyd‘resins, plasticizers; and lubricant derivatives.

| The resin ducts of certain trees when wounded secrete é viscous oil
known as oleoresin. It_consists essentially of a resin in a volatile oil.

In the United States, oleoresin is collected from deliberately wounded



longleaf and slash pine. The volatile "wood turpentine' is removed and

the remaining resin, consisting mainly of resin and fatty acid, is used

much like tall oil., About 10Z of the oleorgsin is neutral or unsaponifiable
materiél containing B-sitostercl (1) and other sterols; long chain fatty

- alcohols; twoAditerpene aldehydes, dextropimarinal (2) and isodextropimarinal

(3); trieyelic diterpenes; diterpene alcohols; and 3,5 dimethoxystilbene.3
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The resin acid fraction of tall oil or pine oleoresin consists mainly of
diterpene acids with the abietane skeleton. Typical examples of the
resin acids are dextropimaric (2b), isodextropimaric (3b), abietic (4),

palustric (5), and levopimaric (6).
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The volatile components, whether they be from wood, bark or leaves,
are responsibleifor the characteristic odors associated with some trees.
Some trained observers can diétinguish certain woods on this basis. This

“approach when berformed on a more scilentific bzsils may be useful for
differentiating or characterizing different'species or variations of the
same species. |

The heartﬁood extracts of many conifers have been examined by

Erdt:manL+

and taxonomic correlations on the generic level in the families
Pinaceae and Cupressaceae have been made. The heartwood of several Abies
species has been studied and the presence of several diterpenoids has been

nbﬁed.s The genus Pinus has been studied by Mirov® who investigated the

monoterpenes found in the gum turpentine. The leaf oil of white spruce

]
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were examinea.by von Rudloff.7’§ He concluded that bbth species have a
remarkably consistent and distinctive distribution pattern of leaf oil
~terpenes.

The significance of these studies is best illustrated.by the
chemosystematié studiés by von Rudloff.® The Rosendahl spruce [P. glaucé
x marianal is considered to be a hybrid of white and black spruce.
Mor?hologically Rosendahl spruce is intermediate in éome characteristics,
like white or black spruce in others, and completely different from either
in others. The analysis of the leaf oil showed a similar pattern thus
reflecting.the hybrid origin of thé Rosendahl spruce.

A similar study of the cortical oleoresin from North American fir has

been conducted by Zavarin.!0s11512  Nipe distince Abies species are



recognized north.of Mexico and seven of these ﬁay be grouped in thfee
larger species complexes. A. magnifica A. Murr and A. procera Rehd.
are in one complex; A. concolé; (Gord. & Glend.) Lindl. and A. grandis
(Dougl.) Lindl,.in another complex; with A. lasiocarpa (Hook.) Nutt.,
A. balsamea (L.) Mill., and A. fraseri. (Pursh) Poir. a; the third complex,
Both A, amabilis (Dougl.) Forbes and A. bracteata D. Don are separate and
"are not associated with any larger complex. The analysis of the mono-
terpenoids and the sesquiterpenoid hydrocarbons revealed chemical
differences between many species and vérietieé}
Of the nine species, grand fir Ié; grandis] and Pacific silver fir
[A. zmabilis] are of interest in comnection with the present work. The

major differences in chemical composition of the oleoresins may be seen

Compound - grandis amabilis
(a) Sesquiterpenes
B~Bisabolene 1% 30%
a-Cubebene ' 24 ' _ trace
&—Copaene 18 : 1
B—Copaéneb trace | ' 17

(b) Monoterpenes :
f-Phellandrene 15 S . 46

Camphene ' 46 . -
3~Carene . 1 ' . 20

Table I, Hydrocarbons of Abies cortical oleoresins



As can be seen, there are major differences between these two species.
The differences extend to the triterpenes isolated from the bark of these
species and will be discussed later in this thesis,

At present, bark is'a major waste product in the pulp and paper
industr&. Not only does it possess little commercial value but it also
pfovides a difficult disposal problem. Bark represents 10Z to 157 of the
total weight of the wood treated and, in the long run, it is disadvantageous
from the economic point of view to use it only as fuél.

The physical componentslof bark, cork, fiber, an& bark powder, have

13 Fibers may be used in fiberboard and

been examined for possible uses.
as additions to £fillings and insulation materials. Bark powder has found

some use as a carrier for insecticides and in soil improvement., Fractions
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G improvenent and Lillinyg macerial,
Bark chemicals may.be,isolated.either by pyrolysis or extractiomn.

Alkalnids such as quinine (7) énd strychnine (8) are isolated from bark.

A flavanoid, quercitin (9), and some of its.derivatives havé been isolated

~from many barks. Ihey have antioxidant properties which are of interest

because of possible uses in food and are ofvsdmé medicinal value in the

treatment of capillary blood vessel disorders.'™
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Extracts of western hemlock find use as soil stabilizers, cold-setting
waterproof adhesives, and oil well drilling fluids.1®

A study was made by Chang and Mitchelll® on the amount of extractable

1 4 P 1 £ \q S Y PUE UV B e
material ir thz barl of zoma somman Morsh Amcerican pulpwosd spaci

5 hey

(3]

successively extracted the bark with benzene, ethanol, hot water, and one
per cent aqueous sodium hydroxide solution. The values obtained for

Engelmann spruce [Picea engelimannii Parry] were 5.2% benzene and 25.9%

ethanol soluble. The values for black spruce were 5.0% and 14.6%

respectively. The only fir mentioned, balsam fir, had values of 13.2% and

&

3.3%'respectively. Rowel7 found that the benzene extract of pine bark

varied from 28.7% for lodgepole pine [Pinus contorta Dougl.] to a low of

2.1% for sugar pine [P. lambertianna Dougl.]

The composition of the extract obtained by Chang and Mitchell Qas not
investigated fully. Rowe's study was more thoroughhgnd listed several
sterols which he isolated., More interesting was the finding of a methoxy
triterpenol in jack pine [P. banksiana Lamb.] and a triterpene diol, which

he called pinusenediol, from loblolly pine [P. taeda L.] and jack pine.


http://comr.cn

The structure of pinusenediol was shown by Rowel® to be identical

with that of serratemediol (10) isolated by Inubushi from a club moss,

Lycopodium serratum Thumb. var. Thumbergie Makino.l!®

10, R=H

10b, R = OAc , 11

Serratenediol was the first known triterpene containing a seven

A rrno e o 20 ..

£ dem Pl mlacnccmdrcona T & A ammrer <t et AT
~ a ANSD Y LA D de) WD U L UL L peee

~ ~
il A L L R ) s

occurring from a-onocerin (lla) with incorporation of one of the vinyl

groups into ring C (Figure 1).

HO

Figure 1. Postulated biosynthesis of serratenediol.
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The result of the incorporation of one of fhe @ethylene groups into
the riﬁg system.leaves seven angular methyl groups rather than the usual
eight for other pentacyclic tfiterpenes.

Evidence for this biosynthesis is speculative since no labelling
studies have beenvreported. Also neither o-onocerin nor its derivatives
has been found to co-occur with the serratene derivatives in trees. A

club moss, Lycopodium clavatum, was found to contain a-onocerin and also

diepiserratenediol (12).19 _ -

HO-" "

12

The isomerization of a-onocerin (11) by mineral acid into B- (13) and

21 Tnubushi?® was able to confirm the earlier work

Y—onocefin (14) is known.
by the isdmerizatién of a-onocerin diacetate (11b) into B- and y-onocerin ;
diacetate (13b) and (14b) with the use of mineral acid. With a bulkier
'Lewis acid, boron trifluoride, Inubushi was agle to isolate serrateneéiql

. diacetate (10b) and y-onocerin diacetate. Similarly, starting with the
corresponding diketone, serrateneaione (15) was isolated. The conversion
of.d—onocerin into serratenediol représented a to%al synthesis of that

compound since a-onocerin had been synthesized by Stork.%22 The position

of the double bond in serratenediol and the position and configuration



11

14, R = H : 15
14b, R = Ac

of the methyl group arising from the vinyl group of a—onocerin were

- determined by degradation.

23

In a later paper Rowe reported the isolation and structure of six
serratenediol derivatives from pine bark. Of the six compounds only one,

2l~episerratenediol (16), had been previously characterized. The remaining

five were novel and three of them contained methoxy groups. The three
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methoxy compounds were showm to be 38,2la~dimethoxygerrat=lé-ene (17);
3B-methoxyserrat-ld-en-21la~0l (18); and 3B-methoxyserrat-lé—en-2l-one (19).
The other two coﬁpounds were éerrat-l&—en—21~on—36-ol (20) gnd serrat-14-
eﬁf3q,218—diol (21). TFurther work on jack pine revealed 218-methoxyserra£—
l4-en~-3-one (22)Iand 2lo-methoxyserrat-1l4-en-38-ol (23);

The methylene chloride extréct of the bark of Scots pine [P. sylvestus]
contained 38-methoxyserrat-l4-en-21-one (19) and 38,2la-dimethoxyserrat—
l4~ene (17).2% |

In a study of the bark of Sitka spruce [Picea sitchensis (Bong.) Carr.]

conducted in our own laboratories and at the Forest Products Laboratory,
Vancouver, several sérraténe derivatives were isolated.25:2®  The two

in greatest abundance were 3B-methoxyserrat-l4-en—-21p-ol (24) and 3a-
methoxyserrat—-l4~en—2z2ig-o0l (Z3}. The first naturally cccufring serratene
compound with a 13-ene system, 3a~methoxyserrat—13—en;215—ol (28), was
also chargcterized. Among the minor components were the following

. serrat-l4-emes: 38,21~diol (16); 38,2la-diol (10a); 2l-on-3B-ol (20);
‘3a;methoxy—21-one (26); 38-methoxy-21-one (19); and 3a,21B8-dimethoxy (27).
The diterpene alcohol 13-epimanool (29) was characterized as its 3,5~

dinitrobenzoate derivative.




17, R, = R, = H, R, = R, = OMe

1 4 2 3

18, R; = R, = H, R, = OMe, R, = OH
©19, Ry = Ry = H, R, = OMe, R, =0
20, R; = H, R, = OH, Ry = R, = 0
21, R, = Ry = H, R, = R, = OH

22, Ry = H, R, = OMe, Ry = R, = 0
23, Ry = 34 = H, Ry = OMe, R, = OH
24, Ry = Ry = H, R, = OMe, R, = OH
25; Ry =Ry =H, R = OMe, R, = OH
26, R, = H, R; = OMe, Ry = R, = 0
27, R2‘= Ry = H, Ry = R, = OMe

I. H. Rogers?? has compiled a‘review on the wood and bark extractives
of some spfuces. Other than the above work on Sitka spruce most of the
work on spruce has centered on the phenolics or resin acid and as such is
not directly applicable to this thesis.

»Thé occurrence of serratene derivatives in the family Pinaceae in the
genus Pinus and lafer in the genus Picea is now well established. A
methoxylated triterpene, abieslactone (30), has been reported from the

28  This compound, however, is not a

genus Abies of the same family,
_serratene derivative but possesses rather a lanosterol skeleton. Abieslactone

was initlally isolated in 1938 from the bark and leaves of Abies mariessil

Masters,29 a fir tree of northern Japan. The same compound had been
isolated by Hergert3? from the North American Pacific silver fir [A. amabilis

(Dougl.) Forbes] and Noble fir [éb procera Rehd.] and named by hin as
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methoxyabiesadienolide,

MeQO~ ..
//\
\
30

Oﬁ the basis of selenium dehydrogenation it was suggested in 1964
that abieslactone must contain the skeieton of trimethylsteroidé.Bi
Tﬁe structure and absolute configuration suggested for abieslactone is 30 .
As will be seen laier ihis cumpuund vccuples o raiber central position in
some of the discussioﬁ of the present work.

The above disgussion provides a brief summary of investigations which
relate to the first portion of this thesis concerning the isolation and

characterization of compounds found in extracts of some spruce and fir

trees.
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Structural Studies on Tritexrpenes from Grand Fir

Discussion

As part of a long range study aimed at the eventual utilization of
chemicals found in the bark of coniferous species, I.H. Rogers, Forest

Products Laboratory, initiated an examination of the extractives of grand

fir bark [Abies grandis (Dougl.) Lindl.].32

The Eark for this study was obtained from a hundred year old tree
groWing on the University of British Columbia campus. The bark was air
dried and ground to a coarée powder before being extracted in a large
Soxhlet extractor using petroleum epher as solvent. Upon evaporation
of the solvent the crude extract solidified to give a brown wax. Based
on the weight of air dried bark, the crude extract represented a petroleum
ether extractable content of.0.8%.

The crude extract was separated into numerous fractions using
successive column chromatography on alumiﬁa. A typical separation
emphasizing the fractions relevant to this discussion is shown in Figures3
2 - 4. The initial fraction of interest in the present work is G
(Figure 2) containing a mixture of fatty alcohols, lactonés; and epimanool.

 Further purification provided three new fractions, M, N, and 0.%

* The receipt of Fractions M, N, and O from L.H. Rogers32

acknowledged.

is gratefully‘
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Bark

Petroleum ether
Soxhlet

Crude Extract

Column Chromatography

Fraction Solvent ’ Compound(s)
A petroleum ether hydrocarbons
— B petroleum ether hydrocarbons, sterol esters
C petroleum ether sterol esters
D ‘petroleum ether sterol and wax esters
E petroleum ether .wax ester, 2 unknowns
F benzene:pet. ether (1:9) unidentified
‘benzene:pet. ether (1:4)
G benzene:pet. ether (3:7) fatty alcohol, lactones
benzene:pet. ether (1:1) = epi-manool '
H " benzene:pet. ether (3:2) - fatty alcohol, sitosterol -
T . benzene:pet. ether (3:2) sitosterol, ferulic ester
J benzene . . sitosterol, ferulic ester
- . 2 unknowns
K diethyl ether ferulic ester
methanol

Figure 2. Typical purification sequence of components from grand fir bark.
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Fraction G

Column Chromatography

Fraction Solvent .+ ' Compounds
M petroleum ether:benzene (4:1) epimanocol, fatty alcohol
o ’ lactones
N petroleum ether:benzene (1:1) lactones

fatty alcohol

0 benzene " lactones
‘ fatty alcohol

. Figure 3. Purification of Fraction G.

Thin layer chromatbgraphy (TLC) of M, N, and O showed that all three
fractions were mixtures, F¥raction M contained at least four components:
epimanool, rapidly recognized by comparison with an available authentic
sample (see later); two components revealing lactonic absorptionAin the
infrared; and fatty alcohols. Fractions N and O contained the same two
lactones énd fatty alcohol with the fatty alcohol being the mﬁin component.

On this basis it appeared that Fraction M_wduld be‘the most profitable 
to examine initially. Chromatography of Fraction M_én a column of‘alumina

~gave separation into two further fractions P and Q (Figure 4). Fraction P
had TLC énd nuclear magnetic resonance (NMR) properties which appeared
consistent with manool (31) or epimanool (29). These two alcohols may be
conveniently distinguished from eacﬁ other as their 3,5~dinitrobenzoate

derivative. The 3,5-dinitrobenzoate of Fraction P had a m}p. of 115 - 117°C



in agreement with the reported3® value of 116 - 118°C for epimancol. On

this basis the structure ascribed was that of epimanool (29).

29

Fraction M

31

Column Chromatography

Fraction

Solvent

petroleum ether:benzene (4:1)

petroleum ether:benzene (3:2)

Figure 4. Purification of Fraction M.

Compound
epimanool

lactones
fatty alcohol
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Fraction Q contained at least two compcund;;“‘The NMR of this fraction
had resomances at T 3.0, 5,0, and 6.7 similar to those reported for
abieslactone (30).28 1In addition, a vinylic methyl at T 8.1 was
distinguishable, a signal also found in abieslactone. A signal at T 8.7
whichvwas‘also present was assigned to the methylenes of the long chain

fatty alcohol, one of the. components in Fraction Q.

0\:—.‘0

MeO- "~

30

The necessity to obtain material free of the ‘fatty alcohol was
obvious. Rowe in his work with pine bark extracts33 had some success in
removing this type of material with an urea channel complex. ’Consequentlf
a portion of Fraction M was taken up in a warm alcoholic solution of urea

and, after standiné overnight, the crystalline complex containing the
fétty alcohol component was removed by filtration. Thin 1ayef chroma;o—
éraﬁhy of the mother liquors revealed a mixture of two compounds, These
were conveniently separated on silica gel preparative layer plates
impregnated with Rhodamine 6G, 3% |
Thg top band was the greater of the two and could be eluted ffom the

silica gel with chloroform, Evaporation of the chloroform left an
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orange-red solid as some of the dye had also been eluted, A quick flush
through a short.column of deactivated alumina removed most of the color.

The compound so obtained was initially coded as AG, and subsequently

1
named tyclograndisolide. The second band was similérly treated to give a
mixture of the second component, AGz, and some AG1° Additional quantities
of this mixture were'obtained from Fractions N and O ih the manner
described above.

. For analytical purposes cyclograndisolide so obtained was crystallized
from methanol to give a white'solid, m.p. 191 - 193°C., The molecular
formula by high resolution mass spectrometry and elemental analysis was
found to be C31H4803; The infrared (IR) spectrum with a strong band at

1745 cm~! and the ultraviolet (UV) spectrum with X 209 mu (log & 4.33)

max

suggesied an u;p-unsaturated-y=iactone, the same chromophore Iound in

3
two high field doublets at 1 9.5 and 9.7, suggesting fhe presence of a

abieslactone.?® The NMR spectrum at 60 MHz obtained in CDCl, revealed

'cycloprbpane ring; a C-methyl region (f 8.95 - 9.15) corresponding to five

C—ﬁethyls; a vinylic methyl at 1 8.,1; an O-methyl at T 6.7; aldiffused
"‘triplet at T 7.2; a one proton multiplet at T 5.0; and an olefinic proton
at Tt 3.0. More accurate chemical shifts were obtained at 100 MHz but in
this instance the spectrum had to be obtained in two-portions. With
CDCl3 as solvént, tetramethylsiiane\(TMS) was used for the lock signal but
this interfered with the high field ddublets, _Using CHCl3 for the lock
"signal the high field doublets could be recorded but the low field olefinic

proton at t 3.0 was unobservable., Thus Figure 5 shows the region t 4 - 10

in CHC13. A trace of TMS was added to mark T 10.0. Figure 5a is the low
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Figure 5a. NMR spectrum of cyclograndisolide (1t 2 - 9 regiom).
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field region of cyclograndisolide in CDCl3 relafivg to TMS. The c&clopropane
methylene absorbs at T 9.50 and 9.68 (J = 4 Hz); C-methyl groups:absorb at

T 8.98 - 9.14; the vinylic meﬁhyl at T 8.10 is an apparent triplet; the one
_proton triplet at t 7.20 (J = 1.8 Hz) is assigned as an equatorial hydrogen
geminal to the axial methyl ether at t 6.72. The one proton ﬁultiplet at

T 5.05 was assigned to the proton which is geminal to thé ring oxygen of

the lactonevand the apparent triplet at 1 3.02 was assigned toAthe olefinic
proton on the lactone ring. The optical rotatory dispersion.(ORD)‘curve
(Figure 6) of cyclograndisolide (in dioxane) had a trough at 225 my

([¢]225 ="-26,700°). The circular dichroism (CD) cﬁrve (Figure 7) had a

weak positive peak, [6] = +370°, and a strong negative value with no
_ 250 , ,

minimum observed above 215 -mu ([6]215 = -44,000°). These measurements
-t . ‘
. 220 260 300 340 380 A(mp)
. 0 k ) L i 1 s 1 A i
JT
v
o
—
oo T
=
= -1
_.2 d N
3

Figure 6. ORD curve of cyclograndisolide.
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are of the same sign .-and of similar magnitude to those obtained for abies-

lactone?® and would suggest the R configuration about the lactone,
M
0 T I T T T g )
220. 240 260‘ 280 A (mp)
=1
T2
]
o
—i
™ .
@ -3
—ly ]

Figure 7. CD curve of cyclograndisolide.

C

The position of the cyclopropane ring'inbthe above substance could not
be determined from the spectral evidence but the known cyclopropanoid

35 and the cyclopropanoid Buxus alkaloids3® are all based on

triterpenes
cycloartenol (32), providing some suggestions.

The chemistry of cycloartenol has been well studied. 37538 It was

known that treatment of cycloartanyl acetate with gaseous hydrogen chloride
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in chloroform resulted in a mixture of olefins. The major isomer was the
9(1l1l)-ene with minor amounts of the 7-ene and 8-ene isomers. This
reaction was extremely convenient for our purposes since opening of the

cyclopropane in cyclograndisolide.should give abieslactone (30) as the

However, when gaseous HCl was bubbled into a chloroform solufion
of cyclograndisolide, the product isolated was noﬁ the expected abieslactone.
In the NMR spectrum'of abieslactone; the ole%inic proton absorbs at 1 4.48
while thevolefinic proton of thg new reaction product, initially called
iso—AGl.and subsequently called grandisolide, aBsorbed at T 4.80 (Figure 8).
Tﬁis latter value was in muéh better agreement with the reported3d value
of T 4.75 for the C(1ll) olefinic proton of ester (33), a result which
seemed at variance with that reported for abiéslactone. In order to bbtain
further evidence on the expected chemical shift for the élefinic proton in
a 9(11)-ene system, I examined dihydroparkeyl acetate (34) and observed a
vaiue of © 4.81.

The other intriguing aspect of the NMR spectrum of grandisolide was

the C-methyl group region which exhibited a series of signals in the
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' O0Me

AcO AcO -

33 34
range T 8,95 - 9.36. The C-methyl group region of abieslacténe covered
the rénge T 8.90 - 9.08ﬁ This data provided a strong indication that
although abieslactone may indeed be a member of the tetracyclic lanostane
famile  the poedition of the double beond and/or the nm
suggested ip the structure 36 28 may be open to Question. For this reason
I will discuss in some detail the chemistry of abieslactone ip a later
section of this thesis while at this time it is convenient to preseﬁt the
remaining data which provides the completion of the structure of
cyclpgréndisolide.

Considerable systematic data39’uo’“1’”2 ~has been collected on the
‘positién of NMR signals due to methyl groups of triterpenes and complete
assignments of these signals have become possible for certain'triterpéne
families,

The facts available to this point suggested that cyclograndisolide
was.a member of the cycloartane family. Hence grandisolide would be a

member of the lanostane family (35) for which a considerable body of MNMR

data was available. 1In particular the relative positions of the methyl
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35

groups had been extensively studied and the pertinent values for the
lanostane family are found in Table IL. Table III contains the changes

" in the chemical shifts (At) - of the methyl group resonances produced by

3ome runciional groups actecned Lo Uie Skeleloln, -
. Compound ‘ Methyl Group
30 31 19 18 32

lanostane : 9.17 9.17 9.08 9.22 9.20
lanostan~3a-ol 9.13 9.07 9.07 9.23 9.19

- lanostan-3a-acetate 9.09 9.17 9.09 . 9.23 9.17

~lanostan-3g-o0l 9.20  9.02 9.09 9.20 9.20
lanostan—-3B8~acetate 9.13 - 9.16 9,08 9.23 9,21
lanostan~3-~one 8.94 8.94 8.94 9,22 9.22

Table II. Position of methyl groups in T values (£0.03 T1).

Function o ' : Methyl Group

30 31 19 18 32
8-ene -0,01 -0.04 -0.13 +0.08 =0.07
9~ene ~0.02 -0,05 -0.19 +0,11 +0.05
8-ene~7,11~diketo . =-0,08 -0,.05 -0.44 -0,00 -0.34

Table ITII, Contribution of funectional groups to the chemical shift change
(At) of methyl groups.
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Tables II and IIT in combination with each other may serve for the
calculation of chemical shift values for other compounds in this series

whether or not they are listed. As an example, the calculated values of

AcO

34 - 36

parkeyl acetate (36) and dihydroparkeyl acetate (34) are given with the

-

P TIPS IO T e
UilpoL Vel values Ll 1dpDle 4V

Methyl Group

30 31 19 18 32

parkeyl acetate o
calculated 9.11 9.11 ~ 8.90 9,34 9.26
observed ' 9,14 9.14 8.94 9.38 9,28
dihydroparkeyl acetate _ :
calculated 9.11 5.11 8.90  9.34 9.26

observed_ ' 9.13 9.13 8.95  9.36 9.25
Table IV, Observed and calculated chemical shifts of methyl group
' resonances in typical lanost-9(11)-enes.

It is noted that the observed and calculated valﬁes are in good
agreement, Attention is directed té the calculated and observed values
for the 18, 19, and 32 methyl groups. The 19 methyl group is both
observed and calculated to be in the region 1.8.90 to Tt 8.95, an expected

result since this methyl group is allylic to the 9(1l)-ene system,



. The 32 methyl group has a range t 9.25 - 9,28, whilg the 18 methyl.group
is consistently at the highest field with a range of T 9.34 to 9.36. |
- Hence a typical lanost—9(ll)~éﬁé derivative should have the 19 methyl
group resonating neér T 8.95 with the 18 and 32 methyl groups near
T 9.35 and 7 9.25Arespectively.

1If one makes the assumption fhat grandisolide is a member of the
lanostane series, the most likely position for the methoxyl function would
be C(3) while the a,Bf-unsaturated-y-lactone would form part 6f the side
chain, An examination of Table II shows the only functionality at C(3)
-which significantly affects the resonance frequencies of the 18, 19, and
32 methyl groups is the 3-ketone. Hence if tﬁe study is focussed on these
three methyl groups in'combéﬁndé with functionality at C(3) other than a

b TTr P . I B . EEEN . -
4 ad DIEOUWLL Ue appLLCaDle

........ tha luess e
Methyl Groups
30 31 - 19 18 C32
lanost-9(11)~-en-30~0l
calculated 9.11 9.02 8.89 9.34 9.24
grandisolide
observed 9.12 » _9.02 8.95 9.36 9.29

Table V., Resonance>fréquencies of methyl groups of lanost-9(1l)-enes’

_ The.effect of the lactone ring on thé resonance frequencies of these
methyllgrougs is unknown but it wéuld be surprising if it was appreciable.
‘A comparison of the célculéted values for lanost-9(1ll)-en-3a-ol (37) with the
observed data for grandisolide is made in Table V, and indeed the
similarities are.striking. This result provided further evidence in

support of the general structural features present in grandisolide and,
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in turn, in cyclogréndisdlide.

At this stage it appeared desirable to establish the relationship, if
an&, between grandisolide and tﬁe.only known tetracyc}ic triterpene which
contained an unsaturated y-lactone in the side chain, abieslactone‘(BO).
Indeed whén abieslactone was treéted with gaseous HCl in the manner already
described for cyclograndisolide, a reaction product idenfical in all re-
sbects (m.p., mixed m.p., iR, and TLC) with grandisolide was obtained.
This. result established the sﬁspected relationship between the two series
‘and strengthened the argument that grandisolide possesses a tetracyclic
system characteristic of the lanostane family. On this basis, the most
likely structure for grandisolide would be 30. In turn, cyclégrandisolide
could be either 38 or 39 since both cyclopropane rings could lead to the
9(11) -ene showﬁ in 30. The alternative 38 was somewhat more favored since

the cycloartenol series discussed previously was already well establishedf

MeO Cj[ig/
/N

i
b
1
i

“

38 39
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The quantities of cyclograndisolide were so small that further
chemical investigations were nct possible at this time. It was therefore
decided that an extensive mass spectrometric study may reveal further
evidence.in support of 38 or 39. For this purpose the kﬁowﬁ cyclopropane

. 8ystem present in the cycloartenol family was first investigated. The
mass spectrum of cycloartenol and some of.its derivatives have been

#3:4%  The presence of the 9,19 cyclopropane

determined by several wbrkcrs.
ring is manifested in the mass spectra by the appearance oann ion peak
having an even mass number. The position of the peak is unaffected by the
substitution pattern at C(45 or by the oxygen function at C(3). It is,
however, shifted by varying the substitution in the side chain. Two
proposais for the origin.of this fragment have been advanced. Oune proposal
envigages lnss of ring A including the C(19) carbon (path i).%3 The other
envisages loss of ring A with inclusion of C(6) but not with the C(19)
carbon (path ii). "% Without proper labelling studies these two paths
cannot be distinguishéd. Regardless of the path followed, thé resﬁlting

ion fragment for cycloartenol or cycloartenyl acetate has a value of

m/e 286.
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In order to compare our subsequent results under closely idenfical
conditions, the spectrum of cycloartenyl acetate.was run on our instrument
and it is reproduced in Figuré 9. The_observed fragmentation pattern
agrees well with thé published data. A comparison of cycloartenyl acetate
_and cyclograndisolide (Figure 10) is now in.order.-

Cycloartenyl acetate (Figures 9 and 9a) exhibits a molecular ion at
‘m/e 468. TLoss of methyl from the molecular-ion gives a M-15 ion at
m/e 453 and a metastable at m/e 438.1. Acetic acid is also lost from the
molecular ion to give ion a (m/e 408) and a metastable at m/e 356.2. Ion
b at m/e 393 arises by loss of acetic acid from the M-15 ion and by loss of
methyl from ion a as evidenced by metastableé at m/e 341.1 and m/e 378.8.

Ion a loses CgHy+ to give ion ¢ at m/e 367 and a metastable at m/e

7278 8 and algn lnaece C.-H.r tao g-ivm fan A m/la 20 aq
> oand aleo loges L to 1ive Jor (m/a R3UY av

- A 5755 1 2 b

A o matactahl. at

“

m/e 281.8. E

An ion e at m/e 286 correspénds toAloss of ring A from the molecular
ion. .Although another group of workers reported the observation of a
metastablé ion from a.similar fragmentation of cycloartenol, no metastable
transition waé observed in this instance. The ion e can also lose methyl
to‘give ion f at m/e 271 with a metastable at m/e 256.9. A metastable
ion at m/e 164.8 corresponds to loés of CgHg* from ion e to give an ion g
at m/e 217. The entire side chain could clea&e with a loss of 111 maés
~units from ion f to give ion h at m/e 175. Ion a could cleave through
ring C to give ions h and i at m/e 203 and m/e 205; metastable ions at
101.0 and m/e 102.9 may arise by this process. The intense ion at

m/e 69 likely arises, in part, from fragmentation of the side chain.
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~HOAc
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—C3H7 —C5H9
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ion ¢ o ion d
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;:I:::\\7
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-HOAc

V

. ion b
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ion f
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- -CH =i
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9 ion g
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n/e 286" - m/e 217
Lallys
)
~ion h
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C 1 '

‘8\]1 5

ion j
m/e 205

Figure 9a. Mass spectral fragmentation of cycloartenyl acetate.
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Ion Cycloartenyl acetate Cyclograndisoiide Elemental Cémpositionf
M | i 46é _ 468 | CqqH,,04
MflS 453% 453% C30H4503
a  408% 436% C30M,405
b 393%*. ' 421% 029H4102
c : 365% ) 393% C,Hy,0,
d 339% 367 025H3502
e . 286 - 314 C31H3002
f 271% 299 C20H27O2
h : : 175 ' 175

0 -~ 205% o 233 C151910

* metastable ion observed for process described in text

A Lt md A A Fammamy L A dsAam AT A Ao o AAa b AT A A v
) WA e A L E e P A l.A.J_élA P i A VL S U N EYYS VR RS Al alhdndh e \.LJ SaL A A

Table VI. Mass spectral compariséﬁ of cycloartenyl acetate and
~cyclograndisolide. S
When the difference in functionality at C(3) and in the side chain
is‘taken'into account, the mass spectrum of cyclograndisolide (Figure 10)
is ;emafkably similar to qycloartenyl acetate (Figure 9) .as can be: seen
iﬁ Table.VI, The molecular ion of cyclograndisolide is at m/e 468

(C4qH,g03) -

.The M-15 ion for loss of methyl is at m/e 453 with a
metéstable at m/e 438.1. Loss of methanol gi&es ion a (m/e-436) of

_ composition C3OH4402‘ As was seen in cycloartenyl acetate, this ion may
lose methyl to give ion b (m/e 421) or lose C3H7-‘to give ion ¢ (m/e 393),
both fragmentations being supported by metastable ions at ﬁ/e 406.4 and
m/e 354.2 respectively. Ion d corresponding to loss of CSHé' from ion b

is seen at m/e 367 (C25H3502)7



{FU

l

a0

'RELQEIVE INTENSITY
|

Figure 10.

iy

l i

2%3 '
| i'LI
T 1 1

k
272

Jl,l

h
100 180 - 200 .

Mass spectrum of cyclograndisolide.

l ¥
250
M/E

M-32

436
b
421
C
393
M-15
453 'M
d 468
367
e
ll]l
T T , i 1 T 1 ‘ ] 1] T
200 250



38

Ion e at m/e 314 (CZlHBOOZ) is observed along with the satellite ions
f at m/e 299 (C20H2702) arising by loss of methyl and ion h at m/e 175
arising by loss of the entire side chain.

A fragment corresponding to ion j at m/e 233 is observéd with
compésition ClSHZlOZ“ An even mass ion, k, at m)e 272 with compositioﬁ.
C18H2402 is of unknown origin.

The strikinglsimilérities of the mass spectra of cycloartenyl acetate
aﬁd cyclograndisolide coupléd with the other chemical and séectral evidence
presents a convincing argument for\tbe présence of a 9,19 cyclopropane
éystem. On thé basis of ali the evidence presented the structure 38 can

be assigned for cyclograndisolide.

38

Since rather heavy reliance on spectral data was‘necessary in
deducing this'structure, it was decidea to submit a derivative of this
molecule for X-ray analysis.

" To this end cyclograqdisolide was reduced under mild conditions to

give dihydrocyclograndisclide (40) whose NMR spectrum still contained the
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MeO-~

40
resonaﬁces for the cyclopropane protoqs. The mass spectral fragmentation
of dihydrocyclograndisolide was.like that of cyclogréndisolide with ions
containing the lactong ring now being observed at two mass units higher
than in the cyclograndisolide.

Dihydrocyclograndisolide could be reduced with lithium aluminum

41

the cyélopropane ring was still intact and it was clgar that the diol

still contained all the asyﬁmetric centers of the“ofiginal natural product.
Treatment of the diol with p-bromobenzoyl chloride in pyridine gave:

fhe bis—p—bromobénzoate (42). The NMR spectrum of this-derivative contained

the resonances for the cyclopropane ring and for eight aromatic protons.
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42

In addition, elemental analysis and molecular ions at m/e 838, 840, and

842 confirmed that the bis derivative had been obtained.

