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Preface 

Throughout the history of organic chemistry we find that the study of 
natural products frequently has often provided the impetus for great 
advances. This is certainly true in total synthesis, where the desire to 
construct intricate and complex molecules has led to the demonstration 
of the organic chemist’s utmost ingenuity in the design of routes using 
established reactions or in the production of new methods in order to 
achieve a specific transformation. 

These volumes draw together the reported total syntheses of various 
groups of natural products and commentary on the strategy involved with 
particular emphasis on any stereochemical control. No such compilation 
exists at  present and we hope that these books will act as a definitive 
source book of the successful synthetic approaches reported to date. As 
such it will find use not only with the synthetic organic chemist but also 
perhaps with the organic chemist in general and the biochemist in his 
specific area of interest. 

One of the most promising areas for the future development of organic 
chemistry is synthesis. The lessons learned from the synthetic challenges 
presented by various natural products can serve as a basis for this ever- 
developing area. It is hoped that these books will act as an inspiration for 
future challenges and outline the development of thought and concept in 
the area of organic synthesis. 

The project started modestly with an experiment in literature searching 
by a group of graduate students about six years ago. Each student prepared 
a summary in equation form of the reported total syntheses of various 
groups of natural products. It was my intention to collate this material and 
possibly publish it. During a sabbatical leave in Strasbourg in the year 
1968-1969, I attempted to prepare a manuscript, but it soon became 
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apparent that if I was to also enjoy other benefits of a sabbatical leave, 
the task would take many years. Several colleagues suggested that the 
value of such a collection would be enhanced by commentary. The only 
way to encompass the amount of data collected and the inclusion of some 
words was to persuade experts in the various areas to contribute. 

Volume 1 presented six chapters describing the total syntheses of a wide 
variety of natural products. The subject matter of Volume 2 is somewhat 
more related, being a description of some terpenoid and steroid syntheses. 
These areas appear to have been the most studied from a synthetic view- 
point and as such have added more to our overall knowledge of the syn- 
thetic process. 

A third volume in this series will consider diterpenes and various alka- 
loids, and suggestions for other areas of coverage are welcome. 

I am grateful to all the authors for their efforts in producing stimulating 
and definitive accounts of the total syntheses described to date in their 
particular areas. 1 would like to thank those students who enthusiastically 
accepted my suggestion several years ago and produced valuable collections 
of reported syntheses. They are Dr. Bill Court, Dr. Ferial Haque, Dr. 
Norman Hunter, Dr. Russ King, Dr. Jack Rosenfeld, Dr. Bill Wilson, 
Mr. D. Heggart, Mr. G. W. Holland, Mr. D. Lake, and Mr. Don Todd. 
I also thank Professor G. Ourisson for his hospitality during the seminal 
phases of this venture. I particularly thank Dr. S. F. Hall, Dr. R. Pike, 
and Dr. V. Srinivasan, who prepared the indexes of Volumes 1 and 2. 

JOHN APSIMON 

Orrawa, Canada 
May 1973 
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INTRODUCTION 

t o t a l  s y n t h e s i s  of monoterpenes is n o t  a s u b j e c t  t ha t  h a s  
a t t r a c t e d  a g r e a t  d e a l  of  a t t e n t i o n .  To be  s u r e ,  each  t i m e  
some t e r p e n o i d  c u r i o s i t y  i s  i s o l a t e d ,  t h e r e  i s  a c e r t a i n  amount 
of e f f o r t  expended t o  s y n t h e s i z e  i t ,  g e n e r a l l y  as p a r t  o f  a 
s t r u c t u r a l  " p r o o f , "  b u t  few chemis t s  have s p e n t  much t i m e  on 
a t t empt ing  t o  s y n t h e s i z e ,  s a y ,  p i n e n e .  One of t h e  r e a s o n s  for 
t h i s  l a c k  of i n t e r e s t  i s  c e r t a i n l y  t h e  v a s t  n a t u r a l  r e s o u r c e s  
of t h e  more complex r i n g  sys tems ( e s p e c i a l l y  t h e  p i n a n e ,  bor -  
nane, and ca rane  s y s t e m s ) ,  so t h a t  i n d u s t r y  h a s  had l i t t l e  
need of t o t a l  s y n t h e s i s  of t h e s e  s t r u c t u r e s  and h a s  c o n f i n e d  
i t s e l f  t o  p a r t i a l  s y n t h e s e s  w i t h i n  t h e  sys tems.  These p a r t i a l  
s y n t h e s e s ,  moreover,  are themselves  p a r t i c u l a r l y  i n t e r e s t i n g  
i n  view of t h e  l a b i l i t y  of many of t h e  sys t ems ,  and have ,  i n -  
deed ,  o f t e n  p rov ided  t h e  examples f o r  r e a c t i o n  mechanism and 
s t e reochemica l  s t u d i e s .  S u p p l i e s  o f  raw m a t e r i a l s ,  however, 
a r e  n o t  always as e a s i l y  a c c e s s i b l e  as t h e y  once were and 
t o t a l  s y n t h e s i s  from cheape r  materials canno t  a f f o r d  t o  be 
comple te ly  ignored .  

