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PREFACE

Around 1950, a new era in natural products chemistry can be considered to have begun.
Aided by more and more effective techniques of separation and synthesis and incréasingly
useful spectroscopic methods, structures of natural products have been accumulating at an
overwhelming rate. This is certainly true of terpenoids, one of the most widely distributed
and important class of the so-called secondary metabolites. Terpenoids have singularly
enriched organic chemistry by its variety of structural types, by its wealth of ‘unexpected’
reactions, rearrangements and spectral features, and by offering exciting targets for synthesis.
Much imaginative experimental work has been invested in exploring their natural pathways.
Recent years have revealed an increasingly lmponant blologlcal role for several of its
members.

In view of these developments workers in this area have often felt a need for a sort of
Handbook, pinpointing salient features of the known information. in a form which is at once
accessible and readable. The present work is an effort in that direction.

A total of 5 sections covering the following categories are planned: .

Monoterpenoids

Sesquiterpenoids

Diterpenoids

Triterpenoids

Sesterterpenoids. polyprenoids, and meroterpenoids.

Steroids. carotenoids, and certain classes of meroterpenoids (for example, indole alkaloids)

have been kept outside the purview of the present work. Each section will consist of two

or more volumes. Two volumes covering Monoterpenoids were published in mid-1982.
The present work covers Diterpenoids in four volumes:

Volume I: Acyclic and Monocyclic
Volume II: Bicyclic

Volume III: Tricyclic -

Volume 1V: Tetracyclic and Pentacyclic

Every effort has been made to cover naturally occurring compounds which have appeared

in accessible literature till the end of 1979. However, it will be unrealistic not to expect
errors and omissions in a work of this magnitude and the authors will be grateful to discerning
readers for drawing their attention to these. Besides, the catalog section which forms the
bulk of the work, a chapter entitled General Introduction, which surveys the development
of diterpenoid themistty, has been included. A selected list of references to books and
reviews dealing with various aspects of diterpene chemlstry has also been included and
should prove useful.
. The authors would like to express their thanks to Dr. Hemant A. Patel for drawmg most
of the structures, to Shri. Arun P. Dindorkar for inking these, to Shri. R. Kuttappan for
typing the entire manuscript, and to Shri. J. R. Patel for checking the same. Finally, I would
like to thank Shashi Prabha, my wife, for all the understanding and moral support which
made the undertaking of this work possnble

Sukh Dev
Nandesari, Vadodara
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GENERAL REMARKS ON THE USE OF THE BOOK

Sco)

A‘;efar as pchibIe, all naturally occurring diterpenoids reported in literature until the end
of December 1979 have been culled. These include ‘nor’ and ‘homo" derivatives as well.
Each compound has been assigned one page and the available information has been suitably
summarized; optical antipode/racemate of the compound, if known to occur in nature, are
also entered on the same page. In case, an alcohol and its simple derivatives such as esters,
ethers, etc. occur in nature, the main entry is only for one of these compounds; however,.
a brief description of such derivatives is included on the same page or on additional following

page(s).

Format

The relevant information has been summarized on a suitable format. which is self-ex-
planatory. However, some parts of the format require elaboration, so that the information
given can be understood in proper perspective.

The upper-most left-hand section of the format carries the following information:

. Trivial name or semisystematic name
K {eny less common trivial name in parenthesis)

ABIETIC ACID ‘ €1 Hy 0,
/ 2038-W71 {302.44)
Classification Molecular formula
Code No. . ] : {Molecular weight)
(see below)
L H
toon
: . Retferences to
{—)-Abietic acid Ref. 1,2 G~ gtructure/absolute
: . sﬁrop‘ehomktfy
k (i) Indicates that the structure shown represents the sbsolute .
: stereostructure of this particulsr antipode. This entry is
omitted if the sesmisystematic name of the compdund im:
plies absolute stereachemistry. .
{ii) It no trivial or semisystematic name is in use, systematic
name along with the sign of rotation lif spplitable) is en-
N 'm. - ) - - B . A !
Isolation/Occurrence

Usually the richest source for the compound is given alongwith its approximate percentage ,
(if available) in the source. If both optical antipodes/racemic form occur in nature, then.this
information is summarized for each one of these. If any simple derivative of the compound
occurs in nature, it is entered here.
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Spectral data is summarized as under:

Five to ten important absorptions
as given by authors

UVvinm)
IR{Cm™)
PMR { )

Mass

N

Chemical chifts for Me, cyclopropans CH/CH,, functional groups such s
CHOH, CHOR, CHO, C==CH are given; number pf protons contributing to
the signal are only given when it is more than the number indicated by the
underlined proton. J values are not given, only the multiplicity of the sig-
na! is indicated if it is other than a singlet (d = doublet, t = triplet, q =
quartet, m = multiplet, b = broad).

