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(1)

Abstract of Thesis

More than fifty polyacetylenio compounds produced by micro* 

organisms have been isolated and characterised since the discovery 

of the allenio polyaoetylene, aycoiaycin, in 1952. A review of 

the sixteen natural allenio polyacetylenes which have been isolated 

and their structures elucidated, is included. this review is 

followed by a summary of the methods published by Brewster in 1959 

for the correlation of observed optical rotations with the 

configurations of coat pound a having simple asyraatetric centres.

Four allenio polyacetylenes (I- IV) have been isolated from 

the culture medium of the fungus Qdontia bicolor. In addition,

(I) HOSO. CeC. OH**O*aH. CHg. CH^ OH^OH

( II ) HCS C. C5 SO, CH*-Oa*C?!. Wp CH.,.

(in) HC se* o so. cH«<;w«ai. CH(OH). CB2. m^

( IV) m so. G SG. GH««0«»C3L CH(OH ).

substantial evidence has been presented for assigaing the structure

(V) to a non-allenle polyAeetylen* vfaieh is also produced by th« fungus*

HCs-a GsC. C!i«»<B. OM««OH» CH^. CH^

the allenio metabolites isoweriaed readily in dilute nlkall to 

fora triynea since the allene group in each case is conjugated to a 

diacetylene unit. The triynes foraed from the diols had a terminal 

ethynyl group, whereas those foraed from the alcohols had no terminal



(11)

ethynyl group. The isomerised C.g alcohol (I) was shown to be 

identical to synthetical specimen with the structure (VI). The 

mechanisms of these isomerisations are discussed, 

( VI) CHj, OSC.CHG.CSG. CH2, CH2. CHgOH

An isopropylidene derivative of the C10 1,3-diol (III) was 

prepared and fully characterised, fhe absolute configuration of 

the 0, secondary alcohol centre in this diol was deduced to be (S) 

from a consideration of observed optical rotations and the use of 

Brewster's methods. Certain characteristics of the infrared spectra 

of the dials and the 1,3-isopropylidene derivatives have been noted,

Two polyacetylenes havs been isolated froa the culture medium 

of the fungus Clitooybfc rhigophora and shown to have the structures 

(VTI-V1II), They are unique aaoung the polyacetylenes so far

(VII) HOOHg. CH(OH). C sC. 0 sO. Cll(OH). CH^ CH. 

(Till) HOOHg. CH(OH), C »C. CSQ. 00. OHg. CH-

isolated from micro-organisas in being the first diacetylene and

the first ketone to be isolated, the structural determination

for the diyne-triol (VII) was confirmed by investigating the nuclear

magnetic resonance spectrum of itj isopropylidene derivative and

of the products of hydrogenation and of sodium borohydride reduction

of this derivative,

the absolute configurations of the secondary alcohol centres 

at Cg in both the natural compounds and at C" in the triol were



(iii)

deduced to be (3) from obperved optical rotations and the use of 

the methods of Brewater. Certain character! sties in the infrared 

epectra of the 1,?-isopropylidene derivative were noted and 

oonpexed with the data froa the 1,3-isopropylidene derivatives of 

the allenic C1Q 1,3-diol (III) from goontia blcolon

the ayntheaiB of a polyacetylenio diacic (n) froa Meruliua 

laohrymana haa been described in an appendix.

( IX) HQOC. G =0. 0 SO. G SO. »i . CHg. COOH
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Introduction,

The tern "polyaoetylena* is used to describe a molecule containing 

 ore than one aoetylenic oarbon-oarbon linkage* The question of the 

properties of a molecule which Has a suooaaaion of these linkages, and 

therefore chains consisting only of oarbon atoms, led Baeyer in 1885 

to conduct several syntheses of conjugated acetylenes. * ' From his 

observations of their extrwaely unstable and often explosive nature, 

ha made a brief enunciation of the strain theory, one of the fundamental 

concepts of organic chemistry.

The first polyaoetylene to be isolated from natural sources was 

laohnophyllum aster (I), characterised as such by will Jams, ^mirnov and

c=c. cso. CB&CH* coone
(I)

Goljmov in 1935* as a constituent of the essential oil from 

Laohnophyllua go»»ypinuau a plant in the Oompoaitaa family* Many more 

pel/acetylenes^ have sine* been isolated from the Oompoaitae family 

and also a few from the Tjmbelliferaa family and from certain seed oils. 

More recently, certain micro-organisms have been found to produce 

pclyaoetylenic metabolites, and it is in this sphere that the work 

described in this thesis has bean carried out*

The aoetylenio linkages in natural polyaeetylenes are not only 

conjugated with each otherf but frequently with other unsa turn ted 

link&gea as wall* As a result of conjugation, the compounds exhibit 

light absorption properties in the ultraviolet region whioh art



characteristic of the number and identity of the individual members 

of the conjugated group or ohroraophore. The intensity of absorption 

often varies markedly with change in wavelength to give a series of 

sharp naxiiaa whose separation is ca. 2,000 oraT . The extinction 

coefficients of tbea* a*xioft fre<2u*ntly fall within th* range 5*000-100,000, 

making It possible to detect rainute quantities of these compounds at low 

concentrations (o*u 0,2 o$./i«}

The structures of »ere than fifty different polyacejtylcnic compounds 

produced by micro-organisms have been elucidetrd during the laist
(L Originally i«olRt«d as antibiotics, v * ' a systematic screening programme

for the detection of polyacetylenio metabolites through their characteristic 

light absorption in fungal oulUu'e i'luidb was uadertuken by Joitea "  and

his collaborators* -ith one exception, all the fungi found to produce 

polyaoetylene* have belonged to the class Basldiot&yoetes* The structures 

elucidated for theae highly unstable nauur&l product a &hait» some ooranon 

ch&iitcUrltftlOB whioh fi-ro shown in Tr.Me 1« The compounds as a whole 

are seen to oout&lu oxygen functions v»hich would enable the organism to 

rid itself of thege by-produots by rendering th«tt fat- insoluble, but 

soluble in water* they j&fcy thtm be easily di&charged into the aqueous 

culture laoaima.

Until 19^0, it was observed that natur&l polyacetylenes having an 

odd numbered o&rbon chain invariably poaaeissed a terminal ethyn^l group; 

conversely^ no polyaoetylene of even-numbca-ed carbon o^iain had been 

isolated which contained a tekiuinfil ethynyl group* In I960, Jones 

and Le+sdng' " reported the isolation of a C... pclyaeetylene froa
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of Struotures of Polyaoetylenes 

micro-organisms

Stimight ohains

Unsaturation

Hydrogen uptake

terminal C-funotiona

Torminal 0-functions

Other <>functions 
(at 2,3,4 and 7)

but

-OOOH(215 -CHO(3) 

-000lie(6) 

 CM*

k«tone (1) 

lactona (2) 

(1)

Figures in parentheses iadioate the number 

of examples so far isolated*



Prosophila substrata which did not have a terminal ethynyl group. 

Other exceptions to this generalisation were recently described by 

B*w/8' and more are described in this thesis. All the known exceptions 

to this "odd-even rule 1* are listed in Table 2+

The biogesis and aetabolio changes of these compounds are now
(Ojreceiving attention. flu'LookV7 ' has shown by incorporating radioactivity

into nesBotinic acid from oarboxyl-labelled acetate that 6 molecules 

are involved and that the labelling pattern is identical with that of 

the fatty acids. The C^ neaotinio acid contained 6 labelled at ocas, 

suggesting that odd-numbered carbon chains are produced from even chains 

leas of one carbon atom. It has been shown* ' that Coprinuc

qaadrifidus contains an ensyae systesi which can decarboxylate an 

-acetylenic acid (see Fig.1.)

sa c=

cell-free

extract
ttfW* «*»:='v*v !••> —-f» f* ——r* .->*«» /HtJ /<V\'q«fffJUUU* o =-v« t^ss1 -^. u=' •• vn^. 1*51 w. vA/sJO

extract

?he biogenesis of polyaoetylenes which do not conform to the 

"odd-even rule" mentioned above is discussed lator in this thesis. 