f i r s t  o f  t h e s e  h a s  j u s t  been mentioned--the p r e p a r a t i o n  of 
"unusual"  monoterpenes t h a t  are n o t  r e a d i l y  available from 
n a t u r a l  s o u r c e s ,  w i t h  a view t o  checking  t h e  c o r r e c t n e s s  of 
t h e i r  s t r u c t u r e s ,  examining t h e i r  p r o p e r t i e s ,  and so on. The 
second t y p e  of s y n t h e s i s  i s  t h e  s o - c a l l e d  b i o g e n e t i c  t y p e .  
These p u r p o r t  t o  i m i t a t e  a r o u t e  t h a t  approximates  t o  what i s  
b e l i e v e d  t o  happen i n  t h e  p l a n t .  There are n o t  too many o f  
them, b u t  a l though  t h e y  a r e  des igned  from s t r i c t l y  t h e o r e t i c a l  
v i ewpo in t s ,  t h e y  could  be ex t r eme ly  i m p o r t a n t ,  e s p e c i a l l y  
s i n c e  t h e r e  i s ,  so f a r ,  no good s y n t h e t i c  r o u t e  t o  even  q u i t e  
s imple  monoterpenes t h a t  a r e  i n  l a r g e  s u p p l y  i n  n a t u r e .  F in-  
a l l y ,  t h e r e  are t h e  " i n d u s t r i a l "  s y n t h e s e s ,  abou t  which a f u r -  
t h e r  p o i n t  must be made. The l e g i s l a t i o n  i n  some c o u n t r i e s  

On the whole,  t h e r e  are t h r e e  r e a s o n s  for s y n t h e s i s .  The 
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is  becoming inc reas ing ly  concerned with whether a compound is 
known t o  be n a t u r a l l y  occurr ing o r  no t .  
monoterpenes by indus t ry  a r e  i n  perfumes, cosmetics,  f l a v o r s ,  
and so  on, and t h e  idea  of  t he  l e g i s l a t o r s  i n  these  f i e l d s  is  
t h a t  whatever occurs n a t u r a l l y  i n  p l a n t  o r  animal products has 
been i n  ex i s t ence ,  and poss ib ly  i n  use,  f o r  a long t i m e ,  and 
so is less l i k e l y  t o  be harmful than a new u n t r i e d  substance.  
Without d i scuss ing  t h e  merits of t h i s  p o s i t i o n ,  it must be 
remembered t h a t  n a t u r a l l y  occurr ing ma te r i a l s  a r e ,  on the 
whole, asymmetric, so i f  an indus t ry  wishes t o  use s y n t h e t i c  
compounds t h a t  a r e  going t o  be placed on or i n  human beings,  
it may be under some p res su re  t o  syn thes i ze  no t  only t h e  race- 
mate, b u t  t h e  c o r r e c t  o p t i c a l  ant ipode,  s ince  w e  do n o t  know, 
a p r i o r i ,  what t he  phys io log ica l  d i f f e r e n c e s  between the  a n t i -  
podes may b e ,  This f a c t o r  m i t i g a t e s ,  t o  some e x t e n t ,  a g a i n s t  
t h e  use of  pu re ly  s y n t h e t i c  s t a r t i n g  m a t e r i a l s ,  s ince  t o t a l  
syn thes i s  of o p t i c a l l y  a c t i v e  substances implies  r e s o l u t i o n  a t  
some s t age .  Leg i s l a t ion  i s ,  un fo r tuna te ly ,  n o t  c o n s i s t e n t ,  
s i n c e  p a t e n t  law does n o t  allow ( a t  least  i n  the  United S t a t e s  
and Germany) t h e  p r o t e c t i o n  of n a t u r a l  products ,  no matter  
what e f f o r t s  were made t o  i s o l a t e  them, a s s ign  s t r u c t u r e s  t o  
them, and syn thes i ze  them. 