45,75

F. H. Allen of this department performed an X-ray analysis on
rrvetanle Af +tha hiconhyramahonrerantra Aowvdisratdca £49)Y plid Al rrnsen Aaetle canb Aok 4
cryetzle cf the bic-p-breomchenzcoatre derivative {42) ich were orthorhombic,
space group P2;2,2;, with a = 6.635, b = 20.919, ¢ = 30.530 &, and four

qnits of C45H6005Br2 per uvnit cell. The intensities of the 2528 independ-
ent reflections with 265100° were measured on a Datex-automated GE XRD6
diffractometer using Ni-filtered CuKa radiation. The structure was solved
using Patterson and Fourier techniques and refined by block~diagonal least-
squares methods to an R~factor of 0.096. The absolute configuration was
determined by the X-ray fluorescence technique.’®

The analysis confirms the presenée of the 9,19~cyciopropane ring and
the configuration at C(23) as shown in structure 42. The absoiute
stereochemistry depicted for 42 is also correct. Hence, cyclograndisolide

has the structure and absolute stereochemistry as shown in structure 38

and is (23R)-~3a-methoxy-9,19-cyclo-98-lanost-24-ene-26,23~lactone.
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" With the structure of cyclograndioslide established, grandlsollde is
(23R) -3a-methoxylanosta-9(1ll),24~diene-26,23~lactone (30) as suggested earlier.
As mentioned in the early portion of the present discussion, a second
component containing a lactonic absorption had been isolated from Fraction

M. This material, initially code named AG, and éubsequently‘called epi-
cyclograndisolide, was purified by preparative la&er chromatography.
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Elemental analysis and high resolution mass spectrométry gave a molecular
formula of C31H4803 The IR gnd uv spéctfal properties were'similar to
those of cyclograndisolide and suggestéd an a,B—uﬁsaturated—y—laetone.

The NMR spectrum (100 MHz, Figures 11 and llé) obtained in.the manner
used for cyclograndisolide exhibited, among other‘signals; cyclopropane |
. protomns at T 9.50 énd 9.68 (J = 4 Hz); tﬁe vinylic methyl at 7 8.12 as an '
' apparenﬁ fripiet (J = 1.7 Hz); the proton at 7 7.20 (J = 1.8 Hz) for an
equatorial proton geminal to an‘O—metﬁyi (1t 6.72); a one proton multiplet
at T 5.10 for‘a proton geminal:to the lactone_fing oxygen; and a one
proton triplet at T 2.98 for the olefinic proton of the lactone ring. The

differences of note from cycldgrandisolide are the downfield shift of the

olefinic proton of the lactone, the upfield shift of the proton geminal to
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Figure 11.. NMR spectrum of epi-cyclograndisolide (1 4 - 10 region).
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Figure lla. NMR spectrum of epi-cyclograndisolide (t 2 - 9 region).
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the lactonic oxygen, and a slight upfield shift‘of the vinylic methyl group.
The ORD curve (Figure 12)vwas of opposite sign to that of cyclograndisolide

with a peak at [¢]225 = 22,640°. The CD curve (Figure 13) had a shoulder

([6]250 = 1708°) with no maximum being observed above 220 mp ([6] = 39,140°).
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Figure 12. ORD curve of epi-cyclograndisolide.
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Figure 13. CD curve of epi-cyclograndisolide.
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The positive nature of both these measurements suggests that the configur-
ation about the lactone, namely C(23), is opposite to that of cyclogrand-
isolide. In other words, the S configuration is tentatively assigned as

shown in structure 43.

MeO~ "~

43

further illustrated when it was seen that the mass spectrum of epi-
cyclograndisolide (Figure 1l4) was neariy identical.to éyclograndisolide
(Figpre 18). In fact, the fragmentation pattern (Figure 14a) of both
substances Ais.the same. The molecular ion is seen at m/e 468. As in
cYclpgrémdisolide the M~15 ion for loss of methyl is at m/e 453 and ion a
for loss of methanol is at m/e 436. Ion a mayxiose methyl to give ion b
(m/e 421) or the M-15 ion may.lose methanol to give the same ion. Ion a
may;lose C3H7*'to give ion ¢ (m/e 393) or CSHé- to give ion 4 (m/e 367)f
"Ion e (m/e 314) corresponds to loss of ring A from ;he moleculaf ion.
Loss-of methyl from ion e results in ion £ (m/e 299) and losé of the entire
side chain gives ion h (m/e 175). A fragment éorreépondimg to ion j is
observed a£ m/e 233. As in cyclograndisolide ion k (m/e 272) is of unknown

origin.



~3pTTosTpURI80ToAo~Tdo Jo wnizoads Ssely “HT @2in3tg

_ omw vr.r,o,a_w,. _._Dw_m | __S_,mt - uo\m_ﬂ,_ __D.Dm | _o.ﬂ | .9: - Moﬂmu
™ R RIEREL _:_ﬁ T ;_ M § i
89y ez | ﬁ : | __ | | _ : T
gec SRS B | | A m IQM
m
Ty _ | _ I%W
wmwz@ Wm

SLT
q -


http://a1I9N3J.NI

47
ion f

m/e 299

- -cH ion j
3| m/e 233

ion h -C,0 . AN
) 872 ion e
m/e 175<§*‘f‘f m/e 314 ?
o \ ~ i 0.
\/\i/ j§ 0
. ~N
1
i
! ~CH
M- > M-15
m/e 468 , m/e 453
ion ¢
m/e 393 ‘ '—_CH OH ) -CH ., OH
, 3 4 3
ion d . ion a “CH3 ~ ion b
m/e 367 _ m/e 436 -~ m/e 421

Figure l4a. Fragmentation pattern of-epi-cyclograndisolide.

Because of the limited amount of epi-cyclograndisolide available, no
chemical work was practical at this time. On the basis of the spectral
evidence obtained for epi-cyclograndisolide, the structure suggested is

(23S)—3a—methoxy~9;l9—cyclo—9B—lanost—24—ene—26,23—lactoné (43).

43
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Experimental

Throughéut thié work Merck silica gel G with added fluorescent indicator
was used as adsorbent in thin layer éhromatégraphy (TLC) . The.chromatograms,
0.3 mm. in thickness,»werg air dried and activated in an oven at ldO°C for
-tﬁree hours. The chromatograms were developed in chloroform and sprayed
with antimdny pentachloride in carbon tetrachloride (1:2) unless otherwise
noted.

- For preparative layer chroﬂatography a thicker layer (0.5 mm.) of
adso;bent was utilized, with 0.01% Rhodamine 6G added as indicator.3%
Sbraying with antimony pentachloride was done only along one edge or not at
all as detection of bands weas possible‘with ultraviolet light in most
inétances.

Column chromatography was perforﬁed on eithe;IWOelm silica gel of
neutral alumina. The preferred adsorbent was deactivated aluﬁina (Activity
III) prepared by the addition of water as directed by the manufacturers.

" Except in large scale work, the solvents were distilled before use.

AThe nuclear magnetic resonance (NMR) spectra were measured in‘chloro—‘
form or deuterochloroform at room temperature; The NMR spectra were
obtained at either 60 MHz using a Jelco C-60, Varian A-60, or a Varién.T—60
insfrument or at 100 MHz using ; Varian HA-100 instrument. The positioné
df all NMR resonances are given in the Tiers T scale with tetramethylsilane

as internal standard set at 10.0 units. For multiplets the 1 values given
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repfesent thevcenter bf the signal. _ ‘\x

Mass spectra were measured on an Associated Electrical Industries
MS 9 high resolution mass speétrometer or, where noted, on an Atlas CH 4
speétrometer. High.resolution molecular weight determinations were deter-
mined on the MS 9 spectrometer.

Infrared (IR) spectra were measured on Perkin Elmer model 21, 137,
or 457 instrument. The samples were usually measured as KBr pellets,

however, some were measured in chloroform or neat. The positions of
absorption maxima are quoted in wave numbers (cm™1).

Ultraviolet (UV) absorptions were measured in methanol or ethanol on
a Cgry model 11 orAmodel 15 spectrophotometer.

.A Jasco model UV/ORD/CD 5 speétropolarimeter was used to measure the
circular dichroism (CD) and optical rotatory dispersion (ORD) curves nsing
methanol or dioxane as solvent.

Melting points were determined on a Kofler block and are uncorrected.

Elemental analyses were performed by Mr. P. Borda, University of

British Columbia.

k32

" Extraction of grand fir bar
VBark was obtained from a 106 year old grand fir tree growing on the
“campus of the University of British Columbia. The bark was air dried and
ground in a Wiley.mill to pass through a 3 mm; sieve. The grdund bark was
_ extracted for 24 hours in a large glass Soxhlet extractor. The extract
was taken to dryness to provide a crude extract in a yield of 0.8% based

on the air dried weight of bark extracted.
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Chromatography of crude extract3?

The crude extract (26.7 gms.) was chromatographed on alumina (450 gms.)
into a number of fractions as shown below. The compounds subsequently

isolated from each fraction are shown for clarity.

Fraction ‘ Solvent (volume, mls.) Weight, mgs. - Compounds
A . petroleum ether (200) : 690  hydrocarbons
B , petroleum ether (100) ' 228 hydrocarbons,

sterol ester

C C petroleum ether (200) 263 sterol ester

D ' petroleum ether (200) 450 sterol and wax ester
E petroleum ether (500) 994 wax ester, 2 unknowns
F >. 10% benzene in pet. ether (500) 826 unidentified
20% benzene in pet. ether (400)
e 207 benzene in pet. ether (400) 1444 farty alechel,
50% benzene in pet. ether (300) . .epimanool, lactones
. H - 607% benzene in pet. ether (400) 909 . fatty alcohol,
‘ : - B-sitosterol
I 60% benzene in pet. ether (300) 1016 B-sitosterol,
o ferulic ester
J benzene (400) _ ~. 1925 B-sitosterol, ferulic
: ’ ‘ ester, 2 unknowns
K ether (500) - 5004 ferulic ester

methanol (500)
‘Total recovery 13.75 gms.* -

% resin and fatty acids present in crude extract were irreversibly
- adsorbed on the alumina
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Chromatography of Fraction ¢32

" Fraction G . (2.77 gmé‘)‘was chrom;tographed on alumina (200 gms.).
Elution with 207% benzene in petroleum ether (400 mls.) gave Fraction M
(770 mgs.) subsequently éhown to contain epimanool, fatty alcohol, and
lactones. Further elution with 50% benzene in petroleum ether (400 mls.)
gave Fraction N (860 mgs.) éubsequently shown to contain lactones and
fatty alcohol. Finally(glution with benzene (600 mls.).ga&e Fraction O

‘(950 mgs.) containing fatty alcohol aqd lactones.

Chfoﬁatdgraphy of Fraction M

Fraction M (500 mgs.) was chromatographed on alumina (50 gms.).
Elution with 20% benzene in petroleum ether (250 mls.) gave Fraction P

(80 mgs.). Further elution with 40% benzene in petroleum ether (500 mls.)

F?aétion P

Fraction P was a pale yellow oil. IR (neat) 3300 (OH), 3065 (vinyl),
1635 (C=C), 1410, 990, 915 (vinyl), 878 (terminal methylene), l383vand
1365 (geminal dimethyl). NMR (60 MHz) 4.15 (1H, quartet, J = 17.5 Hz,
3 = 10.5 Hz), 4.88 (lH, quartet, J = 17.5 Hz, J = 1.5 Hz), 5.05 (IH,
quartet, J = 10.5 Hé, J = 1.5 Hz), 5.26 and 5.55 (2H, multiplets, exocyclic
methylene), 8.79 (CH3—C—OH), and 9.17, 9.23, and 9.36 (angular methyl).
| Fraction P (80 mgs.) was treated with freshly prepared 3,5-dinitro- -
benzoyl chloride (80 mgs.) in byridine (2 mls.) for ghree days at room
temperature. The pyridine was remoﬁed in wvacuo. Thé residue was dissolved
" in methylene chloride, washed with wéter, dried over sodium sulfate, and

evaporated. Crystallization of this residue from methylene chloride -
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methanol gave needles m.p. 116 - 118°C, mixed m.p. with autheﬁtic epimanoy i~
3,5~dinitrobenzoate 116 - 118°C.
Fraction Q

Fraction Q (400 mgs.) was obtained from Fraction M as a white low
melting waxy solid. TLC showed the presence>of at least three'compounds
Re 0.35,.0.25, 0.17).  NMR (60 MHz) had resonances at 3.0, 5.0, 6.7, and

8.1 similar to abieslactone28

in addition to broadened singlet at 8.7
assigned to methylene protons of a long chain fatty alcohol.

Removal of fatty alcohol from Fraction Q

A methanolic solution (4 mls.) of Fraction Q (200 mgs.) was heated to
reflux and urea (2 gms.) was added followed by 1 ml. of benzene. The

solution was allowed to cool slowly and was left standing for 2 days before

i
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witﬁ chloroform (2 ﬁls.) and the combined filtrate was taken to dryness.
The filtréte residue was partitioned between water and methylgqe chloride
and the organic layer separated, washed with watér,-and dried over sodium
sulfate.‘ Evaporation of the solvent gave a white solid (85 mgs.) which
| contéinéd by TLC two compounds, AG; and AG, (Rf 0.35 and 0.25).

| vThe urea complex was dissolved in water.aﬁd extraction with methylene.
chloride gave, upon drying and evaporation, the fatty alcohol as a iow
melﬁing wax (Rf 0.17).

~Purification of Fraction N

Fraction N (500 mgs.) was dissolved in hot methanol and left to cool
for four hours after which time a white solid. (120 mgs.) was removed by

filtration. This solid was found to be fatty alcohol and not further
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examined. The filtrate was concentrated to 4 mls. and urea (2 gms.) added
and the solution was warmed_to reflux to dissolve the urea; benzene (1 ml.)
was added and the solution left to crystallize for 2 days. Removal of the
urea complex by filtration and evaporation of the filtrate gave a‘residue
which was partitioned between water and methylene chloride. The organic
layer was washed with water, dried over sodium sulfate, and evaporated to
give a residue of AG; and AG, (250 mgs.).

Purification of Fraction O

Fraction O (950 mgs.) was dissolved in hot methanol and left to cool
for four hours after which time fatty alcohol (505 mgs.) was removed by
filtration. The filtrate was éoncentrated to 4 mls. and urea (2 gms.) was

added and dissolved at reflux, benzene (1 ml.) was added. After 2 days
\
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give a residue which was partitioned between water and methylene chloride.
The methylene chloride layer was washed with water, dried (sodium sulfate),

and evaporated to give a residue of AG; and AG, (185 mgs.).

Prepafative layer chromatography of AGl and AG2

The mixture containi#g AGl and AG2 (85 mgs.) was dissolved in chioroform
(0.3 mls.) and aﬁplied to a preparative léyer chromatogram (20x60 cm.). The
plate was deveioped in chloroform and three bands were visible when the
chromatogram was examined under UV light. The bands were scraped off the
plate and extracted with chloroform. The top band (Rg 0.67) was of small .
amount (2 mgs.) and was not examined. The second bénd (Rf 0.40) was the '
. major band (35 mgs.) and was one compound (AGl) when examined by TLC.

The third band (Rf 0.25) overlapped the second band and contained both
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AGl and AGy (22 mgs.). Refchromatography on preparative layer_chromatograms
as before gave pure AGy (3 mgs.) and pure AG, (15 mgs.).

AGl or cyclograndisolide (38)-

The AG; from the preparative layer chromatography was flushed through
a shért column of alumina with benzene to remove most of the orange color
which came from the Rhodamine 6G dye; erstallization'from methanol gave
a white solid m.p. 191 - 193°C. ORD (c, 0.0368 in dioxane) [¢]300 - 890°,

{¢]250 -~ 4,670°, [¢],,5 - 26,700°, - 1$,ooo°; CD (c, 0.0368 in

dioxane) [6]270 + 120°, + 370°, 0°, 12,600°,

161550 (61535 (8135 -

[6]y,5 ~ 44,000°. IR (KBr) 1745 (lactone carbomyl), 1665 (C=C). UV

xgggﬁ 209 mu (log € 4.33). MNMR (100 MHz) in CDCl,, TMS lock 3.02 (IH, -

apparent triplet, J = 1.7 Hz, H-C=C-C=0), 5.05 (1H, multiplet, H-C-0),

6.72 (3H. singlet, OMe). 7.20 (1H. triplet. J = 1.8 Hz. equitorial

' H—CQOMe), 8.10.(3H, apparent triplet, J = 1.7 Hz, vinylic methyl), 8.98,
9.02, 9.0%, 9.14 (5 C-methyls); in- CHCl3,CHCl4 lock 3.02 wnobservable,

5.05 _'9.14 region as before, 9.50 and 9.68 (21, pair of doubiets, J =4 Hz;
’éyélopropane protons). Mass spectrum m/e 468 (M); 453 (M-15), 436 (M-32),
421 (M~47), and 314. (Found: C, 79.43; H, 10.17;-C31H4803.requires C,
79.44; H, 10.32%); high resolution:

468.365 C3jH,g03 requires 468.360, 453.333 requires 453.336,

C30M45°3
436.334 C3OH44O2 requires 436.334, 421,311 CyogH,10, requires 421.311{

393.278 C27H3702 requires 393.279, 367.265 requires 367.264,

Cy5H350,

339.229 requires 339.232, 314.227 requires 314.224,

C23t310, C21H309;
299,204 C20H27O2 requires 299.201, 272.179 C18H24O2 requires 272.178,

233.154 CygHy,0, requires 233,154,



A.G2 or epi-cyclograndisolide (43)

The AG, from preparative layer chromatography was flushed through a
short column of aiumina with benzene to remove most of the orange color
which came from the Rhodamine 6G dye. Crys&allization from methanol gave
a white solid‘m;p. 193 - 194°C. ORD (c, 0.0434 in dioxane) [q)]450 + 53°,

+ 2,370°, [ + 6,420°,

+ 22,640°, [¢] + 10,780°.

(41300 91950 (41595 220

CD (c, 0.0434 in dioxane) [6]270 + 462°, [6]260 + 1030°, [6]255 + 1424°,
[6]y50 + 1700°, [0]p,5 + 1850°, [6],75 + 39,140°. IR (KBr) 1740 (carbonyl),
1660 (c=C). uv AeOd
max

210 my (log & 4.15). NMR (lOO.MHZ) in CDC1., TMS

3
lock 2.98 (1H, apparent triplet, J = 1.7 Hz), 5.10 (1H, multiplet, H-C-0),
6.72 (3H, singlet, 0-Me), 7.20 (1H, triplet, J = 1.7 Hz, equitoriai,
H-C-OMe), 8.12 (3H, triplet, J = 1.7 Hz, vinylic methyl), 8.98, 9.02, 9.07,
9.14 (5 C-methyle): dn CHC1 with CHCL; lock 2,08 rescnonce
5.10 - 9.14 region as before, 9.50 and 9.68 (2H, paif of doublets,

J = 4 Hz, cyclopropane protons). Mass spectrum m/e 468 (M), 453 (M-15),
436 (M-32), 421 (M;47) and 314. (Found C, 79.32; H, 10.20; CqqH,g04
requires C, 79.44; H, 10;32%; high resolution 468.363 C31H4503 requires
| 468.360). | | |

Grandisolide (30)

Cyclograndisolide (33 mgs.) was dissolved in dfy chloroform (SleS.)
.and hydrogen chloride, dried by péssing throught concentrated sulphuric
acid, was bubbled through for 2 hpﬁrs. Evaporation of the chloroform
' gaQe grandisolide which was one spo£ on fLC. Crystailization from
acetone gave a white solid m.p. 212 - 214°C. IR (KBr) 1740. (lactone

_carbonyl), 1665 (C=C). NMR (CDCly, 100 MHz) 3.02 (1H, apparent triplet,
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J = 1.7 Hz, H*C=C—C=O), 4.80 (14, multiplet,vﬁ—C#C), 5.05 (1H, multiplet,
H-C-0), 6.72 (3H, singlet,vOMe), 7.20 (1H, triplet, J = 1.7 Hz, equitorial,
H-C-0Me), 8.10 (Bﬁ,'tfiplet, J.= 1.7 Hz, vinylic methyl), 8.95, 9.02,

9.12, 9;29, 9.36 (6:C—methyls). Mass spectrum (m/e) 468, 453, 436, 421.
(Found C, 79.34; H, 10.36; CgiH,g0, requires C, 79.44; H, 10.322).

Acid catalyzed isomerization of abieslactone

Abieslactone (35 mgs.) was dissolved in dry chloroform (5 mls.) and
:dry hydrogen chloride was bubbled through the solution for 2 hours.
Evaporation of the chloroform gave a white solid whicli was one spot on TLC,
m.b. 195 - 207°C.  NMR (100 MHz) 3.02 (1lH, apparent triplet, J = 1.7 Hz,

. H-C=C-C=0), 4.80 (non-integral, multiplet, H;C=C), 5.05 (1H, multiplet,

H-C-0), 6.72 (3H, singlet, OMe), 7.20 (1H, triplet, J = 1.7 Hz), 8.10
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- 9.30, and 9.34 (18H, C-methyls). Repeated crystallizations from acetone
gave m.p. 212 - 214°C, mixed m.p. with grandisolide 212 - 214°C. IR (KBr)
1740 (lactone carbonyl) 1665 (C=C); superimposable with IR of grandisolidé.

Parkeyl acetate (36)

A éample of parkeyl acetate was recei&ed from Professors D.H.R. Barton
(Imperial College;.Londbn) and G. Ourisson (CfN.R.S., Strasbourg). NMR
-‘(lOO MHz) 4.80 - B.OO (24, multiplets, olefinic protons), 8.94, 9.14, 9.28,
_ 9.3? (6 C-methyls). ‘ | .

Dihydroparkeyl acetate (34)

Parkeyl acetate (15 mgs.) was dissolved in tetrahydrofuran and
hydrogenated for 2 hours over 10% palladium on chércoal (20 mgs.). The

catalyst was removed by filtration and the filtrate evaporated and
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crystallized from eth?l acetate m.p. 173 ~ l74°C“(l}terature value'l7l -
172°C*9). NMR (100 MHz) 4.81 (1H, multiplet, H-C=C), 8.95, 9.13, 9.25, 9.36
(8 C-methyls). Mass spectrumA(m/e) 470 (M), 455 (M—lS), 410 (M—60); 395
(M-75).  (Found C, 81.59; H, 11.53; C,,H,,0, requires C, 81.64; H, 11.56%).

\

Cycloartenyl acetate

An authentic sample.of cycloartenyl acetate was received from Dr. Rowe
"(Forest Producﬁs Laboratory, Madison) m.p. 117 - 119°C (li@erature value
S121 - 122°c%*7), NMR (100 MHz) in CHClgy, CHCljy lock 4.97 (1H; multiplet,
H-C=C), 5.51 (1H, quartet, J = 5 Hz and J = 10 Hz, H-C-OAc), 8.02 (3H,
singlet, OOCCﬁ3), 9.05, 9.15, 9.19 (5 C-methyls), 9.47 and 9.70 (2H,
pair of doublets, J = 4 Hz, cyclopropane proﬁons). Mass spectrum (m/e)

468 (M), 453 (M-15), 408 (M~-60), 393 (M-65) and 286.

M S P T A me s AN
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Cyclograndisolide (SQ mgs.) iﬁ tetrahydrofurén (10 mls.) was hydro—
genated over 10% palladium on ch;rcoal (50 mgs.) at room temperature for
2 hours. The catalyst was removed by filtration and the filtrate
evaporated and crystallized from ethyl acetate m.p. 198 - 199°C. IR (KBr)
| l770‘(léctone carbonyl). NMR (60 MHz) 5.50 (1H, multiplet, H-C-0), 9750
and 9.68 (2H, pair.of doublets, J = 4 Hz). Mass spectrum (m/e) 470 (M),
| 455 (M-15), 438 (M-32), 423 (M-47), and 316. (Found C, 79.00; H, 10.81;
C31H5003 requires C, 79.10; H, 10.712). | |
. Dihydrocyclograndisolide diol (41)

Dihydrocyclograndisolide (30 mgs.) in tetrahydrofuran (10 mls.) was
stirred with lithium aluminum hydride (10 mgs.) for 18 hours. A small

amount of water was added and the solvent was evaporated. The residue
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was carefully acidified with dilute hydrochloric acid and extracted with
ether. The extract was washed with water, dried (sodium sulfate)? and
eyaporated to give a white reéidue. Column chromatography on alumina

(1 gm.) of the residue and elution with ether gave the diol, crystallization
from petroleum ether - ether gave a white soiid m.p. 133 - 134;C. IR (KBr)
3540, 3350 (OH). MNMR (60 MHz) 6.2 - 6.6 (3H, overlapping multiplets,
‘H-C-OH, CHZfOH) 8.97, 9.03, 9.06, 9.10 (6 C-methyls) 9.50 and 9.68 (2H,
~pair of doublets, J = 4 Hz, cyclopropane protons). Mass spectrum (m/e)

474 (M), 459 (M¥15), 456 (M-18), 442 (M-32), 438 (M-36). (Found C, 78.58;
H, 11.35; C3iH5403 requires C, 78.43; H, 11.46%).

Bis-p-bromobenzoate of dihydrocyclograndisolide diol

Dihydrocyclograndisolide diol (41) (10 mgs.) and freshly crystallized
) were disgelved in Jry pyridine and loft
- at room temperature for 2 days. The pyridine was removed }g»yéggg'and
the residﬁe dissolved in methylene chloride and waéhed with water, 5%
aqueous sodium bicarbonate solution, water and dried over sodium sulfate.
Evaporatipn of the solvent and crystallization from petroleum ether the
' bis~p—bfomobenzoate (42) as a thte solid m.p. 154 - 156°C. IR (KBr)
"1720 (ester carbonjl). NMR (60 MHz) 1.9 - 2;4 (8H, aromatic protons),
”9;50 and 9.68 (2H, pair of doublets, J = 4 Hz, cyclopropéne protons).

Mass spectrum (m/e) 838, 840, 842 (M). (Found C, 64.10; H, 7.32;

_ C45H6005Br2 requires C, 64.29; H, 7.17%).



59

Investigations concerning the structure of abieslactone

Discussion

Abieslactone is a triterpene occurring in the bark and leaves of

'Abieg mariesii Masters, a fir tree of northern Japan, and alsd in the
North American Pacific silver fir [é.'amabilis (Dougl.) Forbes] and
"Noble fir té, procera Rehd.]. The arguments presented by the original
investigators28 for the structure'of abieslactone as 30 are summarized

in this sectioﬁ. For purposes of clarity in the present discussion, the
published structure fdr abieslactone and its derivatives will be utilized
initially while alternative structures are péstulated subsequently

wherever possible.

30 ’ .

The molecular formula for abieslactone (30) established by elemental
analysis and mass spectrometry was C31H4803' Of the three oxygen’atoﬁ’
present, one could be assigned to a methyl ether group from a Zeizel
determination and a three proton singlet at 1 6.73 in the NMR spectrum.

The presence of an a,B-unsaturated-y-lactone was indicated by the IR

absorption at 1745 and 1660 cm™! and the UV absorption maximum at
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207.5 my (log € 4.30 in EtOH). I

The NMR spectrum exhibited signals attributed to six C—methyl groups
(t 8.98 - 9.08), a vinylic methyl as a triplet at t 8.10, a methyl ether -
at 1 6.73, a narrow:diffused triplet at T 7.20, two one proton multiplets
at 1 5.05 and.T 4.48, and a one proton quintet at Tt 3.00. Spiﬁ decoupling
‘showed that the vinylic methyl was coupled to both the olefinic proton at
"t 3.00 and the multiplet at tv 5.05. The multiplet at T 4.48 was coupled
‘with protons in the methylene envelope (t 7.61 and 7.81). The narrow
diffused triplet was assigned as an equatbrial proton geminél to the methyl
ether.

Mild hydrogenation of abieslactone in tétrahydrofuran with Pd/C cata-

lyst afforded dihydroébieslactone (44). The IR spectrum revealed a lactone

carbonyl at 1770 em~}. The NMR spectrum was.alteréd in that signals at

T 3.00, 5.03, and 8.10 had disappeared while a new one proton.multiplét at
T 5.53.and a new three proton double; at v 8.73 now appeared. The |

T 4.48 signal remained unchanged. Prolonged hydrogenation over Adams
catalyst in acetic acid - ethyl acetate resulted in tetrahydroabieslactone

(45) with loss of the T 4.48 signal.
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Oxidation of abieslactone with potassium permanganate acetic écid
afforded a trisnor-hydroxy acid (46) as a result of cleavage of the
unsaturated lactone ring. Thé configuration at C(23) in the trisnor-

" hydroxy acid, and hence in abieslactone, was established as R by measure-

ment of the circular dichroism curves for the trisnor-hydroxy acid.

Alkaline hydrﬁlysis of ahiealactone (Figure 15) sawve, in oanglogy with
angelicalactone (47)77, a keto acid (48). The NMR spectrum now lacked the
T 3.00, 5;03, and 8.10 resonances but rétained the T 4.48 resonance. The »
acid function was esterified with diazomethane; the NMR spectrum still retain-
ed the T 4.48 resonance plus a new three proton singlet at T 6.30 for a methyl
ester. Treatment of the keto ester 49 with boron trifluoride etherate
and ethane dithiol followed by desulfurization with Raney nickel, gavé
déoxy éster (51). The T 4.48 resonance was now shifted to aAggy_posiﬁion
at T 4.78. The resulting deoxy ester was treéted with iithium alumiﬁﬁm
~ hydride to give an alcohol (52) which was converted té the tosylate (53).

Reduction of the tosylate with lithium aluminum hydride gave a compound

(54) in which the oxygen functions of the side chain of abieslactone

3
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C7H7SO2

(9,1

w

=
il

OMe

OH

Figure 15. Degradation sequence of abieslactone,
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were completely removed. The NMR spectrum showed 8 C-methyl groups in the
region v 8.93 to 9.35, one O-methyl singlet at % 6.70, the one proton
diffused trip1et7at t 7.20, and the olefinic proton at T 4.75.
Hydrogenation of 54 gave a dihydro derivative, 55, who;e NMR spectrum
Qas éevoid of the olefinic proton signal. Demethylatioﬁ of the dihydreo
derivative was accomplished by hydrogen bfomide in boiling acetic anhydride
- acetic acid. Tﬁe resﬁltimg compound, 56, was different from lanostan-38-
' Qi‘ﬁpt when 56 was oxidized it was identical with lanostan—é—one (57).
It was nbw.clear that 56 was the C(3) épimer, lanostan—3u—ol.v In turn this
resuli also revealed that thé various degradétion-products and abieslactone
‘itself would possess'the.tetracyclic lanostane skeleton. This assumption

is valid only if no major skeletal rearrangémgﬁts occur during the degra-
déticn cequence leading to 57, Some commente concerning this point will
be ﬁéde.later.

"~ The position of the double bond was the one remaining uncertainty.
Abieslactone could be oxidized with chromium trioxide in acetic acid to an

ene-dione system (58). The UV spectrum_(xgggH 274, log € 3.84) was

58
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characteristic of steroids or triterpenes possessing the 8-ene-7,11-diketo

chromophorev.”6

The olefinic proton at t 4.48 in the NMR spectrum of
abieslactone was no longer present suggesting that the double bond in the
skeleton of abieslactone had shifted to the C(8) - C(9) poéition in the

28 “Of the two possibilities

courée of the oxidation. Uyeo writes
[7-ene or 9(1l)-ene}, the position df the double bond between C(7) - C(8)
could be ruled out becéuse of fhe fact that abieslactone and its derivative
[54] showed no facile shift of the double bond in the ring éystem on
treétment with mineral acids, analogous to lano;t~9(ll)—en—38—yl acetate
[dihydroparkeyl acetate, 34 7,46,147,48,49 Compounds such as lanost-7-en-
38-yl acetate [59]°9, euph—7—en—38—jl acetate [60]°1, and tirucail—7—en—
3B-y1l acetate [61]°2 that contain the double bond between C(7) and C(8)
‘are known t§ be readily converted witb acids into compounds having the
double bond aﬁ C(8) - C(9). Further, the fact that the isolated double

bond can be hydrogenated under catalytic conditions parallels the behavior

of lanost-9(11l)-en-3B-o0l, while lanost-7-en-3Bf-ol is resistant."

AcO-

34 - o 59
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AcO AcO

60"_' v61
An bbservation that supported the view that the nuclear double bond
must be in the C(9) - C(11l) position was secured by oxiaation of the
3o-methoxylanostene - (54) with chromium trioxide in acetic acid which
afforded tw0'products‘after_chromatography. The minor and less polar
nrodinat was an ene-dione (62) whase NV spectyum was similar to the
chromium trioxide product of abieslactone. The major and more polar

compound was an «,B-unsaturated ketone (63) whose UV spectral properties

-

MeO- " MeO-~
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(Amax-275 mu, log € 4.10) were like those of 3f-acetoxylanost-9(1l)-en-
12-one (64)%7, 3a~acetoxyarbor-9(1l) -en~-12-one (65)°3, and methyl 12—
detodavallate (66)5”. The ORD curve was like that of 3a-acetoxyarbor-

9(11)-en-12-one (65)°3 and 3B-acetoxy-18a-olean-9(11)-en-12-one (67)55.

\ .
MeOOC : '
. 66 ‘ . 67

"' The mass specthm of the 3a—methoxylanostené (54) was reported to show a

similar cracking pattern to that of arborene (68)°3 which contains a

double bond at C(9) - C(11).

*

68
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On the basis of the above data the structure for abieslactone
suggested by Uyeo and co-workers?8 is shown in 30 and the systematic name
given is -3a-methoxylanosta-9(11),24-~dien~27,23R-olide [(23R)-3a-methoxy-

lanosta-9(11),24-diene-26,23-lactone].

.30

It will be remembered that 30 is the structure proposed for grandis-

AT4Adn An +ha nvyaosrdi A oo nt 9 An Whan 4+ vwiae FaimmAd +hatr +hiac agidheotrarman
............................ wWoen LT wWar Ioung thial LnIEe gunoliance

was not identical with abieslactone careful re—evaluafion of the chemistry
"~ of ébieslacfone was necessary.

This called for, in part, a largef amount of abieslactone thén had
been originaliy received from Professor Uyeo; Hergert30 had reported its

l presence in the bark of silver fir [Abies amabilis (Dougl.) Forbes]. A

suﬁply of that bark was obtained thropgh—the kindness of the Forest Products
Léboratory in Vancouver‘frém the University of Britiéh Columbia Research
Forest near Haney, British Columbia.