The structural relationship between some metabolites is shown
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in Table 3» representing the hypothesis that the less saturate* 

C,~ compounds are formed through the progressive redaction of a 

tetra-aoetylenio aoid and that the On ooap wids arise from terminal
7

oxidation and decarboxylation* Further reduction beyond the stages 

indicated would produce compounds which would normally escape notice 

through their lack of characteristic li^ht absorption* The only diyne 

so far isolated from fungel cultures vas produced in exceptional 

quantities and not detauted by tne usual ultraviolet absorption screening 

procedure (see this thesis, p.84>}« It is noteworthy that the three 

oentral coaipoumls in Table 5 v«r* found in the culture medium of 

Coprinus quadrifidus, and that their stereochemistry is that which would 

be expected on the tanis of in vitro conversions. Moreover, the origin 

of the allene bond in the G- alcohol is paralleled by the in vitro 

reduction of vinylacetylsnes to allenes.^ '
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A Review of Natural Allenes*

Allenes form a distinct group within the general classification 

of natural polyacetylenes. This group has attracted considerable 

attention, mainly through the high optical activity and elegant

isoraerisation reactions of its members*
(12) 

Seamier, in 1839» isolated carlina oxide from Qarlina aculiaV

and assigned to it the structure (II) on the basis of its refractivity.

(II)

The proposed allenic structure was, however, shown to be incorrect, 

and the structure (ill) was established in 1935 by Pfau, Pictet, 

Plattner and Susz.* '

(in)
It was not until 1952 that a natural allenic compound was isolated 

and fully characterised, when Oelmer and Solomons obtained the antibiotic

mycomycin (Ilf) from the culture fluid of the Actinomycete Noroardia

(U aoidophilus. v ' This compound is remarkable in that it exhibits

HC=C, C=C. GH»»OaarCH. $A GH. CH«GH. GH. GOOH

(IV)



every known type of carbon-carbon unsaturation, the allene group 

aooounting for its high optical activity (M^-1300). Myooagroln fonsed 

colourless, highly unstable needles, and was isoaerised in the presence 

of potassium hydroxide solution to another crystalline acid, 

Isomyoonqrcln (V), This •*** accompanied by a complete ohange in the

OH.. C =0. G= C. C s C. OH OH. CHa-Gli. CH2» COOH

ultraviolet absorption apeotnua frcm that or ene^iyne * triune to that 

of the dienetriyn* ohrompphore*

In 1950, Kavanagh, Henrey and Kobbins'5*' and Anohel, Folatnik

and Kavanagh v ' discovered antibiotics in the culture fluid of the 

unidentified Basidionqroete "fungus jd.&t1*« The isolation and

characterisation of the four allenic pel/acetylenes by Bu'Look, Jones,

(140»l£} 
Leeoing and Tho»psonv 'is typical of the general method eaploycd

for the majority of natural allenes f and can be summarised with 

advantage at this point*

7he four components isolated were nemotin (Vij, netnotinio acid (Vil), 

odyssin (VIII) and odyssic aoid (DC).

0   '

/"*U f**iVV1L* / M*"**-** Vjt i*«2* ̂ ^" \ vll)

oh
0=C» 0^0. CHwCawC!!. OH* OH. Cff! CO (VIII )

(IX)

OH
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Nemotinic and odyssio aoids were separated by counter-current 

distribution and nemo tin and odyssi . separated similarly using ft 

different solvent system. $one of the compounds (VI)- (IX) could be 

obtained crystalline and were extremely unstable in concentrated
\

solutions &t room temperature Quantitative d&ta had to be obtained 

through determination of the concentration in standard solutions of the 

polyaeetylenes by the mean of three weighings of the residues from the 

evaporation of aliquot samples of the solutions in tared flasks* The 

ultraviolet absorption extinction coefficients given were the highest 

obtained after exhaustive purification, and analyses were p rforaed 

on the resinous evaporation residues* The concentrations of solutions 

in general were deduced from the difference in optical density between 

the longest wavelength ultraviolet absorption maxiaasa a&d minimum*

The ultraviolet absorption data indicated tmediyne chrcmophort*sf 

«nd iaf tared data indicated th$ presence or absence of * terminal 

ethynyl group, ^-lactone, free hydroxyl and oarboxyl groups, and the 

consistent presence of on alleno group* The chain lengths were 

confirmed by hydroganation sad ooaparisoa of th«* products with authentic

Treatment of nemo tin with sodiua hydroxide solution yielded 

neaotin A (X) f and under siodlar conditions, nemotinio Acid yielded

(X) 
isonemotinio acid

OH 
(XI)



With aoidf lnfflMHaotinio acid yielded the corresponding laotona 

which, in alkali, isonarlsed to nemotin A, The initial isoowrisations 

(VI)-(X) and (VII)-(XI) war* accompanied by spectacular changes in tha 

ultraviolet absorption spectra, and a large drop in magnitude of the 

optioal rotation (fromM^ga. -300° to oa, -3 ).

In 1959, Bands described the isolation and characterisation of tha 

allenio polyaoetylene aaraain (XII ) fro* Maragmiug r&mealis. ' 7 ' I»

. - OH

sodium hydroxide solution, this compound iaomeriaed to iaoaaraain (HIl),

  OH,,

uc c.c v\ *
o

(XIII)

In 1960, Jones arid ;*er£ing reported the characterisation of a 

terminal allenio polyacetylene, drosophilin D, from Srosophila sub&trata/^

This fiuifua had been investsgat*sd in 19$0 by Anchel, Folatnik and
(5b) Kavanagh. v:> ' Tha compound was isolated, purified and completely

character!acd as (XIV}

H^CM>MC*i, C =0.0=0. 0«A3H. QHp OOOH

(XIV)

IhPOsopftilin D formed oolourleas, low melting needlea, and had an 

ultraviolet absorption typioal of the anedlyne ohrotttopnore. Tha 

infrared absorption speotrun inaloatad tha presence of an unoonjugatad 

acid (confirmed by the format ion of a methyl eeter with oarbonyl



absorption at 1745 «C1 ), ther« iraa no «thyi^ hydrogen band, but 

band* at 1960,1930 and 638 osC1 indicated tht presence of a terminal 

all«mi<j group. ^ } ojL3-£thyl«mio hydrogen absorption was also present, 

^ydrogen&tion followed by r«duotion with lithium aluminium hydrid» gave 

n~undooanol, Isoiaerisatirsi of dropsophilin D in aqu*ou» godiun 

hydroicide gav« (XY)»

o s.i. c s c. c ss c, CH Aan. GH. OOOH

In 19^1, dew isolated tne fcloohol (XVI) and also mrRsin (XII) 

froa gcrtinelluji berkcleyainufr ^ 3 ^ The alcohol (XVI) i»omcria«d to th«

, OH

(xrr)

triyne (XVII} in a^u«ous aodiuin hydroxldo,

(xm)
The G10&nd 3^ haaologuas of (XVI) 6M the dial (XVIII), reported 

lay B«w as n»tabolit«« of "flii^is ft, 283 rt *^«* 4ie<3us»ed lat«r in this

thceis,

MD s c. C sa 0M«-<J-*aH, CH. Ol^ CH^ OHg. OB

OH 

(WH)

f1")) 
Kec«nUy isolated, by Mr. J.M, Ghapewn, -' frow growths of

£acdal«ft Juajperj^ on * sulphur-fr«« medium ie th* allanic aloohol (XIX) 

which oonforaui to the "odd-«v«n rule" (»«« Introduotion) , having an 

even numbered carbon chain and no terminal nthynyl group* As might
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be exp*ctea t this Isotner1* ae* in an analogous fashion to

H,. o sac so. as«w

II ,, to fon» * tatrahydrofuran derivative (XX ) 

7 . a=a c =a O
o

The two uiCiin features of liittrefat in i»h<» mitu rally

&re their high optical activity and ready iaoiitiri&atioii in 

dilute o&ae.

The ci^ntioworphisia 01 allenes of the ^.ent ral formula (XXI) was
/ jy)> 

predicted hy iran f Hoff v ''in 187$ with the proposal that f aa a result

• 0

\
(XXI)

**4 ' 3> "3 -i- t> 
f 4C Jt* TF J\*

? 4-

of his tetrahedrwl theory, aol*ettl»r riisByraa^try and not the 

of an agyanietrio oarbon atom WAS the or1.terion for optioal activity* 

thin was proposed witJicvt the known existence of any sllsnlc s,\ 

and wa« not verified until 19?6 when Kaitland &hd Jblllg^ " 

(»iault»neou* with nljoilar work by Kohl^r and tiahlar^ ') reaolved 

1,3-dinaphthylallene (XXII>.



°1*7

(xxn)
The absolute configuration of (-)~2,2-dimethylhexa-5,V-dienal

(23) (XXIII) was determined unambiguously by Jones, Loder and Whiting

X
N 
\
\ 
\

0

QUO

(xmi)
(21*.)in I960* In the same year, Hiel v ' deduced the absolute 

configuration of the dextrorotatory fora of 3-«aethyl-5-i-butyl-1- 

ohloroallene (XXIV) in a theoretical argument based on the preparation

CH. «

01 

(XXIV)

by Landor and Taylor-Smith^ 5 ' and the calculations of Brewster. 