t i m e  t o  t i m e ,  and which might be c a l l e d  t h e  "bui lding block" 
type ,  where t h e  des i r ed  molecule i s  p u t  t oge the r  by jo in ing  
small  p a r t s  of it. Apart from i t s  use a s  an i n t e l l e c t u a l  ex- 
ercise (such syntheses  are r a r e l y  of any i n d u s t r i a l  u s e ) ,  t h i s  
approach does have an advantage where l abe led  molecules are 
r equ i r ed ,  s i n c e  it f requen t ly  allows t h e  p l ac ing  o f  a p a r t i c -  
u l a r  atom i n  t h e  molecule i n  a c l ea r - cu t  way. For  t h i s  reason,  
such syntheses  have been included i n  t h i s  chapter .  The l i t e r -  
a t u r e  is  l a r g e l y  complete up to  1970; more r e c e n t  work w i l l  
be found i n  the  " S p e c i a l i s t  Pe r iod ica l  Report on Terpenoids 
and S te ro ids"  (published annually by the  Chemical Soc ie ty ,  
London) . 

Many of t h e  uses  of  

There i s  a fou r th  type of syn thes i s  t h a t  appears from 

2. THE TELOMERIZATION OF ISOPRENE 

The ready a v a i l a b i l i t y  of isoprene makes it an a t t r a c t i v e  
s t a r t i n g  p o i n t  f o r  t h e  s y n t h e s i s  of monoterpenes, and s e v e r a l  
rou te s  involving the  add i t ion  of halogen ac ids  (see, f o r  exam- 
p l e ,  t h e  next  s ec t ion  on methylheptenone) are descr ibed else- 
where i n  t h i s  chapter ,  i n  add i t ion  t o  t h e  h i s t o r i c a l  dimeriza- 
t i o n  t o  dipentene.  I t  would n a t u r a l l y  be much more u s e f u l  t o  
have methods a v a i l a b l e  f o r  t he  d i r e c t  dimerizat ion and simul- 
taneous hydroxylation of isoprene,  and considerable  e f f o r t  has 
been p u t  i n t o  t h i s  a spec t ,  p a r t i c u l a r l y  i n  r ecen t  t i m e s  i n  
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Estonia and Japan. The mixtures obtained are of considerable 
complexity, and unfortunately much of the  work i s  i n  journals  
t h a t  a re  d i f f i c u l t  t o  ob ta in ,  including a review of the  te lo-  
merization using hydrogen chlor ide ( i . e . ,  v i a  the  hydrogen 
chlor ide adduct) . Under these condi t ions , t he  C1o f r ac t ion  
can contain a s  much as  45% of geranyl chloride.** 
acid te lomerizat ion of isoprene gives  a-terpinene and a l lo-  
ocimene as  t h e  main C10 hydrocarbons, together  with geraniol  
and t e rp ineo l .3 ' 4  In  the  presence of a c e t i c  ac id ,  the phos- 
phoric acid te lomerizat ion reac t ion  leads  t o  the  ace t a t e s  of 
geranio l ,  lavandulol,  and o ther  compounds, besides  a complex 
mixture of monoterpene hydrocarbons. There a r e  o ther  reac- 
t ions  of isoprene t h a t  lead t o  mixtures containing terpenoids ,  
f o r  example, t he  hydrocarbon w i l l  r eac t  with magnesium i n  the  
presence of L e w i s  ac ids ,  and the  complex thus obtained gives  
adducts with aldehydes but  again only a s  mixtures.6 Isoprene 
is  a l s o  dimerized by l i th ium naphthalene i n  te t rahydrofuran t o  
l i nea r  monoterpene homologs , passing oxygen through the  mix- 
tu re  giving then 30 t o  40% of C10 alcohols  and 30% of C10 
glycols .  Although the  alcohols  include 10% each of nero l  and 
geranio l ,  most of t he  remainder a re  not  na tu ra l  products.8 