Extraction of the ground, gir dried bark with chloroform or diethyl
éther and evaporation of the sdélvent gave a brown residue. This residue
wés dissolved in hot ether and left to crystallize overnight at room

temperature. The precipitate was filtered, washed with cold ether, and,
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after drying, provided a light brown powder. TLC of this brown powder
showed one main .compound corresponding to an authentic sample of abies-

. lactone obtained ffbm Professor Uyeo, plus two minor spots which were

both more polar than abieslactone. Recrystallization of this brown powder
from ethyl.acétate indicated by TLC that very little enrichment of abies-
iactone had oécurred;'

It was found that abieslactome could be purified by chromatography on
_neutral deactivated alumina. - Elution with petrolepm ether - benzene gave
abieslactone as a white solid, while further elution Qith beﬁzene -
methyléne chloride gave the‘second compound initially coded as AAZ.-
Finally elution with methylene-chloride gave the third compound,'AA3.
Cémpounds AA2 and AA3 will be discussed laﬁer.

The abieslactone owiained in this maiiel wdad Cciy3itallized twice [wom
ethyl acetate to give a white crystélline éolid m.p. 251 - 253°C (literature
value 251 - 253°C).2%8 A mixgd melting point determination with,authentic

 abieslactone showed no melting point depression. In addition, the TLC of

' both specimens were the same és were the.IR spectra. The NMR spectrum of
" our product (Figure 16) héd the three low field éignals at T 3.00, 4;48,
and 5.05;‘a threé proton singlet at T 6.73; the diffused triplet at 1t 7.20;
. fhe vinylic methyl at 1 8.10; and.signals at 1'8.98 - 9.08 for six methyl
gfoups. .This spectrum was in agreement with the reported NMR spectrum of
abieslactone. |

‘The ORD curve (Figure i7)’of abieslactone (in dioxane).had a trough

"[¢]224 - 49,000°. The CD curve (Figure 18) of aﬁieslactone (in dioxane)

had a weak positive peak [6]250 + 450°, and a strong negative value with
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Figure 18.

CD curve of abieslactone.
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no minimum observed below 220 mu ([0] - 45,050°).

220
As a further check that the isolated abieslactone was indeed identical
to the reported ﬁaterial, a dérivative was prepared. The derivative (58),
thé»84ene—7,ll—diketone obtained by chromium trioxide oxidation, was
selected for a number of reasons. The chromophore produced had character-
istic spectral properties and its physical.properties were known as it
had been prepared in the original structural elucidation of abieslacténe.
. fThe derivative (58) was prepared and. the product exhibi£ed the
~ expected UV absorption (xgggﬂ 274 log € 3.85), IR absorption (1735, 1670
émfl), and a melting point of 217 - 219°C in agreement with the reported?®
vaiug'éf 215 - 216°C. | |
AIn addition to the above derivati&e, dihydroabieslactone (44), tetra-

2
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" On the basis of the above work, it was concluded that the abieslactone
isolated from A. amabilis was indeed identical with the reported substance
obtained from A. mariesii.

The re-evaluation of the data for abieslactone started with the NMR
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-spectral results. In the last section it was demonstrated that the position
of C-methyl groups in the triterpene series could be predicted with reason-
able accuracy using certéin empirical calculations.39,%40,%1 " Ap examination
of Table II (page 28).shows that it is only.the 3-keto group which affects
the signals of the C(18), C(19), and‘C(32)-methy1 groups. The effect.of
éV3a—methoxyl4substituent was assumed to be negligible in the previous
study if the 3a—hydroxyl‘group was used as a model. Alsq‘it was assumed
that fhe lactone ring would have’negl;gible éffect. The vélidity of these
aééﬁﬁﬁtibns was eventually established when our previéﬁs work coupled with
X-ray analysis left no doubt about the strﬁétures of cyélograndisolide and
grandisolide.

One of the anomalies associated with the NMR spectrum of abieslactone

methyl'grohps. This point can be best - illustrated by considering several

eXamplés f;om'the publishedzg chémistry of abieslactbne and the present

'study._'
Cémpound : - o Resonance Frequency (T units)
abieslactone (30) ' '8.98  9.00 . 9.06 9.08
dihydroabieslactone (44) . 8.96 9.00 9.06 9.08
keto acid (48) ‘ 8.73 .8.84- 8.95° 9.00 9.05 9.09
keto ester (49) N 8.76 8.87 8.95 9.03 9.07
diol (69) : 8.97 9.00 9.05 9.08
grandisolide o . 8.95 9.02° 9.07 9.12 9.29 9.36

Table’VII, Range of resonance frequencieé of the C-methyl groups.

Table VII illustrates that the lactone ring has little effect on the
positions of the methyl signals. 1f the lactone ring was causing ‘the

C-methyls to absorb over a narrow range in abieslactone, this range would
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0t _ L4

34 | 68

t Structure 30 is the structure assigned to abieslactone by Uyeo?8; a
different compound, grandisolide, was shown to have this structure
in the present study.
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be exﬁected to broaden as this functionality is altered. The range of
dihydroabieslactone and the diol are essentially unchanged. The two signals
to slightly 1owér field in the keto acid and keto ester can likely be
assigned‘to methyl groups on the side chain-which are now éttached to
carbons alpha or beta from an oxygenated carbon. TLven in these derivatives
the range of the resonance frequencies is‘anomalous in that the upper, limit
is never over T 9.08. -Comparison of ali of these values with known C(9)
d(ll) unsaturated lanostene derivatives (Table IV, page 295 or grandisolide
requires that some structural feature in the abieslactone molecule lowers
the resonance freéuency of fhe methyl gfoups.

In addition to the mentioned aﬁomalies in the NMR-spectra there is an a-

nomaly assoclated with the resonance frequency of the olefinic proton postu-

Tated to bhe at 0(11) in ahieslactone. Table VIIT chowe that abicslactene
and- the first four derivatiyes mentioned possess. an olefinic proton signal
which is considerably lower than in the C(9) - C(1ll) unsaturated triter-—
penes noted. Of further interest is the fact that the deoxy ester (51)

obtained by reductive removal of the carbonyl function in 49 now shows

Compound Resonance Frequency (Tt units)
abieslactone (30) . 4.48
dihydroabieslactone (44) 4. 47
keto acid (48) ' o 4. 48
keto ester (49) 4,45
diol (69) : 4,47
deoxy ‘ester (51) : 4.78
grandisolide T 4.80
dlhydroparkeyl acetate (34) : 4,81
arborene (68)°3 _ 4.73

Table VIII. Comparison of resonance frequencies of olefinic proton in
abieslactone series with some C(9) - C(1ll) unsaturated
triterpenes.
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'

absorption in a regioﬁ consistent with a C(11) olefinic proton. One cannot
help but wonder whether the conversion, 49+51, is not associated with
double bond migration.

In view of ;he previocusly successful camparison of cyclograndisolide
and cycloartenyl acetate, a mass spectromet?ic comparison of dihydroparkeyl
acetate and grandisolide, both known members of the lanostane family
‘possessing C(9) - C(ll) unsaturation, with abieslactone was undertaken.

The elémental composition of ions where given was determined by high
resolution mass spectrometry.
'The fragmentation of 9(ll)-ene triterpenes is not well studied, the

principle examples being arborene (68)°3 and arborenone (68a)56. In both

cases the spectra are characterized by strong loss of methyl and a base

1]
e

68a, R

peak corresponding to fragmentation mode n with smaller ions due to
'_ fragmenfs'from fissions via pathways o and p. However, triterpenes with
double bonds in positions other than C(9) - C(11) also exhibited some of

56

the same fragments so care must be exercised in the interpretation.

Furthermore, application of these fragmentation pathways to the
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present study is of doubtful validity. Fragmentations n, o, and p all
involve éleavages in rings C and D. Arborene represénts a pentacyclic
tfiterpené whichimay fragment rather differently from the tetracyclic
system portrayed in abieslactone.

VThé mass spectrum of dihydroparkeyl acetate (34) (Figure 19) shows
a mdlecuiar ion at m/e 470. A loss of mefhyl gives a M-15 ion at m/e 455,
which is the base peak,‘plus a metastable ion at m/e 440.5. A loss of
aéetic acid from the molecular ion.gives ion a (m/e 410) plﬁs a metastable

ion at m/e 357.9. An ion b at m/e 395 can come from either the M-15 ion

0 .
018 2 ion e
, TV > m/e 288
-CH
3> M-15
m/e 455
-HOAc
—CH3 ’ ion b
:> m/e 395
-C_H
I~ > 9
\
ion ¢ ion d

m/e 367 m/e 341
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by loss of acetic acid as seen by a metastable ion at m/e 343.1 or from

ion a by loss of methyl as seen by a metastable ion at m/e 380.6. 1Ion .a

loses C3H7v to give‘ion ¢ at m/e 367 and a metastable at m/e 328.8.

A peak‘at m/e 341 could correspond to loss of C5H9' from ion a.

An ion, e (m/e 288), could correspond to the loss of ring A as

observed for cycloartenyl acetate and cyclograndisolide. This ion is

approximately one fifth as intense in dihydroparkeyl acetate as it was in

either of the cyclopropanoid triterpeneé.

Grandisolide (30) obtained from cyclograndisolide was next compared

in the mass spectroﬁeter since, in addition to the 9,11 double bond, it

possesses the unsaturated lactone side chain, the same as reported for

abieslactone. The spectrum (Figure 20)>shows a molecular ion (m/e 468),

"

M1

in

fAamn (enlao L5220 P B
ion o \Wm/je s22,, and igon

A I T
I

2 LOyGQUiopailKiy s ac&vace,
\]//’\\\Y/.O =0 o on
A=l 0 > wje 314
~
/\ : —CH
) | - 3
: J , M - > M-15
MeO -~ > " m/e 468 m/e 453
-\
v ' \eoil -MeOH
MeOk _
/ : ~CH,
. : ~ ion b
1‘/’“ 236 e m/e 421
m/e
~Cslg
A}
ion d

m/e 367
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ion a can 1ose_méthyl (ion b, m/e 421), C$H7‘ (ion ¢, m/e 393), and C5H9-
(ion d, m/e 367). Ion e corresponding to loss of ring A is seen at
m/e 314, just slightly more intense than ion e in dihydroparkeyl acetate.
Comparison of the mass spectra of dihyéroparkeyl acetate and grand-
~ isolide reveals that the méjor difference is the relative intensities of
the M-iS fragment (ﬁ/é 455 in the former and m/e 453 in the latter). The
lactone side chain does not otherwise alter appreciably. the fragmentation
of the lanostane skeleton.
The mass spectrum of abieslactone (Fiéure 21 exhibits a molecular
ion at m/e 468 with composition C31H4403. The M~15 ion is seen at m/e 453
(C30H4103) but, as in graﬁdisolide, its relative intensity is 207% of the

corresponding ion in dihydroparkeyl acetate. Loss of methanol from the

Y wthila {An h

H N o o
29741720 T T T T

4 m/'\
- 2,2

moleculzr dion ig sean 28 ion 2 at mfe A26 (C
421 (028H3702) again arises via loss of methanol from the M~15 ion or
via loss of methyl from ion. a. Furthermore, the ion a may lose C3H7'
to give ion c at m/e 393 (C27H3702).

0 ion e
LG8 m/e 314

: -CH
Abieslactone ¢ 3 ~ M-15 .
M : -~ m/e 453
m/e 468 " .
’ ~CH_OH v ~CH OH
\/ 3 - W/ 3
1 -CH .
ion a. 3 A )
m/e 436 :) ion b
: m/e 421
7=C3ty
ion ¢

m/e 393
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Ton e (m/e 314)? with elemental composition Cyqt30,, is approximately
three fold more intense in abieslactone than in grandisolide. TIon f
(m/e 299, C20H2702) arises from loss of methyl frdm ion e while ion h
(m/e 175, C13H19) may reéresent fragmentétién of the side chain from ion f.
Ion k (m/e 272, C18H2402) is seen in the mass spectrum of abieslactone
along with ion j (m/e 233, ClSHZlOZ) corresponding to cleavage through

ring D.

U

Cu

ion j
m/e 233

Altheough it is clear that definite conclusions concerning the struc-
tural differences between grandisolide and abieslactone cannot he made from
the consideration of the ﬁass spectral data, it is significant that tﬁe
region below m/e>300 in abieslactone is appreciably altered when compared
with that of gfandiéplide. In particular, ions k and i noﬁed in abieslac-
tone suggest a differenf orientation.for the double bond in this substance.

In order to provide additiogal data concerning phe structure of abies-
lactone it is necessary to consider first some resuits on two additional

components isolated from Pacific silver fir.



The first component coded as AA,, m.p. 236 - 238°C, had formula C3OH4403-
The IR spectruﬁ had two carbonyl absorptions, the a,B-unsaturated-y-
lactone (1745 cm™!) and a ketone (1705 cm~!). The NMR spectrum had a quartet.
at T 7.45 and this was assigned to protons adjacent to the ketone. There
- was no absorption for a methoxyl group while'the C-methyl region contained
éignals at T 8.90, 8.98, and 9.18 integrating for six methyl groups. The
T 9.18 signal was a éinglet and integrated for one methyl group. Signals
cat T 3.00, 5.02, and 8.10 were assigned to the same protons at c(24), C(23),
and C(26) as in abieslactone. The.olefinic proton abéofbed at T 4.40.
The ORD curve (Figure 22) had.a peak, [¢]317 + 1485°;'and a trough at lower
’ﬁavelengths, [¢]224 - 25,4009.- The CD curve (Figure 23) had a ﬁeak,

[6]294 + 3,160° and a trough.at lower wayelengths, (61515 - 35,510°.

TR
380 - X (my)

Figure 22. ORD curve of AAZ’
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Figure.23. Ch curQe of-AAé.
The mass spectrum had the molecular ion at m/e 452 (‘CBOHM:-OB)' A peak
at m/e 314 was also present as well as the m/e 299 ion peak, both of which
were of lesser relative intensity than in abieslactone.

The other minor component, AAg (m.p._249 - 250°C, C3OH4663)’ was the

most polar of all three products from silver fir. The IR spectrum had hydroxyl
absorption <3SZO em™1) plus the lactone carﬁonyl.- The NMR spectrum had
signals at T 3.02, 5.02, and 8.10 characteristic of the lactone system;
a broaaeﬁed signal at 1 6.6 assigned to a proton geminal to the hydroxyl;
and C-methyl signals at T 8.98, 9.00, 9.03, and 9.06 for:six methyls. The
olefinic proton was at 1 4.48 as in abieslactone. The mass spectrum had
a molecular ion at m/e 454 (C30ﬁ4603)’ The ion peaks at m/e 314 and m/e.

299 were both present and were of greater relative intensity than in AA,

but slightly smaller than in abieslactone.
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Oxidation of AA3 with chromium trioxide in pyridine gave AA,, suggest-
ing that they differed only in oxidation level at one center. AA3 upon
methylation gave a product whose TLC, m.p., mixed m.p., and IR were identical
to abieslactone. Thus AA3 is 3—desmethylabieslactone and AA, is the B;keto
derivative of abieslactomne.

Catalytic reduction of AA, in tetrahydrofuran with palladium on char-
coal as catalyst'gave dihydro AAZ“ .The NMR signals formerly associated
with the lactone had disappeared with a new one proton multiplet at
T 5.5 now visible. The C-methyls absbrbed at v 8.96, 9.00, 9.02, and
9.20;>thé higher field resonance wﬁs still a three proton singlet. The ORD
curve of dihydro AA, had a peak [q)]315 + 3055° and a trough [¢]275 - 3921°

associated with the ketone plus a peak at 220 mu ([¢] +6110°) associated

7220
with the lactone ring. The CD curve had 2 maximm for the katone,

[6]294 + 3170f, and the lactone had a positive curve with no maximum
observed above 220 my ([68]p0q + 12,960°).

As was shown,.AAz differs from abieslactone only in ghe nature of the
fuﬁctionality at C(3), with the nuclear double bond and the lactone in the
same positions. If AA, is é 9(11)—ene'system as is repbrted for abieg_
lacfone28 then‘tHe ORD éurve associated with the ketone function of AA,
and dihydro AAzrshould be similar to other 3—keto—9(ll)—ene triterﬁenes.
The ORD curves of A, and dihydro AAZ are shown in Figure 24 along with the

"ORD curve of lanost-9(ll)—en—3*0@8-23’53
From Figure 24 it can be seen that lanost—9(ll);en—3~one has a

miniumum in the 320 mp region. AA,; and dihydro AA2 have a maximum in

this region. The data for the abieslactone series is at variance with the
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AN RREE Lanost-9(11)-en-3-one.

K: o N —_— AA,

- ~ -=-Dihydro AA2

380 Al(mu)

Figﬁre 24. ORD . curves of lanost-9(11)-en-3-one, AA,, and dihydro AA,.

reported results for known 3-keto-9(11)-ene triterpene systems. On this
Basis the-position of the double bond in AAZ’ AAq, and, in turn, in
abieslactone cannot be at C(9) - C(1l).

The aBove discussion reveals that the NMR, ORD, and mass spectrometric
studies'of abieslactone and its derivatives present several anomalies. It
is!feqognized that all three techniques are sensitive to the position. of
any olefinic linkages present in the system. In fact, it was the intro-
duction of an olefinic linkage via the cyclopfopane ring opening reacfion
‘which caused doubt to be cast on the structure of abieslactone.

for these reasons an examination of the cheﬁistry of abieslactone was
undertakep with»pérticular reference to the assignment of the position of

the nuclear double bond.
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Five factors that were considered by the previous authors?8 in the

placing of the double bond in the C(9) - C(11) position are:
(a) abieslactone is reducibletby catalytic methods;
(b) abieslactone is_stable té mineral acid;
(c) abieslactone upon chromium trioxide oxidétion gave a 8—ene;7,1l—
diketone (58);
"(d) a 3a-methoxylanostene obtained from degradation of abieslactone gave,
upon chromium .trioxide oxidation, a 9(1l)-ene~l2-ketone (63);
(e) a degradation product of abieslactone was compared to an authentic
lanost-9(11l)-ene derivaﬁive.

) The double bond was thought to be part of the triterpene nucleus

since it was not hydrogenated under mild conditions. It could be
catalytically hvdro
position of a trisubstituted nuclear double bond in a triterpene is
between C(7) and C(8), although double bonds between C(9) and C(1l1l) are
known. . The fact that the isolated double bond can be catalytically
reduced parallels‘the reported behavior of lanoét—?(ll)—en—SB—ol, while
lanost-?—en—36—ol is resistant even under rigorous conditions.

The originial investigators also report that abieslactone is stable

to mineral acid. It is known that compounds such as lanost-7-en-38-yl .

50 51

acetate , euph-7-en-38-yl acetéte , and tirﬁcall—7—en—33—yl.acetatesz
~ that contain the double bond between.C(7) and C(8) are readily converted
into compounds having a double bond at C(8) - C(9). On the other hand,
compounds like parkeyl acetate With a C(95 - C(11) double bond are stable

to acid.

B

A
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Furthermore, abieslactone was oxidized with chromium trioxide in
aqueous acetic acid to a 8-ene-7,ll-diketo derivative. This suggested to
the original invéstigators that the C(9) -~ C(11) double bond was probablé.

Before continuing with other evidence preéent in the original struc-
turai4determination, some observations from the presentistudy are in order.
'It was found in our work that under mild ﬁydrogenation>conditions abies—
lactone gave a dihydro_derivative, and that under more rigoroué conditions
a.tetrahydro derivative was formed. The oxidation of abiesiactone with
chrbmium trioxide gave a compound.with the same properties as the 8-ene-
'i,ll diketone reported by the original investigatorszg. However, signif-

iCantly'different'results were obtained upon treatment of abieslactone

with acid.

B B B T B e T [, POl IO . I
P L AR R e R L o S A O S R T

Inde
ized abieslactone into a mixture of new products. Thé ﬁMR spectrum of the
product mixture had signals for the protons of the lactone ripg indicating
that the isomerization was not about that functionalitym A new signal
was observed for an olefinic proton at T 4.8 with éomplete absence of the
“former olefinic proton signal at T”4'4. In addition to the olefinic
signal differences, the C-methyl groups now fesonatéd over the range 1 8.94
to 9.34. The above NMR.data is in good agreement wifh the values obtained ,

for grandisolide (30) as mentioned pre?iously.

" Indeed, crystallization of_the above product gave a white solid, m.p.

212 - 214°C, which was identical in every respect (mixed m.p., TLC, IR)

with grandisolide (30). It was now certain that abieslactone can be

isomerized with hydrogen chloride in chloroform into a C(9) - C(11l) olefin.
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30

If abieslactone is dissolved in acetic acid, it may be recovered
unchanged with no changes in the NMR.data or melting point beiﬁg observed.
However, dissolving abieslactone in one-percent concentrated hydrochloric
aéid in acetic acid affected an isomerization but gave a different isomer
ratio than hefore. 'In the nrewvions isomerization there were twe high field
singlets at_rn9.30 and 9.34; in this case only one singlet at 7 9.30 was
of appreciéble intensity. As before the olefinic proton signal was non-

" integral. The NMR.spectrum of the latter agrees with the calculated3974!
NMR spectrum for a mixture of lanost—7—en—3&—ol and laﬁost—8~en—3a—ol;

Obtaining different isomer ratios with different acid is not unusual.

In the Introduction it was seen that treatment of a-onocerin with protic

21

acids gave B- and y-onocerin. Treatment of o-onocerin with a Lewis acid

such as boron trifluoride gives y—onocerin and‘serratenes.zo

A cursory examination of the oxidation reaction of abieslactone with
chromium trioxide seems to reveal no abnormalities. However, on closer

examination this reaction is found to be étypical of C(9) - C(11) triter-

L9 53

pene olefins.» Oxidation of dihydroparkeyl acetate or arborene gives
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the 9(11)~-ene-12-keto derivative, none of the 8-ene-7,ll-diketo derivative
being reported. Comwpounds such as lanost-7-ene, lanos£—8—ene, or lanosta-
7,9(11)~-diene can be oxidized®7»%8 o the 8-ene-7,ll-diketo derivafive,
but these systems were rejected by the original authors on the basis of

~ previous arguments.

If oné returns to the original arguments for thelassignment of the
double bond position, one must consider the degradation sequence described
earlier. It is re-presented in tabular form in Figure 25. Also in Figure
25 the appropriate NMR data is listed and this will bé discussed shortly.

" In the degradation sequeﬁce a 3a—metthylanosténe was obtained which,
on chromium trioxide oxidation, gave twb products. The major produﬁt

iéolated was reported as a 9(ll)-ene-l2-keto derivative (63), while the

(P2

minor nroduct was a R-ene-7 11-diketo derivative (A2) Te w7411 hna +cnnllaA
inor product wags 2 S-ene—/ ll-dilketao derivative 2Y, T =311 ho

that abieslactone gave only the 8—ene—7,ll—diketobderivative. The oBser—
vation that the methoxylanostene gives fﬁo products is inconsistent with
the previous results. It also contradicts the precedents established for
either 7-ene or 9(11)—ene systems.
4.The final piece of eﬁidencg presented’fof the.C(9) - Cc(11) doublé

bond is that theblanost—9(ll)—en—3~one and lanést—9(ll)~en—38—yl acetate
obtained from the degradation sequence were compared té authentic samples
of those materials.and found to be'identical.

This result seems surprising‘since compounds like abiéslactone and
3-keto abieslactone had spectral prbperties which Wefe different from the
observed or calculated values for C(9) - C(ll) olefinic systems.

- The NMR data for the compounds of the degradative sequence is presented
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Compound ) ' \*.Resonance Frequency

olefinic proton C-methyl group

A NI
/\l/]\\(xj\
o

I
i

| 4,48 8.90 - 9.08
PN _
/
448 8.73 - 9.09
4.45 . 8.76 - 9.07
69 ;L. 447 8.97 - 9.08

‘BF; - - S/\; o : ] .
—gg v \J:‘\*('S)-COOMGA |
) )

\\}//1[\\//! . I , 4.78 8.73 - 9;3;
S

50

)

Figure 25. ‘Degradation sequence of abieslactone.
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Resonance Frequency

Compound
olefinic proton .C-methyl group
"RaNi
~
- COOMe
B 4.78 8.82 - 9.37
i
]
MeO”
K 51
\
CHZOH
4.77 8.93 - 9.35
CH20$S
~
~
LiAlH, ’ . l | /
N l i : 4,75 8.93 - 9.35
X , _
I
MeO~
/™
N 54

Figure 25. Degradation sequence of abieslactone (cont'd.).



93

Compound . . )  'Resonance Frequency
HBr/HOAc N {//\\1 olefinic proton - C-methyl group

L———- 4.75 8.91 - 9.38

\ .

|

AcO”’
(

4.75 8.95 - 9.37
4,70 8.76 ~ 9.32
4.75 8.92 - 9.35

Figure 25. Degradation sequence of abieslactone (cont'd.).
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in Figure 25. In the previous discussion the ﬁMR»data of abieslacﬁone
and keto acid (48), keto ester (49), and diol (69) Eas been described as
anomalous for a 9(11)-ene sysfem. The NMR data as presently reported for
the thioketal (50) is'in agreement with the "expected" NMR values of
9(11l)-enes. The olefinic proton now absorbé at T 4.78 in agreément with
the position in other C(9) - C(1l1) olefins. The C-methyl groups range of
aBsorptioﬁ has an upper limit of T 9.31, again in agreement with other
c(9) - C(ll) olefins. The NMR values for all products obtaiﬁea later in
the'degradatibn seqﬁence are also in agreement with the "expected' NMR
results.

».The dramatic changes observed in the NMR spectra of the thioketal and
the subsequent compounds were not commented upon by the original inﬁestif
gatoré. The changes are definitely sucoestive of a rearran
occurring during the preparation of the thioketal derivative to give the
C(9) - C(11) olefin as the major isomer. .This behavior parallels the
obsérvation reported earlier that hydrogen chloride in chloroform can
convert abieslactone into a mixture of isomers. Indeéd, if such a rear-
‘rangemeﬁt did occur under the acidic conditions employed, the subseqﬁent
coﬁpérison of the degradation products with authentic samples of lanoétene.
derivatives would not give direct evidence for the structure of abieslactone.

With tﬂis rearrangement in mind it is poséible to explain the two
»products obtainéd in the oxidation of the methoxylanostene (54). Since the
methoxylanostene is obtained in the later stages of the degradation
sequence, that is, after the thioketal (50), it is likely a mixture of

olefins. This mixture could easily explanin the oxidation products obtained.
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Lack of sufficient quantities of abieslactone prevents further

~

chemicalvwork at this time on the structure of abieslactone. With the
data presently available possible structures for ébieslactone may be
discussed.

Several factérs.must be taken into accoﬁnt for any proposéd struc-
ture of ébieslactone.' The nuclear double bond must be trisubstituted.
‘Further, cleavage of the double bond with osmium tetroxide/periodate
gives a product containing lactone and aldehydo carbonyl groﬁps as well as
a ketonic carbonyl on an alicyclic system or a six member, or larger, ring.
This requires that the double bond must not be'éxocyclic to a cyclopentane
-ring,

It is necessary that the proposed structure for abieslactone be able

+

(9]
A
[©]
{3
3]
3]
o
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ana to account for the
reported comparison with authentic lanostene derivatives. In keeping with
other observed rearrangements of triterpenes or stéroids,-the migrating
groups are msually axial and in a trans coplanar relationship. Keeping
these requirements in miﬁd, several.possibilities may be presented.

While it is possible to place the double bond ét C(1) - €(10) as in

partial structure 73, this feature is unlikely in view of the mass spectral
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fragmentation. Ion é, mentioned previously, corresponding to loss of ring'

A would not-be as feasible and, if it did occur, several migrations are

needed before fragmentation to give an ion of correct elemental composition.
It is possible to place the double bond in ring D as iﬁ structures

74 and 75. Neither of these two structures can explain the facile loss of

74 ‘ 78

ring A in the mass spectrum of abieslactone unless reérrangement occurs
before fragmentation. Structure 74 does not allow é rational explénation
;for the anomalies noted in the C—methyl group region of the NMR spectrum
‘of:abieslactone. Structure 75 on the other hand, has both the C(18) and
C(32) methyl groups in a allylic position which may cause fheﬁ to resoﬁate
at the lower field as observed.

| The Cottoﬁ effect associated with the 3-ketone 6f 74 and 75 would be

expected to be negative using the onocerin part structure 76 as the model. 2

3
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The double bond could be placed in ring C at c@) - C(11l) if the C(8)

hydrogen is in the abnormal alpha configuration (structure 77). If C(8)

77

was beta, a lanost-9(ll)-ene type system could be the result. It is known
that such systems are stable to acidic reagents, that is, no double bond
and./or no methvl 0‘1"01_;“ mig}fafj'_r_\r.é neeony A'lcé the Catton affort nccnniastald

wifh the_3—kétone of 77 would be expected to be negative based on the
octant rulé60 and molecular models. The Cotton effect for the 3-keto
defivative of abieslactone measured in this study is pesitive, so struc-
ture 77 is not iikely on this basis.

Thére are twb positions in ring B for the double bond. It is possible

to place it between C(5) - C(6) (structure 78) as is found in brydgenin'(79).61

78 79 | 80
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The Cotton effect associated with partial structure 80 is negative.62
Similarly, the Cotton effect associated with the 3-keto derivative of 79
is negative, opposite to the observed Cotton effect for the 3-keto deriv-
ative of abieslactone. On this basis, structure 78 is an unlikely

candidate.

MeO~ "~ e

’1

The ?émaining péssibility, 81, has a C(7) - C(8) double bond with
the C(9) B hydrogen configuration. This latter assignment is necessary
for two reasons: (a) if the C(9) d configuration prevailed, 81 would reveal
chemicai and physical properties characteristic of the lanost—7;ene system
which is not the case with abieslactone; (b) in the isomerization from the
7*éné shown in 81 to the lanost-9(11l)-ene system,.the:C(9) hydrogen in
migfating to C(8) must remain on the B face of the molecule thereby réquir—
' ing'that the C(9) configuration isAB in the original structure.

Structure 81 can also account for ion e in the masé spéctrum of abies-
lactone since a retro Diels-Alder collapse of ring B would give an ion of

correct composition without any further migrations being necessary.

.



99

Using molecular models and the octant rule, the 3-keto derivative of

8l should give a positive Cotton effect as is

derivative of abieslactone.

observed for the 3-keto

The observed NMR data of abieslactone is not as easily explained. The’

C(32) methyl group is allylic to the double bond and could be expected to

resonate at lower field, however, this explanation does not account for the

C(18) methyl signal unless its resonance frequency is altered by the C(9) B

configuration proposed in 81. It is known that change of configuration at

the ring junction may affect the resonance frequency 6f the angular methyl

on the adjacent-carbon.63

The actual effect of the C(9) B configuration on

.'the resonance frequencies is not known. Cycloartenyl acetate with the C(9)

B configuration had the resonance frequencies

groups assigned ta signals at 7T 9.10/9 0% b

result of deshielding by the cyclopropane but

Chemically structure 8l is also favored,

of the C(18)/C(32) methjl
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this again is not known.

as oxidation with chromium

" trioxide could give the observed 8-ene-7,ll-diketo system without rearrange-

ment prior to oxidation.

X-ray analysis will be conducted on this molecule in order to settle

the complete structure. At this time structure 81 would appear to be the

best postulate for abieslactone which is then

7,24~diene-26,23-1lactone.

81

(23R)-3a-methoxy-9f-lanosta- .
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With the assignment of structure 81 to abieslactone, the structures
of tﬁe two minor components isolated from Pacific silver fir may now be
assigned. Compound AAZ’ previously shown to be the 3-keto derivative of
abieslactone, would be (23R)-3—oxo—98—lanosta—7,24—diene—26,23—lactone
(82). Tﬁe other component, AA3, was showﬁ to be 3—d¢smethylabieslactone
which may now be éssigned as (23R)-3a~hydroxy-98-lanosta-7,24-diene~

26,23~lactone (83).

82 _ _ : 83
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Experimental

Throughout thié work Merck silica gel G with added fluorescent indicator
was used as adsorbent in thin layer chromatagraphy (TLC) . The‘chromatograms,
0.3 mm. in thickness, were air dried and'activated in an oven at 100°C for
three hours. The chromatograms were developed in chloroform and sprayed
with antimony pentachloride in catbon tetrachloride (1:2) unless otherwise
noted. ‘

For preparative layer chromatography a thicker layer (0.5 mm.) of
adsorbent was utilized, with 0.01% Rhodamine'6G added as indicator.3"

Spraying with antimony pentachloride was done only along oneAedge or not at
21} 2g dataction of bands wae noeeibls with wltrawid
instances.

=<Colu&n chromaﬁography was performed on eitherZWOelm silica gelJor
neutral alumina. The preferred adsorbent was deactivated alumina (Activity
III) prepared by the addition of water as directed by the manufacturers.
Except in larger scale work the solvents were distilled before use.

The nuclear magnetic resonance (NMR) spectra were measured in deutero-

chloroform at room temperature. The NMR spectra were obtained at either
60 MHz using a Jelco C-60, Varian A-60, or a Varian T~60 instrument of at
100 MHz using a Varian HA-100 instrument. The positions of all NMR
resonances are given in the Tiers T scale with tetramethylsilane as internal

standard set at 10.0 units. For multiplets the T values given represent
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the center of the signal. _ o ‘ \}

Mass spectra were measured on an Associated Electrical Industries
MS 9 high resolution mass speétrometer or, where noted, on an Atlas CH 4
spectrometer,. High:resolution molecular weight determinations were deter-
mined on the MS 9 spectrometer. |

Infrared (IR) spectra were measured on Perkin Elmer model 21, 137,
‘or 457 instrument. The samples were usually measured as KBr pellets,
however, some were measured in chloroform or neat. The positions of
absorption maxima are quoted in wave numbers (cm‘l).