Usually eight peaks (if known} arranged in order of decreasing intensity are re-
ported, but intensity:is shown only for the base peak. If this information is not
available or the authors have reported intensity only for the bau poak then the
peaks have hedn arranged i in order of doehasmg-m/o :

R
”
'

Faloet

Remailn ’

This sectidn gives any additional known information such as a characlenstlc denVatWe
physical constants etc. of the naturally occurring derivatives reported under ‘Isolation/Oc-
currence’, reference to X- -ray, “C-NMR spectra, synthe51s biosynthesis. biological activity
or any other special remark.

Rejw ences

~ Invariably the most pertinent references have been selected. In case. a suitable critical
review on the topic is available, then a reference to the review rather than the original paper
is given. In case of synthesis, if more than one report is available, then reference to the first
synthesis and the last symhesls has been made. .

Arrangemenl of Materlal

- Compounds have been classified as: acyclic, monocarbocvciu' bicarbocyclic, tricarbo-
cyclic. teqracarbocyclic, and pentacarbocyclic. Within each of these broad categories, the
compounds have been further classified on the basis of their carbon skeletons, which have
been arranged in terms of ring sizes, from smaller to larger. Within each skeletal type, the
compounds have been arranged as: saturated hydrocarbons, olefins, alcohols, aldehydes,

ketones, acids esters), halogen derivatives, cyclic ethersilactones, nitragen and sulfur
derivatives. If more than one type of group is present in-the molecule,. then the cgmpound
is classified on the basis of the functional group of higher priorlty, forour purposc. functional
group priority is considered to increase in going from saulrated hydrocarbons to sulfur
derivatives (see above). In each of these subgroups, further arrangement has been made on
the following empirical basis: in order of increasing number of functional groups (for ex-
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ample, double bonds/hydroxyls etc.). in order of {increasing) label number of the carbon
atom carrying the functional group. in order of increasing size of the heterocyclic ring.
Wherever applicable. further classification has been done on the following basis: compound
with no prefix before isomer carrying prefix, rrans before cis, E before Z, ervithro before
threo, R before S, less substituted olefin before more substituted. nonconjugated before
conjugated.

Classification Code No.

Each compound has a Classification Code No. which carries the following information:
main terpene class. number of carbon rings. whether follows Biogenetic Isoprene Rule (B)
or not {N), skeletal type and its serial number: skeletal types are designated by capital letters
from A to Z. after which, if necessary. the designations continue as AX. BX etc. This is
ilustrated below: '

Follows Biogenetic Isoprene Rule

I

Subscript shows [2'0 [2 ] B I l N l 2 ]

anqth_er nor \
: t .
variation l1galzlal |N r’ l

[z s] Tvals]

e TN

Skeletal type;

Diterpene carbon :
Serial

numbaer (main No. of carbon ta) indicates
terpene class) . rings chemical wi’a‘:t"o‘ nismber..
l — I —- - 2] / ‘

|

Poésibly an exception to
Biogenaetic Isoprene Rule

: ’ ~CHO
CH,0H @XCHO @“‘\r .

2OEB-N‘2 2028-N{a)3 19a2B-N1
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GENERAL INTRODUCTION

Diterpenoids are, by definition, C,, compounds based on four isoprene (C;H,) units.
However, several naturally occurring compounds containing either fewer than 20 or more
than 20_carbon atoms are, at present, known, and which have either a genetic or historical
relationSﬁfp with diterpenoids and hence, are best treated along with the related C,, com-
pounds. The term diterpenoid, has come into considerable usage after 1955 and is now
considered to be synonymous with diterpene and, is the preferred generic name for this class
of natural products. :

Early development ,

Diterpenoids to be first investigated were the resin acids, occurring in rosin (colophony),
the steam-nonvolatile residue from the traditional manufacture of turpentine from the oleo-
resinous exudate of trees belonging to the family Pinacea, These acids occur as rather
complex mixtures of compounds of similar structure and hence their separation proved quite
formidable. Thus, though a somewhat impure specimen of abietic acid, the most important
constituent of rosin, had been obtained in 1824, it was not until 1910 that pure abietic acid
was isolated.' By the close of the 19th century two more resin acids had been obtained pure: .
dextropimaric acid (1886)* and levopimaric acid (1887).? , _