We now know the optical rotations of a number of naturally 

occurring allen«s, and these are listed in Table 4* In each of these 

examples there are two common factors, the presence of a diyne-allene



TABLE

Optioal of Natural All«nt».

OH

0

OH

360

300

380

320

237

°

335°

* 385° (b)

- 380° (1)
- 290°

- 300 (1)
- 210

130

P

(1) In CH 

All oth«ra ia

(a) froffl AlcuroaiBQus roeeus (b) from Marftaaius rane&lia



group, and a large value (oa, -300°) for the optical rotation, It 

seems reasonable to suppose, therefore, that the optical rotation in 

this series is predominantly due to the diyne-allene group, regardless 

of the presence of any other centre of asymmetry, the contribution 

to the rotation made by such a centre being small compared to the 

effect of the diyne-allene group,

The rearrangement of 1~alkynes to 2-alkynea in the presence of 

alooholio potassium hydroxide has been known for some time. 

It occurs readily at 170° and is faster at higher alkali
/ nQ \ t •< 'j

concentrations, v * Jacobs, Akawie and Cooperv>f; showed that an

allene was present amoung the products of the reaction, and that an
(27) equilibrium mixture was produced* Favorskiiv ' suggested that the

rearrangement involved the addition and elimination of alcohol, but 

this theory was shown to be unlikely by Jacobs, AJcawie and Cooper, ^ 

who agitated a mixture of 1-pentyna and powdered potassium hydroxide 

for 20 hours at 175°, *nd obtained the equilibrium mixture. 

Conclusive evidence against this hypothesis was provided by subjecting 

2~ethoxy»1-pentene to equilibration oonditions with alooholio 

potassium hydroxide when no pentynes or pentadiene were found, ̂  ̂ 

The latter workers suggested that the mechanism involved the removal 

of a proton by the base as postulated for the interoonversion of 

1,3-diarylpropenes,^ ' From this postulate, the equilibrium 

could be represented aa in Fig,2.



17

N

"v I—>

H 1

GH
— 0^0.0

N R

Jr

The presenoe of una*tur*t®d substituents greatly facilitates the 

removal of a proton, «» exemplified by the ready isomerisation of

but-3-ynoio

..

Fig. 3 
In the oaae of natural allenes, which often have two such aubstituents,

the iaomerisation takes place readily in dilute alkali at rooa 

teaiperaturc. the isomerisation reactions of myc^rayoin, nemo tin and 

neaotinie aoid are three variants of the allene-acetylene rearrangement^

is described r^b^e. In the

iacoerisation of neaotinio aoid (Fig. 4), the hydrogen atoa b is
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"allylic* only to an cnediyne system, whereas the other, a, is 

•allylic11 both to the diyne group and to a double bond. Consequently,

H bI ~
HO =0. 0 =C. C««C-«C. CH(OH). 08 «• CH9,

"J- rv H-OH

£ la removed, and the iaomeriaation proceeds as shown*

In the isotaerlaation of nemotin (?ig.5), the first step involves 

the aatte hydrogen atom as in the i some ri sat Ion of ne&otinie acid, 

tout the course of the reaction is determined by the elimination of the 

oxyoarbonyl group, so that nemotin A is produced, 3uoh an effect

o. CSQ. co-teu—f^a. CHO. ca,,* co

would be auch less likely in the case of netaotinio acid because the 

carboxylate ion is a better leaving group than the hydroxyl ion*

In the iso^eriaation of myoomycin (fig, 6), the hydrogen atom a

<*"1tt ""H? f"1 T~S
*-<> Ft» ''JMrt* '\f,- v

o ̂ x CH«»GH* OH*«CH. GH

is "allylic" to diyne and triene groups, and atom b is rtallylio" to



enedlyne and di<me groups. Itewvel of £ gives the aiore *t*bl« anion 

mod ao in ayoouiyoin this is the initial point of attack, th* 

rearrangement proceeding ae shown.

The isotuexlsatiofi of aiaresin is another variant , where Bend«

ttoat the anioa (XXY) might be forced (Fig. 7). fhia,Bend» 

suggested, Bight take up a proton in either of two wa/a* Water oould

31 H
I i

. OH.g* OH
<=>3 Vs a os a. c«^3=*CK, cm^. OUOH j

^c. 0=0. OsGS. «f. OH^ (JK^OH 

(TUT)

donate a proton to fora the triyne (XX7I) whioh oould than ring close

~G. CsQ. 0=0. CH2. 

(XXVI)

to the tetrahydrofuran derivative, ijoaaraain (XIII). Alternatively, 

a proton might ooae f r :» the neighbouring hydroxyi group, leaving the 

-CT group free to attack the aoetylenic bond (Pig. 8), which is known

HO Q.C
0

(XIII) 

to be react ivs towards nuoleophilio reagents. ̂ ™* Bww' ' oonsidered
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OH,

third mechanism of direct attack by an alkoxide union, us shown In 

Fig.9» Bends found no evidence of any tri/ne formation during the

lie = a. os a CB«»C«»GH

rearranges*nt § but Bew found aome 2|P In the nomal isomerlsatloit 

product. Ke attempted to decide between the possible aechanisma by 

carrying out the isonwrla&tions In aqueous and in D^O Boluticrva, but 

the Isoaaraain infrared absorptions were the n&m& in each caae. 

However, he found that tht trlyne (XXVI) required vigorous conditions 

to fons the enol-ether. He ooncluded that the fonaation of trlyne 

and of enol ether are competing reactions* 'ihe trlyne is unlikely 

to be an intermediate la the formation of the enol ether,

further investigations into the possible riechanlstts of 

isoi&erl&&tion of poly&cetylenio allenic alcohols are described in 

this thesis*
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the Correlation of Optioal notation with Absolute Configuration 
Attempts to correlate observed optical rotation with absolute

^4 'oonfiguration by empirical methods were made in 1936 by Marker 
and in 1956 by Whiff eni41 ^ These methods, however, were somewhat 
restricted and it wast not until 1959 that Srewster outlined an 
empirical approach^4^ which was clearly successful in a much wider 
application* Brewster has so far applied his techniques to (a)
cpen chain compounds (b) saturated cyclic compounds ̂ ' and
(o) endocyclic olefinsJ ^ The method has been used in the
present work tentatively tc assign configurations to three asymmetric
secondary alcohol groups in the polyaoetylenes isolated from
Odontia bicolcr and Clitooybe rhisophora. In this exercise, a
detailed examination of the cyclic ketal derivatives was found
to present considerable difficulty, and since the arguments
presented for the configurations! assignments do not require calculation
of these absolute values, we were concerned only with firewater's method
as it applies to cpen chain compounds* This section therefore takes
the form of a summary of Fart 1 of firewater's series cf publications*

Brewster suggests that a centre cf optical activity c*n be 
described as an asymmetric screw pattern of pol a risibility distributed 
according to the placing of each subatitucnt around that centre. In 
Pig. 10, the centre x has four substituents whose order of 

polari ability is A>0>0>1). flrewster describes this centre as having 
a right-handed screw pattern cf polarisability in the projection
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ehown in Pig. 10. The overall pattern for the molecule is obtained

B

FJR, 10

by inspection along the two axes at 90 to the »Ti» of projection of 

Pig. 10, and taking an arerage. Since the latter two patterns are 

"left-handed screws", then the centre has an overall "left-handed screw 

pattern of polarisability11 in the configuration shown.

An empirical sequence of polarisabilities was obtained by 

noting the sign of [M] D of configurationally related compounds 

which can reasonably be expected to show essentially pure atomic 

asymmetry (i.e. oompounds in which the asymmetric atom is not 

part of a ring or flexible chain, and the substituents do not interact 

by hydrogen bonding). The empirical sequence observed is shown in 

Table 5., and is the same as that obtained by considering the atomic

Table 5

Substituent

Br
01
CW, (C 0)
C6H5 , (00-)
C02H
OH,
NH2
OH
R

R_j of attachment atom

8.741
5 Ql 1 

• ^*^T^^i

3.580
3. 379
3.379
2.591
2.382
1.518
1.028



refraction values of the substituent attachment atoms (Table 5)« 

Brewster thus obtained the empirical atomic asymmetry rule that an 

asymmetric carbon atom in the absolute configuration shown in Pig* 10 

is dextrorotatory when the polarisabilities of the attachment atoms 

decrease in the order A>B>OD. According to this rule, a formally 

asymmetric carbon atom carrying two or more alkyl groups will be 

oonsidered to be per se optically inactive although it may provide a 

sterically asymmetric environment conducive to the development of 

confonaational asymmetry. 

