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NATURAL ACETYLENES OF SPECIAL BIOSYNTHETIC 
INTEREST 

R. A. M Ross 

c/o Marks & Clerk, 57-58 Lmcoln’s Inn Fields, London WC 2 

(Recezved 14 January 1971) 

Abstract-Acetylemc metabohtes which probably do not evolve from oleate through stearolate or 
crepenynate are reviewed 

INTRODUCTION 

OVER 600 natural acetylenes have been isolated wlthm the last 20 yr l Many were obtained 
from fun@ and plants, and m most structures a triple bond was conjugated with further 
unsaturatlon, as m matncarla ester (1) Then arrangement of unsaturatlon and functional 

Me CH=CH-[CmC], CH=CH CO,Me (1) 

Me [CHJ, CH&H [CHJ7 *CO,Me (2) 

groups led to theorles2 that polyacetylenes evolved when oleate (2) was progressively 
dehydrogenated vzu stearolate (3) or crepenynate (4). 

Me [CH2]7 *CS C [CHJ7 C02Me (3) 

Me+[CH2]4C=C-CH2CHkH-[CH2]7 CO,Me. (4) 

This review concerns those acetylenes which are not easdy accommodated by such 
theories An exception may comprise a compound with a branched carbon chain, or 
one wbch has a tnple bond su$!icrentZy removed from any unsaturated system whch was 
denved from a polyyne fragment for the trlyne (5) has been shown3 to be a precursor 

Me [C=C],CH2XHkH [CH,],.OAc (5) 

of the monoacetylene caplllarm (6). These blosynthetlcally unusual acetylenes are grouped 
conveniently mto the followmg classes (1) Carotenolds, (11) Other terpenolds; (111) Mlscel- 
laneous acetylenes 

i Recent reviews include Sir E R H JONES, Chem Br 2, 6 (1966), F BOHLMANN, Fortschr Chem Org. 
Natwstofi, 25, 1 (1967) 

2 J D BU’LQCK, Comparatzve Phytochemzstry (edited by T SWAIN), p 79 and references therem, Acadermc 
Press, London 

3 F BOHLMANN, R JENTE, W LUCAS, J LASER and H SCHULTZ, Chem Ber 100,3183 (1967) 
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Carotenords 
Alloxanthm (7, R’ =R* =a, Table 1) was the first acetylemc carotenord to be fully charac- 

terrzed 4 Smce 1967 algae and mar-me orgamsms have yrelded seven further carotenords’ 
m whrch the acetylene bond always appears m the 73 posrtron (Table 1) The all-tram 
polyene counterpart for each acetylene has also been rsolated from natural sources. Thus 
prompts the hypotheses that, say, alloxanthm (7,R1=R2=a) and dratoxanthin (8, 
R1 =R*=a) could be derived by stepwrse dehydrogenatron of zeaxanthm (9, R’ =R*=a). 

Modern spectroscoprc techniques mdrcated that several well-known xanthophylls’ like 
neoxanthm (10, R=c, X==H), tn fact contained an allene group m the 6,8 posrtron Allemc 

TABLE 1 ACETYLENIC CAROTENOIDS 

(7) 
nl” 

(8) 

X=H or AC 

Acetyiemc Structure 
carotenold R’ Rz 

Reference Polyene analogue 
(based on 9) 

Alloxanthm 7 a a 4,638 Zeaxanthrn 
Dlatoxanthm 8 a a 4,9 Zeaxanthm 
Crocoxanthm 8 d a 4 Zemoxanthm 
Monoadoxanthm 8 b a 4 Lutem 
Pectenolone 8 e a 6 Adomxanthm 
Dladmoxanthm 8 c a 8, 9 Antheraxanthm 
Astermlc actd 7 e e 7 Astaxanthm 

8 e e 

4 A K MALLAMS, E S WAIGHT, B C L WEEDON, D T CHAPMAN, F T HAXO, T W GOODWIN and 
D M THOMAS, Chem Commun 301 (1967) and later work 