Though structural investigations on these acids started with the availability, of even impure
specimens of abietic acid and the pimaric acids, nio real headway could be ‘made until the
introduction of the method of dehydrogenation.* As a matter of fact, the first apphication of
the dehydrogenation method was made in the diterpénoid field, when in .1903. Vesterberg®
subjected abietic acid to sulfur dehydrogenation and obtained retene, which several years
later (1910)° was characterized as 1-methyl-7-isopropylphenanthrene (Structure 1). However,
it was not until after 1921, when Ruzicka started systematic application®® of this method in
his structural investigations on sesqui- and higher terpenes, that the full impact and potential
of this powerful tool was revealed. The versatility of the method was further enhanced by
the introduction of selenium’ and platinum group metals® as reagents for dehydrogenation.
The application of this method to the study of diterpenoids proved most basic for further
development of diterpene chemistry. Thus, these investigations revealed that the tricyelic
diterpenoids possess a perhydrophenanthrene skeleton and further belong to two distinct
classes: those (abietic acid,® levopimaric acid®) giving retene (Structure 1), and those (déx-
tropimaric acid'®) generating pimanthrene (Structure 2) on dehydrogenation. Bicyclic diter-
penes, such as sclareol"" and agathenedicarboxylic acid, ' under similar conditions, furnished
agathalene (Structure 3), often accompanied by pimanthrene or 1,7,8-trimethylphenanthrene
(Structure 4). These results coupled with the isoprene rule,'>'* according to which, terpene
structures are formally divisible into ‘‘isoprene units™, paved the way for arriving at the
parent skeleton of these diterpenoids. Thus, formation of retene on :dehydrogenation of
abietic acid revealed the position of feifgfitéén’ out of 20 carbon atoms of abietic acid-and,
the carbon skeleton could be exterided to Structure § on the basis of isopfene rule, experi-

-mental confirmation of which could be had by 1933.'* This vindication of isoprene rule led
to its general acceptance as a good working hypothesis for exploring terpene structures. The
position of two ethylenic linkages of abietic acid, as well as the site of the carboxyl function,
which had been known to be tertiary in character, could be established by 1942, to reveal

s

Structure 6 as the gross structure of abietic acid.'s
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. Structure | Structure 2 Structure 3
\ 'ooc; ‘ .
Structure 4 " Structure 5 _ Structure 6

The evolution of this methedology was a remarkable achievement of Ruzicka’s School
and the period 1921 to 1950 saw the clarification of the gross structures of many of the then
known cyclic diterpene acids and alcohols which had been obtained pure:'” manool (Structure
7; 1936), levopimaric acid (Structure 8; 1940), sciareol (Structure 9; 1942), agathenedicar-
boxylic acid (Structure 10; 1943), dextropimaric acid (Structure 11; 1948), neoabietic acid
(Structure 12; 1948). During the same period, structure of diterpene phytol (Structure 13),

 the alcoholic moiety of chlorophyll, and first discovered by Willstatter in 1907, was estab-

lished;"” again, isoprene rule played a valuable role in this effort.'® The isoprene rule also
aided structure elucidation of vitamin A, another diterpene alcohol, which was shown (1931)
to be Structure 14 by Karrer’s group.'” '

HOOC

Structure 10 . ) Structure 11

/k/\/k/\/k/\)%(:“.cﬂﬂﬂ S

~ Structure 13
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NP NN CHa OH

Structure 14

Once the gross structures of these diterpenoids had been established, workers directed ’
their attention to. stereochemical aspects. Barton'’ was able to deduce the relative configu-
ration of abietic acid by 1949, while about the same time Ruzicka, Zwicky and Jeger™ could
ascertain the trans ring-fusion of the two rings in agathenedicarboxylic acid. On the basis
of interrelationships, stereochemical assignments were also tentatively made'” for other
related compounds. ,

However, still by the close of 1950, there were several diterpenes'”-*' which either resisted
further purification or proved too complex for structural analysis and had to await the
development and introduction of more sophisticated methods of separatlon and structure
determination.

Present status .

Around 1950 a new era in natural products chemistry can be considered to have begun.
With the induction of newer and more effective separation techniques, and powerful spec-
troscopic methods of structural analysis (especially nuclear magnetic resonance), coupled
with newer advances in organic chemistry theory and practice, our knowledge of the chem-
istry and biochemistry of naturally occurring molecules started accumulating at a rapid and
often overwhelming rate. Another important factor which contributed in an important way
to these advances was the role of biogenetic concepts. Specifically, in the area of terpenoids,
the enunciation of Biogenetic Isoprene Rule (Ruzicka, 1953),'*'* according to which terpene
structures may be rationalized or preliminary structures deduced by accepted reaction mech-
anisms from hypothesized acyclic pfecursors such as geraniol, farnesol, geranylgeraniol,
etc., proved vital.