Conforms tional Asymmetry,

A twisted chain of four atoms A-C-C-A* displays its asymmetry 

most clearly when it is viewed along the C-C bond, as in the 

Newman projections in Pig, 11, The conformational asymmetry

4 .., ,
(a) (b) (c) ^A«

Fig, 11

of a complex structure is most conveniently analysed by systematic 

inspection of all the bonds for units of this type. It was 

found empirically by Brewster that the conformational units 11(b) 

and 11(c) can be considered to be dextrorotatory in the absolute 

configurations shown and to make contributions to OIL which can 

be expressed mathematically as follows :-

« + k.A.A* 

where A and A 1 are functions of the polarisabilities of the terminal



atoma and k la a constant srhioh appear* to be the tame for (b) and (c), 

Brtwater ahowed that the dextrorotatory unit A-G-C-A* oould be 

described as a "left-handed aoraw pattern of polarisability 4* in a 

like manner to the aayiaaetric atom* He no tea also that the 

magnitude of the rotatory effect of one of these conforaational 

units would be increased if one or both of the terminal bonds 

were multiple. The assumption ia made that rotatory affect* of 

conformation*! unit a are additive in full conforms tkm» &s in 

Fig. 12* Thue the rotatory power of the full oonioraation in

Pig» 12 oivn be oxpresaod aa follows;-

« ^(A - H)(A» - H)

It w&s found empirically that rotatory fvr^r^ ^n-.-^fl >.*» f»ssl»:ned 

to these full oonforaationc. they are givers In ?*ble 6. 

When used in conjunction with a simple method of conformational 

analysis, they allow preeiiotions to be made of the sign and 

magnitude of rotation of siaple open chain compounda. The 

rotatory pow*sra «rere alao roughly calculated by Irewstfrr fr^a 

atomic refractions (see Table 6} f using the empirical equation:-



Table 6

Substltuent
(A)

Br
01
OH
o c
CgHj
CtaCR
°°2H
CH.
KHg
OH
H

(see table 5)

a. 741
5.8M*.
5.5BQ
5.580
5. 579
5.579
5.579
2.591
2.582
1.518
1.028

Conforaatlonal Rotatory lowers 
k(G - H)(A - H)

'baerved

1»0
170
160
*

140
-
90
60
55
50
0

Calculated

192
159
87
87
82
32
82
60
55
25
0

Since [M] * k(C - H)(A - H)

then pi]
**l

Unfortunately, no observed value la recorded by Brewster for 

the case when A la the attachment atom of an aoetylenio linkage* 

The calculated value Is the same as for the CN attachment carbon, 

where the observed value Is 160°* The rules outlined by Brewster 

for confon&ational anelyela are as follows:

1* Only coaforaiAtions corresponding to energy minima will be 

prevalent enough to produce appreciable rotatory effects.

2. The five atom conformtions- 

is prohibited when the terminal *to«a 

are both larger than hydrogen*
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3* the conformation:- B
* 

ia prohibited when the a too*

A, B and C are all larger I laa hydrogen*

4* Tn the first approximation, all allowed confonuetiona 

are considered equally probable.

In addition it was assumed that the rotatory contributions 

of individual conformations are additive* The method was illustrated 
for the case of 3-«*thylhexane (»ee Fig* 13j» where the significant
bonds are desifftateds CU-C. » I§ C--C. » A and C.-C. « B* The three* 3 3 4 45
staggered confonaatiotie of bond A are shown in Fig* !3(a), (b) and (c) 
with C., the asymmetric centre, forward* One of these conformations

S 4
C - C 
IS

H -, C - 0 - 0

B

CHj

H
,-H

13

A

0
(a)

A

M 

J?

(b) (c)

(13») i« prohibited by rule 3 (above), the other two conformstions 

have equal and opposite rotations (from Table 6, * 60°). Inspection 
of models reveals that the ccsibinatlons A*B*, A*B* and A*I* are pro­ 

hibited by rule 2 (1° is prohibited by rule 3). there are then only 
the six aoleoular conformations shown in Table 7; these conformations 

are equal in probability (rule 4} so that the predicted rotation



Bond Conformation

A B

o

o 
o

o

M
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of a collection of these molecule* will be the average of that 

produced by these stf conforsfttionsj i.e.

DO - HV

the observed value for

is

configuraticm ghcmn

Brcvster ooncludoa hi« tr««t»ent of open chain oo«|;«ounds by 

considering the groups of compound B shown in Fig»

H - - (CH2 )BB - 9
I

X

H-6- (OH2 )nOH3

A - 0 - (CH2)nOH, H - C -
I II I

B B
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Expressions have been derived dependent only on the magnitudes 

of m and n and the nature of the substituents /,B,X,X,Z or R, 

thus avoiding the laborious conformational analysis and inspection 

of models for compounds in these particular groups.
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The Polyaoet/lenes from Odontia bicolor

The structures have been elucidated for four allenic 

polyacetylenes (XXVH)-(XXX) produced during the growth of 

the fungus Udontia bicolor. In addition, the fungus has

0. C=0t OH=C=*OH. OHg. CHg. CHgOH ( XXVII ) 

=C. 0=0. CH«C=rCH. CH. OH. CH. OHOH (XXVIII )

HC= 0. 0=0. CH»C«CH. OH. CEL. CHpOH (XXH )
OH 

^C. 0=0. CH=»C— CH. OH. OH«. CH9. CH^OH (XXX )

been found to produce snosll, irregular amounts of mycomyoln, 

and at least one other polyacetylenic metabolite. 

G-rowth of Odontia bicolor

Polyacetylene (enediyne) production by the fungus varied 

considerably with each growth, the maidLnrura from normal static 

cultures being 9.5 rag./^-i*re. This could often be improved 

by reflooding the vyoelial mat with an acetate medium to give 

yields of up to 10 mg./litre from the first and 8.5 mg./litre 

from the second reflood. A third reflood was "ound to produce 

the chromophore characteristic of myoomycin ( iv }. It was 

established that this ohroioophorc: belonged to an acidic molecule, 

and that on treatment with dilute alkali, a chromophore identical 

with that of isonycomycin wa« produced. No further work was 

done on this metabolite.

By contrast, the growth of Odontia bioolor as shake cultures 

gave a periodic production of polyacetylenes. The mycoraycin
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chroaophor't (a*1* above} was first produced, reaching a raaxizaum 

at 7 days, after which it disappeared, to be replaced by enediyne 

absorption, greatest after 17 days at ca, 13 »g« /litre. Thia

also rapidly disappeared, and m« followed by further enediyne 

production which was highest at ca, $ o^/litre after a total of 

days growth.

of

The polyacetylenes were obtained from the aqueous culture 

fluid* by continuous eth*r extraction and were s«i>aratt*d into 

acidic and Eeutrml cos. orients. Apart from trmoes of ayooiijycin, 

the acidic fraction showed no ultraviolet lignt abaorrtion and 

waa rejected* The neutral cojfljX>nentR w^re then subdivided into 

arbitrary "polar** and wnoii- polar* fractions by extraction of a 

feenxene solution of tn« neutral c<nr*ponents with water, •&*• 

water*soluble '•polar* fraction was distributed between b©n«ene 

and water oa a oounter*current distribution apparmtu* to yi^ld 

the diols (X.xn) and {XXX}* The bensene- soluble **non-polar w 

fraction was distributed between light petroleum (b.p* 40-60°) 

and water/30/^ methanol on a similar appartus to yi&ld the 

alconols (XXTIl) awl (*XVm)

Further purif IOA tion of the diol (XJCIX> was carried out by 

forming an isopropylidene compound atid chromatographing this on 

* lamina* The alcohcla (XXVll) and (OTXII) were both further 

purified by chroiBatography on short coluaws of alusdna*

All the compcnonts *•*•• extremely unstable »nd decomposed even



on storing at -10° in dilute solutions. Attempts to get the 

alcohols (XXVII), (XXVIIl) and the diol (XXIX) to crystallise only 

resulted in the separation of highly labile oils.

The Alcohol (XWII)

This component was found in concentrations of up to 1»2 mg,/litre 

in the culture fluid. The ultraviolet absorption data indicated an 

enediyne chromophore having a terminal ethynyl group. The alcohol 

group was identified from its infrared spectrum (3610 and 1055 om» ),

which 8J30 contained allene bands at > 947 find 858 caT Ethynyl 

hydrogen wss confirmed by a sharp absorption at 3295 cm. 