’ B C L WEEDON, Lecture read to the Royal Austrahan Chemwal Institute, Sydney (August 1968), 
Rev Pure Appl Chem 202, 51 (1970) 
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carotenoids are widely drstnbuted m the hrgher plants and algae, and then drscovery 
aroused interest m possrble btological mterconverslon with acetylemc carotenoids All 
these carotenords have the drhydroxy or hydroxyacetoxy end group as m (lo), and srgmfi- 
cantly no drallemc or acetylen-allemc carotenord has yet been recorded. Accordmgly 
the allemc end-group has been transformed zn vrtro mto an acetylemc end-grouplo and vice 
versa l l 

Other Terpenoids 
Several norsesqmterpenords with an ethynyl substrtuent at C(7) were Isolated (Table 2) 

by Nozoe12*14 from the Bemhr tree Chumuecypurzs formosenszs Matsum (Cupressaceae); 
the vinyl analogue (11) was also present Hortmann I5 has speculated on the rmg brosyn- 
thesis of these noreudesmanes 

TABLE 2 ETHYNYL TERPENES FOUND IN BENIHI TREE’*-” 

R = a-Me 

CnCH 

R = @-Me 

R = U-OH 

Me 
R = CH20H 

C=CH R = CHO 

R 

Me / w R=H 

R = AC 
CXH 

CH20R 

lsochamaecynone 

Chamaecynone 

Hydroxytsochamaecynone 

Dehydrochamaecynenol 

Dehydrochamoecynenol 

Chamaecynenol 

Chamoscynenol acetote 

Massy-Westropp’6 characterized “freelmgyne” (12) amongst “related” sesqmterpenes in 
the wood or1 of the Angtosperm Eremophlha freehngll (Myoporaceae) The skeleton was 
partially established on biosynthetic grounds, and clearly was thought to be an oxrdatron 
product of a drolefin like torreyal (13), rather than a cychzatron product of a dracetylemc 
intermediate (14). Torreyal has been isolated I7 from the wood or1 of the Gymnosperm, 
Torreyu nuclferu Steb et Zucc (Taxaceae). 

6 S A CAMPBELL, A K MALLAMS, E S WAIGHT, B C L WEEDON, M BARBIER, E LEDERER and 
A SALAQUE, Chem Commun 941 (1967) 

’ N A SORENSEN, S L JENSEN, B BORDALEN, A HAUG, C ANZELL and G FRANCIS, Acta Chem Stand 
22, 344 (1968) 

* K AITZETM~LLER, W A SVEC, T J KATZ and H H STRAIN, Chem Commun 32 (1968) 
’ K EGGER, H NITSCKE and H KLEINIG, Phytochem 8, 1583 (1969) 

lo H NI~CHE, Tetrahedron Letters 3343 (1970), H NITXHE, K EGGER and A D DABBAGH, Tetrahedron 
Letters 2999 (1969), see also K EGGER, A D DABBAGH and H N~SCHE, Tetrahedron Letters 2995 (1969) 

I1 S W RUSSELL and B C. L WEEDON, Chem Commun 85 (1969) 
I* T NOZOE, Y S CHENG and T TODA, Tetrahedron Letters 3663 (1966) 
I3 T ASAO, S IBE, K TAKASE, Y S CHENG and T NOZOE, Tetrahedron Letters 3639 (1968) 
I4 K TAKASE, S IBE, T ASAO, T NOZOE, H SHIMANOUCHI and Y SASADA, Chem & Znd 1638 (1968) 
Is A G HORTMANN, Tetrahedron Letters 5785 (1968) 
I6 R A MASSY-WESTROPP, G D REYNOLDS and T M SPOTSWOOD, Tetrahedron Letters 1939 (1966) 
“I T SAKAI, K NISHJMURA and Y. HIROSE, Bull Chem Sot Japan 38, 381 (1965) 
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Me / a 0 CH=CHz 

Me 

(11) 

(12) 

(14) 

Mwcellaneous Acetylenes 

Only two types have branched carbon skeletons. Srccayne (15) has been extractedI 
from one of the fungr rmperfectr, Hehnthosporium stccans g-207. The mm* ad 

OH 

(15) 

(16-18) have been discovered”9 m the seed 011 E&orra longan (Sapindaceae) and homo- 
rs*leucme was suggested as the precursor of the acetylene (16). 