Phosphoric 

3 .  6-METHYLHEPT-5-EN-2-ONE 

Although not  s t r i c t l y  speaking a monoterpene, 6-methylhetp-5- 
en-2-one (2) i s  a common cons t i tuent  of e s s e n t i a l  o i l s ,  pa r t i c -  
u l a r ly  of the  Cymbopogon (lemongrass) species .  Some important 
terpene syntheses s ta r t  from it ,  and it is  a l s o  the  chief prod- 
uct from the  re t ro-a ldol  reac t ion  and c e r t a i n  oxidat ions of 
c i t r a l  and i t s  de r iva t ives .  I n  view of i t s  key  pos i t i on ,  it 
has been given a separate  sec t ion  on i t s  synthes is .  

Any synthesis  of methylheptenone (2) must take i n t o  ac- 
count t he  f a c t  t h a t  it i s  sens i t i ve  t o  a c i d , 9 r 1 0  and can under- 
go cyc l iza t ions  t o  hydrogenated xylenes and tetrahydropyrans,  
for  example, during the  decomposition of i t s  semicarbazone by 
acid.  

i n t e re s t ing  t h a t  these a r e  a l l  based on some form of e lec t ro-  
cyc l i c  reac t ions .  
Te i s se i r e ,  involving the  t r a n s e s t e r i f i c a t i o n  of e thy l  aceto- 
ace t a t e  with 2-methylbut-3-en-2-01 (2) . l 1  

*Formulas of these substances w i l l  be found i n  the  sec t ions  
devoted t o  more c l ea r ly  defined syntheses described l a t e r .  
One example of te lomerizat ion i s  a l s o  discussed i n  g rea t e r  de- 
t a i l  i n  the  sec t ion  devoted t o  l i n a l o o l ,  ne ro l ,  and geranio l  
(P. 17 ) .  

Only the  more recent  syntheses w i l l  be given, and it i s  

One of t he  e a r l i e s t  of t h i s  type i s  t h a t  of 

The a l l y 1  e s t e r  (1) 
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obtained undergoes t h e  Carrol  r eac t ion ,12  r e s u l t i n g  i n  a €3- 
ketoacid through a r e a c t i o n  akin t o  t h e  Claisen rearrange-  
ment,13 and t h i s  ketoacid then l o s e s  carbon dioxide under t h e  
r e a c t i o n  condi t ions t o  y i e l d  the  product (2). An e a r l i e r  tech- 
nique f o r  t h i s  type of  r eac t ion  consis ted i n  mixing the  alcohol  
with diketene;13 when 2. and d ike tene  i s  added t o  h o t  p a r a f f i n  
con ta in ing  a t r a c e  of py r id ine ,  t h e  methylheptenone (2) can be 
d i s t i l l e d  from t h e  mixture.  l 4  

+ cog 

R02C 

P O H  R02C 

)-CC€H3 - 
3 - 4 6OpR - 

5 - 
A f u r t h e r  v a r i a n t  uses  condensation of  t h e  a l l y 1  alcohol  (3) 
with an acylmalonic ester (4) a t  130-200°, when alcohol  and 
carbon dioxide are l o s t ,  g iv ing  t h i s  t i m e  a 8 -ke toes t e r  (2) 
t h a t  is conve r t ib l e  t o  methylheptenone by ketone hydro lys i s .  l 5  
This type of procedure forms t h e  b a s i s  of one of t h e  b e s t  
known commercial p repa ra t ions  of methylheptenone (2) , r equ i r ed  
a s  a v i t a l  intermediate  f o r  syntheses  of l i n a l o o l  (g ) ,  t h e  
ionones (z), and vitamin A ,  and which is i l l u s t r a t e d  i n  Scheme 
1. l6 