Ultraviolet (UV) absorptions were measured in methancl or ethanol on
~a Cary model 11 or model 15 spectrophotometer.
A Jasco model UV/ORD/CD 5 spectropolarimeter was used to measure the

R N £330 % U
L e Wiy LUl veD UD.LLlé

circular dichroiem {CD)
dioxane as solvent,
Melting points were determined on a Kofler bléck agd arevuncorrected.
Elemental analyses were pefformed by Mr. P. Borda, University of
British Columbia. |

Isolation of triterpenes from Pacific silver fir

The bark of a Pacific silver fir growing‘in the University of British.
.Colﬁmbié forest preserve near Haney, British Columbia was removed from the
log and air dried. The dried bark was ground in é Wiley mill to pass
~through a 3 mm. sieve. The ground bark wés'extracted with chloroform for
18 hours in a large all glass Soxhlet extractor. ' The chloroform was.
evaporated to give a crude extract in a yield of 5.6% based on the weight

of air dried bark extracted.
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Ninety grams of crude extract were dissolved in 300 mls. of hot ether
and left to cool whereupon 2.1 gms. of light brown powder could be collected
by filtrationm. TLC of the light brown powder showed the presence of three
compounds, the major one correspondedvto an authentic samplé of abieslactone
received from Professor Uyeo..

Crystallization of triterpene mixture

The light browp powder (4.4 gms.) was dissolved in the minimum amount
of refluﬁing ethyl acetate. The precipitate (2.2 gms.) was‘collected by
filtration. Examinatidn of the precipitate gnd the mother liquor by TLC
showed very little, if any,venrichment of the desired abieslactone.

Column chromatography of triterpene mixture

The precipitate (2.2 gms.) was chromatographed on alumina (220 gms.).
Elution wi r__h 50% henzene in neftroleum ether (4300 mle.) cave ahieglactone
(1.5 gms.). TFurther elution with 50% methylene chloride in benzene (400 mls.)
gave a compound coded AA, (75 mgs.). Elution with methylene chloride
. (800 mls.) gave a compound coded AA3 (45 mgs.). -

Abieslactone

Abieslactone obtained from the column was crystallized twice from
ethyl acetate to give a white solid m.p. 251 - 253°C (literature m.p. 251 -
253°C28); mixed m.p. with authentic sample obtained from Professor Uyeo
(Kyoto University, Kyoto) was 251 — 253°C. ORD (c, 0.0422) [¢]700 - 412°,
[¢]589 - 520 ’ [¢]300 - 43000 ,[¢]250 - 12’900 > [¢]220 - 45,500 ’

[4]y14 = 26,600°. CD (c, 0.0422) [6], . 0°, +225°, [8],5, + 450°,

81560

+ 290°, [6]230 - 6,430°, - 45,050°. IR (KBr) 1745 (lactome

181540 181220

carbonyl), 1660 (C=C). UV AMeOH 209 (log e 4.30). NMR (100 MHz) 3.02

(1H, apparent triplet, J = 1.7 Hz, H-C=C-C=0), 4.48 (1H, multiplet, H-C=C),
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5.05 (lﬁ, multipléé, H-C-0), 6.72 (34, singlgt, OMe), 7.20 (1H, triplet,
J = 1.8 Hz, equitorial H-C-(te) ., 8.10 (34, triplet;\J = 1.7 Hz, vinylic
methyl), and 8.90, 9.06, 9.06; 9.08 (6 C-methyls). Mass spectrum (m/e)
468 (M), 453 (M-15), 436 (M-32), 421 (M-47), and 314. (Found C, 79.50;

H, 10.20; C requires C, 79.44; H, 10.32%); high resolution:

3114893
468.357 C31H4803 requires 468.36Q, 453.333 C30H4503 vrequires 453.336,
©436.330 036H4402 requires 436.334, 421.310 C29H4102 requires 421.311,

393.278 requires 393.279, 339.232 C23H3102 requires 339.232,

C27M39% -
314.224 C21H3002 requires 314.224, 299.203 C20H27O2 requires 299.201,

. .o . ;
271.177 ClSHZQOZ requires 272.178, 233.155 ClSHZlOZ requires 233,154,

'1751149 requires 175.149.

C13Hl9
Isolation of AA2

The fraction containing AA, from chromatography was crvstallized from -
ethyl acetate to give a white solid m.p. 236 - 238°C. ORD (c, 0.0210)

[¢]5g9 + 150°, [4l40p + 262°, [9]350 + 348°, [¢1545 + 701°, [¢]4;5 + 1485°%,

J[¢]300 Oo; [¢]280 - 392300, [¢]260 - 4’95003 [¢]224 - 25,4000: [¢’]220 -

18,950°.  CD (c, 0.0210) [8]q5 0°, [8]5p5 + 106°, [8]470 + 1,640°,

+ 710°, + 781°, 5,750°, [6]

» 18960 161350 (61559 - 215 ~
- 30,190°. IR (KBr) 1745 (lactone carbonyl), 1705 (ketone

(61,9, +'3,1609
35,510°, (61,1,
" carbonyl). NMR (60 MHz) 3.00 (1H, triplet, J = 1.7 Hz, H-C=C-CO),

4.40 (1H, multiplet, H-C=C), 5.02 (lﬁ, multipiet, H-C-0), 7.45 (2H, qﬁartet,
g —CHZ—CO), 8.10 (3H, tripigt, J = 1.7 Hz, vinylic methyl), 8.90, 8.98, 9;18
(6 C-methyls). Mass spectrum (m/e> 452 M), 437 (M-15), and 314. (Found

C, 79.52; H, 9.70; C3OH44O3‘requires C, 79.64; 1, 9.73%).
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Isolation of AAq ) _ _ V\\\

The fraction containing AA3 from chromatography was crystallized
from ethyl acetate to give a ﬁhite solid m.p. 249 - 250°C. IR (KBr)
3520 (OH),_1760,1745 (lactone carbonyl); (CHClB) 1755 (lactone carbonyl).
NMR (60 MHz) 3.02 (14, triplet), 4.48 (1H, multiplet), 5.02 (iH, multiplet),
6.6 (1H, multiplet, H-COH), 8.10 (3H, triplets, 8.98, 9.00, 9.03, 9.06
(6 C—metﬁyls). Mass spectrum (m/e) 454 (M), 439 (M-15), 436 (M-18), and
314. (Found C, 79.11; H, 10‘07;‘C3OH4603 requires C, 79.25;7H, 10.20%).

8-ene-7,11-diketo derivative of abieslactone

~ Chromium trioxide (230 mgs.) in 90% acetic acid (10 mls.) was added
slowly into a solution of abieslactone (258 mgs.) in hot acetic acid (40

mls.) at 55°C. Stirring was continued at 60°C for 4.5 hours and then the

L. .,
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iduc was dissol ther,
washed with aqueous sodium carbonate and water, and dried over sodium
sulfate. Evaporation of the ether gave a yellow sélid (300 mgs.) that
was chromatographed on silica gel (15 gms.). Elution with chloroform gave
a yellow solid (200 mgs.). Crystallization from methanol gave a yellow
solid m;p. 210 - 215°C. Re-chromatography of the crystalline product on
silica gel (10 gms;) gave the 8-ene-7,ll-diketo derivative (58) as a yelloy
“sdiid which was twice crystallized from methanol, m.p. 217 - 219°C (litera-
» turé m.p. 215 - 216°¢28). 1R (KBr) 1740 (lacﬁone carbonyl), 1678 (kefone
_carbonyl). UV AMeOH 274 my (log € 3.85). NMR (60 MHz) 3.02 (IH, triplet,
J = 1.7 Hz), 5.05 (1H, multiplet), 6.72 (3H, singlet, OMe), 8.10 (3H,
triplet, J = 1.7 Hz, vinylic methyl), and 8.69, 8.83, 9.05, 9.18 (6 C~

methyls).

J
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Dihydroabieslactone (44)

Abieslactone (50 mgs.) in tetrahydrofuran (15 mls.) was hydrogeﬁated
over 10% palladium on charcoai (50 mgs.) at room temperature for 2 hours.
The catalyst was removed by filtration and the filtrate evaporated to give
a white solid. Crystallization from ethyl acetate gave a white solid
m.p. 216 - 218°C (literature m.p. 219 - 221°C%28). IR (KBr) 1770 (lactone
‘carbonyl) ; (CHCl3) 1765 (lactone carbonyl). NMR (60 MHz) . 4.47 (1H,

multiplet, H-C=C), 5.53 (1H, multiplet, B-C-0), 6.72 (3H, singlet, OMe),

©.7.20 (14, triplet, J = 1.7 Hz, equatorial H-C-OMe), 8.74 (3H, doublet,

J = 6.3 Hz, CH,-CH=CO), and 8.96, 9.00, 9.06, 9.08 (6 C-methyls). Mass

3
‘spectrum (m/e) 470 (M), 455 (M-15), 438 (M-32), 423 (M~47) and 316.

(Found C, 78.95; H,~10.66; C requires C, 79.10; H, 10.71%).

315093

{oolnntana ((AERY
leglacogne (72

Abieslactone (50 mgs.) in acefic acid (30 mls.) was hydrogenated over
Adaﬁs catélyst (15 mgs.)vat room temperature for 40 hours. The catalyst
was filtered off and the solvent evaporated to give a white solid.
Crystallization from methylene chloride - methanol then hexane gave a
white solid m.p. 226 - 228°C (literature m.p. 230 - 231°28). IR (KBr)
17?0 (lactone carbdnyl). NMR (60 MHz) 5.50 (lH, multiplet, H-C-0),

6.72 (3H, singlet, OMe), 7.20 (1H, triplet, J = 1.7 Hz, H-C-OMe), and
8.98, 9.03, 9.10, 9.15 (6 C-methyls). Mass sﬁectrum (m/e) 472 M), 457.
‘ (M;lS), 440" (M-32), 425 (M-47). (Foﬁnd C, 78.84; H, 11.18; C_ . H_. O

31°5273
requires C, 78.76; H, 11.09%).

v

‘Lithium aluminum hydride reduction of dihydroabieslactone

Dihydroabieslactone (25 mgs.) in tetrahydrofuran (10 mls.) was stirred
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with lithium aluminum hydride (10 mgs.) for 18 hours. A small amount of
water was added and the solyent was evaporated. The residue was carefully
acidified with dilute hydrochloric acid and extracted with ether. The
extract was washed with water, dried (sodiuﬁ sulfate) and evaporated to
give.a white tesidue. Column chromatography on alumina (L gm.) of the
3fesidue and elution with ether gave the diol (69); crystallization from
petroleum ether - ether gave white needles m.p. 161 - 162°C (literature m.p.
161 - 163°C%8). IR (KBr) 3350 (OH). NMR (60 MHz) 4.47 (1H, multiplet,
H-C=C), and 8.97,_9.00, 9.05, 9.08 (6 C-methyls). Maés spectrum (m/e) _
474 (M), 459 (M-15), 456 (M-18), 442 (M-32), 438 (M-36). (Found C, 78.36;
H, 11.36; C..H_,0, requires C, 78.43; H, 11.46%).

3175473

Methylation of AA3

ADA. (Q mo
AL (8 mg
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thoroughly in'an ice bath. A few mls. of ethereal diazomethane was added
followed by a catalytic amount of dry éluminum chloride. Fresh diazo-

' methane solution was added over a period of 3 hours to maintain a yellow
color in the solution. The excess diazomethane was destroyed with a drop
of dilute acetic acid. Tﬁe solution was filtered and the filtrate waéhed'
with water and gfied (sodium sulfate); evaporation gave a solid (15 mgé.)
which was purified by preparative layer chromatography. The band with .
VRf.O.AO was collected. NMR of this band showed methoxy (6;72) and olefiﬁic
proton (4.48) as in abieslactone. Crystallization frpm ethyl acetate gave-
a white solid m.p. 249 - 250°C, mixed m.p. with abieslactone 249 - 250°C. -

IR was superimposable with that of abieslactone.
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Oxidation of AA3 . . N

AA3 (20 mgs.) in dry pyridine (3 mls.) and chromium trioxide (15 mgs.)

~were stirred at room temperatﬁre for 3 aays. The solvent was removed
.ig_ggggg and the résidue dissolved .in methylene chloride and washed with
water, dried (sodium sulfate), and evaporaféd. Crystallizatipn from ethyi’
acetate gave a white solid m.p. 236 - 238°C, mixed m.p. with AA, 236 -
©238°C. IR and TLC were identical with those.of AA, .
Dihydro AA2
AA, (30 mgs.) was dissolved in‘tetrahydrofuran (10 mls.) andAhydro-
genated over 10%Z palladium on charcoal (15 mgs.) for 2 hours. The catalyst
» was removed by filtration and filtrate evapoiated. Crystallization from

cethyl acetate gave a white solid m.p. 223 - 225°C. ORD (c, 0.0208)

[l + 1.440°. [o).__ + 3.055°, [¢1... 0°.
31D

285
(61575 = 392°, [6lp55 0%, 81y + 6,110°, [6]py5 + 4,360°. D (e, 0.0208)
(81550 0% [0159, + 3,170°, [0]y5y + 360°, [6]y, + 12,960°. TR (CHCLy)
1760 (lactone carbonyl). NMR (60 MHz) 4.40 (1H, multiplet), 5.50 (1H,

multiplet), 8.73 (3H, doublet), and 8.96, 9.00, 9.02, 9.20 (7 C-methyls).

(Founde, 79.04; H, 10.32; Cqypll,g04 requires C, 79.25; H, 10.20%).

Tfeatment of abieélactong with acetic acid

| Abieslactone (25 mgs.) was dissolved in acetic acid (20Imls.) and
heated at 50°C for 4Ahours; The solvent waslevaporated and the residue
dissolved in methylene chloride and.washed with water, sodium bicarbonéte
solution and dried (sodium sulfate). Evaporation and crystallization gave
a white solid m.p. 250 - 252°C, mixed m.p. with abieélactone 250 - 252°cC.

The NMR spectrum was the same as that of abieslactone.
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Treatment of abieslactone with 1% concentrated hydrochloric acid in acetic acid
Abieslactone (20 mgs.) was dissolved in 1% concentrated hydrochloric

acid in acefic acid (by volumé) (15 mls.) and heated at 50°C for 2 hours.

The solvent was evaporated and the residue dissolved in methylene chloride

and washed with water, sodium bicarbonate solution and dried (sodium

sulféte). Evaporation gave a white solid. NMR (60 MHz) 3.02 (1H, triplet,

J = 1.7 Hz), 4.81 (non-integral, multiplet, H-C=C), 5.05 (1H, multiplet,

H-C-0), 6.72 (3H, singlet, OMe), 7.20 (1H, triplet, J = 1.7 Hz, equitorial

H-C-0Me),. 8.10 (3H, triple?, vinylic methyl), and 8.94, 9.00, 9.05, 9.07,

9.12, 9.30 (6 C—methylg).

Cleavage of double bond in diﬁydroabieslactone

Dihydroabieslactone (30 mgs.) was dissolved in ether (5 mls.} contain-
etrexide {50 mgeo.) was added. The
solution was left for 10 days at room temperaturé. The solution was then
saturated with hydrogen sulfide gas and the black solution filtered through
Jceiite with thorough washing of the filter cake with chloroform. The
filtrate was evaporated first on a rotatory evaporator under reduced
pressufe and later with a mechanical pump. The residue was dissolved in
ether (5 mls.) and periodic acid (30 mgs.) was added. The solution was
stirred for 18 hours before being extracted.with wéter and aqueous sodium
biéarbonate solution. The ethereal layer Waé dried over sodiumlsulféte

and evaporated to dryness. IR (CHC13) 1760 (lactone carbonyl), 1720

(aldehydo carbonyl), 1705 (ketone carbonyl).
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Structural Studies on Wa from Western White Spruce

Discussion

It was knowﬁ from earlier work in our laboratorieszs’2-6 that
.tritérpenes of the serratane family (84) were constituents in at least
one species of the genus Picea (spruce). fhe presence or absence of
these novel tritefpenés in other species of the same genus would be of

chemotaxonomic interest.

84

The two major triterpenes which had been isolated from Sitka spruce

, [Picea sitchensis]}?® were 3B8-methoxyserrat-l4-en-21B8-0l (24) and the

corresponding 3a-methoxy isomer (25). The minor constituents of the bark
_ iﬁcluded the first reported?® isolation of the double bond isomer, 3a-
vméthoxyserrat—l3—en—2lB—ol (28). With‘authentic samples éf these and

other serratenes available for comparisoﬁ, the_study of Western white

spruce [P. glauca (Moench) Voss. var. albertiana (S. Brown) Sarg.] and

Engelmann spruce [P. engelmannii Parry] was undertaken.
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Earlier investigatioﬁ of the bark extracts of Western white spruce had
been conducﬁed bf Drs. Gletsos and Gladstone in these laboratories.®3.
By‘a'combinatién of column and thin layer chromatography, théy had succeeded
in isolating three triterpenes, all found previously in Sitka spruce. The
- first compound was found to be identical to 3a—methoxyserrat—l4—en—2lB—ol
(25). The second compound was shown to be identiéai to the corresponding

ketone, 3o-methoxyserrat—-léd-en-21-one (26). The third compound was

epimeric with the first and was shown to be 3Bf-methoxyserrat-l4-en-218-ol (24).
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A fourth triterpene code named W,, a ketone, was® isolated but was of
undetermined structure.
The present work describés the isolation and structural studies of
>this new triterpene.
The ground, air dried bark of Western thte spruce was extracted in
a Soxhlet extractor with petroleum ether. . Evaporation of the petroleum
‘ether solution left a crude extract as a brown gummy solid.
The crude extract was chromgtographed on a large column of alumina

(Figure 26). The first fraction eluted was evaporated to give a yellowish,

Bark

Soxhlet extraction
petroleum ether

1 H

Crude Extract

Chromatography on alumina Activity IIIL

Fraction Solvent Compounds
1 petroleum ether hydrocarbons, sterol and wax
esters '
2 | benzene 3a-methoxyserrat-l4-en-218-0l,

3a-methoxyserrat—l4—en—-21l-one,
WA, and epimanool

3 - benzene - chloroform fatty alcohol, fatty ester

4 chloroform : 3B8-methoxyserrat—l4-en-218-0l
and B-sitosterol

5 chloroform — methanol unidentified polar components

Figure 26. Typical purification sequence of components from Western
white spruce bark.
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low melting wax. The TLC properiies of this fraction suggested that it
was non-polar and did not contain any of the desired W,.

The second fraction was eluted with benzene and removal of solvent
© gave a gummy solidt TLC analysis showed that this fraction contained W,
plus‘two of the other known triterpenes, 3a—methoxyserrét—l4—en—216*ol (25)
and»3a—methoxyserrat—lé—en-B—one (26). Iﬂ addifion a fourth compound was

present whose TLC behavior was like that of epimanool (29) or manool (31).

oH

OH

.
-~

29 31

The third fraction was eluted with benzene - chloroform. fhis fraction
appeared to be mainly fatty estef, fatty alcohol. |

The fourth fraction eluted with chloroform gave a solid upon evapéra—
tion. TLC investigation of tﬁis fraction using two different solvent
systems revealed the presencé of B-sitosterol (1) and 3B-methoxyserrat~14-

en-21B~o0l (24) by comparison with authentic samples.

AR

HO N
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The last fraction comsisted of chloroform ;‘mgthanol and methanol
washings of the column. TLC investigation showed few distinct spots but
showed that the fraction cdntéined mainly polar compounds.

Fraction 2 from the above chromatography was chromatographed on
Activity‘I alumina (Figure 27). Elution with benzene gave. a ffaction'6
cpntaining W, and the known 3a-methoxyserrat-l4-en-2l-one (26). Further
‘elution with chloroform (Fraction 7) gave manool or epimanool plus 3o~

methoxyserrat-l4-en-21B8-0l.

Fraction 2‘

Column chromatography on alumina Activity I

Fraction Solvent ComEounds
6 benzene . 3a-methoxyserrat-~l4-en-21-one,
7 chloroform 3a-methoxyserrat-1l4-en-218-01,
epimanool

Figure 27. Purification of Fraction 2.

The ketone fraction (6) was chromatograﬁhed on aiumina (Figure 28).
Iniﬁial elution with petroleum ether gave a fréction (8) whicﬁ had TLC
~and NMR properties characteristic of a fatty ester. Further elution
with petfoleum ether - benzene gave Fraction 9 whose TLC showed the
presence of 3a¥methoxyserrat—lQ—enfilfone by comparison with an authentic

sample. Continued elution with the same solvent gave Fraction 10
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containing an unidentified oily component, which on TLC analysis was free

of the desired wa.

Fraction 61

Column Chromatography on ‘alumina Activity III

Eraption : Solvent ' Compound

8 petroleum ether fatty e;ter

9 pet. ether:benzene (19:1) 3a-methoxyserrat-l4—en-21-one
Lv 10 pét. ether:benzene (9:1) ﬁnidentified
~__1:§E: pet. ether:benzene (9:1) w4

:
4

-
N

methanel ’ unidentified

:

Figure 28. Purification of Fraction 6.

Continued élution Qith pefroleum ether:benzene (19:1) gave Ffaction.ll
containing Wa. A methanol wésh of the column gave oﬁly base line material
(Fractién 12) Qﬁen examined by TLC.

| The initial NMR spectrum of Fractioq 11 (m.p. 190 - 225°C) containing.

vwg éhowed the resonance for an O-methyl group at T 6.65 but‘it had a
slight éhoulder to it. When this region was éxamined on an ekpanded écgle

~one large40—methyl resonance was seen plus a small signal; Several
recrystallizations of a portion of this fraction provided a crystailine

product (m.p. 200 - 230°C) which, upon sublimation, provided further

purification (m.p. 215 - 225°C). Finally, additional crystallizations
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from ethanol and then sublimation gave an analytical sample as a whiﬁe
solid, m.p.. 227 - 229°C. Elemental aﬁalysis and high resolution mass
4 spectrometry of this material established thg molecular formula CBlHSOOZ'
The NMR spectrum (Figure 29) of this compéund had resoﬁances for an
O—mefhyl group (t 6.65); a one proton quartet (r 7.30, J = 5 and 11 Hz);
a two proton quartet. (t 7.55, J = 6 énd 8.Hz); and signals at t 8.92,
8§.99, 9.02, 9.12, 9.16,‘9.17, and 9.23 integrating for seven methyl groups.
Tﬁe_r_7.30 quartet was éssigned to an agial proton geminal_fo the O-metﬁyl
group. This assignment was based on the coupling constants Jaa = 11 Hz
and Jae = 5 Hz. Similar coﬁpling was ébserved iﬁ 3B8-methoxyserratene
derivatives previously isolated in our laboratories.?2® .
The IR spectrﬁm of W, had absorption at 1700 em™! (C=0), 1665 cm™1

(C=0)  and 1100 ~m~1 (0Me)  The ORD eurve (Fi

306 mu ([¢] = +8800°) and a trough at 276 mp ([¢] = +2160°).

. 8=
6 —~
v
o —
—
"
— 4 =
©-
2 —d
240. 280 . 320 360 400 A (mp )
0 I I | |- ]

Figure 30. ORD curve of W,.
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The mass spectrum showed a moleculér ion at m/e 454. Other strong‘
ion péaks at m/e 439, 422, and 407 were assigned.to‘loss of methyl, methanol,
and both methyl and methanol from the molecular ion. Weaker ions were
fognd at m/e 221, 203, and 189.

| ‘é>Briori this spectral data suggestedia possible structure for Wy
The occurrence of only seven C-methyl groﬁps in the NMR is'typical of the
éerratane family of ﬁriterpenes which was known to occur in the same genus.
fhe degree of unsaturation is seven, five in the pentacyclié skeleton, one
in the carbonyl; the remaining degree of wnsaturation would then be present
és a tetrasubstituted doublé bond since no olefinic‘protons were observed
in the NMR spectrum; The natural occurrence of another serrat-13-ene

25

derivative had been reported from our laboratories earlier, so the double

Tha

bond was tentativelv assioned thie nogition in 2 sarratane ckelaton
ORD characteristics of both serrat-l13-en-3-one and serrat-13-en-2l-one

were knowni?

and the ORD curve of W, was of the same shape as the ORD
curve reported19 for a serrat-13-en—2l-one derivative. The O-methyl ether
function was on a secoﬁdary cérbon atom since there was only one proton
geminal to it and its most probable location Qas at C(B).l With these

results in hand, the postulated structure of w4 would then be 3B-methoxy-

sefrat—lS—en—Zl—one (85). This compound had not beeh previously reported

MeO
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but was accessible from known sgrrét—l&—ene de;ivatives.

When Inubushi19 was ipvestigating the chemistf& of the serrat-l4-—enes,
he found that by treatﬁent wiﬁh»acid the corresponding serrat—l3-énes
were produced. In_the case of the 2l-ketones, the.formation of the serrat-
lB—engs was very nearly quantitative. The desired compound fof isomer-
ization, BB—methoxyserratfl4-en—21~one, had been isolated?® in small
amounts but the correéponding 21B-hydroxy compound was more abundant both
in this study and in previous wo;k on Sitka 8pruce.25

-Thus the ketone obtained from the Jones oxidation of 38-methoxyserrat-
l4-en-218-01 was subjected to treatment by a mixture‘of sulphufic acid and
acetic acid at room temperaturel9 to give a new ketone, m.p. 241 - 243°C.
The NMR spectrum of the new_product-showed an O-methyl signal at.T 6.67
and seven C-methyl groups (T 8.90. 8.96, 9.05. 9.07, 9.16, 9.23, 9.26).
There was no NMR signal for the olefinic proton suggesting complete isomer-
ization of the olefinic linkage to the‘tetrasubstituted position. The IR
spectrum had bands at 1700 cm~! (C=0) and 1100 cm™! (OMe), while the ORD
curve had é peak at 304 mp ([¢] = +6230°) and a trough at 270 mu ([¢] =
+2035°); The mass spectrumvhad a molecular ion at m/e 454 with peaks of
low‘intensity at m/e 439, 422, and 407 for loss of methyl, methanol, and
" both mefhyl and methanol from the molecular ion. Reasonably intense peaks
were also seen at m/e 221, 203, and 189.

The above data was entirely consistent with the expected oxidation and
isomerization product, 38-methoxyserrat-l3-en-21-one (85).-AIt will be
remembered that the data for W4 also suggested that structure.‘ Howevef,

when both sets of data are éompared significant differences exist. The
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positions of the C-methyl groups in the NMR spectrum of each compound were
different. The ORD cufve of each compound, while of the same shape, always
had WA With greater intensity. 1In addition, the IR spectrum of W4 had a -
C=C stretching frequency at 1665 cm™! while the synthetic compound did not
héve'this absorption. The mass spectra had similar fragmentations but
differed significantly in intensities.

With two different compounds, both of which could be assigned the
same structure on evidence obtained so far, the problem becéme more
difficultf Skeletal rearrangements or methyl migrations, both well known
processes in triterpene chgﬁistry, could not be-reédily excluded in the
double bond isomerization reaction. In fact, it was possible that W, had -
the proposed structure while the acid isomerized product had suffered more
changes in :tr"cé”

- The most conclusive way to determine each stfuctﬁre Qould be by X-ray
analysis. Since each Qas a ketone, the derivative selected was a
* p-bromophenylhydrazone. Each ketone was individually reacted with p-
bromophenylhydrazine hydrochlofide in‘efhanol containing acetic acid. The
synthetic ketone was reacted first and the derivative was crystallized from
ethanol as pale yellow needles, m.p. 204 - 207°C (dec.). Ultraviolet
absorption at 233, 293,_and 302 mp suggested that thé expected hydrazone
had reacted fufther to givé a bromoindéle derivative. The elemental formulg,
C37H52N0Br'CzHSOH,’determined by elemental analysis indicated that one
molecule of ethanol was associated with each molecule of the brpmoindole

derivative in the crystal.

The X-ray analysis of the crystalline bromoindole derivative was



- performed by Dr. F.H. Allen of, this department.®® The crystals were

o

orthorhombic, as= 10.20, b =11.12, ¢ = 31.23 A, space group.PZlZlZl, with
four formula units of C37H52N0Br“C2H5OH in the unit cell. The inténsities
of 2105 reflections with 2065100° were measufed on a Datex-automated GE XRD6
diffractometer using CuKa radiation and a 6 - 20 scan. The structure 86
was determined for the bromoindole using Patterson and Fourier techniques
together with careful restrained least-squares refioement of portions of
the structure as they emerged from the electron density map, the final R
being 0.086 for 1459 observed refleotions. The absolute configuration

depicted in 86 was determined by the X-ray fluorescence techniqué76.

MeO

86

The X-ray analysis showed_thot the bromoindole had been formed in the
reaction. More important to the present study was the fact that the
parent kefone was indeed the expected 3B—methoxyserrét—13—en-2l—one (85)
and no skeletal rearrangements had occurred.

In the crystalline state the X-ray analysis showed that the seven
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member ring C in 86 adopts a chair conformation with some out~of-plane
distortions about the C(l3)." C(14) olefinic bond. The plane through the
terpenoid nucleus is slightly concave to minimize the methyl - methyl
intefaétions, a common feature in steroidalvsystems67.

When Wa was reacted with p—brbmophénylhydrazine»in the same manner as
béfore, the product, a dark solid, was obtained in low yield. Attempts to
crystallize the product from ethanol gave a dark solid that did not have a
" sharp melting point but rather decompésed at temperatures above 300°C. -
This solid when examined was not suitable for X-ray aﬁalysis.

The difficulty in obtaining a suitable crystalline derivative for
X-ray analysis from W, prompted another ap?roach. A po?tion of'wa @as
réduced with sodium borchydride in methanol to give a mixture of alcohols
vor chromai: Ly. The MMR gpoctrum
of the major alcohol had signals for the O—methyl.(T 6.66), a proton geminal
to the hyaroxyl (t 6.84, J = 7 and 9 Hz, quartet), a proton geminal to the
" methoxyl (1 7.32, J = 4 and 10 Hz, quartet), and C-methyl groups (t 9.02,
:9.04, 9.12, 9.18, 9.24, seven methyls). The IR spéctrum had lost the
carbonyl band found in thé ketone and now had a new absorption at 3495 cm™ 1
for the OH stretéhing frequency.

A small portion of the major reduction product referred to as Wa'
alcohol was treated with bromoacetyl chloride and.sodium bromoacetate in
benzene to give the bromdacetate derivative of Wa. This derivative was
subﬁitted for X-ray analysis. Thesé crystals seemed suitagle for X-ray

analysis and much data was gathered on this material. However, several

‘months were spent on this problem before it was decided that the data
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collected could not be solved with methods curréntly available.

~ . ~

While the above X-ray analyses were being done, the mass spectra of

W4 alcohol and 3f-methoxyserrat-13-en-2la-ol (87) were examined. The mass

87

_ spectra of several serratenes had been previously studied in our laborato-

ries.68 Recertly  cerrvatene derivatives of unknown gtructure had heen
examined in the mass spectrometer and the data had provided structural
informatién.69

The mass spectrum of 3o-methoxyserrat-13-en-21B-0l (28) was available
and had been partially'analyzed.68 The major frégment ions of interest to

the present study are located at m/e 221, 203, and 189. It was suggestedA

that the ion at m/e 221 originates from rings A and B as a frégment q.

-CH 30H ion r
m/e 189
MeO~~
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Ion r (m/e 189) is produced by loss of methanol from Fhe m/e 221 icn.
A metas;able peak observed at m/e 161.6 tends to confirm this process.

Ion s (m/e.203, 015H23) was prominent in both 3o-methoxyserrat-13-
en-2l-one and 3a-methoxyserrat-13-218-01.%8 This ion is not as prominent
in sérrat—l&—ene derivatives and for this reason it Qasvfelt68 that it
is diagnostic of serrat-13-ene derivativeé; however, the origin of this
ion was not postﬁlated.

The mass spectra of 3B-methoxyserrat-13-en-2ia-ol and W, alcohol
were determined and are presented in Figures 32 and 33 respectively. The
élemental composition of ioﬁs where given were determined by high resolution
mass spectrometry.

As expected the mass spectrum of 3B-methoxyserrat-13-en-2la-ol (87)
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87 is seen at m/e 456. A partial fragmentation pattérn is given in
Figure 31. Tﬁe molecﬁlar ion may lose methyl (M-15, m/e 441), water (M-18,
‘m/e 438), and methanol (M-32, m/e_424)k' Ton t (m/e 423) would correspond
to loss of methyl and water from the moiecular ioﬁ. Loss of both methyi.
and methanol from the molecular ion would.account'for ioﬁ.u (m/e 409).
Ion v (m/e'39l) would correspond to loss of methyl, water, and methanol
from the molecular ion.

As in the reported68 spectrum of-3u—methoxyserrat—l3—en—218—ol,
ions q, s, and r at m/e 221,'203, and 189 respectively are again prominenf.
A metastable ion at m/e 161.6 suggests.that ion—q (m/e 221, ClSHZSO) loses
methanol to give ion r (m/e 189, C14H21).

It was found in this study that a decomposition of ion x (m/e 235,
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. ~OH ion v
< m/e 391

N ~(Cil 3, CH 30R)__ ion u
m/e 409

~(CH,4,H,0
\\\\\\\\_ ( 3 2 ) :) cion t

m/e 423
-CH -H 0}, -CH,0H
VY 2V TV
M-15 M-18 M-32
m/e 439 m/fe 436 m/e 424
_ ~MeOH . =~ dons
; P m/e ZC3
jon x
_m/e 235
-MeOH ion 1
m/e 189
ion q
m/e 221
mw—ou
) " .'—HZO ion r
\
N m/e 189

t]
MeO .
A \ ' .
N . don vy

m/e 207

Figure 31. Fragmentation pattern of 3B-methoxyserrat-13-en-2lo-ol.
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C16H27O) by loss of methanol to give ion s (m/e 203, C15H23) could account
for a metastable ion at m/e 175.4. Previously68 an observed metastable
ion at m/e 175.4 was assigned to the m/e 203 ion losing 14 mass units to
give the m/e 189 ion. A loss ¢f 14 mass units is not a favored process.

An ion y (m/e 207, C 0) is thought to contain rings D and E as

14723

there is a metastable ion at m/é 172.8 for the loss of water to give ion r
(m/e 189).

The high mass region of the mass spectrum of W4 alcohol (Figure 33)
has many of the same peaks as the mass spectrum of 3B-methoxyserrat—l3—
en-21la-ol (87). 1In fact the general fragmentation pattern given in
Figure 31 for 87 applies equally well to W4 alcohol. The molecular ion
is seen at m/e 456; a M-15 ion at m/e 441, a M~18 ion at m/e 438, and a
M-32 ion ar mfe 424 are also present. Ton t (m/e 423) may arise hy loss
of water andvmethyl as before. Ton u at m/e 409 would arise by loss of
both metﬁyl and methanol ffom the moleculér ion and ion v (m/e 391) by
loss of methyl, water, and methanol from the molecular ion. |

While this region of the spectra is comparable, the relative intenéity
of several ﬁeaks is verylmuch.different. The M-15 ion of W, alcohol'is
more intense‘thén.in 87. Loss of methanol giﬁes a M-32 ion which is four
times’mbre inténse in W4 alcohol thén in 87. Furtﬁermore, loss of both
methyl and methanol gives ion u (ﬁ/e 409) which is six times more intense
in W4 alcoh&l than in 87. |

A facile loss of a methyl group is often suggeétive of an allylic
metﬁyl group. In this case, however, 3B-methoxyserrat-13-en-2la-ol (87)
would contain a methyl group in the same position as W4 alcohol if the

latter is a serrat-l13-ene derivative as thought. The reason, although not
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known, méy be accounted for if there was greater steric crowding about
the methyl group(s) lost in W, alcohol as opposed to 87.