HC = C CH(CH2R) CH2 CH,(NH,) C02H (16) R=H 
(17) R=OH 

HCrCCH(OH) CH2 CH(NH2)COzH (18) 

Ethynyl metabohtes Isolated from red algae (Rhodomelaceae) Include laureatm (19), 
isolaureatm (20) (hmencra nzpponxa Yamada)20~ 21 and laurencm (21) (Laurenaa glanduli- 
fera Kutzmg) 22 These acetylenes all contam bromine and oxygen atoms attached to 

Is K ISHIBASHI, K NOSE, T SHINDO, M ARAI and H MISHINA, Ann Report Sunkyo Res Lab 2% 76 (1968) 
I9 M L SUNG, L FOWDEN, D S MILLINGTON and R c SHEPPARD, Phytochem 8, 1227 (1969) 
‘O T I-, M IZAWA and E KUROSAWA, Tetrahedron Letters 2091 (1968) 
” T IRIE M IZAWA and E KUROSAWA, Tetrahedron Letters 2735 (1968), T IRIE, M k~w.4 and E KUW- 

SAWA, >etrahedron 26, 851 (1970) 
” T IRIE, M %JZUKI and T MASAMUNE, Tetrahedron 24,4193 (1968) 
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(21) 

adJacent carbon atoms. Different positrons of a C r5 cham are linked by an oxygen bridge 
m the trans enyne (21) than m the czs enynes (19) and (20) to engender the eight membered 
rmg. Bu’Lock2 has suggested that hexadeca-4,7,10,13_tetraenoate, which has been detected23 
m Chlorophyta (Scenedesmus), IS epoxidrzed, then cychzes and undergoes transannular 
reactions. 

From the essential or1 of the tree Lztsea oderzferu Valeton (Lauraceae), Matthews24 
obtained the methoxyacetylene homologues (22; n = 7,9). 

MeCH(OMe)*[CH,];C=CH (22) 

Recently Lrfshrtz25 isolated eight related vmyl and ethynyl C1, compounds (Table 3) 
from the seed of the avocado pear (variety Nabal or Effinger ; Persea gratissima Gaertn. ; 
Lauraceae) 

TABLE 3. METABOLITES ISOLATED FROM AVOCADO PEAR 

R* [CHz]ll CO CHz CH(OH) CH,OAc 
R*[CH&I CH(OH) CHI CH(OH) CH,OAc 

R [CH&1*CH(OH)*CH,*CH(OH) CHIOH 

R = CH,=CH- or HC&-- 

Vanous mrcroorgamsms have been reported to produce monoacetylenes (Table 4); 
however, recent work26 has indicated that culture condrtrons are drfficult to reproduce 

23 E KLENK and W KNWPRATH, Z Phyml Chem 317,243 (1959) 
24 W S MATIIIEWS, 0. B PICKERING and A T UMOH, Chem & Znd 122 (1963) 
25 Y KASHMAN, I NEEMAN and A LIFSHITZ, Tetrahedron 25,4617 (1969) 
26 J K JENKINS, &r E R H JONES, V THALLER and J L TURNER, unpublished work. 

PHYm 1111-P 
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TABLE 4 MONOACETYLENE~ AND RELATED COMPOUNDS FOUND IN MICROORGANLW 

Mlcroorgamsm Metabobte Reference 
___~___ 

Ekcherrchra Co11 HC=C COzH 27 

(Bacteria) 

Streptomyces grueus HZN CO C=C CO NH2 28 

(Actmomycetates) HIN*CO*C(OEt)=CH*CO*NH2 29 

Rhodotorula glutmus HC=C [CH& COzH 30 
var lusltamca H&=CH [CH,Js COzH 

(Yeast) 