Scheme 1 

CHECH 
Pd/BaSOb 

CH3 / L \  OH 
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Linalool 

6 - 

Ionones 

Via 6-ketoester 

Pseudoionone 

- - -  c Vitamin A 

The thermal rearran ement of ally1 ethers was described 
by Julia et al. in ~ 6 2 , ' ~  and based on this idea, Saucy and 
Marbet synthesized methylheptenone from 2-methylbut-3-en-2-01 
(2) and ethyl isopropenyl ether (8) : l a  

TsH, 14 hr re f lux  in 
high bp ligroin; or 
H3P04 1 1/2 hr at 125' " A0C2H5 (autoclave) - 

3 - 8 - 
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A somewhat more c l a s s i c a l  approach, namely, bu i ld ing  up 
t h e  molecule by a s tandard ketone syn thes i s  from a funct ion-  
a l i z e d  isoprene is mentioned here  p a r t i c u l a r l y  i n  view of t h e  
importance of t h e  p a r t i c u l a r  C5 mit  involved. The a d d i t i o n  
of halogen a c i d s  t o  isoprene (9) occurs i n i t i a l l y  by 1 , 2 -  
add i t ion  , l ead ing  t o  2-chloro-2-methylbut- 3-ene (2) (or i t s  
bromo analog when hydrogen bromide i s  employed). This compound 
can even be i s o l a t e d  i n  a r e l a t i v e l y  pure s ta te  provided t h e  
a d d i t i o n  is n o t  c a r r i e d  through t o  c0mp1et ion. l~ 
normal condi t ions of add i t ion ,  however, using an excess of 
a c i d ,  t h e  main product i s  t h e  primary ch lo r ide  (2). For 
example, one mole of isoprene and two t o  t h r e e  moles of con- 
cen t r a t ed  hydrochlor ic  a c i d  a t  0-40' f o r  1 t o  4 h r  g ives  63% 
of t h e  primary ch lo r ide  (2) and 8% of t h e  t e r t i a r y  ch lo r ide  
(10) .20 
e leva ted  temperature and t h e  presence of moisture.  Treat-  
ment of t h e  sodium d e r i v a t i v e  of e t h y l  ace toace ta t e  with the  
primary ch lo r ide  (11) t hus  l eads ,  a f t e r  conventional hydro lys i s  
and decarboxylation of t h e  6-ketoester  (z), t o  methylheptenone 
(2) .22 
r i d e  (2) i s  a l s o  reported i n  a Russian p a t e n t . 2 3  

Under t h e  

Formation of t h e  primary ch lo r ide  is a l s o  favored by 

Direct condensation of acetone with t h e  primary chlo- 

h CH2C1 CH~COCHCO~CZH 5 



8 The S y n t h e s i s  of Monoterpenes 

4 .  Z16-D1METHYL0CTANE DERIVATIVES 

A .  Hydrocarbons 

Myrcene, Ocimene, and Alloocimene 

B o t h  myrcene (12) and ocimene (&, cis and e, t r a n s )  are 
comnon c o n s t i t u e n t s  of e s s e n t i a l  o i l s .  I n  a d d i t i o n ,  myrcene 
i s  made on t h e  i n d u s t r i a l  scale by p y r o l y s i s  of B-pinene 
(14) , 2 4 '  2 5  a r e a c t i o n  t h a t  also g i v e s  r i se  to  a small amount 
of a-myrcene (g),26 n o t  y e t  r e p o r t e d  as a n a t u r a l  p roduc t .  
One of t h e  problems a s s o c i a t e d  w i t h  cis-ocimene ( e l  is  its 
ready  t r a n s f o r m a t i o n  t o  t h e  non-na tu ra l ly  o c c u r r i n g  allo- 
ocimene (16) [ t h e  on ly  r e p o r t e d  occur rence  of the l a t t e r  i n  a 
plant  o i l  h a s  been a t t r i b u t e d  t o  rear rangement  of cis-ocimene (s) d u r i n g  w ~ r k u p * ~ ] .  Consequently,  it i s  n o t  s u r p r i s i n g  
t h a t  p y r o l y s i s  of (+) -a-p inene  (2) i n  l i q u i d  form over  a 
nichrome wi re  a t  600' g i v e s ,  i n  a d d i t i o n  t o  48% of ocirnene, 
16 .5% of a l looc imene  ( 1 6 ) ,  t o g e t h e r  w i th  racemized a-pinene 
and d ipen tene  (18) . 29 *- 