The differences observed in .the loss of methanol is puzzling. On the
basis of NMR spectra the methoxyl groups in both compounds‘should have the
same.B orientation. A more qualitative observation is that the TLC proper-
ties of these compounds are ﬁheAsame, eitﬁer as the parent ketone or as
the alcohol. From previous work in our laboratories it was found that the
_3&—methoxyserratene derivatives had different TLC propertieé from thel

70

3B-methoxyserratene derivatives. It would seem for both of these reasons

that both compounds have a 3B methoxyl substituent.
Earlier in this thesis the mass spectra of several lanosterol deriva-

.tives were presented. .It can be seen from these spectra that configura-

fional and/o

nfarmatiomal chaonaoees in
Tormational cnangec 1In

the

ﬂ

molacnla can affact tha
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facility of the loss'of‘the C(3) functionality. This effect has also been
reported.in the case of 50~ and 5B-steroids.’}

Returning to the spectra of Wa alcohol, attention is directed to the
ions at m/e 235 (x), 221 (q), 207 (v), 203 (=), and 189 (r) All these
ions were seen in the spectrum of 87. As before ion x (m/e 235, C16 97 0)
can losé methanol to give ion S (m/e 203, C15H23) and a metastable ion at
m/e 175.4. Both the iqns at m/e 235 and 203 ére appfoximately the same
realtive intensity as they were in 38;methoxyserrét—13—en—2la—ol (87).

As in the spectrum of 87, ion q (m/e 221, C 0) can lose methanol

15 25
to glve ion r (m/e 189, Clé 21) In comparison with the previous spectrum

ion q is about a factor of five less intense than before.

In contrast to this observation, ion y (m/e 207, C14H230) is now a
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factor of five more intense than in the previous spectrum. As befbre,
ion y can lose water to give ion r (m/e 189) and a-metastable ion at
m/e 172.7. )

The origin of the m/e 221 ion has been postulated®® to involve a
-hydrqgen transfer from the C(26) methyl gréup to C(11l) with rﬁpture of
the C(9) - C(11) bond. For thié type of fragmentatioﬁ to occur it is
" necessary for the methyl group to be sterically close to C(1l1l). The
postulated origin of ion y (m/e.207), on the other hand, requires a hydrogen
transfer to C(13) from the C(26) methyl group and, as could be expected,
the proper spatial arrangement is requisite again. V

In the normal serratene skeleton the C(26) methyl éroup is B-oriented
which, on the basis of molecular models, would seem to place it closer

to CL11) than to C(13)Y, Mn this hacic frasmentard

to don g
(m/e 221) could bé expected to be more favored than fragmentation leading
to ion y.(m/e 207) .

If the C(26) methyl group is a-oriented, a change in conformation
of ring C occurs. Now the C(26) methyl group is closer to C(13) and
farther.away from C(11l) than it was in the normal serratenes. The expected
result of this situation would be an increase in the m/e 207 ion at the
relativé expense of the m/e 221 ion.

Although the B-orientation of the C(26) ﬁethyl group prévails_in.the
normal serratane family, the o isomer coﬁid_be expected on biogenetic
grounds. The biosynthésis of the serratenes has not been studied bﬁt is

20

thought to occur via the onocerins. Protonation of C(26) in
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a-onocerin (11) follewed by ring closure and loss of a proton from C(13)

could give serrat-l3-ene-38,2la-diol (88) directly (Figure 34).

- ~-OH

1 , a

/OH i / v = /v—OH.'

88 - | 89

’Figuré 34, Postulate for the biosynthesis of 8a- and 88-serrat-13-ene
’ derivatives. :

However, protonation at C(26) makes C(8) planar and subsequent completion
of:the reaction may lead to the a—orientatioﬁ for the C(26).methyl gfoup
as in Bo-serrat-13-ene-38,21a—diol (89), thereby allowing structure 90

to be postulated for W4 alcohol. This postulate for the structure of

W(+ skeleton is.compatible with ali evidence so far obtained. The ORD

curve of W4 suggests that rings D and E are the same as found in
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serrat—13-en—~21-one derivatives. The NMR spectrum suggests seven C-methyl
groups and a B methoxyl group on a secondary carbon atom. The formation of
ions at m/e 22l-and m]e 207 in the mass spectrum would also be explained
by_this system. Furthermore, the conformational and confiéurational
changes may be the factor responsible for the more intense M-15 and M-32

ions observed for Wa'alcohol.

90 L 91

The above evidence does. not prove the structure of W alcohol, but

. 4
would suggest that W, alcohol is 3B-methoxy-8a-serrat-13-en-2lo-ol (90).

In turn the parent ketone, W ; would be 3B-methoxy-8c~serrat-13-en-2l-one

4
(91).
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Experimental

Throughout this work Merck silica gel'G with added fluorescent
indicator Qas‘used as adsorbent in thin layer chromatography (TLC). The
éhromatograms, 0.3 mm. in thickness, were air dried and activated in an
oven at 100°C for three hours. The chromatograms were developed in chloro-
form unless stated otherwise. Detection of compounds was done by spraying
with antimony pentachloride in carbon tetrachloride (1:2) unless otherwise
noted. . -

.For preparative layer chromatography a thicker layer of adsorﬁent
(0.5 mm.) was utilized with Q.Ol% Rhodamine 6G added as‘indi;ator3“.
Spraving with anfimeny nentachloride snlurion was done only aleng one edge
or not at all as detection of bands was possible with ultraviolet light in
most instances.

Column chromatography w;s usually performed on Woelm neutral alumina.
The preferred adsorbent was deactivated aluminé (Activity III) prepared by
the addition of watef aS-directed by the manufacturers. In column chfométo—
graphy of the crﬁde extract where large quaﬁtities of adsorbent were used,
Shawinigan aluﬁina was.deactivated by addition of 3% of a 107 acetic acid
solution. Except in large scale éolumn chromatography, the solvents were
distilled before use.

The nuclear magnetic resonancé (NMR) spectra'wére measured in aeutero~
chlaroform at room temperature. The NMR spectra were obtained at either

60 MHz using a Jelco C-60, Varian A-60, or a Varian T-60 instrument or at

100 MHz using a Varian HA-100 instrument. The positions of all NMR reso-
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nances are given in ﬁhe Tiers 1 scale with tetramethylsilane as internal
standard set at 10.0 units. For multiplets the Tt ;alues given'represent
the center of the signal.

Mass spectra were measured on an Associaﬁed Electrical Industries
MS 9 high resolution mass spectrometer or,‘Where noted, on an'Atlas CH 4
spectrometer. High_resolution molecular weight determinations wer deter-
‘mined on the MS 9 spectrometér.

Ipfrared (IR) spectra were measured on Perkin Elmer model 21, 137, or
457 instrument. The samples were usually measuréd as- KBr pellets, however,
some were measured in chloroform or carbon tgtrachloride or neat. The
positions of absorption maxima are quoted in wave numbers (cm_l).

A Jasco model UV/ORD/CD 5 spectropolarimeter was used to meésure the
optical rotatory disperéion (ORD) cﬁrves using methanol as solvent.

Melting points were determined on a Kofler block and are uncorrected.

Eleﬁental analyses were performed by Mr. P. Borda, University of British
Columbia. | .

Extraction of Western white spruce

The bark for this study was obtained from a Western white spruce tree
gfowing in the Prince George region of British Columbia. The bark was
air dried and ground in a Wiley mill to pass.through a 3 mm. sieve. Air
dried bark (1,850 gms.) was extracted with petroleum ether for 18 hours in
a large glass Soxhlet extractor. Evaporation of the solvent géve a cruée
extract (40 gms.) as a thick, broﬁn, gummy wax.

Column chromatography of crude extract

Crude extract (80 gms.) was applied in petroleum ether (2 1.) to the

top of a column prepared from deactivated Shawinigan alumina (5 1lbs.).
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Elution of the column was with various solvents as below.
Fraction . Solvent (volume, 1.) Wt.(gms.) Compounds

1 petroleum ether (14) 8.0 hydrocarbons, sterol and
wax esters

2 benzene (13) 5.6 3o~methoxyserrat—l4-en—
21B8-0l, 3u-methoxyserrat-
l4-en-21-one, wa, (epi)-

manool
3 20% chloroform in benzene (8) 2.9 fatty ester, fatty alcohol
. chloroform (5) 4.2 3B-methoxyserrat-l4-en—

21B8-0l, B-sitosterol

5 50% methanol iﬁ chloroform (2) 13.0 unidentified components
methanol (4)

Fraction 1

A portion of Fraction 1. when e%amined by TLC showed the presence of at
Py 2227, DET, and 072
components with chromatographic prbpexties like WA and was not further
examined.-
Fraction 2

A portion of Fraction 2 when examined by TLC showed the presence of at
leas; tﬁree compounds: (epi)manool (Rf 0.29), 3c-methoxyserrat-lé4-en-21f-o0l
(Rf 0.36), and W4 (Rf 0.42) when compared with authentic samples.
Fraction 3

A portion of Fraction 3 was compared with.authentic lignocerol aléohol

_ (C24H490H) and showed the same Rf_of 0.25. IR (£ilm) 3300 (OH). NMR
(60 MHz) 8.75 (broadeﬁed singlet). Fraction 3 seemed to be mainly fatty
alcohol and was.not further examined. |

Fraction 4

A portion of Fraction 4 when examined by TLC showed the presence of at
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least two compounds, 3B-methoxyserrat-lé4-en-218-ol (Rf 0.17) and B-sitosterol
(Rf 0.22), when compared to.authentic samples.
Fraction 5

A portion of Fraction 5 when examined by TLC showed only polar compounds
and was not examined further in-this study.

Column chromatography of Fraction 2

Fraction 2 (10.6 gms.) was diésolved in 507% benzene in petroleum ether
(100 mls.) and applied to the,tép of a coluﬁn prepared from alumina (Activity
I, 600 gms.). Elution with benzene (1.5 1.) gave a yéllow oily material
which was examined by TLC and found to be free of the desired Wa. Further
elution with benzene (3.5Vl.) gave Fraction 6 (3.9 gms.) contaihing—wa and
3o-methoxyserrat-l4-en—~21-one by TLC examination. Elution with chlorpform
gave Fraction 7 (A.5 gms.) containing 3o-methoxveerrat-lbd-en-21R-0l and
(epi)mancol by TCL examination. Waéhing the coluﬁn with methanol gave, upon
evaporatién, a brown residue which was seen to be polar material by TLC
~ examination and was not further invesfigated.

Isolation of W4

Fraction 6 (3.9 gms.j was chromatographed on alumina (Aétivity IiI,
300 gms.). Elution with petroleum ether (3.5 i.) gave Fraction 8 (800 mgs.)
as a yellowish waxy solid (Rf 0.76). IR (CHClj) 1725 (estef carbonyl).
NMR (60 MHz) 8.75 (broadened singlet). -
Elution witﬁ 5% benzene in petroleum ether (1.5.1.) gave Fraction 9
(415 mgs.) containing 3a-methoxyserfat—lA—en—21~one.by TLC comparisoq with
authéntic sample.

Elution with 10% benzene in petroleum ether (2 1.) gave an unidentified
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0oil (Fraction 10) which was not_further examiﬁéd in this study.
Continuing to elute with 10% benzene in petroiéum ether gave the
desired W, (1,100 mgs.) in Fraction 11 when examined by TLC.
" Eluting with methanol (1 1.) gave only polar or baseline material
when examined by TLC. |

Properties of w4

A portion of Fraction 11 (600 mgs.) was crystallized from ethyl acetate
to give a white solid m.p. 190 —_225°C. NMR (60 MHz) 6.65 (3H, singlet with
slight shoulder at 6.67, OMe). Several re—crystaliizations from ethyl
écetate provided a crystalline préduct m.p. 200 - 230°C which, upon sublima-
tion provided further purification, m.p. 215 - 225°C. Additional crystal-
lizations from ethanol and the sublimation gave an analytical sample m.p.
227.— 229°C.  ORD (c, 0.020‘1) [01g55 + 677°. Tolo.o + 677°, [4],.. + 2.300°,
(61550 + 3,790%, [0l339 *+ 4,870°, {41350 + 6,500, [91q;4 + 8,266°, [¢]55¢

+ 8,800°, + 7,860°, + 2,430°, + 2,160°, + 5,690°.

141300 (4150 (41576 L4550

IR (KBr) 1700 (ketome carbonyl), 1665 (C=C), 1100 (OMe). NMR (100 MHz)

6.65 (3H, singlet, OMe), 7.30 (1H, quartet, J = 5 and 11 Hz, axial H~C-OMe),
7.55 (2H; quartet, J = 6 and 8 Hz, -CH,CO-), and 8.92, 8.99, 9.02, 9.12,
,9.16, 9.17, 9.23 (7 C-methyls). Mass spectrum (m/e) 454 (M), 439 (M-15),
422 (M-32), 407 (M-47), zzi, 203, and 189. (Found C, 81.74; H, 11.23;’ '
 C,qHen0., requires C, 81. 88; H, 11. 084, high resolutlon 454,379 C

3175072
~ requires 454.381; 439.356 C

31 50 2

30 47 2(M 15) requires 439.357.

.38-methoxyserrat-13-en-21-one (85)

Jones reagent was prepared by diésolving chromium trioxide (2.668 gms.)

in concentrated sulfuric acid (2.13 mls.) and diluting to 10 mls. with
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water in a Volumetric'flask. =
38—meth§xyserrat—l&—en—2lB—ol (24) (140 mgs.) &as dissolved in

acetone (50 mls.) and Qas oxidized with Jones reagent (0.2 mls.). After

30 minutes the solution was filtered and the filtratg evaporated to dryness.

This solid was dissolved in a mixture of acétic acid (15 mls.) and concen-

trated sulfuric acid (l ml.) and left %or 18 hours. The acid mixture Was

péured onto crushed ice; after the ice had melted the white solid was

extracted with methylene Chloridg. The methylene chloride extract was

washed with water, 5% sodium bicarbonate solution, saturated salt solution

and dried over sodium sulfate. Evaporation of the solvent gave 120 mgs.

of ygllowish solid. This solid was chromatographed on alumina (Activity I,

iO gms.). Prolonged elution with petroleum ether gave a few mgs. of pale

yelléw 0il. Elution with henzeﬁe gave a white solid: ecrvstallization from

ethyi acetéte and sublimation gave analytical sample m.p. 241 - 243°C.

ORD (c, 0.0201) [¢lggq + 670°, [¢lggg + 670°, [¢l490 + 1,762°, [¢1359 +

+ 3,795°, + 4,740°, + 5,967°, [¢]304 + 6,230°,

(61590 *+ 3,650°, [81,70 + 2,035°, [4],, + 5,014°. IR (KBr) 1700 (ketone

2,843°,

carbonyl), 1100 (OMe). NMR (100 MHz) 6.67 (3H, singlet, OMe), 7.30 (1H,
quartet, J = 5 and 11 Hz, axial H-C-OMe), 7.55 (2H, quartet, J = 6 and 8

Hz, -CH,-CO-), and 8.90, 8.96, 9.05, 9.07, 9.16, 9.23, 9.26 (7 C-methyls).

2
Mass spectrum (m/e) 454 (M), 439 (M-15), 422 (M-32), 407 (M—47),'221,‘203,

and 189. (Found C, 81.65; M, 11.14; C requires C, 81.88; H, 11.08%).

318500

Bromoindole derivative (86)

38-methoxyserrat-13-en-21-one (25 mgs.) was dissolved in warm ethanol

(5 mls.) containing a few drops of acetic acid; p-bromophenylhydrazine



hydrochloride (100 mgs.) was added and the solution refluxed for 10 hours
and then left at room temperature for a further 10 hours. The ethanolic
solution was poured into water and the precipitate collected by fiitration
"The precipitate was crystallized twice from.ethanol to give 86 as yellow
needles m.p. 204 — 207°C (dec.). IR (KBr) 3280 (NH). UV Afgigﬂ 233 my
(log e 3.64), 293 mp. (log e 2.81), 302 mu (log € 2.69). (Found C, 71.30;
H, 9.09; Br, 12.38; C37H52N0Br'CZH50H reduires Cc, 71.24; H, 9.06; Br,
12.50%) .

Reaction of W4 with p-bromophenylhydrazine

W, (25 mgs.) was dissolved in warm ethanol (5 mls.) containing a few
drops of acetic acid; p-bromophenylhydrazine hydrochloride (100 mgé.)
Qés added and the solution refluxed for 10 hours and left at room temper-—
ature for another 10 hours. The ethanolic anlution wae nourad intn water
and the precipitate collegted by filtration. The precipitate wés
crystallized from ethanol to give a small amount of dark solid which de-
composed on heating over 300°C with no sharp melting point.i
W, alcohol

WA (100 mgs.) was dissolved in methanol (30 mls.) and was reduceé with .
sodium borohydride (300 mgs.) over a period of.2 hours. Excess sodium
borohydride waé destroyed with a few drops of diluté hydrochloric acid and
the solvent was evaporated to leaQe a white paste. This paste was dis-.
solved in waﬁer and chloroform aqd the chloroform layer was washed with
water and dried over sodium sulfate. .Evapotation'of the solvent gave
110 ﬁgs. of white solid which was applied to a preparative layer chroma-

togram and developed twice im chloroform. The top band when extracted
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from the adsorbent gave 15 mgs. of orange-red sol;d; TLC showed this to be
a mixture of at least two pompounds. The lower ba;d when extracted from
the adsorbent gave 86 mgs. of-orange—red solid. The 80 mgs. of solid was
' flushed through a short column of alumina (5 gms.) using benzene as the
eluaqt. Evaporation of the benzene gave a.White solid (65 mgé.). Crys-—
tallization from ethanol gave aﬁ analytical sample m.p. 299 - 300°C.

IR (KBr) 3495 (OH). NMR (100 MHz) 6.66 (3H, singlet, OMe), 6.84 (1H,
qﬁartet, J =7 and 9 Hz, axial E;C—OH), 7.32 (lH, quartet, J = A:and 10
Hz, axial H-C-OMe), and 8.95, 9.02, 9.04, 9.12, 9.18, 9.24 (7 C-methyls).
Mass spectrum (m/e) 456 (M), 441 (M-15), 438 (M-18), 424 (M-32), 423 (M-33),
409 (M-47), 391 (4-65), 235, 221, 207, 203, and 189. (Found C, 81.65;

H, 11.16; C31H5202 requires C, 81.52; H, 11.48%); high resolution

456.396 (C..H__.O. reauires 456.397. 235.206 C..H..0 reacuires 235.206.

3L 24 4 b - LO </ - -
221.190 C15H250 requires 221.191, 207.174 C14H230 requires 207.175,
203.178 C15H23 requires 203.180, 189.164 014H21 | rqulres 129.164ﬁ

Bromoacetate derivative of w4 alcohol

W4 alcohol (15 mgs.) was dissolved in benzene (10 mls.) and sodium
bromoacétate (50 mgé.) was added and stirring was started. Bromoacetyl
chloride (30 mgs.) was diluted with benzene (0.5 mls.) and added dropWise,:
The flask was firmly stoppered and stirring was continued for 2 days. '
The benzene was washed with water, 5% sodium Bicarbonate solution, wafer
and dried over sodium sulfate. Evaporation of the benzene left a white
. solid which was crystallized from methylene chloride - hexane to give
white crystals m.p. 245 - 246°C. IR (KBr) 1725 (C=0). NMR (60 MHz) 6.13

(2H, singlet, OCCHzBr), 6.63 (3H, singlet, OMe). Mass spectrum (m/e)
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578 and 576 (M).

3B-methoxyserrat-13-en-2la-0l (87)

3B—methoxyserrat~l3—en*2i—one (35 @gs.) was dissolved in methanol

- (20 mls.) and reduced over a period of 2 hours witﬁ sodium borohydride

(50 mgs.). Excess sodium borohyﬁride was destroyed with a feﬁ drops of
dilute hydrochloric -acid and the solution evaporated to dryness to give a
"white paste. The-paste was diésolved in water aﬁd chloroform and the
chloroform solution washed with water and dried over sodium sulfate.
Evaporation géve a white solid which was purified by preparative layer
chromatography. ‘The main band of material was extracted with chloroform to
give an ofange—red so0lid which was flushed tﬁrough a short alumina column
.Qith benzene as the eluant.to give a white solid. An analytical sample was
ohtained hy ecrvgtallization from mﬁthaﬂoi, m.n, 27 - 258°C: TR (VR¥)

3450 (OH). NMR (60 MHz) 6.66 (3H, singlet, OMe), and 8.95, 9.01, 9.09,
9.13, 9.17 (7 C—meﬁhyls). Mass spectrum (m/e) 456 (M),'44l (M-15), 438
(M-18), 424 M-32), 423 (M-33), 409 (M~47), 391 (M-65), 235, 221, 207,

203,‘and,189. (Found C, 81.46; H, 11.84; C, H_.O, requires C, 81.52;

3175272 ;
H, 11.48%); high resolution 456.397 C31H5202 requires 456.397,
235.205 Ci6H27O requires 235.206, 221.190 ClSHZSO requires_ 221.19117
207.174 C14H230 requires 207.175, 203.179 C15H23 requires 2Q3.180,

189.165 C14H21 requires 189.164.
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Chemosystematic studies on Engelmann spruce

‘Discussion

Investigations.of the bark extraétives of Sitka and Western white
spruce héd revealed the presence of readily.isolable amounts of methoxy-
serratene derivatives. It was of taxonbmic interest to see if the
‘occurrence of methoxyserratenes was a chemosystematic feature of the
genus Picea. For this reason a third member of the genus was examined.

_ Engelmann spruce [Picea engelmannij Parry] is common throughout the

intgrior mountain region of southern and central British Columbia. It
,oftgn forms hybrids with white spruce in British Columbia but grows in
ﬁure:stands in Colorado. The bark of’Engelmann spruce for this study was
obtained from a region near Fort Collins. Colorado.

The bark as obtained was air dried and ground so it would pass through
a 3 mm. sieve. A portion of the ground bark was §ontinuously extracted in
a large Soxhlet apparatus with ﬁetroleum ether. Upon evaporation of the
solvent a ﬁrown gunmy crude extract was obtained in 3% yield based on the
weight.bf the air dried bark extracted.

._Following the petroleum ether extract, the Bark was extracted with
benzene to give, upon evaporation, a dark reéidue amounting to 1% of the
weight of the original air dried bark. Finaliy, the bark was extractéd,

. wifh methanoi to give a syrupy residue correspoﬂding to 217% of the Weigﬁt
of the original air dried bark. The benzene and methanbl extracts were
not further examined in this study.

A portion of the petroleum ether extract was chromatographed on de-

activated alumina (Figure 35). The first fraction was eluted with



Crude Extract

petroleum ether
Soxhlet extraction

Column Chromatography on alumina Activity IIIL

Fraction

Solvent
petroleum ether
pet. ether-benzene (4:1)
benzene~chloroform (4:1)

chloroform

chloroform

chloroform~methanol (1:1)
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Compound(s)

" hydrocarbons,

sterol and wax esters

wax ester, (epi)manool,
abienol

wax ester, fatty alcohol,
(epi)manool, unidentified

B-sitosterol

unidentified polar
components

Figure 35. Separation sequence of components of Engelmann spruce

bark.
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petroleum ether and petroleum ether - benzene to give only oily material.
The TLC of Fhis,fraction revealed very non-polar materials in the nature
of hydrocarbons énd wax or sterol esters.

The second fraction was eluted with benzene - chloroform to give a
syrupy fraction. Thin layer chromatqgraphy‘showed at leést three compounds
(wax ester, (epi)manool, and abienol) weré present.

The third fraction was eluted with chloroform to give a waxy solid.

The TLC of this fraction showed the presence of severa} components much
like the components of the secona fraction.

The fourth fraction eluted with chloroform gave a white solid.
Comparison of this méterial with authentic B-sitosterol (1) by TLC using’
two different solvent systems suggested they were identical. Crystallization
cf this substance gave & white 501id w.p. 153% = 340°C (Brssiuwsierol meliis
at 139 - 140°C72>; a mixed melting point of 139 - 14050 was observed

proving their identity.

HO NS
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The fifth fraction was the column washings and contained the polar

material. Examination of this fraction by TLC failed to detect any com—

pounds of similar chromatographic properties to the sought after methoxy-

serratene derivatives.

Both Fractions 2 and 3 had TLC properties similar to the methoxy-

serratene derivatives isolated from other spruce species.

A portion of Fraction 2 (Figure 36) was distilled in vacuum to give

Fraction 2

distillation

Dispillate

Column Chromatnoranhy '
Zrapny

- }

Fraction ‘Solvent

6 i - petroleum ether
L SNSRI |
—_l7 T . pet. ether:benzene (19:1)

pet. ether:benzene (19:1)

Figure 36. Purification of Fraction 2.

Compounds

hydrocarbons

(epi)manool,
abienol

(epi)manool,
abienol

~a clear yellow distillate. The residue was dark brown and contained

only base line materials on a TLC chromatogram and was not examined

further.

The distillate was chromatographed on alumina to afford a partial
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separation. Petroleum ether eluted Fraction'6.containing the leasf polar
compound. Evaporation of the solvent gave a waxy semi-solid. The IR
spectrum had no peaks for hydfoxyl or carbonyl functions. The NMR spectrum
had none of the dis#inguishing features of the methoxyserratene derivatives
isolated in other spruce species. |

Further elution with petroleum ether - benzene gave mixtures of the
‘two more polar compounds in the distillate. The faster running of the two
compounds had TLC properties like manool (31) or.epimanool (29). The

slower running compound had TLC prbperties like abienol (92).

H
NPEENN

-~

15

29 , ‘31 | 92

vFréction 7 was enriched in the faster running component, while Fraction
8 was. enricheéd in the slower running componenﬁ. A NMR spectrum ovaréction
- 7 showed signals at t 3.15 (quartet, J = 17 and 11 Hz); 1 4.10 (quartet,
J =-l7 and 11 Hz); t 4.5 (triplet, J = 7 Hz); 1 4.85 (quartet, J = 17 and
1Hz); T 4.93 -.5.10 (multiplet); T 5.22, 5.55 (broadened singlets); and

singlets at T 8.76, 9.15, 9.22, and 9.34. Signals and couplings at
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T 4.10, 4.85, 4.93 - 5.10, 5.22, 8.76,_9,15,_9:22,'and 9.34 are ali in
agreement with the reported NMR spectrum of manool’3 or epimanool. The
other signals ﬁentioned were df lesser intensity. Signals at T 3.15, 4.5,
and 4.93 - 5.10 were assigned to the olefinic protons of abienol on the

7%, The NMR spectrum of Fraction 8 had the

basis of the reported spectrum
same signals as the NMR spectrum of_FraCtion 7 in the olefinic region
with C-methyl groups at T 8.84, 9.14, 9.18, and 9.22. The position of
these mgtﬁyl groups in the NMR spectrum is in agreement with the reported
spectrum of abienol7“.A

_ Vapor*phase chrométography of the above mixture gave peaks with
retention time of 13.5 and 15.2 minutes. Injection of mancol or epi-
manool gave a peak with a retention time of 13.5 minutes; abienol gave
a peak with retention rime of 15.9 minutes.

‘The mixture was not further pﬁrified as it appeared clear that neither
of these éompounds was the sought after methoxyse:ratené derivative.

The third fraction was'dissolved in wérm acetone for crystallization
(Figure 375. The precipitate was collected and chrpmatographed on alumina.
The initial fraction (9) gave'én oily wax which exhibited no absorption
for éither hydroxyl or carbonyl. in the infrared spectrum. Fraction 10
‘gave a low melting waxy substance. The IR spectrum of this fraction had

1. The MMR spectrum had a dominant peak

carbonyl absorption at 1725 cm”
at 1 8.7 as 'a broadened singlet and a signal of small intensity at T 9.1,
Upon amplification, a T 7.7 signal was seen as a triplet (J = 6 Hz) and

a t 5.9 signal was seen as a triplet (J = 6 Hz). It is not thought that

these two triplets are coupled to each other but rather represent
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Fraction 3

crystallization from acetone

Mother Liquors

Precipitate

Column Chromatography"

Fraction Solvent Compound
9 petroleum ether hydrocarbons
10 . petroleum ether . wWax ester

pet. ether-benzene (3:1)

11 pet. ether-benzene (1:1) fatty alcohol

methylenes adjacen£ to the ester function of a wax ester. Fraction ll
had a weak hydroxyl absorption at 3570 cm™! in the IR spectrum. The NMR
‘spectrum again had the dominating signal at 1 8.7; a weak resonance at
T 9.1; and, upon amplification, weak signals as tripiets at T 5.9, 6.4;
and 7.7. TLC of the material showed that the main component had the sam;
properties as an authentic fatty alcohol, in this caée lignocerol
[CH37(CH2)22-CHZOH]. The minor componént had properties like the wax
ester of Fraction 10.

The mother liquors of Fraction 3 were separated by chromatography
. on aluﬁina (Figure 38). Fraction 12 gave a‘compound that had the same

properties as manool or epimancol. TFurther elution gave Fraction 13



Mother Liquors of Fraction 3 ) , T

Column Chromatography

Ffactign Solvent » Compound
12 - pet. ether-benzene (9:1) (epi)manool
13 pet. ether-benzene (9:1) unidentified

Figure 38. Purification of mother liquors of Fraction 3.

which was oily and contained at least two major and two minor components.
Separation of the mixture on preparative TLC gave four bands (Rf 0.70,

0.55, 0.45, and 0.37). The: first two bands were present in small amounts

P, L S N 1 T S o 2] [ N 74 W AT T TR T [ TRV R YU
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at t 8.7 with a small signal centefed at T 9.1, as found in early fractions
containing fatty ester or alcohol. The NMR spectrﬁm of the Rf 0.55 band
again had the T 8.7 peak typical of the fatty esters or alcohols and was
noﬁ further examined. The NMR spectrum of the Rg 0.45 and 0.37 bands
werevreﬁiniscent of the NMR spectrum of the mixture of (epi)mancol and
abienol isolated eérlier. On the basis of their NMR spectra and physical;
characteristics, it was felt that these compounds-wére not the sought after
methoxyserratene derivatives.

While both Siﬁka25 and Western white spruce had coﬁtained easily
isolable duantities of methoxyserratene derivativés, none were detected in

the above cursory examination. Repeating the examination on a fresh

portion of crude petroleum ether extract failed again to detect any of
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the sought for methoxyserratene derivatives. ‘\H
I.H. Rogers of the Forest Products Laboratory, who had done much of

the earlier work on Sitka spruce,25

examined the petroleum ether extract -
and various chromatographic fractions. This e%amiﬁation also faiied to
detect any of the-serrafenes which were in felative abundance in the
other spruces'examined.

Two possible reasons may be advanced for the:apparent absence of
serratenes in [Engelmann spruce. It maj be that Engelmann spruce, because
of its phytochemical background, does not synthesize these triterpenes.

'Thé other poésible reason involves the anatomical strﬁcture of the bark.

.In the original study25 of Sitka spruce the crude plant material was
hand picked to collect the éork layer from the bark of overmature trees.
This portion of the bark apparently has an'enrichmenf of serrafenes:
although serratenes have been isolated from whole bark of Sitka and Western
white spruce in our laboratories. The bark of Engelmann spruce is generally
quite thin;785 In this study the bark had been removed from the log and
broken inté small chunks‘prior to being received. The ﬁand sorting'of
vthis bark was not possible nor was it felt necessary beforé grinding and
exﬁraction.

In summary, it may be stated that this survey did not deteét any of

the serratenes in Engelmann spruce which were previously isolated from

Sitka or Western white spruce.
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Experimental

Throughout this work Merck silica gel G with added fluorescent
indiqator was used as adsorbent in thin layer chromatography (TLC). The
chromatograms, 0.3 mm. in thickness? were air dried and activated in an
“oven at 100°C for three hours. The chromatograms were developed in chloro-
form unless stated otherwise. Detection of compounds was done by spraying
with antimony pentachloride in carbon tetrachloride (1:2) unless otherwise
. noted.

For preparative layer chromatography a thicker layer (0.5 mm.) of
adsofbent was utilized with 0.01% Rﬁodamine 6G added as indicator3“.
Spraving with antimony pentachloride solntion wae done nnly along one odge
or not at all as detection of bands was possible with ultraviolet light in
most instances.

Column chromatography was usually performed on Woelm neﬁtral alumina:
The prefefred adsorbent was deactivated alumina (Activity II1) prepared by
the additign of water as directed by the manufacturers. In column chromatoF
graphy of the crude extract where largé quantities of adsorbent were used,
Shawinigan alumina was deactivated by addition of 3% of a 10% acetic acid'
solution. Except in large scéle colum chrométography the solvents wére
distilled before use.

" The nuclear magnetic resonance (NMR) spectra were measured in deutero-
chloroform at room temperature. The NMR spectra were obtained at either
60 MHz using a Jelco C-60 or Varian A-60 instrument or at 100 MHz using a

Varian HA-100 instrument. The positions of all NMR resonances are given
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.in the Tiers 1 scale with tetramethylsilane as internal standard set at
10.0 wits. For multiplets the 1 values given represent the center of the
signal.

Infrarea (IR) spectra were measured on Perkin Elmer médel 21 or 137
instrument. Samples were measured in KBr pellets, in chloroform or CarBon—
tetrachloride solution or neat. The posi£ion of absorption maxima are
given in wave numbers (cm‘l).

. Melting points were determined on a Kofler block énd are uncorrected.