Hydrogenation of the alcohol (XTVTl) gave n-decanol, identified from 

a single peek on a vapour phase chromatogram, In this and subsequent 

oases, the identity of the hydrogenated product was confirmed by 

obtaining a single peak on a vapour phase chroma togram of a mixture 

of the product with the standard or synthetic specimen.

The alcohol (XXVH) isomerised readily in dilute alkali 

to a crystalline triyne-alcohol (XXXI), m. p. 69.5-71 , which showed no

Cliy OS 3. use. ess;;, dig

(XXXI)

ethynyl hydrogen in its infrared spectrum and whose structure 

was confirmed by synthesis. The synthetical route followed was 

that giveii in Tig. 1^,, chosen because of the availability of

(i)
.aa2.cH2.oH2aR ——— » (TXTI)

(XXXII )
(i) ChyCsCBr/ Cut aq. ethylamine

. 15



the alcohol (XXXJI) t an int eraediate in the synthesis of 

deca-4f6f 8-triyne-1 f 10-dioiQ acid (see Appendix). The produot 

bad infrared absorption identical with that of the natural 

isoaer, and an undepre&med mixed melting paint was obtained* 

The neohaniftM of this iaomeriaation ia discussed in a later

section (p* Y8 ;» 3orae further isoweri nation occur* to give traces
/. •» ^ 

of a diyne-enol-ether chrofflopnore* this most probably

results from alkoxide ion attactc by the terminal hydroxyl group 

to give the tetrahycirofutran derivative (XX) as ia Pig.16.

OH., o a a a =0. o s

X

——- '.»"• •*-.-*.,•»

^\ ___>

\ /Oii2 ' X 0 

2 W

This alcohol is one of the mlero-nrgpnigm poljaoetylenes whose 

structure doe« not oonform to the "odd-even rule" (s^e Introduction), 

having a G^ chain and a terminal ethynyl grorap* The possible 

biogenesis of this ooaxpound is diseussed on p. 52, of this thesis*

Alonhol

The 0.. nlo^hol (TTvHI) ws found ordy in ooncentretions 

of up to 0.4 np^/1« in the culture fluid. rhe ultraviolet 

absorption d»t« indicated an encdiyne olinxaophor* having a 

terminal ethynyl froup. The alcohol group wa& ideiitified

frost the infrar^ spectrum (!610 «nd 1050 caC ;, which also
•1 showed allene bands at 1%5 and 857 OM, Kthynyl hydrogen
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confirmed by a sharp absorption at 3295 ®£ IJjrdrogenation

of the alcohol (TTYIII) gave n-undecanol, identified from a 

single peak on a vapour phas •» ohroaiatogrcuu

The alcohol (XXVII 1) isooerised readily in dilute alkali 

to a crystalline tri-yne-aloohol (mill), m,p> 3&-40°, which 

showed no ethynyl hydro^n in its infrared spectrun, fhe ohain

»« ==* » =n ^» n* «» rtv

(XIXIII)

length «aa confirmed by hydrogenation and vapour phase ohroaatography. 

It waji not possible in the time available to identify the isoner 

(XXXin) with a synthetic sample. The route suggested for this 

synthesis is set out in Fig* 1?«

BrCH^ CHg, CH^

> H0» 0.0• 0.

HO=0* C -

c=C. C=G. 0=0.

(1) (I 1 (ii) MaCsacsOH (iii) H*

-*G=OBr/Ou* f aq. ethylaaine, 

17

The mode of formation of the isoaer (XIX III) ia discussed in a



later section (p»SO),

The ultraviolet absorption data for the alcohol (XXml) 

mere somewhat distorted in several of the laaximam intensities 

compared with those for the normal enediyne chroinophore. The 

difference varied according to the particular growtft from which 

the metabolite had been obtained, and a large distortion waa 

invariably accompanied by the appearance of an additional broad 

aariaua at 3030 2. I he optic&l rotation vai.Uu similarly. 

The sample having an ultra-violet absorption spectrum nearest to 

the normal enediyne intensities had the larr^st negative rotation 

(Mrj - 1 70°)» Two samples having spectra which deviated 

appreciably from normal enediyne absorption %ere ourid to h&ve 

positive rotations (M^ +130° and -*• 160°; .

The alcohol (3CXV1II) was also obtained in very s-iall quantities
(8) by Beir ' from "fungus 3. 2!5 W* He obeeived a large Negative value

CM r -300°) for its optical rotation and found relative
i.t

ultraviolet extinction coefficients similar to thoss of a nonaal 

eneoiyne.

^hen the alcohol (XXVZ1I) was iaoueriaaA as described above 

and the isou«r separated by crystallisation, the hexnne mother 

liquors *ere i'ourid to ht*ve an ultraviolet absor-p^ion which when 

superimposed on e normal enediyne spectroia gave an exactly similar 

spectrum to tnat obtained for the alcohol (A; /iii). 'Ihe n«w 

absorption compared very well in maxia& and their relative 

eirtinction coefficionts with that reported by tfonlwann ' for a
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dltmedtyne chromophore. The residue after evaporation of the 
•other liquors had TK» aeasurable rot tion, but the infrared 
«5>eotnuB showed ethynyl hydrogen (3310 oaT ) and weak absorptions 
&t 1628 and 981 oaT1 ?rm this evidence, it would seem that there 
are at least three components in the extract which nad been purified 
by count*r-currsnt distribution and alumina chroiaatogrephy.

(i) The alcohol (XXVIJI)

(ii> A coBiiound witn a dienediyne chrosaophore*
(ill) A strongly aefetrojot&tory speoi«*s <»tiioh

lotes its c^t'Cfll activity on trtataient with dilute *1 trull.
Ther**! is considerable evidence for a«sii?nin the structure

(XX«'I\T) to the molecule containing a dlenediyne chromophore,

t t?
MO a C. 0 s G. Cfl£*Ca OH««OH. OHg. CHg. CHjOH

(TXXJ7)

The ohroffiophore itself accounts for 8 carbon atoms; the 
appearance of a single peak on a vapour phase chromatogram for 
tne hydrogenated impure alcohol, coupled with the fact that the 
compounds are inseparable by count«r-Gurrent distribution or 

chromatography, su^grc'j r. .irlecale of similar ^hain 
polarity and absorption characteristics to the alcohol 
. The separation of the aiconola (JU/ill) and (X>'XIV) 

physio*! methods would r*/^onably be expected to t>e difficult.
Treatment of the residues fron tke i«»ther liciuors with ouprio 

acetate in aqueous pyridine gave a product rith a series of 8 
detectable bands in the ultraviolet and visible absorption spectrum.



It i» »ugge»ted that thia la the result of a«lf ooupling of th« 

alcohol (XXXIV) to form a diene-tetrayne-dien« chrofflophore (•«« Fig. 18}

HC s 0, Os 0. CHwrCR, OH«»CH. CM . ( 

Cu(QAo ,_
I1^' (csc V

18

No record of this >?hrouiophore has been found in the literature*

The dextrorotatory impuilty may w«*ll be pllenio, - ince 

its optical activity IB lost on treatment with dilute alkali. It 

«eems ui.tl'.cely that it is associated ^ith the dieaediyne molecule; 

it is probably yet another TOtabolite ?hich is insepsir'mble frott 

the alcohol (r^VIIl) by the puH.fi option procedures used.

For soiae oonsi<3*isifcie titaa, the alcohol (XXVIII) ^a» purified by

oouitti recurrent distribution alone, and showed a strong saturated
*»^ band (1733 <^u» ) in the infrared spectnuj. '-evtjral attempts

ad« to oompare the hydro^wnn tfnl wtt^rinl vith «ynth«tio

esters, until it WP.S notic^l tMt the retention time on 

rapour ph&a« chrosaAtography con*osvpond<sci exactly to that of n-undecanol. 