1 4  

B-Pinene 

- 15 - 1 2  

Myrcene 

- 

17 

( + I  -a-Pinene 
I 

- 

*"Dipentene" w i l l  be  used i n  t h i s  c h a p t e r  t o  d e n o t e  t h e  race- 
mate,  " l i m n e n e "  be ing  r e s e r v e d  f o r  t h e  o p t i c a l l y  a c t i v e  iso- 
mers. 
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13b 

trans-Ocimene 

- 
cis-Ocimene 1 

18 - 
Dipentene 

Isomerization of a-pinene (2) t o  ocimene can a l so  occur 
photochemically , 30 3 1  and Kropp has invest igated this and 
re la ted  react ions.  32 
y ie ld  was already known t o  give a product contaminated by d i -  
pentene (18) and o ther  products. 3 3  Sensi t ized i r r ad ia t ion  of 
a-pinene i n  xylene or  xylene-methanol was now found t o  give 
only cis-ocimene (a) a f t e r  shor t  react ion times, but  with 
longer periods of i r r ad ia t ion  an equilibrium between cis- and 
trans-ocimene is  set up, although the  product i s  never seri- 
ously contaminated with dipentene ,32  as  i s  the  case with 
the  pyrol t i c  and y-ray r ad io ly t i c  conversions of a-pinene t o  
ocimene. 321 This photochemical react ion of a-pinene is  some- 
what unexpected i n  giving no B-pinene, u n l i k e  the s imi la r  re-  
act ion of dipentene (g), t h a t  gives a 13% y ie ld  of p-mentha- 
l ( 7 )  ,8-diene (19) on sens i t ized  i r r ad ia t ion .  32 

I I I  

Direct i r r ad ia t ion  of a-pinene i n  low 

hv/sens . Q -  (13%) 

A 18 
- -4 19 - 

*For a de ta i led  discussion of the various stereoisomeric a l lo-  
ocimenes , see Crowley . '7 
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To ta l  s y n t h e s i s  of both myrcene (2) and ocimene (2) gen- 
e r a l l y  involves  p y r o l y s i s  of a s u i t a b l e  a l coho l  o r  a c e t a t e .  
The most e a s i l y  a v a i l a b l e  a r e  probably t h e  d e r i v a t i v e s  of 
l i n a l o o l  (Scheme l), t r e a t e d  i n  more d e t a i l  l a t e r ,  bu t  which 
i s  e a s i l y  made by r e a c t i o n  of sodium a c e t y l i d e  on methyl- 
heptenone.35 Linalool  i t s e l f  (6) has  been known for some 
yea r s  t o  cjive myrcene (12) by t reatment  with iod ine  a t  140- 
150', 36 
l o s s  of a c e t i c  a c i d  occur s  over  Chromosorb P* a t  temperatures  
a s  l o w  a s  140", t o  g ive  t h e  following amounts of t h e  d i f f e r e n t  
hydrocarbons : 39 

b u t  t h e  a c e t a t e  (20) can be pyrolyzed a lone ,  37 while 

20 43% 20% 35% 2 %  - 

Pyro lys i s  of va r ious  o t h e r  a c e t a t e s  t o  g ive  ocimenes and myr- 
cene has  a l s o  been desc r ibed .  2 6  38 Dehydration of g e r a n i o l  
(g) o r  n e r o l  (2) ( r e l a t e d  t o  l i n a l o o l  a l l y l i c a l l y )  i n  t h e  
presence of potassium hydroxide a t  200' f o r  10 minutest  a l s o  
g ives  60% of myrcene and o t h e r  p roduc t s ,  i nc lud ing  a l l o -  
ocimene. 1 