Extraction of Engelmann spruce bark

The bafk for this stud? was obtained from an Engelmann spruce tree
-'growing in the Fort Collins région of Colorado. The bark was air dried
and ground in a Wiley mill to pass through a 3 mm. sieve. Air dried bark
REE oms ) wos evtractad with potreoleum cther for 12 heurs . in o larze
glass Soxhlet extractor. Evaporation of fhe petroleﬁm ether gave a crude
petroleum.ether extract (67.1 gms;) as a brown, gummy, semi-solid. The
bark was lefp in the extraction thimble and extracted with benzene for lé
hours. The benzene extract was evaporated to give a crude benzene extract
(21.2 gms.). TFinally the bark was.extracted with'methanoi for 24 hours.
Evaporation of the methanol gave a crude methanol extract (375 gms.). The

benzene and methanol extracts were not further examined in this study.

Column chromatography of crude extract

Crude petroleum ether extract (43 gms.) was dissolved in petroleum
ether (2 1.) and applied to the top of a column prepared from Shawinigan
alumina (5 1lbs.) deactivated by addition of a 3% (67.5 mls.) of a 10%

aqueous acetic acid solution. Elution with petroleum.ether (6 1.) and



20% benzene in petroleum ether (15 1.) gave Fraction 1 (4.5 gms.). TLC
suggested that Fraction 1 was non-polar material in the nature of hydro-
carbons and sterol or wax esters.

Further elution with 20% chloroform in peﬁroleum ethef (6 1.) gave
Fraction 2 (1.9 gms.) whose TLC properties .suggested aﬁienol, (epi)manool,
and wax estef.

Elution with.chlofoform (8 1.) gave Fraction 3 k1.8 gms.) whose TLC
p?operties suggested (epi)mancol, fatty alcohol, and two otﬁer components.

Elution with chloroform (8 1.) gave Fraction 4_(3.8 gms.) containing
B—sitosteroi by TLC compariéon.

Finally, elution with 50% methanol in chloroform (3 1.) gave polar
compounds (5.1 gms.) as Fraction 5. Fraction 5 was not further examined in
this atudy.

Distillation of Fraction 2

.Fraction 2 (550 mgs.) was placed in a bulb fprAhot box distillation
at a temperature of 140°C and a pressure of d.07 mm. of mercury. A pale
yelléw 0il was collected (416 mgs.) as the distillate; the residﬁe was a
brown solid (125 mgs.). . . |

The distillate contained 3 components when examined by TLC (Rf 0.79,
0.39, and 0.32). The residue was mainly polar materials on the'basevline
of ﬁhe chromatogram with a trace of tHe distillate still present.

Chromatography of the distillate of Fraction 2

The distillate of Fraction 2 (400 mgs.) was chromatographed on
alumina (40 gms.). Elution with petroleum ether (300 mls.) gave a waxy

semi-solid (50 mgs.) as Fraction 6. Elution with 57 benzene in petroleum
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ether (300 mls.) gave Fraction 7 (223 mgs.) as an oil. Continuing to elute
with the same solvent (200 mls.) gave Fraction 8 (118 mgs.) as an oil.

Properties of Fraction 6

Fraction 6 was a waxy semi-solid which contained a major component
(Rf 0.79) and a trace of a second component (Rf 0.65) when examined by TLC.
IR (neat) 2950 (CH), 1440 (CH,), 1380 (CH,), and 970 (olefinic C-H). NMR
(60 Mﬁz) 8.24 (3H, singlet), 8.44 (3H, singlet), 8.52 (3H, singlet), and
9.12, 9.16, 9.22 (3 C-methyls).

Properties of Fraction 7

Fraction 7 was an oil which contained a major component at Re 0.39
and a second component at Rf.0m32 when examined by TLC. The faster

running component had the same TLC properties as (epi)manocol (Rf 0.39),
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IR (film) 3330 (OH). NMR (100 MHz) showed signals attributable to (epi)-
. Hx
: S _ oo . : \\ Ha
manool at: 4.12 (1H, quartet, J = 11 Hz .and 17 Hz, Hx in system — ),
| b
4.85 (1H, quartet, J = 17 Hz and 1 Hz, Hb), 5.05.(1H, quartet, J = 11 Hz and
1 Hz, Ha), 5.22, 5.51 (2H, pair of broadened singlets, exocyclic methylene),
8.76 (3H, singlet, allylic methyl), and 9.13, 9.21, 9.34 (3 C-methyls). In

addition, signals attributable to abienol were seen at: 3.15 (1H, quéxtet,
‘ Hy  Hx

: o , ;Ha
J = 11 Hz and 17 Hz, Hx in system //J§:1//£:5<: )y, 4.54 (1H,

; ‘ Me Hb _
triplet, J = 7 Hz, Hy), 4.93 - 5.10 (2H, multiplet, Ha and Hb), 8.21

(3H, broadened singlet, vinylic methyl), 8.84 (3H, singlet, CH3—COH),
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and 9.14, 9.18, 9.22 (3 C—methyls). Vapor phgée chromatograpﬁy of‘F;écﬁiog ?
7 on a 3% SE'BO_column (8 ft.) at 205°C gave peaks\with retention timéLofl
13.5 and 15.2 minutes.. Injection of (epi)manool gave a peak with retention .
time of 13.5 minutes; abienol had a retention time of 15.2 minutes.
Fraction 8

. 0.32

Fraction 8 was an oil which contained a major component at Rf

~‘and a second coﬁponent at Rg 0.39 when examined by TLC. The major component
had TLC properties 1like abiean SRf 0.32); the minor component had proper-
‘ties like (epi)ﬁanool (Rf 0.39). IR (film) 3335 (0OH). NMR (lOQ MHZ)

showed signéls attributable to abienol and (epi)mancol as in the NMR
spegtrum of Fraction 7. Vapor phase chromatography on a 3% SE 60 column

(8 ft.) at 205°C gave peaks with retention time 13.5 and 15.2 minutes;

under the same conditions (epidmanool and abienol had retention times of
13.5 énd 15.2 minutes respectively.

Crystallization of Fraction 3

Fraction 3 (1.8 gms.) was taken up in warm acetone (35 mls.) ana left
to crystallize for one day. The precipitate was filtered, washed with cold
acetone and dried to give a yellowish wax (307 gms.). The filtrate was

evaporated to give 1.4 gms. of gummy oil.

' Chromatography of precipitate from Fraction 3

The precipitate (307 mgs.) was chromatogfaphed on alumina (30 gmé.).
Elﬁtion with petroleum ether (50 mls.) gave Fraction 9 as an oily wax. >The
IR had no absorption for either hydroxyl or carbonyl functions. 'Elution
with petroleum ether (50 mls.) and 25% benzene in petroleum ether (600 mls.)

gave Fraction 10 as a low melting waxy substance. IR (film) 1725. NMR
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(60 MHz) 5.9 (triplet, J = 6 Hz, -CH -OCOR), 7.7 (triplet, J = 6 Hz,

2
—OCOCHZ), 8.7 (broad singlet, —CHZ—), 9.1 (multiplet, —CHB). On this
basis Fraction 10 was thought to be fatty ester and not further examined.
.Frgction 11 was eluted with 50% benzene in petfoleum ether‘(360 mls.) to
givela low melting wax. TLC reveéled two components, a'major component at
R 0.14 and a minor .component at Rf.0.48.. IR (film) 3570. NMR (60 MHz)

5.9 (triplet, J = 6 Hz, -CH,-OCOR), 6.4 (triplet, J = 6 Hz, -CH,-OH),

2
7.7‘(trip1et‘, J = 6 Hz, -0CO-CH,-), 8.7 (broad singlet, —CH,-), 9.1
(multiplet, —CH3). The spectral data suggested the Fraction 11 was mainly

fatty alcohol with some fatty ester from Fraction 10 as a contaminant.

Cﬁromatography of mother liquors from Fraction 3

A éortion of the mother liquors from Fraction 3 (0.4 mgs.) was
chromatagranhed an alumina (125 gma.). Flntion wirh 107 henzene in net-
roleum ether (1,000 mls.) gave Fraction 12 (102 mgsf))as an oil. Further
elution Qitﬁ the same solvent (1,500 mls.) gave Fraction 13 (170 mgs.) as
an oil.

Properties of Fraction 12

Fraction 12 was a gumﬁy oil that contained two ¢omponents,by TLC
(Rf 0.39 and 0.32). Comparison with (epi)mancol (Rf 0.39) and abienol
(Rf40m32) suggested identity. |

Preparative layer chromatography of Fraction 13

A portion of Fraction 13 (90 mgs.) was applied to a preparative layer
~ chromatogram and developed in chloroform to reveal four bands (_Rf 0.70,
0.55, 0.45, and 0.37). The first two bands (Rf 0.70 and 0.55) were present

in small amounts. Their NMR spectra were dominated by a broadened singlet
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at 8.7 suggestive of the fatty ester or fatty alcohol components in early
fractions.
The band with Re 0.45‘was a viscous oil. IR (film) 3425 (OH). NMR
(60 MHz) 3.00 (unresolved multiplet), 4.20 (unresolved multiplet), 4.95
(singlet), 5.15 (unresolved multiplet),_and 8.98, 9.10, 9.15 (singlets).
The band with Rf 0.37 was also a viscous oil. IR (film) 3390 (OH). -
NMR (60 MHz) 4.50 (unresolved multiplet), 4.95 (singlgt), 8.72 (singlet).i

Purification of Fraction 4

A portion of Fraction 4 (500 mgsl) was crystallized from ethanol to
give a white solid m.p. 139 - 140°C, mixed m.p. with B-sitosterol 139 -
140°C, (literature m.p. 139 - 140°C72). A second crop of white crystals
was collected m.p. 137 - l39fC. TLC on silica gel witﬂ chloroform as
solvent showed onlv 1 compound with R 0.14 (B-sitosterol. Re 0.14):
with 257% ethyl acetateAin.benzene as developing solvent the white solid
and B—siﬁosterol both had identical properties (Rf 0.30). NMR (60 Mﬁz)'
4,66 (1H, multiplet, ﬁ—C=C), 6.50 (1H, multiplet, H-C-OIL), 3.35 (14,

singlet, H-0-C-; exchangable with D.0), 8.98 - 9.27 (6 C-methyls).
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PART II
"STUDIES RELATED TO SYNTHESIS AND BIOSYNTHESIS

OF INDOLE ALKALOIDS
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Introduction

In the lasf century Serturner recognized the basic character of
morphine and referred fo it as a vegetable alkali. Meisner later proposed
fhe term alkaloid for such vegetable alkalis. Among the earliest known
alkaloids were the indole alkaloids. In a recent compilation by Hesse
some five hundred of these bases have_been_reported from about three
hundred plants.1

The study of the biosynthesis of the indole alkaloids has intrigued
and interested workers in this field for many years. Early studie; on the
biosyﬁtbesis ﬁere based on natural compounds with structural similarities
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to be of biogenetic significance. With the availability of radiocactive
isotopes these hypotheses could be teéted. |

A common structurai feature of many indole alkaloids, the B-(2-amino-

‘ethyl)Qindole moiety suggested the iﬁtermediacy of tryptophan (1) or
tryptamine (2). 1In fact fadioactive labelled gryptophan has been shoﬁn to
be incorporated into a number of indole alkaloids including vindoline

(3)253,%, catharanthine (4)2,%, ajmalicine (5)"%, vincaminoreine 6)°,

vincamine (7)®, and minovine (8)°.
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In contrast to the acceptance of the origin of the "tryptophan' portion,
the origin of the non-tryptophan portion was the subject of considerable

- discussion with a number of theories emerging.
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The earliest theory due to-Barger7— Hahn839¥Ropinson10-WOodward11’12
suggested the intermediacy of a dihydroxyphenylacetaldehyde (9), or
equivalent, plus two Cl units. This theory predicted the biosynthesis of

yohimbine (10) as shown:

MeooC” Ny

That theory had a number of deficiencies and prompted Wenkertl!3,1l%

to suggest>a new possibility. His initial postulate involved the
intermediacy of a hydrated prephenic acid (ll)., Laterl® this was élteréd
so prephenic acid itself was utiliéed. Condensation with a one carbon
unit ana various-rearrangeménts wéuld afford the seco-prephenate-formal-
dehyde (SPF) unit (12). This uﬁit would.theh_condense in.a subsequent step

to give corynantheine (13).

‘COOH

OH

11 - 12 13 MeOOC OMe
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A third the'oryls’19 proposed that the non-tryptophan portion had an
acetate background. Here three acetate units, a malonate unit, and a one
carbon fragment would condense to give the proposed intermediate 14.
However, this hypothesis could not be substantiated experimentally and was
subsequently withdrawn.
O0H. (CH,OH .

COOH C, unit 2

: ~Lon
lH CH CH N
3 //// 3 C//// 3 3
HOOC .. HOO L\\ :

s
HOOC COOH.
CH

I
HOOC ' COOH

14

Yet another proposal was advaﬁced by Wenkert!3-15 ang Thorﬁas20
based oﬁ étructural relationships. They suggested‘that the non—tryptophgn
-portion of the inaole alkaloids wés monoterpenoid in origin. This
suggestion followed.the discovefy of several monotérpenes, for example
gentiopicrin (15), bakankosin (16), swertiamarin (17), and genipin (18)
which all have a siightly masked form of the seco—prephenate—forméldehyde

unit.

0Glu

15 - 16
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When Wenkertis advanced his monoterpenéid_hypothesis, he also
suggested a sequence for the formatiqn of the Aspidosperma and Iboga
families of indole aikaloids. nCondensation of tryptophan with the SPF
unit followed by the appropriate reactions as outlined in Figure 1 could
lead to lhesz two fTawilles.

" Attention should be drawn to some ideas presentea in the Wenkert
proposal. It can be seen that this proposal suggésts that more than one
:family can arise from the same precursof, for example 19. The acr?iig
acid infermediates 20 and 23 are important intermedia&es and will be
. mentioned later in this thesis. The third feature is the transannular
¢yclization of 21 to 22 and 24 to 25. The transannular cyclization
| 21 |

reaction is a facile reaction in vitro“' and, on the basis of Wenkert's

postulate, should occur in vivo as well. However, when the appropriate
- N 5 I3 . . . -

experiments were performed® no evidence for an in vivo cyclization was

found. Also the reverse ring opening process is known in vitro® but

does not appear to be operational in the biosynthesis.5 This

discrepancy does not, however, seriously affect the overall proposal.
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Figure 1. Wenkert's proposal for the biosynthesis of Aspidosperma
and Iboga alkaloids.
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If the monoterpene hypothesis is correct the established precursor of

terpenes, mevalonic acid (26), would be expected to be incorporated. Early

18

experiments were unable to detect the incorporation of mevalonic acid.

2

In 1965 Scott and co-workers? reported the successful incorporation of

mevalonic acid into vindoline (3). Subsequent publications by several

groups23“'26 showed that the non-tryptophan portion of indole alkaloids was

‘derived from spebifically labelled‘mevaloﬁic acid. The monoterpene hypo-
thesis was further corroborated when geraniol (27) was shown to be incor-

porated into vindoline, catharanthine, and ajmalicine in Vinca rosea’

27-30

plants. These three alkaloids are representative of the three major

families of indole alkaloids: Aspidosperma, Iboga, and Corynanthe families
respectively. -

Further Rnppnrt_‘ing avidanre for the manptov-son

provided by Battersby3! who reported the incorporation of loganin (28) into

vindoline, catharanthine, and ajmalicine in Vinca rosea plants. Subsequent

32-34

reports confirmed these results and extended them to Rauwolfia

33

serpentia”” plants. Degradation of the alkaloids suggested the formal

transformations as illustrated in Figure 2. Loganin has also been isolated

from Vinca rosea plants,31,35 satisfying a requirement for a true precursor.

OH

o
COOH , L\\ \L\\///OH 
jOH _‘; ’//ﬂ\\

26 ‘ 27 28
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Iboga . Corynanthe " Aspidosperma
Figure 2. Formal transformation of the monbterpene unit.

" In an extension of the incorporation studies, Battersby reported in

36 yhich impose strict requirements on the formation of

vivo experiments
~loganin and its conversion into the thfee major classeé of indole alkaloids.
Frdm.the sfudy of doubly labelled specimens he concluded that: (a) the
stereospecificity established for the formation of the two geraniol double
bonds in other biological systems3’ also holds good in Vinca rosea; (b)

the configuration of C(7) in loganin is determining for the stereochemistry
of the corresponding center in ajmalicine and by extension for other
Corynanthe and Strychnos compounds; (c). the stereochemical correlations of
C(2) in loganin with the corresponding centér in ajmalicine is fortuitous,

the observed loss of a proton from this position supports the idea of an

enamine intermediate.
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The discovery that loganin is a precursor of the indole alkaloids
promptéd detailed study of the later stages of the biosynthesis. Both
Wenkert!® and Thoma520 suggested that the indole alkaloids are derived from
a cyclbpentane.monoterpene by some process.involving cleavage of the
cyclopentane ring. Battersby33 recognized that a.cleavage compound, seco-
ioganin (29), was found in a masked form in menthiafolin (30). Thus mild

O

(\ |

/”\'coof— ﬁ

alkaline hydrolysis of menthiéfolin, followed by careful acidification
~and esterification by diazomethane afforded seco-loganin. With seco-
loganin available Battersby38 was able to prove that it is: a constituent
of XEEQEHEQEEE plants; bibsynthesized from loganin; a specifié precursor
of representativé examples of the Iboga, Corynanthe, and Aspidosperma
families. |

The incorporation of sweroside (31) into vindoline has been
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demonstrated in Vinca rosea.3? It is likely that sweroside enters the direct
pathway by biological_conversion into seco-loganin. Evidence for an early
nitrogen éontaining intermediéte in the biosynthesis was obtained with the
discqvery-of strictosidine (32) (stereochemistry not established) in

Rhazya species.L+0

Its presence was subsequently demonstrated in Vinca
rosea plants“l by dilution analysis starting with radioactive tryptophan
and loganin.

L1

. The in vitro condensation of tryptamine and seco-loganin produced

two bases, vincoside (33) and isovincoside {(34), which have the same gross

32, strictosidine
33, Csﬁa: vincoside

34, CgHB: isovincoside

35, Cslia, C(3) - C(4) double bond
' raeduced:
dihydrovincoside

structure as strictosidine. It is likely that one of these two bases is
identical to strictogidine. While both vincoside and isovincoside have
been isolated from Vinca rosea, only vincoside is involved in the biosynthesis

of vindoline (3)”1’“2, catharanthine (4)41:42, ajmalicine (5)“1>”2, and
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akﬁammicine (36)%2, the latter being an example of a Strychnos alkaloid.
Dihydrovincoéide.(SS) producéd by reduction of the ethylenic side chain
Qas not incorporated into the ﬁhree representétive alkaloids usuall§
examined. '

Tne biological conversion’ of vincoside into the Aspidosperma and
Iboga basgs necessitates rearrangement of the skeleton. Earilier work proved
that this was an'intramolecular process. Cleavage of the glucose moiety
of vincoside results in an aglucone which should be in equilibrium with,
- or convertible‘to, the aldehyde (37). Ring closure could lead to corynan-

theine aldehyde (38) and/or geissoschizine (39)..

- 1“7/\

N .
\ N
H . .
20N T8
) 19
\
MeQOC- 1.
3 o OH
37 : , : 38, 18(19)-ene, corynanthine aldehyde

39, 19(20)~ene, geissoschizine
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Early experiments36,”3

with mature Vinca rééea‘plants had shown no
incorporation of corynantheine aldehyde into the alkaloids examined.
Geissoschizine, however, was shown to be ﬁresent in Vinca rosea plants
"and also Qas incorporated into ajmalicine (5), vindoline (3), catharan—
thine (4), and akuammicine (36).%2 In Vinca minor L shoots geissoschizine

was incorporated into vincamine (7) and minovine (8). 4%

N
= N \N ~ W
Me COOMe HO\\J
Meooc/\/ ~

A different approach to the study of the biosynthesis was adopted by
Scott.*3,45,46 Tt was known that seeds of yiggglzgggé_weré essentially
devoid of alkaloidal content. Thus in growing Vinca rosea plants froﬁ
seeds if should be possible to obsefve the sequential formation of
alkaloidal}material, Usiﬁg this technique“®, vincoside (33) was among the.
first alkaloids isolated at 26 hours after germination. Between 28 and 40
hoﬁrs five alkaloids were isolated: corynanthéine aldehyde (38), geiséof
 schizine (39), a B-hydroxy indolenine (40), a diol (41), and geissoschizine
oxindole (42). While corynantheine aldehyde was not incorporated in |
mature jiggg rosea plants, it, along with geissoschizine, was incorporated
into seedlings. The significance of the last three alkaleids isolated iﬁ

the 28 to 40 hour time period will be discussed later.
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Still working on sequential studies, Scott*! found that the next alka-

loids isolated (40 - 50 hours) were preeakuammicine (43), akuammicine (36),

%\lL
k‘/ Z =
MeQOC CHZOH,

43 S | 36
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stemmadenine (44), and tabersonine (45). The occurrence of pre—akuammicine

" is a significant development since it represents an intermediate between
geissoschizine (Corynanthe), akuammicine (Strychnos), and stemmadenine
(Corynanthe-Strychnos). Pre-akuammicine is a key member since it retains

geraniocl, yet can also sufier lcss of a single carbon

(a1

all ten- carbons o
atqm necessary for Strychnos alkaloids and; by reérrangement, generates
' Aspidosperﬁa or Iboga alkaloids.

| Three_procesées have been suggested for the biosynﬁhesis of pre-
akuammicine (Figure 3). Wenkert!®s47 suggested a one electron oxidative
coupling to give a strictamine.type derivative, 46. Precedent for the
rearrangement of c&mpounds such as 47 to the Strychnos representative
akuammicine (36) is available"® so that the indoline (48)}or.its reduced
forﬁ,'pre—akuammicine (43), could be reached by such a mechanism. An
" alternative to this process, also'with in vitro amalogy, is a protonation.
of fhe indole nucleus followed by d'to 8 rearrangément”g as shown in
Figure 3. A third bossibility is oxidation of geissoschizine to a B-
hydroxyindolenine (45) followed by formation of geissoschizine oxindole

(42).°% This latter could react via the imino ether (49) to give
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Figure 3. Proposals for the biosynthesis of pre-akuammicine.
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pre-akuammicine (43). As mentioned prc—:\/'iously,\‘S\k:o\tt:"‘6 found the B-
hydroxyindolenine and geissoschizine oxindole in his sequence studies and
showed that Vinca rosea seedlings were able to incorporate the oxindole
(42) into akuammicine and vindoline. Thus the oxindole hypothgsis has
been shown to Be a viable process in Vinca rosea.

| The occurrence of pre—akuammicine, stemmadenine, and tabersonine at
.approximately the same t%me is interesting. It can be seen formally that
reduction of pre-akuammicine can-leéd to stemmadenine. Scotf50 found,
jin vitro, sodium borohydride reduction of pre—akgammiéine afforded
- akuammicine (36) and stemmédenine (44). In fact, stemmadenine appears to
be the next intermediate as it.is incorporated into catharanthine, vindof 

0

line, and tabersonine in Vinca rosea seedlings.5 In Vinca minor

vincamine and minovine are labelled starting trom labelled st(-;mmadcnlne.51
The conversion of stemmadenine to tabersoniné is still speculative.
It is thought5 that the exocyclic dougle bond of stemmadenine migrates to
give a new compouﬁd, iso-stemmadenine (50), with én endocyclic double bond
(Figure 45; Iso-stemmadenine can, with the aid of the lone pair of
electréns on nitrogen, expel the hydroxide grouﬁ'to give an acrylic esfef
"derivative (51). The iminium system can, by loss of a proton and ring
ciosure, give tabersonine (45); or, it is alsq pbssible that écrylic ester
'(51) may lose a proton without cyclizétion to give a new dihydropyridine
acrylic esfer (52) (Figure 5). This derivative may then close in a ﬁiels~

- Alder fashion to giﬁe tabersonine (45) or, by another Diels-Alder reaction

using both double bonds in the dihydropyridine, to produce catharanthine

(4).
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Figure 5. Postulated biosynthesis of catharanthine (4).
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Tabersonine has been incorporated by Vinca rosea plants” and seed-
lings”3 into both vindoline and catharantﬁine. The conversion of taﬁer—
sonine into catharanthine is interesting since it formally requireé a
pértial reversal to acrylic ester (52). In Vinca minor, tabersonine is

incorporated into vincamine (7) and minovine (8)c52

The detection of ll-methoxytabersonine (53)”1 as'a time intermediate
bet&een the occurrence of tabersonine and vindoline is expected since
~ that methyl ether grouping is necessary for viﬁdoline (3).
Thé_acrylic ester derivatives 51 or 52 remain stili to be detected in
the biological system although derivétives of them have been detected. The

derivatives tetrahydrosecodiné (54) and dihydrosecodine (55) have been

N
o’ ' e
H COOMe

53
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detected in Rhazya stricta®3 and tetrahydrosecodin—}7—ol (56) has been

detected "in Rhazya orientalis®3.

Battersbysq has detected dihydrosecodin-

17-01 (57) in Vinca rosea plants. Both Battersby5® and Kutney®’ have

56

- 55

57

found that dihydrosecodin-17-ol (57) was not a precursor in Vinca rosea

. and Vinca minor.

Work on  this aspect is continuing and synthetic steps

leading to acrylic ester derivatives will be described in this thesis.

A summary of the biosynthetic sequence is found in Figure 6.
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Discussion

Acrylic ester — dihydropyridine derivatives were postulated as bio-
intermsdiates in indole alkaloid biqsynthesis. Efforts to synthesize
intermediates of'that type, or derivatives thereof, plﬁs some biosynthetis
“studies of a possible precursor will be discussed. .

| ~ The synfhesis of.a derivative containing both acrylic ester and
dihydropyridine fﬁnctionaiities is fraught with difficulties either real
sr imagined; The first difficulty was foreseen in the aciylic ester
portisn. Acrylic aéid polymers were prepared in the early 1870's with
polymerization of esters noted shortly after. Acrylic esters polymerized

e Ao
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these results it was felt that the acrylic ester funstion should be elabo-
rated at a late stage in the synthesis. It was also undesirsble to have the
reacfive acrylic ester moeity undergo reaction when it was submitted to
precursor studies in the plant system. To circumﬁsnt this possibility a
vhydrafed form of the acrylic ester was the synthetic goal. This choice
allows for a possible.chemical dehydration either prior to the biosynthetic
studies or in vivo by an enzymatié process.

The other difficulty‘to be consiiered ﬁss the instability of dihydro-

57 They are known to oxidize to the corresponding

pyridine systems.
pyridine readily, contact with atmospheric oxygen will frequently be
sufficient. Some dihydropyridines'which,have substituents capable of

conjugation with the unsaturated system of the dihydropyridine are relative-

ly stable. The reduced form of nicotinamide adenine dinucleotide (NADH, 58)
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may be cited as such a case. Two choices were available: the use of an
acetyl group at the C(3) position of the dihydropyridine; or the use of an
ethyl group at this position but in a tetrahydropyridine system. The first

possibility, while it may give a relatively stable dihydropyridine, would
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in the alkaloids being examined. The second possibility, using the ethyl
éide chéiﬁ, pircumvents that drawback but gives aﬁ undesired oxidation
level in the heterocyclic ring; The second choice was subsequently select~
ed with the understanding that an in vivo oxidétion may be necessary;

, Thé overall sequence is outlined in Figure 7. The synthesis of
2—carbdethoxy-3—(g;chloroethyl)—indole (60) had been previously designed',
in our laboratories but was modifiéd_sligbtly in the present case. -The
sodium sélt of diethyl malonate was treated with l—chloro—BFbgomopropéng
to give diethyl y-chloropropylmalonate (59). In the previous synthetic
scheme, dry powdered benzenediazonium chloride was added to the sodium
salt of 59 and the resulting adduct refluxed in acidic ethanol to produce

the indole derivative 60. In this work, the benzenediazonium chloride
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was replaced with the corresponding fluoroboraté‘salt which is less sensi—
tive to shock.and thermally more stablé.vlThé indole derivative prepared in
this way was identical to the.product isolaﬁeé previously and it was obtain-
Aved in higher overall yield.

The reduired 3-ethylpyridine (61) obtained by Wolff—Kishﬁer reduction
of 3—acetyipyridige,'wasAcondensed with the indole derivative 60 to give
" N-[B{3(2-carboethoxyindolyl) }ethyl]-3-ethylpyridinium chloride (62) as a
white crystalline~soiid. | )

Reduction of the pyridinium chloride (62) in cold methanol wifh sodium
borohydride gave N—[B{3(2;carboethoxyindolyl)}ethyl]—B—ethyl—l,Z,S;G—
.tetrahydropyridine (63). Lithium aluminum hydride reduction in.refluxing

tétrahydrofuran gave, after chromatography, N—[B{3(2—hydroxymethylindolyl)},

T .9 Aelaean? 1 9 B £ s drcm b Jeme a2 A2
| wr R R A [ 3 (e

ropyiridine (54, The MR specivuw had a
broadengd singlet for one olefinic proton (T»4.45); a singlet for the
hydroxymethylene (t 5.19); a well resolved\duarte£ for the mgfhylene group
"of the eth&l side chain (7t 8.02, J = 6.5 Hz); and a triplet for the methyl
‘group of the ethyl sidevchain‘(rb8.98, J=6.5 Hé);‘all in good agreement
with stfucture 64. |

The alcohol.(64) could be benzoylated in dry pyridine with benzoyl
chlqride to give N—[B{3(2—benzoxymethylindolyl)}ethyl]—B—etHyl—l,2,5,6-
_teﬁ¥ahydropyridiﬁe (65). This derivative so 6btained éould be used |
directly in the next reaction. A solution of the benzoate (65) in dimethyl-
formamide containing a large excess of potassium'cyanide was sloﬁly heated

to a maximum of 120°C for two hours and this mixture upon work up gave

' N-[B{3(2—cyanomethylindolyl)}ethyl]—B—ethyl-l,Z,5,6~tetrahydropyridine (66)
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in varying yields. The NMR spectrum of the nitrile had a two proton
singlet for the methylene carrying the nitrile absorbing at v 6.12.

The nitrile (66) was reaﬁily hydrolyzed to N—[B{3(2—c§rbomethoxymethyl—
iﬁdo;yl)}ethyl]—B—ethyl—l,Z,5,6—tetrahydropyridine (67) in methanol with
concentrated hydrochloric acid. A less satisfactory procedure was alkaline
hydrolysis of the nitrile (66) and subsequent gsterifiéation. Both methods
gave the same ester (67). The ester (67) could be alkylated in benzene
using methyl formate and sodium hydride as the base. The resulting enol
(68) was not isolated but was reduced directly wifh sodium borohydride in
ﬁethanol under carefully controlled ponditions.to give 16,17-dihydrosecodin-
17-01 (57).

The NMR spectrum of 57 exhibited signals for the olefinic proton
e 40017, th; hydroxymetnyl group (T 6.02), the methyl ester (1 5.38), and
the methylene group (t 8.10) and methyl group (t 9.04) of the ethyl side
chain. This data was in full agreement for 16,17-dihydrosecodin-17-0l (57).

With é possible precursor now available, attention was focused on
providing a radioactive substance necessary for biosynthetic.investigations.
A method had been developed in our laboratories for exchanging the aromatic
protons of the indole systemvfor tritium atoms. The method involves
transferring tritiated trifluoroacetic acid, preparea fromAequai'molar
quantities of trifluorocacetic anhydride and tritiated water, in a vacuum
system to the alkaloidal material. After a period of one or two days the
acid is reﬁoved in a vacuum system and the labelled alkaloid neutralized
and isolated.

The above procedure had been used many times to prepare labelled
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derivatives with no difficulties being encountered. In the present case
DL-tryptophan was labelled in this manner. However when 16,17-dihydro-
secodin-17-0l (57) was subjedted to these conditions none of the labelled
alcohol (57) coqld be detected by TLC. The alcohol had evidently decom-
posed during this treatmenf; Successful labelling could, however, be
carried out on the eStgr (67) prior to alkylation. The labelled ester
thus obtained cbuld then be alkylated and reduced as before to give a
product identical to 57 excepf for the enrichment of tritiuﬁ in the aromatic
portion. |

Earlier investigators in our laboratories had developed a method for
the incorporation of various substances into Vinca rosea L. plants using
a cotton wick in the stem of the living plant. In order to ensure that the
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the plant was suitable for biosynthetic investigégioﬁs, the tritiated DL~

tryptophan prepared previously was fed. After nine days, the optimum con~
ditions as determined by earlier investigations, the plants were macerated
and extracted for alkaloids. Chromatography of the crude alkaloidal

extract on alumina gave, among other alkaloids, windoline (3), catharanthine

(4), and ajmalicine (5). The labelled alkaloids were diluted with cold
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or unlabelled alkaloids and were repeatedly crystalliéed either as the
free base or as the hydrochloride salt to constant activity. The percent-

age-incorporations observed for this experiment are shown in Table L.

Compound Fed vPeréent Incorporation
catharanthine vindoline ajmalicine
[af—3H]—DL—tryptophan 0.980 0.155 , 0.312

[ar-3H]-alcohol (57) 0.0007 inactive 0.0004

Table I. Results of incorporation of synthetic intermediates into
V. rosea L. plants. ‘

The successful incorporation of tryptophan indicated that the expérij
mentai method was satisfa;tory and that the age of the plants selected was
: suitable for biosynthetic investigation.

The sjnthetic alcohol (57) was tested in the same manner. The results
after work up, chromatography, and crystallizatién to constént activity are
given above in Table I.

Although a very small incorporation was observed, it was impossible to

tell if this was evidence of true incorporation or if it was simply the
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result of an aberrant biosynthetic pathway. Several months later'Professor
Battersby r’eportedsI+ that his laboratories hadlfound evidence for the
alcohol (57) in.y, rosea planfs. They too had tested the compound as a
precursor and had found very slight or no incorporation.55

At the same time as alcohol (SZ) was being tested in V. rosea L.
other members of our‘lgboratories were testing the combound in V. minor L.
The test period in V. minor is two days and in the time- it took to obtain
results in V. rosea several testings could be done on V. minoxr. The
detajled observations will be reported elséwhere, but essentially the
isolated alkaloids were inactive or possibility with a trace of activity.

With the apparént failure of the alcohol (57) to aci as an efficient’
precursor for the indole alkaléids, it was necessary to redirect our
syninteilc efforis.

It‘yill be recalled that thé desired system was‘an acrylic ester -
dihydrépyridine derivative. The compound just tested differed in oxidation
"level in both the acrylic ester and thé heterocyclic portions of the
moiecule.v'Alteration of the oxidation level in tﬁe ester'portion was
investigated by other members of our laboratories and will be reported
elsewhere.