The impact of the above developments is well-reflected in rapid advances in our knowledge
of diterpenoids since 1950 and is best brought out by the following comparison. Simonsen's
and Barton’s classical work, The Terpenes, Volume II1,' published in 1951 gives the final
gross structures of only 17 diterpenoids belonging to some 8 skeletal types. By 197022 some
650 diterpenes falling into 70 skeletal types had been recorded and now this Handbook
describes over 2000 diterpenoids embracing 176 skeletal types! Not only this, whereas the
first absolute stereostructure of a chiral diterpene (abietic acid) was established only in
1953, at present complete stereochemical details are available for a vast majority of di-
terpenoids. The various structural types known to date are discussed in some detail in a
subsequent section. However some highlights of these developments will be pointed out at
this stage. ’

Of the over 170 carbon frame-works (see Skeletal- Type Index) known for dlterpenmds
at present, seven (Structures 15 to 21) of these account for some 50% of the known diterpenes,
labdane (Structure 16) accounting for the largest number (320). Until recently. sesquiter-
penoids were considered unique among the terpenoids in displaying skeletal and functional
group versatility. Diterpenoids now have become equally diverse. Diterpenes of marine
origin® have yielded a rich harvest of new carbon frame-works, especially higher isopren-
ologues of several well-known sesquiterpene types. Special mention may be made of:**
xenicin (Structure 22: 1977) from Australian soft coral Xenia elongata. dilopho! (Structure
23, 1976) from the Sicilian brown alga Dilophus ligulatus, dictyolene (Structure 24; 1977)
from the Hawaiian brown alga Dictvota acutoloba. pachydictyol-A (Structure 25; 1973)
from the Pacific scaweed Pachvdicivon coriucenm, dilopholone (Structure 26: 1978) from
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the brown alga Dilophus prolificans,*® and xeniaphyllenol (Structure 27; 1978), a metabolite
of soft coral Xenia macrospiculata.” Ginkgolides?” (e.g. ginkgolide-A, Structure 28; 1967)
from the root bark of the Japanese tree Ginkgo biloba L. represent a novel carbon frame-
work having a reri-butyl group. Another unusual structure is that of pleuromutilin (Structure
29; 1962),”® a metabolite of the fungus Pleurorus mutilus. However, undoubtedly, diiso-
cyanoadociane (Structure 30; 1976)* from the Australian sponge of genus Adocia, and
laurenene (Structure 31; 1978)* from the essential oil of Dacrydium cupressinum, represent
some of the most bizarre diterpene structures. With a couple of exceptions, the structures
so far mentioned were either arrived at by X-ray analysis or confirmed by this method. Of
the unusual diterpene functionalities known to date, besides diisocyanide (Structure 30)
already mentioned, the norditerpene sulfoxide (Structure 32, 1971),* the orthoester (Struc-
ture 33; 1975),? and the homoditerpene tetrahydrothiophene derivative, pharbitic acid (Struc-
ture 34; 1974) isolated** from the immature seeds of Pharbitis nil, may be cited. Several
halogenated diterpenes, isolated from marine flora and fauna, are known at present.2* The
number of diterpene alkaloids, essentially tetra- and pentacarbocyclic, now runs into over
_ 150.%*** Undoubtedly, the most important ¢class of diterpenes discovered around 1940 and

the most important biologically active dlterpenmds are the glbberelhns (Structure 20),% of
which over 70 are known at present.

Cembrane . ‘Lebdane 'VCIQrod'o'ne
Structure 15 Structure 16" . Structre 17 |

Pimarane Abietans Gibberellane
Structure 18 Structure 19 Structure 20

Kaurane

Structure 21

Xenicin

Structure 22
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SNy

Dilophol
Structure 23

OH

Pachydictyol~A
Structure 25

Dictyolene
Structure 24

Dilopholone Xeniophyitenol
Structure 26 Structure 27

OCOCH,0H

Ginkgolide-A Pleuromutilin
Structure 28 ) Structure 29

piisocyanoadociane Laurenene

Structure 30 Structure 31

Podolactons - C Resiniferatoxin Pharbitic acid
Structure 32 Structure 33 Structure 34