I I 

Geraniol  Nerol 

22 - 2 1  - 
v 

- 12 + 16 + o t h e r  products  

* I n  view of t he  i n s t a b i l i t y  of l i n a l y l  a c e t a t e  on c e r t a i n  sup- 
p o r t s ,  it i s  always chromatographed i n  t h e  a u t h o r ' s  l abo ra to ry  
on Chromosorb-W, on which it i s  stable up t o  200'. 
'This technique,  developed by Ohloff4' has  r e c e n t l y  been re- 
examined by Bhat i  both f o r  a lcohol  dehydrat ion and isomeriza- 
t i o n  (see below, under menthone). 
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A recent synthesis of myrcene on the "building block" 
principle (i.e., putting one unit together with another in 
logical sequence until the desired molecule is reached) has 
been described by Vig et al.42 
carbethoxy-5-formyl butanoate (23) and follows Scheme 2. 

It starts with ethyl 2- 

Scheme 2 

C02C2H5 
1 

___c 

OHC C02C2H5 

23 - 

CH20/Et2 NH 

1. LiAlH4 
2. ox. 

Ph 3P=CH2 

I 

Hymentherene and Achillene 

c:dC02 H 

2,6-Dimethylocta-2,4,7-triene (26) was originally reported as 
a natural product, and given the name hymentherene;43 later, 
however, it turned out that the substance isolated was a mix- 
ture of two known m~noterpenes.~~ The name has been retained 
in this chapter for convenience, and also because it is still 
possible that the substance will be found in nature. The 
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related cis-2,6-dimethylocta-1,4,7-triene (e) has been iso- 
lated from A c h i l l a  filipendulina by Dembitskii et a1.45r46 

and the first time the substance was certainly isolated is by 
S~hulte-Elte,~~ who started from the known47 (68)-(+)-2,6- 
dimethylocta-l,3 I 7-triene (2) , the (6.5) -configuration of the 
positively rotating isomer of this substance having been 
established previously by correlation with ( - ) - t r a n s -  
pinane. 5 0  r 5 1  
in benzene and a catalytic amount of p-toluenesulfonic acid 
gave the thermodynamically more stable B-isomers (26a, s). 
The full synthesis from 2,6-dimethylocta-2,7-diene56(24) is 
shown in Scheme 3, which also gives the synthesis of natural 

Early syntheses of "B-hymentherene" were unsuccessfu147~48 

Heating this triene ("trans-a-hymentherene," (25) 

Scheme 3 

A 

c i s - a  

ipCH3 $cH3 

Photoxidation - 0 - /  C r O g  - 

24 - 

A 
1 TSH LiAlH4 1 

PCH3 / 

A 2 5  
t r a n s - a  

-3TGF 
benzoate 

Hymen therenes 

4 3% 

hv/sens t rans-B g 26a cis-@ 
( U D  - 6.2') (UD + 125.2') 

Peracid 1 Peracid i 
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A- OI 

trans (aD - 3") 

Achillene 

27a - 

B (OH) 3 I Ho CH3 

achillene (27a) that Schulte-Elte achieved from cis-8-hymen- 
therene ( 2 6 s 9  Although the reaction of p-toluenesulfonic 
acid on trans-a-hymentherene (2) leads to only 3% of the 
natural cis-configuration about the C-4 double bond, irradia- 
tion of the trans-compound (3) in the presence of a sensi- 
tizer leads to a mixture containing 43% of the cis compound 
(26a) .49 
axllene (c) in the synthesis] has also been reported re- 
cently as a natural product,52 but the rotation does not agree 
with Schulte-Elte' s synthetic material. 4 9  

Achillenol [the alcohol obtained immediately before 

Cosmene 

The only natural monoterpene tetraene is cosmene, 2,6-dimethyl- 
octa-1,3,5,7-tetraene (z), isolated from Cosmos bi innatus, 
Cav., and other compositae by Sarensen and SBren~en.'~ The 
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hydrocarbon was synthesized by Nayler and Whiting by the route 
shown from 3-methylpent-1-en-4-yn-3-01 (2) . 5 4  It is believed 
that the natural isomer is all-trans, (29a) and while the di- 
substituted ethylene is fairly well estmished as trans, the 
evidence for the trisubstituted ethylene is not so certain, in 
fact Nayler and Whiting state that their crude synthetic prod- 
uct contained two isomers (* and =) about this double bond, 
recrystallization improving the purity. 5 4  