Although the postulated intermediate was a dihyéropyriéine'derivative,
it was still considered to be too labile to be isolated and submitted for
Vbiosynthetic evaluation. In this situation it seemed that the corresponding
pyridinium salt may provide the solution. |

Pyridinium salts are found in vivo and are known to be reduced

enzymatically to dihydropyridines. Two well known examples of pyridinium



151

salts which may be reduced are the co-enzymes nicotinamide adenine
dinucleotide (NAD, 69) and the phosphorylated form (NADP, 70).
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. A pyridinium salt had been prepared in the'abovevsynthetic sequence
but its oxidation level could not be preserved in later synthetic steps.
TE owad iecessaTy 4o fhal susiabie LU Yedute Lhe esifer funcilon Lo an ziconol
under conditions which also would>reduce the pyridinium salt. Even if the
pyridiniuﬁ salt had been preserved at this step, it would not likely
survive either the nitrile formation or alkylation steps. The tetrahydro-
pyridine system seemed to overcome these difficulties as this was the
oxidatiﬁn level which had been used previously and found stable. Whét was
necessary then waé>to find conditions for oxidation of the tetrahydropyridine

(57) to pyridinium salt (71).

57 71
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To study this sequence a model pyridinium salt N~-[B(3-indolyl)ethyl]-
3~ethyl§yridinium bromide (72) Qas prepared by the condensation of trypto-
phyl bromide and 3;ethyl pyridine. The pyridinium bromide was reduced with
sodium borohydrlde as before to give N[B(3~indolyl)ethyl]-3- ethyl 1,2,5,6-

tetrahydropyrldlne (73).

-
TN AN VAN T

r“] S

72 S 73

Mercuric acetate is a common oxidant in alkaloid chemistry and was

:the reagent selected for these oxidations. Thus compound 73 was added to

a solution of 2% aqneous acetic acid containing mercuric acetate and the
»disodiun salt of ethylenediaminetetraacetic anid (EDTA) 58,59 and maintain-
.ed at a temperature of 1CO°C for one and a half hours. After cooling the
precipitated mernurous acetate was filtered.off and the solution extracted
.__with methylene chloride. The resultant product, obtained as a brown
residue,‘consisted of several components and its weight corresponded to

70% overall recovery of organic material. The major component was separated
bby'preparative layer chromatography and gave a typinal indolic ultraviolet
absorption spentrum'(kmax 294, 283, 274, and 230 mn). The NMR spectrum

had, among other signals, the NH.resonance (t 2.21), four aromatic protons
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(t 2.45 - 3.05), and one olefinic proton (1t 4.38). Low resolution mass
spectrometry revealed a molecular ion at m/e 252. ihe structure sﬁggested
by this data is.74. Another structural possibility possessing this mole-
cular weight could be the dihydropyridine derivative 75. ﬁowever, the
stability of the product in air, the lack of sufficient aromatic and
olefinic protons in .the NMR spectrum, and.the typical indolic UV Spectrum

would suggest that this alternative (75) is unlikely.

7% ‘ N &

The‘aqueous portion of the above oxidation reéction mixture was
treated witﬁ hydrogen sulfide gas to precipitate the excess mercuric salt
used as an oxidant. The precipitate was removed by filtration through
Celite and the filtrate evapofated to drynéss to givé a yellow solid. This
solid was mainly the added EDTA salt pius some organic compound which ﬁould‘
not be separated.

The next mercuric acetate oxidation experiment was changed in several

~ways. First, the model compound was changed to the previously prepared

2,3~disubstituted indole derivative 63 in an effort to minimize cyclization
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onto the indole ring. Also, the EDTA salt was eliminated in this case.
It was well known that alkaloids had been oxidized with mercuric acetate

without the addition of EDTA salt although its addition was shown to

59 Further, the

decreése the possibility of carbon - carbon bond fission.
temperaturé wés changed to room température and the.solvent chaﬁged from
aqueous acid to ethéﬁol in an effort to perform the reaction under the
mildest conditiens possible. |

The sought for pyridinium salt should exist in the oxidation solution
as.the acetate 76. As an aid to recognition N-[B{3(2-carboethoxyindolyl)}
ethyl]-3-ethylpyridinium acétate (76) was pfepared by treatment of’a
sQlution of the pyridinium chloride 62 with a solution .of silver acetate.

The resulting silver chloride precipitated and was removed by filtration to

give crude pyridinium acetate 76 upon evaporation.

H  'COOEt ,. 62, X = C1™

76, X = OAc”™

The tetrahydropyridine derivative 63 was oxidized with mercuric
acetate in ethanol at room temperature for four days. Removal of the
mercurous acetate and treatment with hydrogen sulfide as before gave,

after filtration, a yellow solution. Concentration of this solution



and examination by TLC showed some starting material and both faster and
slower rumning compoundé, plus some material still at the origin of the
chromatogram. None of the compounds had similar-ILC properties to the
desired pyridiniﬁm acetate. Separation’ of the mixture on éreparative
layer chromatography and examination of each fraction, including the maée—
rial at the origin, by UV showed that noné_of the fractions had the
absorption of the-pyridinium system 76. Repeating the oxidation reaction
using tﬁe S ame cond;tions failed to produce the desired pyridinium salt.
Since there had been a lack of success in the previous mercuric
écetate oxidations, the conditions were varied in a further study. 1In
these cases, the teﬁperature and.period of reaction were both varied. In-

one case oxidation was allowed to proceed at 35°C for 18 hours, in another

[

2t BNON £ £hm11 hAtive Ay . o
¢ 3070 for four houre, Im both eyperimentc ricld ¢cf me recurcus aczzigte

{

was about 90% of the theoretical amount, yét it was ﬁdt possible to detect
any pyridinium acetate 76. Other experiments in glacial acetic acid-and.
in 10%Z aqueous acetic acid, left for three days at room temperature, gave
approﬁimately 60% of the theoretical amount of mercurous acetate but again
none of the desired material was found.

Concurrently with the mercuric acetate oxidation experiments other
synthetic work was being done. The possibility of uéing a 3?acétylpyridine
as one of the condensing units was inﬁeresting. The acetyl side chain may
stabilize a dihydropyridine intgrmediate sufficiently to allow isolation
and subsequent biosynthetic studies. The other interesting point is that
compounds with an acetyl side chain had been proposed by Wenkert!® as

possible intermediates and would be accessible for biosynthetic evaluation
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if 3-acetylpyridine were used in the initial condensation.

Condensation of 2-carboethoxy-3(B-chloroethyl)indole (60) prepared
earlier with the efhylene ketal of 3-acetylpyridine, gave N-[B{3(2-carbo-
ethoxyindolyl)}ethyl]—3~acetylpyridinium chloride ethylene ketal (77) as
a light graylpowder‘(Figure 8). |
| Sodium borohydride reduction of pyridinium‘chloridé 77 in methanol at
0°C followed by careful work up gave N-[B{3(2-carboethoxyindolyl)lethyl]~3-
acetyl-1,2,5,6-tetrahydropyridine ethylene ketal (78) as a white crystalline
solid. The NMR spectrum of 78 contained a four protén multiplet (16.14)
for the protonsvof Ehe ethyiene ketal proteéting group.

'Thé carboethoxy derivative 78 was reduced in tetr%hydrofuran ;nd the
désired N-[B{3(2-hydroxymethylindolyl) }ethyl]-3-acetyl-1,2,5,6-tetrahydro-
pyridine ethyieve keital (75) purified Ly column chiromatograpiy ou aluming.

The ketal alcohol. 79 was then subjééted to the same homologation
steps as performed previously. Treatment of the ketal alcohol with
benzoyl chloride gave N-[B{3(2-benzoxymethylindolyl)}ethyll-3-acetyl-.
1}2,5,6—tetrahydropyridine ethylene ketal (80).
| The benzoate group in compound 80 was then displaced by cyaniae ion
to give N—[B{B(é—cyanomethylindolyl)}ethyl]—B—acetyl—l,Z,5,6—tetrahydro—
pyridine ethylene ketal (81). This compound was recognizable by the
charactefistic nitrile absorption in the IR spectrum at 2255 em™1.

Hydrolysis of the ketal nitrile 81 was accomplished in a methanolic
solution saturated with hydrogen cﬁloride gas. Purification by column
_chromatography on~alumina afforded N—[B{3(2—carbomethoxymethylindolyl)}

ethyl]—3—acetyl—1,2,5,6—tetrahydropyridine (82). The IR spectrum of this



ol
,\.l
COOEt
60
aa Y
O 0

‘ ‘ L1A1H4

COOEt

~1
(e 3]

‘

80

L\\//J KON~

00CCgHs

Q J 1) Hg(OAc)z
: 2) H /Pd/C

COOMe

COOEE
77
| [\
| 0
22 N
‘ \ | CgH5COC1
N N v >
o T omon
79 | ‘ |
- | -
‘ 0 o0
Ol e
| HC1
X N . MeOH -
81
1 0

COOMe

83

Figure 8. ‘Attempted synthesis of vinylogous amide 83.
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compound had two carbonyl absorptions (1727 and 1652 cm”l) for an ester
function and an' «,B-unsaturated ketone. The NMR spectrum had resonances
for one olefinic proton (t 3.17), a methyl group of the ester function
(T 6.33), and a methyl group of a ketone (1t 7.75) in full agreement with
structure 82.. |

When this synthétic sequence was conceived, it was intended to
'oxidize the unsaturated ketone 82 to the corresponding pyridinium system
and then catalytically reduce"’ the latter to the vinylogous amide 83.
Hobeful that this might still be the case, even though the concurrently
conducted oxidafion reactions in the ethyl éeries were unsuccessfu}, the
keto‘ester 82 was subjected té the oxidation reaction. . The oxidation
mixture, worked up as béfore; was immediately subjected to catélytic
reduction. The IR spectrum of the crude product obtained from the latter

47 for the amide while

reaction was not in accord with the expected data
attempts to purify the products resulted in great losses of material.
The overall lack of success with the oxidation reactions necessitated
yet another approach. Copdensation of 2-carboethoxy-3-(B-chloroethyl)-
indole (60} with 3-acetylpyridine gave, in early preparations, a very dark
solid which tended to become gummy upon standing in air. Lgter condensations
performed at a lower temperature gave lower yields of N-[B{3(2-carboethoxy-
indolyl)}ethyl];3—acety1pyridiniﬁm chloride (84) but the product now was

an orange - red crystalline solid. Hydrogenation of the salt with pallédium
catalyst gave N-[B{3(2-carboethoxyindolyl)}ethyl]}-3-acetyl-1,4,5,6-tetra-
hdyropyridine (85) quickly recognized by its characteristic spectroscopic

properties. Thus the next step in the sequence required reduction of the
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ester while leaving the amide intact.

Use of iithium aluminum hydride in tetrahydrofuran at 0°C as the
feducing agent gave.complete disappearance of starting material within
15 minutes. Work up and chromatbgraphy on alumina gave one main compound.
“Ihe LR spectrum had one carbonyl absorptiocii at 1/.L0 em™* suggesting a
saturated ketone. The NMR spectrum had lost the signals for the olefinicv
and methyl group protons of the amide chrbmophore and had new signals at
T 5.32 for the hydroxymethyl group and a singlet for the saturated ketone

at © 7.90 thereby suggesting N[B{3(Z—hydroxyméthylindolyl)}ethyl]-Bf

acetylpiperidine (86).
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If the lithium aluminum hydride reduction was started at ~30°C and the
temperature slowly raised to 0°C over a few bouré some N-[B{3(2-hydroxy-
methylindolyl)}eth&l]—3—acetyl—l,4,5,6—tet§ahydropyridine (87) could be
isolafed in about 10% yield. In this instance some starting material as
well aé keto alcohol 86 were also obtained. The presence of 87 indicated
that the ester group was being reduced preferentially to the vinylogous
amide. i

When the reduction was done with lithium borohydride in tetrahydrofuran
at 0°C no reaction was observed after three hours. Allowing the solution
to warm to room.temperature for one and a half hours seemed to be without
éffect. However, at reflux témperature the major product was agaig the keto
alcohol 86 and not the desired amide alcohol 87.

odlum poronydride will 0T normally reduce the ester carbonyl although

w

there are reports of esters being reduced with this reagent.60 Thus to a
cold (0°C) methanol solution of the amide ester 85 sodium borohydride was
added and the temperature slowly raised to reflux over a two hour period. -
However no reduction products could be detected. Repeating the reaction
but.ﬁaintaining the température at 0°C for one hour before warming again
failed to give.any indication of reduction.

Altﬁough the amide. alcohol 87 could be obtained from soﬁe of the
reductioﬁs,‘the small amounts isolated precluded the usefulness of this
synthetic épproach.

The next approach has, of yet; not given the.product desired for
biosynthetic investigations but haslallowed synthesis to proceed closer

to that objective than has other syntheses reported thus far. The
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"synthetic approach is outlined in Figure 9. . R
Methyl indble—Z—carboxylate (88) was reduced with lithium aluminum
hydride to give 2-hydroxymethylindole (89). After chromatography and
crystallization the alcohol was obtainéd as a white solid in 70% yield.
Use of the same homologation sequence és before allowed extension of
the C(2) substituent by one carbon. Thus treatment of 2—hydroxyméthyl—
indole with benzoyl chloride gave, in near quantitative ‘yields, 2-
benzoxymethylindole (90). Displacement of the benzoate groub by cyanide
ion resulted in the formation of 2-cyanomethylindole (91) as a white
‘crystalline solid.

- Formation of the desired'carbomethoxy function was accomplished by
hydrglysis of the nitrile 91 in methanol saturated with hydrogen chloride
gas. fThe resulting methyi indole-Z-acetatc (92) was recognizable by 1ts
IR absorption at 1719 cm~! for the ester cgrbonyl; The NMR spectrum had
the C(3) ﬁroton of the igdole moiety at T 3.68 and the methyl ester group
at f 6.32. | |

The necessary ethyl bridge at C(3) of the indole nucleus could be
inserted ﬁﬁder relatively mild conditions usingvethyiene oxide and stannic
chloride.®! The yield of methyl 3(B;hydroxyethyl)indole—z—acetate (93)
was only moderate but some starting material (92) could be recovered and
rTe-used in subseduent reactions. The NMR spectrum had new signals at
T 6.25 and 7.12 for the two methylene groups of the hydroxyethyl side chain.
Significantly tﬁe signals formerly assigned to the C(3) préton‘of the
indole nucleus was now absent, suggesﬁing substitution had occurred at C(3)

as indicated.
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Treatment of 93 with phosphorous tribromide gave methyl 3(B-bromo-
ethyl)indole-2-acetate (94) as an oil which decomposed on storage ;nd
hence was condensed with 3—acétylpyridine immediately.. The resulting
pyridinium bromide 95 was formed but was contaminated with the excess of
3~acetylpyridine. The pyridinium bromide.QS could be catalytically
~ reduced to give the'desired N—[B{B(2—carbdmethoxymethyiindolyl)}ethyl]—
3-acetyl-1,4,5,6-tetrahydropyridine (83).

- A more satisfactory procedure for the preparation of 83 was achieved
with phosphorous tribormide in 3-acetylpyridine. The product of this
reaction was not isolated but immediately subjected to hydrogenation to
yiéld the same vinyiogous amide 83 as before but in much better yield}

The vinylogous amide 83 obtained by either procedure had absorption
in the IR specirun for the ester carbonyl (1720 cm™!) and tﬁe amide carbonyl
(1610 cm~!). The NMR spectrum had a singlet for one olefinié proton
(1 3.15), a three proton singlet for the carbomethoxy group (7 6.38),‘and
~a three proton singlet for the methyl éf the acetyl gréup (t 8;20).

: With the synthesis of the vinylogous amide now established, other
members of the laboratory are investigaﬁing methods for the synthesizing

of the possible bio-intermediate 96 in indole alkaloid biosynthesis.

sn@ion

COOMe
96
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Experimental

Throughout this work Woelm neﬁtral alumina or Merck silica gel G with
added fluorescent indicator were used.as adsorbent for thin layer chromato-
graphy (TLC).. The chromatograms, 0.3 mm. in thickness, were air dried and
activated in an oven at 100°C for three hours. For preparative layér
chromatography a thicker layer (0.5 mm.) of adsorbent was used. The chroma-
toérams were developed in a variety of solvents. ComéoundS'were detected
using antimonj‘penfachloride in carbon tetrachleride (1:2).

'}Columﬁ chromatography Waé usually performed on Woelm neutral alumina
deactivated to Activity III according to the manufacturers' direction.

Infrared (IR) specira were measured on a Perkiﬁ Elmer model 21, 137,
or 457 instrument. Samples were measured either as KBr pelléts or in
chioroform soluﬁion. The positioﬁ of absorption maxima ére given in
wave numbers (cm~1l).

Ultraviolet (UV) Spectra were measured in methanol or ethanol on a
Cary'model'll or model 15 instrument. The positibn of absorption maxima
(Amax) are given in millimicrons (my).

| Nuclear magnetic resonance {(NMR) spectra were measured ip deutero-
chloroform; unless otherwise noted, at either 60 MHz using a Jelco C-60,
a Varian A;éO, or a Varian T-60 or at 100 MHé using.a Varian HA-100
instrument. The chemical shifts are given in thé_Tiers T scale with
reference to tetramethylsilane as internal standard set at 10.0 units.

Mass spectra were measured on an Associated Electrical Industries

MS 9 high resolution mass spectrometer or on an Atlas CH 4 spectrometer.
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High resolution molecular weight determinations‘Qere_determined on the
MS 9 spectrometer.

Melting points were determined on a Kofler block and are uncorrected.

Elemental analyses were performed by Mr. P. Borda, University of
British Columbia.

Radiocactivity was measured with a Nuclear-Chicago Mark 1 Model 6860
Liquid Scintillation counter in counts per minute (cpm): The radioactivity
ofba sample in disintegrations per minute (dpm) was calculated using the
coﬁnting efficiency which was determined for each éample by the external

' standard technique®?

utilizing the built—in barium 133 gammé source. The
radiqactivity of the sample was détermined using a scintillator solufion
made up of the following components: toluene (1 litre); 2,5-diphenyloxazole
(4 gms.);_énd 1,4-bisi2-{5-plhenyloxazolyl) Jbenzene (50 mgs.}. . In practice a
sample of an alkaloid as the free base was dissoived'in;benzene (l‘ml.) iﬁ a
counting‘vial or, in the case of an alkaloidal salt, the sample was
dissolveé in.methanol (1 ml.) in a counting wvial. 'Then, in both cases;
fhe‘volgme was madé up to 15 mls. with the above scintillator solution.

For each sample counted the background was determined for the counting vial
‘fo be used by filling the viai with one of the above scintillator solutiops
aﬁd counting to determine the background cpm. The counting vial was
emptied, réfilled with sample to be counted and the scintillator éolution;'
and counted. The difference in cpm between the background count and the

sample count was used for subsequent calculations.

Diethyl y-chloropropylmalonate’

A solution of diethylmalonate (160 gms.) and 1,3-chlorobromopropane
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(160 gms.) in anhydrous ether (200 mls.) ﬁas added in one portioh to a
solution of sodium ethoxide prepared by dissolving sodium (24 gms.) in
dry ethanol (350 mls.). The reaction was maintained at 35°C for 4 hours
and tﬁeﬁ allowed to stana at room temperature for 24 hours. The reaction
mixture was pbured in water (1,000 mls.) and extracted with ether. Tﬁe
ether extract was washed with water, saturated sodium chloride solution,
dried over sodium sulfate, and conceﬁtrated under reduced pressure. The
resulting oil was distilled (110°C at 1 mm.) to give a clear, colorless
liduid (120 gms.). IR (film) 1730 (COCEt). NMR (60.MHz) 5.75 (4H, quartet,
“J = 7 Hz, ~COOCH,CH,) , 6.56 (2H, triplet, J = 4 Hz, ~CH,C1), 6.75 (1H,
£;ip1et, J =4 Hz, —Qg(COOEc)z), 8.10 (4H, multiplet,_ClCHZQﬂzcgzs, 8. 80

(6H, triplet, J = 7 Hz, -COOCH,CH

9CH3) -

senzenediazenlum flucrcborate

Aniline hydrochloride (180 gms.) was dissolved in water (275 mls.)
and concentrated hydrochloric acid (140 mls.) in a4 3 litre beaker. This
solution was cooled to -5°C in an ice - salt bath and sbdium nitrite
(69 gms.) in water (150 mls.) was added dropwise so that the temperatpre
remained below 5°C. No more sodium nitrite solﬁtion was added when a
drop of the aniline soiution gave a blue céloratioanhen tested on potassium
. iodide —-starch paper. A solution of 487 fluoroboric acid (183 mls.) was
cooled tb 0°C and added slowly to the diazonium éalt solution. Precipitation
was immediate but stirring was maintained for 10 minutes after all the
fluoroboric acid had been added. About one half bf‘the precipitate was
transferred to a sintered glass funnel and sucked as dry as possible with

the aid of a rubber sheet. The vacuum was removed and the precipitate
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was washed thoroughly with ice cold water (50 mls.) and sucked dry as
before.. In a similar manner the precipitate was washed with ice cold
ﬁethanol (25 mls.) and, finally, ether (50 mls.). The precipitate was
transferred'tp a tared beaker and dried in a vacuum desiccgtor containing
anhydrous calciﬁm sulfate for 18 hours. The remaining half of the
precipitate was coliécted and stored inva similar manner. Combined weight
- of the benzenediazonium fluorocborate Qas 126 gms.

2—carboethoxy—3(8—chloroethyl)indole (60)

In a 5 litre, 3 neck flask sodium metal (14.7 gms.) was dissolved in
dry ethanol.(l,OOO mls.) and y-chloropropylmalonate (147 gms.) was addéd
_énd'the mixture stirred for 30 minutes at room temperature under a slightv
positive pressure of nitrogen. The solution was cooled to -10°C. Benzene-
diazonium chloride (126 gms.)_&as transferred in portions (~20 gms.) to an
Eleﬁmyer flask and then added slowly and cautiously through a short length
of Gooch tubing to the stirred ethanolic solution’ keeping the solution
_ below -5°C. After all the benzenediazonium fluoroborate had been added,
the solution was stirred fdr 2 more hours at -5°C and then_étored for 18
hours at -5°C.

The solution was then poured into vater (1,500 mls.) and the red oil
separated. The aqueous solution was thoroughly extracted with éhloroform
and the chioroform washings combined with the red oil, This chloroform
solution was washed thoroughly with water, saturated salt solution, dried
over sodium sulfate, and concentrated to avdark red oil.

~ The dark red o0il was dissolved in ethanol (1,000 mls.)land concen-

trated sulfuric acid (200 mls.) was added slowly with stirring. The
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mixture was refluxed for 12 hours then cooled and pcured onto ice and
neutralized. This mixture was extracted with chloroform thoroughly and
the chloroform extract washed with water, saturated salt solution, dried

: \
over sodium sulfate, and concentrated under reduced pressure to give a

brown solid (140 gms.).

This brown solid was dissolved in benzene and applied to a column of
Shawinigan alumina (3 kgs.) déactivated by the addition of 3% (90 mls.) of
a 10% acetic acid solution. Elution with benzene gave initially a red oil
ana finally the desired product as é crystalline solid. Further elution
with chloroform eluted more bf the desired froduct. The crystalline
f;actions were combined and crystallized from benzene - petroleum ether to
give 29 gms. of white crystalline 2—carboethoxy—3(B—chloroethyl)indole (60)
m.p. 130 - 132“0.' |

3-ethylpyridine (61)

A mixture of 3-acetylpyridine (60 gms.); 85% hydrazine hydrate (90
mls.), potassium hydroxide (50 gms.), and triethylene glycol (400 mls.)
was heated under nitrogen for 2 hours at. a bath temperature of 130°cC.
The solution was‘cOoled and gradually reheated with a take off condensor

to a bath temperature of 200°C. During this time the distillate (175 mls.)

~was collected. - The distillate was dissolved in ethyl ether and washed with

water, dried over sodium sulfate, and evaporated to a colorless 1iqﬁid.

Distillation of this liquid’and collection of the fraction boiling at‘60°C

at 17 mm. gave 3-ethylpyridine as a colorless liquid. IR (film) no carbonyl

band. NMR (60 MHz) 1.58 (2H, wmultiplet, aromatic), 2.70 (2H, multiplet,
aromatic), 7.38 (2H, quartet, J = 7 Hz, ~C§2CH3), 8.82 (3H, triplet, J =

7 Hz, -CH,CH,)
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N—[B{3(2-carboethoxyindolyl)}ethyl]—3—ethylpyridinium'chloride (62)

2;cérboetﬁoxy—3(B—chloroethyl)indole (2.9 gms.) in 3~ethylpyridine

(12 mls.) was heated under nitrogen in a Carius tube at 120°C for 18
hours. The reaction mixture was cooled and titurated with ether and the
pyridinium chloride 62 collected by'filtfation (3.7 gms.) m.p. 87 — 89°C.
TR (KBr) 1680 (COOEt). UV 233, 297. NMR (CD,0D) 5.63 (2H, quartet,

.J = 7'Hz, CH3—C§_240—), 7.34 (2H, quartet, J = 7.5 Hz, cH3c_};2—c), 8.60
(31, triplet, J = 7 Hz, CES'CH20>’ and 8.96 (3H, triplet, J ; 7.5 Hz,
cgécHZC). ' |

N—[B{3(2—éarboethoxyindolyl)}ethyl]—B—ethyl-l,Z,5,6—tetrahydropyridine (63)

" The pyridinium chloride 62 (4.1 gms.) was dissolved in methanol (300
mls.) and triethylamine (3 mls.). The solution was cooled in an ice -
salt bath to -5°C and sodium borohydride (7 gms.) was added in small pox-
tions to keep the temperature below 0°C. TFour hﬁurs after the addition of
the sodiﬁm borohydride, the solution was evaporated to near dryness, water
was added (~50 mls.) and dilute hydrochloric acid was added until the
mixture was acidic. After 15 minutes the solution was basified with
sodiﬁm bicarbonate and extracted with chloroform. The chloroform extract
was washed with Qafer, dried over sodium sulfate, and evaporated to give
63 as a slightly yellow oil (4 gms.) which was one spot on TLC. IR

(CHC1,) 1680 (COOEE).

N-[B{3(2-hydroxymethylindolyl) Jethyl]-3-ethyl-1,2,5,6-tetrahydropyridine (64)
The carboethoxy derivative 63 (4 gms.), dissolved in tetrahydrofuran
(20 mls.), was added over 30 minutes to a suspension of lithium aiuminum

hydride (4 gms.) in tetrahydrofuran (250 mls.). The mixture was refluxed



under nitrogen for two hours then cooled in an ice water bath. Water (4
mls.) was édded dropwise, followed by 15% sodium hydroxide solution (4 mls.),
and finally water (12 ﬁls.) Wés added. The precipitate was filtered off

aﬁd washed and the filtrate evaporated. The residue was re~dissolved in
~chloroform and the chloroform solution wa;hed with wate?, dried over

sodium sulfate, and'évaporated. This extract was chroﬁatographed on

alumina (50 gms.) and elution with benzene then chloroform gave the alcohol
64 (2.5 gms.) m.p. 108 - 110°C. IR (XBr) 3340, 3180. UV (log &) 284

(3;81), 292 (3.73). NMR (100 MHz) 4.45 (1H, broad singlet, H-C=C),

5.19 (21, singlet, CH,-OH), 8.02 (2H, quartet, J = 6 Hz, CH,;~CH,-), and

8.98 (3H, triplet, J = 6 Hz, CH4CHy). (high resolution found 284.184
C18H24N20 requires 284.188).

N-1p13(2~-benzoxymethylindolyl) jethyl}j-3-ethyi-1,2,5,6-tetranydropyridine (05)

The alcohol 64 (2.1 gms.) was dissolved in dry pyridine (25 mls.),
cooled to 0°C, and the benzoyl chloride (7 mls.) added dropwise. After
~ 3 hours the yeaction mixture was diiuted with water and basified with
soaium bicarbonate. The benzoate.65vwas extracted with chloroform and
the solution washed with water, dried over sodium'sulfate, and evaborated.
Chromatography of the crude benzoate (2.5 gms.) on alumina and crystalliza-
tion from methylene chloride - petroleum ether gave 65 as a whife solid
m.p. 110 — 112°C. IR (KBr) 1720 (-CH,0C04). UV (log €) 224 (4.60),
274 (3.94); 284 (3.96), 293 (3.84). NMR (100 MHz) 1.4 (1H, broad singlet,
NH), 2.1 - 3.1 (9H, aromatic protons), 4.6 (3H, multiplet, H-C=C and
—CHZ—O), 7.40 (2H, qﬁartet, J = 6 Hz, CHBQEZ—), 9.00 (3H, triplet, J = 6 Hz,

QEBCHZ—). (Found C, 77.05; H, 7.29; N, 7.05; C24H28N202 requires C, 77.27;
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H, 7.28; N, 7.21%; high resclution 388.215 CoyHygNy0,y requires 388.216) .

N-[B{3(2~cyanomethylindolyl) }ethyl]-3~ethyl-1,2,5,6-tetrahydropyridine (66)

The benzoate 65 (1.1 gms.) was dissolved in N,N~dimethylformamide;
potassium cyanide (5 gms.) was added. The mixture was stirred at room
temperature for 45 minutes and the teﬁpérature was slowly raisea to 120°C
fbr 3 hours. After'éooling and addition of water the solution was extractea
with methylene chloride. The methylene chloride was washed witﬁ water,
dried over sodium sulfate, and evaporated to a thick oil. Chromatography
on alumina (50 gms.) and elution with benzene and then with 257 methylene
;hloride in benzene gave nigrile 66 (460 gms.). Crystallization from
methylene‘chloride - petroleum ether gaQe an analytical sampie m.p. 135 -
137°C. IR (CHCl3) 2210 (CN). UV (log e) 221 (4.69), 274 (3.84), 281
(3.85), 291 (3.77). NMR (60 MHz) 4.55 (1i, broad singlet, H~C=C),

6.12 (2H, singlet, chcN),‘8.97 (3H, triplet, J = 7 Hz, CH,CH,-).

(Found C, 77.65; H, 7.865 N, 14.16; Cjgl,qN, requires C, 77.75; H, 7.92;

N, 14.367%; high resolution 293.186 C requires 293.189).

| 197233
N-[B{3(2—carbomethoxymethylindolyl)}ethyl]—3¥ethyl—l,2,5,6—tetrahydro—

pyridine (67)

The nitrile 66 (360 mgs.) was diséolved in methanol (35_mls.) and

. concentrated hydrochloric acid (35 mls;) was added. After 3 days the
solution Qas concentrated, neu;ralized with dilute ammonium hydroxide,

and extrac#ed with méthylene chloride. .The methylene chloride extract was
washed with water, dried over sodium sulfate, and evaporated. Chromatography
on alumina (20 gms.) and elution with chloroform gave ester 67 as an oil

(107 mgs.). IR (CHClS) 1720 (COOMe). UV (log €) 224 (4.42), 274 (3.87),
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284 (3.91), 292 (3.83). NMR (100 MHz) 4.55 (1H, broad singlet, H~C=C),
6.22 (2H, singlet, CEQCOOMe), 6.30 (3H, singlet, COOCH3), 8.98 (31,

triplet, J = 7 Hz, CESCHZ_)° (high resolution found 326.202 C

2126299
requires 326.199).

16,17-dihydrosecodin-17-0l (69)

The ester 67 (450 mgs.) was dissolved in dry benzene (15 mls.) and
‘dried by distillation of benzene (3 mls.). Sodium hydride (500 mgs. of
suspension) was washed with benzene (2x10 mls.) suspended in benzene (5
mls.), and methyl formate (500 mgs.) was distilled from phosphorous pent-
oxide directly into the sodium hydride suspension; then the benzene
solution containing the ester 67 was added drdpwise. The mixture was
heated to 35°C for 90 minutes then cooled to 0°C. Methanol (3 mls.) ‘.‘
was added folilowed by ice cold water and the mixture acidified with 2N
hydrochloric acid and basified with sodium bicarbénate solution. The
reaction-productbwas extracted with chloroform and the chloroform extract
washed with water, dried over sodium sulfate, and evaporated to give
crude enol 68 (450 mgs.).

~The enol 68 (190 mgs.) was dissolved in methanol (15 mls.), cooled
to -10°C in an ice - salt bath, and sodium borchydride (200 mgs.) was
added. After 1 hour at -10°C the methanol was evaporated and'water
gddéd. The mixture was extracted with chloroform and the chloroform
- extract wasﬁed with'water; dried over sodium sulfate, and evaporated.
The crude product was chromatographed on alumina (5 gms.) and elution with
ether gave 16,17-dihydrosecodin-17-01 (57) (150 mgs.), m.p. 131 — 132°C.

IR (KBr) 1725 (ester). UV (log e) 292 (3.86), 284 (3.93), 274 (3.88), and
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223 (4.49). NMR (100 MHz) 1.22 (14, broad singlet, NH), 2.4 - 3.1

(4H, aromatic protons), 4.63 (1H, broad singlet, H-C=C), 6.02 (2H,
singlet, CH,OH), 6.38 (3H, singlet, COOMe), 8.10 (2H, quartet, J = 6 Hz,
CEQCHB), and 9.04 (3H, triplet, J = 6 Hz, CHZCEB)' (high resolution
found 356.207 C21H2803N2 requires 356.209).

Trifluoroacetic acid;3H

Trifluoroacetic anhydride (1.17 gms., 5.55 mmole) was added to Qater—3H
(0.10 g., 5.55 mmole, 100 mcurie/g) using a vacuum transfer éystem. The -
resulting trifluoroacetic acid-SH (1.27 gms., 0.9 mc/ﬁmole) was stored
under an étmosphere of nitrogen at -10°C until required.

Extraction of alkaloids from Vinca rosea Linn

The following procedure was developed in order to extract and purify

the alkaloids of Vinca rosea Linn plants. This procedure was used for all

extractions of V. rosea L. plants and was scaled éccording to the wet weight
of plants.used.