The natural taaterial was therefore r«di6tribut«d uain? a lifferent 

(ethT-glycol) solvent sysfceai, resulting in considerable raduotion 

of the *jst«r ^* ;ind acsa^arad to the a.'dene end ethynyl hydrogen bands, 

Initial attests to ae^iarat* tn« ^lyAtce^ylenic a»tabolite» from 

Odontla,>ioolor on alumna hud rcnulted In over 5Q\ loos of polyyn* 

and no a*s>?sration of the coatponcnts. Having aeparat«id th» alcohol 

(tXVITI) from the C10hc*aolo^e (X-"V11) but not froa the e»t«r
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iopurity by oo'inter-ourrent distribution, the mixture nas rapidly 

Qhroajf&tographe>3 on a short alumina column to give only 3ii ; nt 

losses in poly-yne f and a complete separation frcss the «seter« 

the two alcohol* (Xitfll) and (XXXIV) both conform tc the 

''odd-even rule*. Their i/oaaible biogenesis by the organism is 

di:acu»S'sd on p. 5Zof thia thesis*

he diol X^viA) n»« foord in oonoftntrRti'^ns of up to

4*5 •&/!• in the cidture HCi^U *n« ultraviolet absorption data 

indicated an en«diyrio ohroaophorc hairing a terminal ethynyl group» 

The diol grouping was* identified from the infittred spectrum 

and 3497 oaw, primtiy and a«uo«idary C-hydroxyl) ^ich al^o
-1 

allene baoda ^t 19^- «md 3^1 Ou« Ithynyl hyfirogen was

confirmed by a sha^'g absorption at 3^'^

The forastion of a typical «nn~one ohrojHDi'-hore on 

of the diol ("XIX) with iMUSfanoae dioxide established the position 

of one of the hydroxyl groups ne^v --o sh« allene group (ei* su* 

isolated double bond). failure to r-saot T-rxth g--7 'um p«riodate 

solution iodioated that the hydroxyl groups ^«r« not adjaoent* 

IThe diol (.XXIX) was tlien hydrogen* ted in «thanoVnydroohlo.rio 

aold over platinum an*1 the product found to have the aaiso retention 

tins as n-deoanol on vapoir ph«se ohroaaatography* Xhe ailene- 

adjaoent hydroxyl group had been hydrogenolysed to leave n
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establishing a C1Q skeleton for (XXIX).

The structure was confirmed by n»thylation of the product 

fro» hydrogen&tion of the diol (XXIX) in ethanol over palladluV 

charcoal, and comparison of this dimethyl ether with synthetic 

1»3-difflethoxydeoane* 1 ^-Uimethoxydeoaae was synthesised as shown 

iu Fig, 19. The C10 chain and 1,3-bifunctlonality were obtained

> n«G

( lil ^ > n-0^^*QH(OM«)*GHg*GBgOU* y|fc.

(i) BrCH0.000,fit/2n (11)& *• *

by a Refonafttsky extension of n-octenal. The diol was taethylated 

by the rurdie method to give the required dimethyl ether* The 

diaethyl ether of perhydro-(XXIX) and the synthetic sample gave 

slodlar single peaks on vepour phase chromatography, and a mixture 

of the two gave one single peak*

the hydrogenated diol froa the allene (X^'IX) was obtained 

crystalline, but the crystals melted below 15°» In contrast to 

synthetic decane-1 t 3-<*iol which melted at 29-30 • The compounds 

differ in that the diol from (TXIX) is optically active ([o£] .5°), 

whereas the synthetic product is a raceaaic odxture.

The diol (XXIX) isoaerined readily in dilute alkali to fora 

a highly unstable triyne (XXIV). At 15 , this compound became 

mn intractible black resin within 20 seconds of being isolated 

In the condensed state*



H02EC, CsC. C==rJ. CHg. OH(OH). CH^. 

(XXXV)

The triyne-diol (TT*V) was characterised by its ultraviolet 

(A 2070 X) and infrared ( 0 5564,3500,1080 and 1060
*v|lB'^R*4t JNMK*-^^

absorption spectra* Th* infrared spectrum also showed ethynyl
-1 hydrogen &t 3279 oa. The aenharjism for this isofaeria&tion is

later (p* 81 ). further tr< ,^tui of the triyn«i (XX

und«r vigorous conditions produced ft di^ne-enol-ether ohroaophowij ^

owing to a further iaoaieria&ti^u && shown in ^ig» 20

CH(OH).CH0*CH..O" 

H<)D—j

s C, Cs •?. 0=0. G?^( OH)

0 
\ /

HOCH—Of
I I 

!LC.CSC*CSO.C!T*»0 ,
^ \ /

Work on the diol (TOTX) was carried w,t initially on

purified only by countcr-current distribution, 

the presence of a 1,5-<2ihydroxy grouping seemed likely, the diol

') was refluxed for 12 hours with *wtoe£s noetone ir* the 

presence of a little jg-toluenesulphonic acid. The products 

were distributed using the same counter-current distribution solvent



system and apparatus that was used for puriflcati^m of the diol. 

Most of the ftnediyne was found in the leading top phase solutions*. 

*nd only a very am*ll amount was detected in the middle tubes usually 

oooupied by the diol (XXIX )• The compound had obviously beoouie 

laich less polar, and it mis found th?:t it could be onroaiato^raphed 

on neutral ^odlm*1 alumina* The puriflfid product was identified 

as th*

CaU aH»=0«»a'- v

V̂̂
Porap.tlon of this wnm then adopted at part of the purification 

procedure for the diol (TXK}, since the aiol w* eaaily 

rtgener»tcd by tr-?^tin^ the isopropylldene derivative with dilute

acid. 7h« derivfttlvf (yxXYT) itself URS characterised by infrared
-»1 «»1 

bands frora ethynyl hydro^n (3284 cm. ) f the allene group (1951 00. )

and the oyolic ether (11??, 1162, 1103 tfnT ), together with a

genu -ftiaethyT. grouping M 70,0 »nA 1.^70 osC )* The chain length of

derivative •?»»& checked by hydrogen^tion in ethanoVhydrochlorio 

<5 over pi* tinting the product beinor Identified as n»deeanol (from

on of the ilol in eoid solution, followed by hydrogenolysis) 

by vapour phnof chrosif.tography. the fl«r^ votive (T^WI) i»s also 

bydrogcnated over palladium in ethenol, and the product Identified as

roi-J7lW*TJ*ieO'ine"^»3-diol by coa^rlson xith a synthetio 

(from ^eo».ne-1 ,?«"<! iol, see abcve) by v»pour phe.-je chrooiatography*

derlvrtive (Trxn) readily is«(iariGod in dilute alkali 

to font a trlyne (mcvil). The infrared spoctn^m showed ethynyl



H f\ •—' t it —« o = /•» 01 \jt = . •* Vji ^=s/« l* —— W» wl
f,

r\ 0
X

hydrogen at 3279 cjaT A trsoe of th* erietrtyne ehromo^hore wa«

observed In the ultraviolet spectrum ^f the erode iscsBerlaation

product 3« 2Ms <j.-in be accounted for by considering a mechanism
(15) to that for the formation of neootin A froia v

&n<l ahown in Fig. 21. Ho enotriync wus observed in the laooterisation 

of the diol (XXIX), since the hy3roxyl group is a poorer leaving group*

H f^fLS 
^'JZI,^l-l / a\nt

0~|5> |h2
.0

c
CH OH. OH J?

- 1

Slimotin has an oxyoar1x>nyl function which is * very iiuch better 

leaving group. Th« aechrmlMa of *;ri:me (XXXVII) foxraation ia 

analogous to that <tf the diol ( VVYV) on^i IP discussed in a later 

section (p, 8Z ),

In the e,fc.rly stage* t vapour phnce ohroai&tography of the product 

from hyxirogenation of the; diol (Tn-;) en^. derivative (XX1VI) 

over platinum in acetic acid/1 0^ hydrochlcric acid gave a large 

peak unre solvable from that of n~un£eft*inol ^ncl only a very snail 

p*&k for n-dec»nol« The "undecpnol" peak wa& iacntified as n-deoyl 

acetate by ooa$arlson with a synthetic epecimen after it was found that



if n-deo*nol *. ith acetic/hydrochloric acid over platinua

catalyst, tne SAJ»« TWO peaks wre produced*

optrioal rotations of the dlol (^Xix; and it» derivatives

were aeasiirsd, an-1 are set out in Mg. 22

acetone oa
x <• •* (JOQCVll)

H, H

(XXXVIII) 

.o *u
A/

«. 22
It of interest to ae« if Breweter's ®«thod» oould be

to aeteraine the absolute <jonfisurptic»i of the C* atom 

Itt theae compounds* fno^e of interest in this r««ipect are the

and hydrogenated octap-'tinda shmm in jf m

OR OH

(TXXV)
-23' .0

^cetone

= .,
M.

(XXXVIii)

,o 4 Y

*°*13) between the 1 riyne-diol (XXOT) and the hydrogenated



diol (XXXVIII) is paralleled by the difference (20°) between the 

triyne-isopropylidene derivative (XXXVII) and the hydrogenated 

isopropylldene derivative (XXXIX), and is of the sane sign (+) when 

moving fron triyne to hydrogenated material. Proa this observation 

it is proposed that this difference is related mainly to the 

substitution of the triyne group for the alley 1 radical OH,.