The broad bean, Vzcza faba L (Paplhonaceae), produces31* 32 wyerone (23), wyerol(24) 
and the dlhydro denvatzves dlhydrowyerone (25) and dlhydrowyerol (26) The free acid 
from wyerone has recently been detected33 m tissues of broad bean infected by the parasites 

(23) X=0 

Et CHSCH CECCX v---CH=CH cO,Me (24) X =H(OH) 

(25) X=0 

BU” crc cx ~I$~-~H==cH CO,Me (26) X =H(OH) 

Botrytzs cznerea and B fabae Carbon-14 labelled acetate has been incorporated mto these 
metabolltes,3z but the roles of oleate and other fatty acid esters m their blogeneslsJ2s 34 
have not yet been precisely established The presence of a terminal czs-butenyl rather than 
czs-propenyl prompted Jones 31 to suggest that hnolenate (27) was an intermediate instead of 
stearolate (3) or crepenynate (4) 

The Santalaceae and Olacaceae 1*35 have long been known to contam unbranched CIa 
acetylemc acids which presumably originate vza stearolate or crepenynate, then unsaturatlon 
starts m the 9,lO posztzon and extends progressively mto the distal half, as m (28) 36 

Et*CH&H CH2 CHZCH CH2 CHLCH [CH217 CO,Me (27) 
Me [CH215 CH=CH C=C CHX [CH& C02H (28) X=H 

(29) X=OH 
H,C==CH [CH,], CH=CH+C=C [CH,], CO,H (30) 

27 W F LANGE, Proc Sot Exptl Blol Med 29, 1134 (1931-32) 
2* S SUZUKI, G NAKAMARA, K OKUMA, Y TOMIYAMA, J Antzbzotrcs (Japan) llA, 81 (1958), H TANIYAMA, 

S TAKEMURA, K KAGEYAMA and M FUNAKI, J Pharm Sac Japan 79, 1510 (1959) 
29 Y SEKIZAWA, J Wochem (Japan) 45, 73 (1958) 
3o L N PRISTA, Amns Fat Farm Port0 14, 19 (1954) 
31 C H FAWCETT, D M SPENCER, R L WAIN, A G FALLIS, Sir E R H JONES, M LE QUAN, C B PAOE, 

V THALLER, D C SHUBROOK and P M WHITHAM, J Chem Sot C, 2455 (1968) 
32 R A M Ross, D Phd Thesis, Oxford (1970) 
33 R M LETCHER, D A WIDDOWSON, B J DEVERALL and J W MANSFIELD, Phytochem 9,249 (1970) 
34 A G FALLIS, Sir E R H JONES, M G PELLAT~ and V THALLER, unpubbshed work 
35 F D GLJNSTONE, Progr Org Chem 4, 1 (1958), I A WOLFF, Scrence 154, 1140 (1966) 
36 S P LIGTHELM and H M SCHWARTZ, J Am Chem Sot 72, 1868 (1950) and later work 
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Terminal unsaturatzon 1s prevalent, e g. (30), as well as allyhc hydroxylatzon at C-8, as m 
(29). Lately C!,, counterparts have3’ been characterized; these can be thought to be denved 
from heptadec-&enoate m place of oleate Some oddztles are known* sterculymc acrd 
(31) (Sterculza data Roxb),38 zsanohc aczd3g (32) (Ohnmzaceae); and tarzrlc acid (33) 
an analogue of petroselemc acid, which has only been found40 m Genus Pmwnnza 
(Szmaroubeaceae) 

HC=C.[CH& C=C [CH& COzH 

XI 
Pr”CH=CHC=CC-C&CH(OH) [CH& C02H 

Me [CH,],, C= C [CH,], COzH 

(31) 

(32) 

(33) 

Future Work 
Many of these acetylenes have been characterized by the aid of modern separatzon, 

analytzcal and spectroscopic techniques However, they appear more widespread than the 
typical polyacetylene and within 20 years the polyacetylene group may well become the 
smaller group of acetylene metabohtes. Some of the natural products described are also 
smtable models wzth which to study the m vzvo formation of the triple bond. 
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