V. rosea L. plants weré obtained from the greenhouse at the Uﬁiversity
of British Columbia. The plants (30 gms.; wet weight) were mascerated with
methanol in a Waring Blender, filtered and re-mascerated until tﬁe‘filtrate
was colorless. This green fiitrate (combined volume was 300 mls.) was
eQaporated to dryness, the residue taken up in 2N hydrochlorié acid (ZOO
mls;) and Washed with benzene (3 x 100 mls.). The combined benzene extracts
were back éxtractedrwith 2N hydrochloric écid (2 x 50 mls.). The combined
aqueous phases were made basic with 15N ammonium.hydroxide and extracted
with chloroform (3 x 100 mls.). The combined chloroform extracts were
washed with water (100 mls.), dried over sodium sulfate and evaporated to

give a brown oil (100 mgs.).
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The o0il was dissclved in benzene — methylene chloride (1:1, 1 ml.)
and chromatdgraphed on alumina {10 gms.). The column was eluted succes-
sively with petroleum ether, bénzene, chloroform, and methanol; fraétions
of 10 mls. were taken. The later benzene - petroleum ether (1:1)
fractions were combined and crystallized fybm méthanol affording catharan-
thine (5 mgs.), the bénzene fractions were combined and crystallized from
methanol affording ajmalicine (2.5 mgs.), and the initial benzene -
chloroform (4:1) fracfions were combined and crystallized from ether
giving vindoline (2.9 mgs.). When required, the hydrochloride salt of
catharanthine and vindoline was formed by blowing hydrogen chloride gas
oﬁ the surface of anlethereal solution of the alkaloid; catharanthine
hydrochloride was crystallized from methanol, whereas vindoline hydro-
ciiloride was crysiallized from acetone. The hydrochloride sait of
ajmalicine was prepared by adding concentrated hydrochloric acid (1 drop)

to a concentrated methanolic solution of the alkaloid and ajmalicine

‘hydrochloride was crystallized from methanol.

vTrifium labelled radicactive alkaloids for biosynthesis studies

The following procedure is typical for the fofmation of all the radio-
active precursors utilizing tritium in the aromatic pprtion of the alkaloid
molecule.

Trifluoroacetic acid=3H (0.5 g., 0.9 mc/mmole) was added to DL-tryp-
tophan (40 ﬁgs.) usiﬁg a vacuum transfer system. The solution was
aliowed to stand under an atmosphere of nitfogen at room temperature for
24 hours. The trifluorocacetic acid-3H was removed using a vacuum transfer

system. Concentrated ammonium hydroxide solution (10 mls.) was carefully
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added to the residue and the organic componeni:s extracted with dichloro-
methane (10 % 15 mls.). The organic extract was washed with water (10 mls.),‘
dried over sodium sulfate, and concentrated to‘dryness under reduced

pressﬁre to afford [ar—3H]—DL~tryptophan (31 mgs., 7.6 x 106 dpm/mg.).

Feeding of [ar—BH]—DL—tryptophan

[ar—3H]—DL-trypfophan (11.387 mgs., 8.63 x 107_dpm) was dissolved in
0.1N acetic acid and the sclution administered to V. Egégé‘plants (wét
weight 48.3 gms.) by the cotton wick method. After 9 days under inter-
mittent fluorescent lamp_illumination, the alkaloids were isolated and
purified by chromatography té give catharap£hine (7.00 mgs.), ajma}icine
£5.68 mgs.), and vindoline (5;03 mgs.). After dilution with cold alkaloids
and crystallization to constant activity the following incorpofations were
obtained: catharanthine (0.980%), ajmalicine (0.312%), and vindoline
(0.155%).

[ar—3H]—16,l7—dihydrosecodin—l7—ol

(a) 16?l7—dihydrosecodin—17—ol (57) (50 mgs.) was tfeated,as before
with trifluoroacetic acid-3H. Work up as gefore revealed decomposition
of 57.

(b) Carbomethoxy derivative 67_(150 mgs.) was. treated with trifluoro-
acetic acid-2H as before. Work up gave [ar—BH]—carbomethoxy derivative 67
which could be converted into [ar~3H]—16,l7—dihydrosecodin—l7—ol by the
describéd ﬁrocedure;

Feeding of [ar—3H]—l6,l7—dihydrosecodin—l7—ol (57)

[ar-3H]-16,17-Dihydrosecodin-17-ol (57) (8.0 mgs., 1.97 x 107 dpm)

was fed to V. rosea plants (wet wéight 75 gms.) as before. After chroma-
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tography, dilution with cold alkaloids, and crystallization to constant
activity the following incorporations were obtained: catharanthine (0.0007%),
ajmalicine (0.0004%), and vindoline (inactive).

Tryptophyl bromide -

A solution of phosphorus tribromide (0.44 mls.) in ether (10 mls.)
wés added dropwise té an ice cold solution of tryptophol (2 gms.)idissolved
in ether (200 mls.). The reaction was stirred for 16 hours with ice cooling
for the first 6 hours. The supernatant was decanted, washed with sodium
bicarbonate solution, water, and dried over sodium suifate. Removal of
the éolveﬁt yielded the product as white érystals (2.46 gms.), m.p. 100 -
102°C (literature m.p. 90 - 95°¢b3)y.

N;[B(3—indolyl)ethyl]—3—etﬁylpyridinium bromide (72)

Tryptophyl bromide (2.46 gms.) was heated under nitrogen at 80°C
for 16 hours with 3-ethylpyridine (8 mls.). The supernatant was decanted
and the solid titurated witﬁ ether and suction dried to give 72 as a
‘yellow solid (3.6 gms.). UV 290, 282 (shoulder), 267.

N-[B(3-indolyl)ethyl]-3-ethyl-1,2,5,6-tetrahydropyridine (73)

Pyridinium brpmide 72 (2 gms.) was dissolved in methanol (75 mls.)
and triethylamine (2 mls.) was added. The solution was cooled to O°C
éﬁd sodium borohydride (7 gms.) was a@déd”in portions in order to keeﬁ the
temperature below 5°C.» Aftér 2 hours the solution was diluted with water
and evaporéted to é sticky paste which was acidified with dilute hydro-
chloric acid, basified with sodium bicarbonate, and extracted with chloro-
form. The chloroform extract was washed with water, dried over sodium

sulfate, and chromatographed on alumina to give 73 as an oil (1.3 gms.).
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NMR (60 MHz) 2.23 - 3.13 (5H, aromatic protons), 4.51 (1H, triplet,

J = 2 Hz, H-C=C), 8.98 (3H, triplet, J = 6.5 Hz, CH,CH,-).

3

Mercuric acetate oxidation of 73

Tetrahydropyridine 73 (300 mgs.), ethylenediaminetetraacetic acid
(EDTA, 800 mgs.), sodium hydroxide (200 mgs.), and mercuric acefate (800
més.) were dissolvedlin 2% acetic acid (45 mls.). The solutionvwas
maintained at a temperature of lOQ°C for one and a quafﬁer hours. The
solution was éxtracted with methylene'chloride and the extract was washed
with water, dried over sodium sulfate, and evapérated to give a brown oil
(213 mgs.). A portion of this oil was pﬁrified by preparative 1ay¢r
chromatography to give 74 as a brown - orange solid. UV 230, 274, 283,
294. NMR (100 MHz) 2.21 (1H, broad singlet, NH), 2.45 - 3.05 (4H,
aromatic protons), 4.38 (1H, multiplet, H-C=C), and 8.83 (3H, triplet,

J =7 Hz, Q§3CH2—). Mass spectrum m/e 252.

The aqueous layers of the extract were combined and saturated with
hydrogen sulfide gas. The solution was filteréd through Celite. Concen-
tration of the filtrate to near dryness resulted in precipitation of EDTA
which was filtered off. Further concentration resulted in more EDTA
being precipitated and filtered off. The filtrate was evaporated to
- dryness to give a yellow solid. Attempts to wash the organic products
out of this solid with methanol were unsuccessful;l o |

N-[B{3(2-carboethoxyindolyl) Jethyl]-3-ethylpyridinium acetate (76)

' Pyridinium chloride 62 (50 mgs.) was dissolved in ethanol (5 mls.)
and an ethanolic solution of silver acetate was added dropwise until a

drop failed to produce fresh precipitate. The precipitate was filtered



off and the filtrate evaporated to dryness to give 76 as a brown oil
which later solidified. NMR (60 MHz) 0.65 (1H, NH); 1.06, 1.40 (2H,
multiplets, N-H); 2.05 - 3.01 (6H, aromatic protons); 5.70 (2H, quartet,
J=7 .Hz, ~CH,-0C0-); 7.42 (2H, quartet, J = 7 Hz, CH4CHy-C); 8.63 (3H,

triplet, J = 7 Hz, CEBCHZ—O); 9.01 (3H, triplet, J = 7 Hz, CEBCHZ—C).

Oxidation of 63 in ethanol at room temperature

Tetrahydropyridine 63 (71 mgs.) and mercuric .acetate (310 mgs.)
were dissolved in ethanol (25 mgs.). .Stirring was‘continued for 4 days
unaer nitrogen. The mercurous acetate (140 mgs.) was filtered off, the
- filtrate saturate&nﬁith hydrogen sulfide gaé, and the solution filtered
ﬁhrough Celite. The filtrate‘was evaporated (75 mgs.) .and compared to the

desired pyridinium acetate 76 on TLC. No spot corresponding to 76 could

- be detected.

A portion of the filtrate was separated on a preparative layer chroma-
togram (alumina, CHC13/MeOH) and four bands of material were examined.‘
The first band (Rf 0.65) was less polar than 76 and its UV revealéd absorp-
| tion at 290 mpy and a shoulder at 334 mu. The second band (Rf 0.50) was
less polar than 76 and had UV absorption maxima at 315 mpu. The third band
corresponded to starting material. The fourth band examined remained at
~ the origiﬁ of the chromatogram and had a maxima at 320 mu in the UV
Aspectrum.v |

Oxidation of 63 at 35°C in ethanol

Tetrahydropyridine 63 (100 mgs.) and mercuric acetate (350 mgs.) in
ethanol (10 mls.) were heated at 35°C for 18 hours under nitrogen. Mer-
curous acetate (245 mgs.) was filtered off and the reaction mixture

worked up as before. TLC failed to detect any of the desired 76.



219

Oxidation of 63 at 50°C in ethanol

Tetrahydrobyridine 63 (lQO mgs.) and mercuric acetate (350 mgs.) in
ethanol were heated at 50°C for 4 hours under nitrogen. Mercurous acetate
(233 mgs.) wés filtered off and the reaction worked up as_befqre. TLC -
failed to detect any of’the desired pyridinium acetate 76.

Oxidation of 63 in acetic acid

Tetrahydropyridine 63 (100 mgs.) and mercu%ic acetate (350 mgs.)
were dissolved in ‘glacial acetic acid (10 mls.) and stirred ﬁnder nitrogen
for 3 days at room temperature. The mercurous acétaté (130 mgs.) was
filtered off and the teaction worked up as.before, TLC failed to detect
* any of the desired pyridinium‘acetate'76.

Oxidation of 63 in 107 acetic acid

Tetrahydropyridine 63 (Y3 mgs.) and mercuric acetate (325 mgs.) in
107% acetic acid (10 mls.) were stirred under nitrégen for 3 daystét room
temperature. Mercurous acetate (157 mgs.) was filtered off and the
reaction wofked ub as before. TLC failed to detect any of the desired

pyridinium acetate 76.

3—-acetylpyridine ethylene ketal , ' ' ' '
A solution of 3-acetylpyridine (104 gms.), ethylene glycoi (80 mlé.);'
aﬁd p-toluene sulfonic acid hydrate (175 gms.) in benzene (400 mls.) was
refluxed for 18 hours with a Dean - Stark apparatus to remove water. - The
- mixture waé poured into excess sodium bicarbonate solution, the layers
separated, and the aqueous phase extracted with Benzene. The combined
benzene layers were washed with sodium bicarbonate solution, water, dried

over sodium sulfate, and evaporated to give 150 gms. of oil. This oil



when distilled through a short Vigeraux column at 120°C at 20 mm. gave
3-acetylpyridine ethylene ketal (120 gms.). NMR (60 MHz) 1.23 (1H,
doublet, J = 2 Hz, C,-H), 1.4? (1, quartet, J = 4 and 2 Hz, C -H),
2;25‘(1H, multiplet), 2.77 (Ui, multiplet}, 6.15 (4H, mgltiplet, kétal),
8.37 (3H, singlet, CH3).

N—[B{3(2—carboethoxy1ndolyl)}ethyl]~3—acetylpyridinium chloride éthylene

ketal (77)
- In a Carius tube 2-carboethoxy-3(B-chloroethyl)indole (60) (5.2 gms.)

and 3~acetylpyridine ethylene ketal (15 mls.) was heated for 16 hours at
1 125°C. The solution was cooled, dissolved in methanol, filtered, and
évaporated. Tituration with éther produced a gray précipitate (7.5 gms;);
m.p. 232 - 233°C. IR (KBr) 1703 (COOEt). UV (log €) 296 (4.16), 272 sh
(3.85), 265 sh. (3.80), 227 (4.38), 222 (4.32). ©NMR (CD3OD) 6.15 (44,
multiplet, ketal), 8.62 (3H, singlet, COCH,). (Found C, 63.50; H, 6.15;
N, 6.52; CyoHysN,0,Cl requires C, 63.38; H, 6.04:' N, 6.72%) .

- N-[B{3(2~carboethoxyindolyl) Jethyl]-3-acetyl-1,2,5,6-tetrahydropyridine

ethylene ketal (78)

The pyridinium chloride 77 (5.6 gﬁs.) in methanol (300 mls.) with
added triethylamine (3 mls.) was cooled to 0°C in anvice - salt bath
under nitrogen. Sodium borochydride (18 gms.) was added in small portions
such that the temperature remained at 0°C. After the addition was complete-
the solutién was stirred for 2 hours and the methanol then slowly evapo-
_rated under reduced pressure with a bath te@perature of 25°C. Addition of
water to this'paste followed by extraction with methylene chloride, washing

with water, drying over potassium carbonate, and evaporating, gave a
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yellow oil (5 gms.) which was crystallized from petroleum ether - methylene

chloride to.givé 78 as a white solid, m.p. 129 - 131°C. IR (KBr) .3320 (NH),
1678 (COOEt). UV (log €) 290 (4.47), 253 (4.59), 210 (4.15). NMR (60 MHz)

0.78 (lH; NH), 4.08 (1H, broad singlet, H-C=C), 6.14 (4H, multiplet, ketal),
8.50 (3H, sinélet, CHBCO)M |

N-[B{3(2-hydroxymethylindolyl) Jethyl]-3-acetyl-1,2,5,6—-tetrahydropyridine

ethylene ketal (79)

Tbe carboethoxy derivative 78 (4:8 gms.) in tetrahydrofuran (50 mls.)
was added'dropwise to a stirred suspension of lithium aluminum hydride in
tetrahydrofuran (300 mls.) a£ 0°C. The solﬁtion was refluxed for 2 hours,
’ cQoled to 0°C, and the excess hydride destroyed by dropwise addition of
saturated potassium carbonate solution. The resulting solids wére separa=-
ted by filtration and washed with chioroform. The filtrate was dried over
potassium carbonate and evapbrated. The alcohol 78 was purified by
chromatography on alumina (250 gms.) by elution with benzene, 50% benzene
in chloroform, and chloroform. Crystallization from petroleum ether -
methylene chloride gave 79 as a white solid m.p. 114 - 116°C. IR (KBr)
3200 (OH). UV (log ) 294 (3.95), 268 (4.02),,255 sh (3.98), 248 (4.66);
212 sh (4.45). NMR (60 MHz) 4.15 (1H, multiplet, H-C=C), 6.20 (4H,
singlet, ketal), 8.60 (31, singlet, CH4-C). (Found c; 70.21; H, 7.64;

N, 8.05; C20H26N203 requi?es Cc, 70.15; H, 7.65; N, 8.18%; high resolutién
342,193 C ﬁ N, 0, requires 342.194).-

20726 273 .
N—[B{3(2»benzoxymethylindolyl)}ethyl]~3—ace§yl—l,2,5,6—tetrahydropyridine

ethylene ketal (80)

The alcohol 79 (2.8 gms.) in tetrahydrofuran (20 mls.) with triethyl-

amine (2.28 mls.) was cooled to 0°C and bénzoyl chloride (1.14 mls.) was
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added dropwise.- After 3 hours at 0°C saturated sodium carbonate solution
was added dropwise and the tetrahydrofuran decanted, dried over sodium
carbonaté, and evaporated to éive crude benzoate (3.6 gms.). Purification
by column chromatography on alumina (150 gms.) and elution with methylene
chloride followed by crystallization gave.benzoate 80, m.p. 147 - 148°C.
IR (KBr) 1713. UV (log €) 285 (4.53), 260 (4.66), 224 (5.33). NMR (60
MHz) fl.35 (1H, broad singlet, NH), 1.9 - 2.9 (9H, multiplets, aromatic
protons), 4.12 (1H, broad singlet, H~C=C), 6.16 (4H; multiplet, ketal
protons), 8.54 (3H, singlet, CH3-C). (Found C, 72.4; H, 6.65 N, 6.2;

C. H,N.0, requires C, 72.6; H, 6.8; N, 6.3%).

27130M20 4
N-[8{3(2-cyanomethylindolyl) }ethyl]l-3-acetyl-1,2,5,6-tetrahydropyridine

ethylene ketal (81)

The benzoate 80 (2.4 gms.) in N,N—dimethylformamide {75 mls.) with
potassium cyanide (4 gms.) was stirred at room temperature for 1 hour;
the temperature was raised to 110°C over 45 minutes and maintained at
that temperature for a further 45 minutes. The reaction was cooled,
diluted with water, and extracted with chloroform. - The organic layer
was washed with water (3 times), saturated potaséium'carbonate, and
dried over potassium carbonate. Evaporation and chqrmatography on alumina
‘(ZOngms.) with methylene chloride as eluant gave nitrile 81 (i.6 gms.) .
IR (CHC13) 2255 (CN). NMR (60 MHz) 4.12 (1H, broad singlet, H-C=C),
6.12 (4H, ﬁultiplet, ketal-protons), 6.23 (2H, singlet, CEQCN), 8.52 (3H,
singlet, CH3-C). | - |

N-[B{3(2-carboethoxymethylindolyl)}ethyll-3-acetyl-1,2,5,6-tetrahydropyri-

dine (82) -

The nitrile 81 (750 mgs.) was dissolved in absolute methanol (20 mls.)
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and water‘(O.Z mls.) and dry hydrogen chloride gas was bubbled into the
éolution for 45 minutes. After 48 hours at room temperature, the methanol
was evaporated, the residue neutralized with saturated sodium carbonate
solution and extracted with methylene dichloride. The organic phase was
Washed vwith wéter, dried over sodiumvsulfate, and evaporated to.give

crude ester (660 mgé;). Column chromatography on alumina (50 gms.) and
elution with methylene chloride gave keto ester 82 (230"mgs.) as an oil.
IR (film) 3400 (NH), 1727 (COOMe), and 1652 (Jco). NMR (60 MHz) 1.50
(lH; broad singlet, NH), 3.17 (1H, broad singlet, H-C=C), 6.29 (2H,
“singlet, CHZCOO); 6.33 (34, éinglet, coocn3j, 7.75 (3H, singlet, CH4CO).

" Mercuric acetate oxidation of keto ester 82

Keto ester 82 (52 mgs.) and mercuric acetate (200 mgs.) in metﬁanol
(15 wls.) were siirred under nitrogen for 36 hours at room temperature.
Mercurous acetate (103 mgs.) was filtered off and hydrogen sulfide gas
bubbled into the filtrate. This filtrgte was re-filtered througﬁ Celite
“and evaporéted to dryness. Tresh methanol (10 mls.), triethylamine (0.5
mls.), and 10% palladium on charcoal (25 mgs.) were hydrogenated at
atmospheric pressure and room temperature for 48 hours. The catalyst waé
filtered off and the filtrate evaporated to give an oil (35 mgs.).
b. :IR (CHC13) 1754, 1724; and 1681. Chromatography on alumina (5 gms;) and
elution‘with_chloroform and the methénol—gave an oil (5 mgs.). IR (CHClB)
1750;\1722; and 1685.

N-[B8{3(2-carboethoxyindolyl) }Jethyl]-3-acetylpyridinium chloride (84)

2-carboethoxy—-3(B—chloroethyl)indole 60 (2.15 gms.) in 3-acetylpyridine

(6 mls.) was heated under nitrogen in a Carius tube at 110°C for 18 hours



224

after wﬁich time the reaction mixture was titurated with ether and the
pyridinium Ehloride collécted by filtration as an orange powder. Careful
"re-crystallization from methanol - ether gave 84, m.p. 172 — 174°C.
IR'(KBr) 1702 (ester), 1691 (ketone). UV (log &) 295 (4.36), 268 sh
(3.98), 227 (4.55), 221 (4.54). NMR (100 MHz, DMSO - dg) 0.61 (1H, broad
singlet, Cy1H); 0.97 (11, doublet, J = 6 Hz, C.qH); 1.12 (IH, dowblet, J =
8.Hz,~CalH), 1.90 (1H, quartet, J = 8 and 6 Hz, csla);'é.sz, 2.60, 2.80,
3.09 (4H, aromatic protons); 4.97 (2H, multiplet, CHZ—N);.5.78 (2H,quartet,

J'=‘6.5 Hz, O—C§2CH3); 6.29 (2H, multiplet, CH,-Ind.); 7.44 (3H, singlet,

2

CH4C0); 8.70 (3H, triplet, J = 6.5 Hz, 0-CH,~CH

3

2 .
' N—[B{3(2—carboethoxyindolyl)}ethyl]53~acetyl—l,4,5,6—ﬁetrahydropyridine (85)

The pyridinium chloride 84 (500 mgs.) was hydrogenated at room temper-—
ature and atmospheric pressure in ethanol (35 mls.) and triethylamine (1 ml.)
witﬁ 10% palladium on charcoél'(lOO mgs.) until upfake ceased (48 hours).
The catalyst was filtered off and the filtrate evaporated to dryness. The
: residue waé dissolved in chloroform and extracted with pH3 buffer (3 x 50
mls.) and pH2 acid (0.0IN HCL, 3 x 2? mls.), dried over sodium sulfate, and
evaporated to give crude amide 85. Chromapography on alumina (25 gms. ) ‘
and elution with chloroform gave amide 85 as a yellow oil (215'mgs.);

IR (CHC13) 1706 (ester); 1626, 1553 (amide). UV (log €) 305 (4.63), 257
(4.52), and 211 (4.47). NMR (60 MHz) O0.47 (14, broad singlet, NH), 2.42
(iH, multiﬁlet, aromatic pfotons), 2.80 (3H, multiplet, aromatic protons}),

3.02 (1H, singlet, H-C=C), 5.65 (2H, quartet, J

7.1 Hz, -OCH,CH3),

7.80 (3H, singlet, COCH3), 8.63 (31, triplet, J = 7.1 Hz, OCH Q§3).

2



N-{8{3(2-hydroxymethylindolyl) Jethyl]-3-acetylpiperidine (86)

The amide 85 (40 mgs.) in tetrahydrofuran (10 mls.) was cooled to
0°C and lithium aluminum hydride (5 mgs.) was added. After 15 minutes
TLC shgwed absence of starting material. After addition of a few drops
of saturated ﬁotassium carbonate the solution was filtered and the filtrate
dried over sodium sﬁifate and evaporated. Chromatography on alumina
(5 gms.) gave 86 as an oil. IR (CHC13) 1710 (ketone). “NMR (60 MHz)
5.32 (2H, singlet, CgQOH), 7.90 (3H, singlet, CHSCO),

N-[B{3(Z—hydroxyméthylindolyl)}ethyl]—3-acety1—l)4,526—tetrahydr0pyridine-(87)

The amide 85 (105 mgs.) in tetrahydrofuran (15 mls.) was coqlgd to

‘ —30°C in a dry ice - carbon tetrachloride bath and lithium aluminum hydride

(10 mgs.) was added. After 1 hour at -30°C the temperature.wasrslowly

raised to 0°C and the reaction worked up as before. Chromatography on

alumina (lO gms.) and élutioﬁ with chloroform gave amide alcohol 87 (11
mgs.). IR (CHC13) 1625, 1550 (amide). NMR (60 MHz) 3.05 (1H, singlet,

H-C=C), 5.33 (2H, singlet, CH,OH), and 7.80 (3H, singlet, COCHj).

Reduction‘of 85 with lithium borohydride
The amide 85 (40 mgs.) in tetrahydrofuran was cooled to 0°C and
lithium borohydride (5 mgs.) added. After 3 hours at 0°C TLC showed that
only sta:ting material was present. Allowing the solution to warm to
" room temperature for one and a half hours seemed to be without effect.
The.solutién was refluxed for l-hour and worked up as before. TLC
showed that the major product was keto alcohol 86 with a trace amount of

amide alcohol 87 present.
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Reduction of 85 with sodium borohydride

The amide 85 (45 mgs.) in methanol (10 mls.) was cooled to 0°cC
and sodiﬁm borohydride (10 mgs.) was added and the solution slowly warmed
aﬁd finally refluxed for 2 hours. TLC examination showed that no reduction
had taken place. -The solution was cooled.fo 0°C and fresh sodium boro-
hydride (10 mgs.)_wésAadded. The temperature was maintained at 0°C for
1 hour before warming to reflux. TLC examination revealed the presence

of only starting material.

2-hydroxymethylindole (89)

| Methyl indole-2-carboxylate (88) (10 gms.) in tetrahydrofuran was

) édded dropwise tb a stirred suspension of lithium aluﬁinum hydride (4.gms.)
initetrahydrofuran (250 mls.) at 0°C. After addition the solu;ion was
refluxed for 2 hours,‘cooledz and excess hydride decqmposed by addition

of éaturated potassium carbonate solution. . The-solids were removed by
filtfation ana washed with methylene dichloride. "The organic:solution

. was washed with saturated potassium carbonate solution, dried over sodium
sulfate, and evaporated to yield crude alcohol 89. Chromatography on
a}umina (2§9>gms‘)Vand elution with_chloroform-ga&e, after crystallization
from.beﬁzene, the alcohol 89 (5.8 gms.), m.p. 73v4'74$CT IR (KBr)

3380 (OH). UV (log e) 290 (3.81), 281 (3.97), 271 (3.98), 218 (4.64).
NMR (60 MHz) 1.66 (1H, broad singlet, NH), 3.77 (1H, doublet, J = 3 Hz,

c i), 5.48 (2H, singlet, cgon), 7.04 (1H, singlet, OH).

2-benzoxymethylindole (90)

The alcohol 89 (5 gms.) in tetrahydrofuran (100 mls.) and triethyl-

amine (9.3 mls.) was cooled to 0°C and benzoyl chloride (4.8 mls.) was
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added dropwise. After 3 hours at 0°C saturated potassium carbonate was
added, folléwed by methylene chloride. The water layer was separated and
washed with methylene dichloride. The organic layers were combined, dried
over éodium sulfate, and evaporated. Column chromatography on alumina

<250 gms.) ana elution with benzene gave benzoate 90 (8.4 gms.). Crystal-
lization from benzene gave a white solid m.p. 128 - 129°C. IR (KBr)

3355 (NH), 1700 (ester). UV (log €) 290 (3.90), 282 (&4.14), 270 (4.19),
217 (4.79). NMR (60 MHz) 1.01 (1H, broad singlet, NH), 1.95 (2H, -
muitiplet, aromatic protons), 2.3 - 3.0 (7H, multiplets, aromatic protons),
3.40 (1H, double’t, J=3 Hz,. C4H), 4.52 (21, singlet, CH,0). |

2-cyanomethylindole (91)

The benzoate 91 (5.7 gms.) was dissolved in N,N—dimethylfdrmamide
(130 mis.) and potassium cyanide (7.5 gms.). After stirring at room temper-
ature for 1 hbur the témperature was slowly raised to 80°C over a 1 hour
period and maintained at that temperatufe for 3 hburs.‘ After cooling to
room temperature methylene dichloridg and water were added. The layefs
were separated and the water layer washed with fresh methylene dichloride.
The organic layers were combined, washed with water, dried over sodium
sulfate, and evaporated. The residual N,N—dimethylformamiderwas removed
by freeze drying and the solid residue chromatographed on alumina. Elution
with bénzeﬁe-gave nitrile 91 (278 gms.). Crystallization from benzene
gave a whife solid m.p. 102 - 103°C. IR (KBr) 3370?v3320 (NH) ; 2270,
2245‘(CN). UV (log €) 298 (3.94), 277 (4.69), 265 (4.15),,217 (4.83).
NMR (60 MHz) l.82_(lH, broad singlet, NH), 2.4 - 3.0 (4H, multiplet,

aromatic protons), 3.56 (1H, doublet, J = 3 Hz, CBH)’ 6.10 (2H, singlet,



[N

CHZCN). (Found C, 76.83; H, 5.00; N, 17.94; ClOHSNZ requires C, 76.92

H, 5.12; N, 17.95%).

Methyl indole-2-acetate (92)

The nitrile 91 (2.1 gms.) in methanol (200 mls. absolute with 1%
"~ water added) %as treated with hydrogen chloride gas and allowed.to stand
at room temperature'for 48 hours. After evaporation of the methanol,
sodium bicarbonate solution was added and the mixture extracted with
chloroform. The chloroform was washed with water, dried over sodium
suifate, and evaporated. Chromatography on alumina (100 gms.) and
elution with benéene gave thé acetate 92 (2;1 gms.). Crystallizatioq
fromvbenzene ~ petroleum ether gave a white solid m.p. 7i - 72°cC.
IR (KBr) 3350 (NH), 1719 (ester). UV (log e) 288 (3.92), 279 (4.01),
270 (4.04), 217 (4.69). WMR (60 Miz) 1.43 (1H, broad singlet, Ni),
3.68 (1H, doublet, J = 3 Hz, C3H)’ 6.é9 (28, singlet, CH,C00), and
6.32 (3H, singlet, COQCH3). (Found C, 69.55% H, 5.80; N, 7.42;_

C..H,.NO, requires C, 69.83; H, 5.86; N, 7.40%).

1171172
Methyl 3(B-hydroxyethyl)indole-2-acetate (93)

The acetate 92 (1.0 gm.) in carbon tetrachloride (100 mls.) was
cooled to'O°C and ethylene oxide (0.4 mls.) added. .The solution was
cooled to -15°C and stannic chloride (0.65 mls.) in carbon tetrachloride

(20 mls.) was added dropwise. After the addition was éomplete stirring
was continued for 20 minutes keeping the temperature below 0°C. Chloro-
form (35 mls.) and saturated sodium carbonate (16 mls.) were added

rapidly keeping the temperature below 10°C. The organic layer was sepa-

rated and the aqueous layer washed with ether. The combined organic

N
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layers were dried and'evaporated. The resultiné\oil was chromatographed
on alumina (SO.gms.)._ Elution with benzene gave starting acetate 92

(460 mgs.) and elution with chloroform - methanol gave alcohol 93 (465
mgs.) as a brown oil. IR (CHC13) 3603 (oH), 3453 (NH), 1732 (ester).

UV 292, 284, 276 sh, and 224. NMR (60 MHz) 1.20 (1H, broad singlet, NH),

6.25 (2H, triplet, J = 6.7 Hz, CH,OH), 6.32 (2H, singlet, CH,C00), 6.40 '

2
(3H, singlet, COOCH,), 7.12 (2H, triplet, J = 6.7 Hz, Ind.-CH,~), and
7.40 (1H, broad singlet, OH).

Methyl 3(B-bromoethyl)indole-2-acetate (94)

To the alcohol 93 (340 mgs.) in ether (30 mls.) at 0°C, phosphorous
tribromide (60 yls) in ether (10 mls.) was added dropwise. The mixture
was left ovérnight at 0°C and then poured into saturated soaium carbonate
solution. The layers were separa;ed and the aqueous léyer extracted with
ether. The combined ether extracts were washed Qith water, dried over
sodium sulfate, and evaporated. The crude bromide 94 was chromatographed
on alumina (10 gms.) and elution with benzene gave 94 as a yellow oil
(190 mgs.). IR (CHC13) 3450 (NH), 1721 (ester). UV 325, 292, 284, 272 sh,
and-213. NMR (QO MHz) 1.40 (1H, broad singlet, NH), 6.26 (2H, singlet,
CH,C00), 6.60 (4H, multiplet, Ind.-CH,CH,Br), 6.30 (3H, singlét, COOCH) . .

N-[B{3(2-carbomethoxymethylindolyl) }ethyl]-3-acetylpyridinium bromide (95)

The tryptophyl bromide derivative 94 (190 mgs.) in 3-acetylpyridine
was heated to 100°C for 3 hours. Tituration with ether produced the

pyridinium bromide 95 as a yellow solid (205 mgs.). UV 289, 267, and 220.
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N-[B{3(2~carbomethoxymethylindolyl) }ethyl]-3-acetyl—-1,4,5,6-tetrahydro-

pyridine (83)

(a) Pyridinium bromide 95 (175 mgé‘) in ethanol (50 mls.) .containing
triethylamine (0.5 mls.) was hydrogenated over 10% palladium on charcoal

(80 mgs.) for 48 hours. Thé catalyst was,filtered off, the ethanol

. evaporated, and theifesidues dissoved in chloroform. The chloroform was
extracted wtih pH3 buffer (3 x 25 mls.) and pH2 acid (2:x 25 mls.); after
drying over sodium sulfate the chloroform was evaporated and chromatographed
_oﬁ alumina (10 gms.). Elution with chloroform gave the amide 83 (34 ﬁgs.).
IR (CHC13) 3450 (NH), 1720 (esfer), and 1610 (amide), 1560 (C=C). UV 294 sh,
286 sh, and 223. NMR (100 MHz) 0.98 (1H, broad singlet, NH), 3.15 (1H, |
singlet, H-C=C), 6.35 (ZH, singlet, CEQCOO); 6.38 (3H, singlet, COOCH3),
8.20 (3H, singlet, COCH,). |

(b) To the alcohol 93 (20 mgs.) in 3-acetylpyridine (5 mls.) at 0°C,
phosphorous tribromide (37 uls.) was added. - After addition the temperature
- was raised to 85°C and maintained there for 6 hours. After cooling aqd
titurating with ether,‘the brown solids (600 mgs.) were filtered off and
dried. The solids were dissoved in ethanol (100 ﬁls.), filtered, and
hydrogenated éver 10% palladium on charcoal (100 mgs;) for 48 hours.

The catalyst was filtered off, the ethanol evaporated, and the residues
dissolved in chloroform. The chloroform solution was extracted with pH3
buffer (3 % 50 mls.), pH2 solution (2 x 50 mls.), dried over sodium sulfate,
and evaporated. Chromatography on alumina-(B gms.) and elution with
chloroform gave the amide 83 (59 mgs., 37% overall) which was identical to

that obtained'by method (a).
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