For the triyne (X'-A/H;, the three otost probable conformations 

of the ittoleculc, assuadng the C,-eubatituent to be equatorial, are

the three conformations 24A, B and C of the CL-C. bond shown in* 54

Fig. 24 (G, foremost)* From these, (0) is eliminated since

(3SJ-triyne-(XXXVII)

H
H,

c
(A)

c
(B)

24

(0)

it is prohibited by one of Brewster's rules for conforoational 

analysis* Since the rotation of a molecule can be expressed as 

a aean of the rotations of all the allowed molecular conformations, 

the rotation of the triyne (XXJC7IT) c«n be expressed as followsj-

(x * a) + (x * b)

2
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where x » contribution of the ring itself, and a and b the 

contributions from the allowed bond conformations 24A and 24Bf 

Prom Brewster f s data, a » * £.160 ; b * - 160 for the above 

(S)-configuration.

Therefore MD oalo. for the triyne (XXXVIl) « (x - 14)° 

If we now consider the hydrogenated material (XXXIX), it can be 

shown that, assuming the ring makes the same size (x) of 

contribution, then the allowed conformations give a value for ML 

of (x - 5) for the (S)-configuration. The corresponding values 

for the (R)-oonfiguration are (14 - x)° and (5 - x)?

These calculations show that for an (S)-configuration at 

0, in the triyne (XXXYIl), hydrogenation should give a more 

dextrorotatory product, whereas with an (Reconfiguration at the same 

centre, the product should be more laevorotatory* The observed 

sign of change being positive (+20°), it is tentatively proposed 

that the C, configuration is

The assumptions involved in assigning the configuration are (a) 

that the rotatory contribution from the ring is the same in both 

compounds and (b) that the polarisability of the terminal carbon atom 

of a triyne group is higher than that of the carbon atom of a 

methylene group of an alkyl radical*

The calculated magnitude of the change in rotation on 

hydrogenation is increased if a higher value for the rotatory 

contribution of the acetylene attachment atom is taken. The value 

used is that given by Brewster for the terminal carbon atom of a



group. For atriyne this would certainly be higher, and would 

bring the calculated difference closer to the observed value.

An exactly similar treatment was extended to the diols (XXXV) and 

(XXXIX), assuming that the conformation .
HO*—/7
HO——/

represents an energy minimum and is entirely responsible for the 

rotatory contribution from the C.-C, unit* Using Brewster's values, 

the calculated rotation for the hydrogenated diol (5S)-(XXXIX) was 

-5°, and that of the triyne diol (3s)-(XXXV) - 14° (a fidnifflua value, 

calculated from the data for ON group; see above)* Similarly, for 

the (3K)-isoaers, the values are +5 and +14 «

These latter calculations support those for the isc.uro;5ylidene 

derivatives, but are based on the assumption that, through intrastolecelar 

hydrogen bonding, all molecules have been one C.-G-, conformation shown 

above. However, it is felt that there is reasonable overall evidence 

from the calculations and experimental results tentatively to propose 

the (S)-configuration for the C, centre in these compounds. A 

projection of the configuration is shown in Fift» 25*

(|>j-7Confij^uration at the O t CffPtr*

CH3 
(a) Isopropylidene

derivatives Jf—CH3 (b) Diols

CH2

> v;j 

Fig. 25



f he Diol (XXX)

HCsC. 0=0. CHw»C««CH. CH(OH). CHg. CHg. CH^GH

Thin minor component was first detected from th« appearance of 

a smell peak corresponding to n-undecanol in the vapour phase 

ohronatography of hydrogenolysed samples of the diol (£XIX) which had 

not bean through an isopropylidene derivative. It wa* detected again 

on counter-current distribution of a large batch of the crude diol 

(XXIX), wh«n the distribution curve showed a shoulder on the less polar 

side (see Experia^ntal Section}. The contents of the tubes giving rise 

to this shoulder were worked up and part of the extract was 

hydrogen*ted in ethanol/frydrochloric aoid over platinum and examined 

by vapour phase ohromatography. the two peaks corresponding tc 

n-decanol and n-undeoanol were in the ratio 5 * 1 (reap. )• Tha- 

remainder of the residue was refluxed with acetone in the presence of 

jj-toluenesulphonic acidf and a sample of the polar products 

hydrogens ted (StOB-ffCl/Pt). ^ne ratio was then 2 : 5 (in favour of 

n-undecftnol) f and the total poly*yne remaining was estimated at oa« 2 mg* 

This was the best ssiaple of the diol (XJQC) which could be obtained in 

the time available, and so it was investigate as described below, the 

purity of the sample being ca. 7Q&

The diol (XXX) is estimated to occur in concentrations of 

pa. 0.05 m^./litre in the culture fluid. The ultraviolet absorption 

spectrum indicated an enedi/ne ehrotaophore having a terminal ethynyl 

group. The diol grouping wns shown by the infrared spectrua 

(3570 and 3395 omTf free and bonied hydroxyl absorptions) t which uso 

had allene bends at 1%1 and 357 ciC Kthynyl hydrogen was confirmed
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with a sharp absorption at 3279 craT The chain length was already 

known froa hydrogenolysis and vapour phase chroma tography.

The diol (XXX.) isomeriBcd readily in dilute alkali to form th« 

triyne-diol (XL)* Only Just enough material was available to obtain

Cs=C. Os=C. 0=0. OH. Ctf(OH). CH

an infrared speetnw (in 1 cm. cells) of the crude iaomer f but the 

relative intensities of fr<*« end bonded hydraxyl (3600 and 3^20 o«T )» 

anA ethynyl hydrogen (3279 cmT ) gave reasonable support for the 

structure (Xincxx)* the isoraer w**.a then hydroszenatad in ethanol over 

palladium on charcoal nnd the product methylated by the IHirdie method 

and examined by vapour phase ohmoatography. Two peaks were obtained 

in the ratio 1 i 9 respectively, one unre solvable from 1,3-diaethoxydeoane 

and the other unreaolvable from 1 t4~dimethoxy»undeoaii«*

1 , V-PifflethO3ty-undeo*ne was aynthesised by the baelo route used

by Bu f Lookt Jones and Leeraing * f ' to synthesise Y-undeoanolaetone. 

The laotone mis reduced with lithium aluminium hydride, and the 

resulting 1,4^diol s&ethylated by the Birdie method to ?ive 1,4- 

diaethoxy-undeoane. The scheme is sat out in Kig* 26

, B0id —m—
(ii)

(1) H2S04 (ii) UAIH^ (iii)

26



General Cements

f CHg. CI^OH (XXVIX ) 

HC=G. 0=0. OSN-O-di OH^ OHj. SKg. Q^OH (XXVIII) 

HC=C,a==&JH«»<>*CH.-. . j.CH2,CH2 CH (TXIX) 

HO 50. Csa. OH—OaaOH. CH(OH). CHr Cilj. CHgOM (XXX) 

The difficulties experienced in the examination and 

ohar«oterifi&tlon of thea* ^ontla blcolor metabolites has neoeasit«t«d 

careful contideiatiou of ine certainty vrhich c,.ti be Attached to the 

results of exjNttiii ent» oarriod out on this scale, Jn elaost every 

oase, the validity ol tna ittault ie veiy dependent on the purity of 

the starting snfct^riel. The purification procedure for non-crystalline 

ooapounda, especially the &llen«sf should be a a coi&prchvuttive as possible 

although instability and the quantities involved limit the techniques 

which can be employed,

It is desirable that at least two methods of purification should 

be used, a counts r~ourrent distribution alone is not aTweys sufficiently 

selective to enable the polyacetylenea to be isolated as puro oom^nents* 

An example of this is the failure to separate an ester (?) impurity 

from the alcohol (XXVII) by counter-current distribution, neither was it 

possible to separate the alcohols (XXYI) and (XXVI I) froa each other by 

Alumina chroma tography. However, by employing both procedures th« 

alcohol (XXVI) was obtained in a reasonably pure fora, and the alcohol 

(XXVII) separated both from the «ster impurity and from the alcohol (XXVI), 

Similarly, the diol (XXIX) was purified ooth by counter-current
«

distribution and, via its iso^ropylidene derivative, by alumina



chrojaatogrephy,

the chain length* of the alcohol (XXVII) and dlol (TQCIX) remained 

long i» &oubt, A»d considerable tiaie was taken up by the preparation 

of saturated bifunctional aliphatic standard* for comparison by vapour 

phase chromatography, ^rcm this experience, it is emphasised that 

the evidence offered by vapour phase chrcsaatography of minute amounts 

of arterial can ba «M ce^ted only when the following conditions are 

satisfied: (i) Iras there i& only one peak (other than the 

solvent p««.k) recorded from the solution under examination.