Cosmene 

B. Alcohols 

Ci tronellol  

+ 

1 LiA1H4 

x 
29b - 

3,7-Dimethyloct-6-en-l-o1 is one of the most widely distributed 
monoterpene alcohols both as the alcohol and the corresponding 
acetate. It occurs naturally in both ( + ) -  and (-)-forms, al- 
most always as the 8-form (i.e., isopropylidene, e.g., s), 
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although isolated reports of the a-form (2) occurring in 
nature do exist. In this connection, it is worth mentioning 
the confusion in the literature about the terms "rhodinol" and 
"rhodinal." The older literature refers to a mixture, but 
later it has been held that citronellol and "rhodinol" are 
identical. 55 56 EschinaziS7 and Naves and FreyS8 consider 
"rhodinol" to be (+)-a-citronellol (2) , and "rhodinal" to be 
the corresponding a-aldehyde. On the other hand, Chemical 
Abstracts refers to "rhodinol" as 3,7-dimeth loct-6-en-1-01 
but "rhodinal" as 3f7-dimethyloct-7-en-l-01.~g 
author's opinion that the name should no longer be used at all, 
and all references be made to citronellol, a-citronellol 
and citronellal. 

It is the 

(+) -Citronello1 (+) -a-Citronello3 

Syntheses of citronellol are commercially important be- 
cause supplies of the natural material are insufficient, and 
since geraniol is available from myrcene (see below), there 
are many syntheses described in the literature from geraniol 
or geranic acid by reduction (see Ref. 44 for a list), and 
these largely conventional syntheses will not be mentioned 
here. Somewhat more interesting is the synthesis from 2,6- 
dimethylocta-ZI7-diene (32) using tri-isobutylaluminum then 
oxidizing51 (the presence of zinc isopropoxide being bene- 
ficia16') 
tion. 

this reaction being the equivalent of a hydrobora- 

Another synthesis is important as an illustration of the 
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use of N-li thioethylenediamine t o  d i s p l a c e  double bonds. This 
reagent  i s  mentioned below i n  s i m i l a r  connect ions,  and, i n  the 
s y n t h e s i s  of c i t r o n e l l o l ,  i t  was found t h a t  dihydrogeraniol  
(2) , made from 6-methylheptan-2-one (2) v i a  a Reformatsky 
r eac t ion61  i s  converted i n  70% y i e l d  t o  c i t r o n e l l o l . 6 2  

to 33 

- 

BrCH2COOEt  

Zn 
____c 

L i A l H 4  / 

C 0 2 E t  

tCHzoH ~ / H ~ N C H ~ C H ~ N H Z  I; CH20H 

34 - 

All t h e  syntheses  of c i t r o n e l l o l  from g e r a n i o l  r e s u l t ,  of 
course,  i n  t h e  racemate,  while  t he  most important  n a t u r a l  d i a -  
stereomer i s  t h e  (-)-form, and s y n t h e t i c  approaches t o  t h e  
c h i r a l  form a r e  r a r e .  

Linalool, Nerol, and Geraniol* 

Together with c i t r o n e l l o l ,  t hese  a l coho l s  and t h e i r  a c e t a t e s  
c o n s t i t u t e  the most widely d i s t r i b u t e d  monoterpene a l coho l s  i n  
na tu re .  Geraniol is  no t  only of some value i n  i t s e l f ,  bu t  
a l s o  a s  an in t e rmed ia t e  t o  c i t r o n e l l o l  which i s  more u s e f u l  t o  

*A  d e t a i l e d  d i scuss ion  of t h e  a l l y 1  rearrangements occur r ing  
between l i n a l o o l  and t h e  o t h e r  t w o  a l c o h o l s ,  recognized t o  
occur i n  t h e  l a s t  cen tu ry63  w i l l  no t  be given s i n c e  i t  belongs 
p rope r ly  t o  t h e  domaine of phys i ca l  o rgan ic  chemistry.  