(ii) If there are two or naore peaks, then &11 the 

additional psak* should b© identified both from wix&d runs with known 

standards, and from at least one other source, suoh a» lig.nt absorption 

data, To eliminate the possibility of ssultiplioity caused by solvent 

or rea^nt impurities, "blanks* jsiiould be tun*

(ili) The similarity of retention tiae of a compound 

under investigation with that of a known standard should be checfced by 

«3»mining a mixture of the unknown with the etanidard ir* roughly equal 

concentrations to give a single unresolved peak.

The dimethyl ethers prepared as V»P«G» standards -R-ere prepared 

frnsi the synthetic diole by the i\*rdie n^ethod which was simple to carry 

out and generally gave yields of the order of 80;^ A fourfold excess 

of silver oxide was the minimum necessary to assist in coaplett 

•ethylation of diol». Occasionally, the Infrared spectrum of the crude 

products had several strong bands in the region 1400-900 cmT, which 

n*y have been caused by the formation of a cyclic ethers of the type
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shown in Fig 27, possibly from the presence of traces of fonaaldehycie

CH, CH,

OH
\ 0

\ 
/

SFL

Pis, 27

in the methyl iodide* The bands disappeared on treating the mixture 

with dilute acid, ami wtire replaced by weak hydroxyl absorption. 

This * by- product" waa never found from ^thylation of undeoane-l ,4-diol 

which, if it ware to oyolise in this fashion, -would involve the formation 

of a 7-BKKttberod ring*

Bew reported the isolation of the alcohols (XXYl), ( S X\TII) and
(8 J (X*x; from "fungus B.285 , ' but rt.s unable to characterise th®B fully,

since they were produced in ve^.y 1cm yields by the fungus* the chain 

length of eleven carbon atoms assigned to the diol he isolated was

only on hydrogenation of the nature! diol in acetic/hydrochloric

aoid over plj&tiraoia catalyst, and the peak obtained on vapour phase 

chrofflfctography may well h&v© beon that of n-deeyl acetate (see ^ 4-* )* 

The infrarwl data obtained during work on the diol polyaoetylenes 

from >Montia bicolor are of ftOfne 5.nter^i3t $ and are set out in Table 8. 

The commits t ion of the difference between the iBaxima of free and 

intramoleealar hydroxyl absorptions *«?ith the spacing of the hydroxyl 

groups along the flexible carbon ch^in is di«e-.ip.sed by U \Kuhn, ^ 

who gives values for the three poly,iethylenec^>-glycols es below:-

for BU(CK2 ) OK:-

.»

2
3
4

A>> crC1

52
78

150



Coapound

all«n* (XXIX)
allene (XXXV)
par~H-(XXIX)
Deoarie-1 t 3-diol

triyne (XXX)
triyne (mvill)
Ondecone-1 ,4-"i iol

Free 
wydroxyl

(oiuT1 )

3584
358^
3610
3630

3570
3630
3620

bonded
Hydroxyl

, -1 X (aa. )

3497
3500
3510
35V)

3395
3420
5455

A*
(«* 1 )

87
84

100*
50

175
180
165

* « measured in 1 ram. cells; ma Tims nasfceti by some intftrmoleoudar ''1-bonds.

Differences in tb«

Table 8 

^0-90 enaT are mported by Sohl«yer^ '' for

various 2-»ub«titut«d propan«*1,3-diol»* The two waxljm from the 

di^ls (TTTV) fflnd fXTJCV) were tooth well defined in spectra of solution* 

in carbon tetrachloride la 1 o», cell», and their difference values fall 

in the expected range for 1,3-diols* Similarlyt the values for the 

1,4-dlols «*^ reftsonably ocnsistent although spread over a wider range*

The isopropylidene d«rivaMvea were ^Tso found to ehow soaie 

oo/nmon bands, set out in Table 9.

Compound

alltme (XXJCV1)

triyne (XXW.I)
;j6rhydro» { t.X./tyi )
1 , 3**O*iaopropvlidene*
decane-1 ,3-diol

'bp.ervvxi V. values, (arj ;

Genu -a iiaethYl

1360, 1370
1373, 1367
1373, 13^6
1383, 1371

— — — — — • — - — — — . — _

etui fting

1192, 1162
1196, 1159
1195, 1162
1200, 1168

1103
1106
1105
1111
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Th* absorptions 1200-1100 casT were very strong and ere most 

probably skeletal vibrations of the ketal ring* Jn addition, 

the separations of the gen, -diaethyl ranxiaa V.T.S consistently oa. 11 omT 

These characteristics for 1 ,3-Q-isopropylidene derivatives are 

coupe r^d -vdth those observed for 1,2-0-isooropylideno derivatives 

on p. Ill of this the si a.

t ic C. o rigid era t ions,

The fungus Odontic bioolor ha -A been found to produce five 

ento Metabolites in the following order of quantity:-

Occurrence $% total
Components. /,,,*u^« / j, iv re*

Allenes ^

(XXIX)

(XX VII)

(XXVI il)

(XXX)

(XXXIV)

C^ -.—alcohol 10
0-. -alcohol

C^-diol 11
C.. -alcohol

4.3 

1.2

0.4

0.05

0.02

75 

19

6.5

1.0

0.5

It is interesting to note that the metabolites which do not conform 

to the "odd-even rule* sre the major products, the C.* metabolites 

together fonaing only 8£ of the total poly-yae production.

It is already reasonably well established that polyaoetylenes
(Q\ 

sjre built up in a fashion analogous to that of the fatty acids, v ' and

that odd-numbered chains arc produced by removal of a carbon atom fro» 

an even-nusib«*red precursor.^ ' It seems »jo»t likely, therefore, that 

the C^ metabolites from Odontia bioolor ®r<» derived from a C<, 2 unit 

through loss of one carbon atom, and that some 90^ cf the product loses
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yet another carbon atom to fora the G1Q derivatives, since both of 

these have a terminal ethynyl fonotion. The question arises as to 

whether the two carbon ntcnas are removeo. rroa the same end of the chain, 

or from opposite ends. The alternative explanation that the 01Q 

OMBpouads are produced from a G*^ precursor s-.icn as dehydroaatrlcarianol

C!%. CSC, C»C. OSBQ. 0;i»Cn. OHOu — > HCsC, CsC. CH««C*«GH* CH(OH).

is so far without analogy and &®«B*a ^auoa less probable*

Xuan, in thU laboratory/^ 1' found that when onrboxyl-labelled 

cicet&te was fed into the culture mediuia ^ontift ̂ blool^or, one fifth 

of the total activity of the CL f) alcohol (XX VII) was found in the 

Q--CIQ unit v and none in the CMcarbinol; unit* If, as is likely,

there is alternate atom labelling, then the pattern should be;
* * * * *

IfCsC. Qs-ra GHM&MGH, CH0. CH^. OH.QH io i 2 2T i £

Derivation from a G^^ molecule such as dehy^roaatrlcarianol should have 

given a labelled C^atom, since the expected labelling pattern would 

then fce:*

s C. C=C. CH««G««»0^ OH^. .
10 <? <t tf i 4.

Experiments are also in progress to determine the labelling
1 ' 

pattern «fter feeding the organism with carboxyl-labelled (C **")

mftlonate. The hypothetical 0.^ »ol«cule shoild then have three 

inactive oerbon atosos at one and, ^Ince -culcmate builds on a acetate 

priiaer. The possible labelling patterns of th« C^ Q product according 

to where the carbon atoms are reaiove'd, ** 7^ nhmni in Fig. 28.
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It 1» of further interest that th« two 0^ alcohol* wgr b* 

derived froia the B-ne less saturated precursor, by different reductive

. see "^ig, 29)*

HC = C. C so. GH« KG = a 0= 0. O'-fis-tCH. OHa«CH

29
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Experimental

General Exi

Ultraviolet absorption spectra, other than those of chromatographic 

and counter-current distribution fractions, were measured in ethanol, 

unless otherwise stated. Those of chromatographio and distribution 

fractions were measured in ether or the relevant solvents* Ultraviolet 

absorption spectra were obtained on a Gary Recording Spectrophotometer 

Model 14*.

Infrared absorption spectra were measured in carbon tetraohloridef 

unless otherwise stated, on a Perkin-Elaer Model 21 apeotrophotoneter.

Optical rotations were measured in ethanol using an filiHMc'L 

Automatic Polazimeter, type 143^W

U*p» *s (oorreoted) were determined on a Kofler block*

Alumina used for ohromatography was either Peter Spenoe Grade *H* f 

deactivated by treatment with 5> of 10,- acetic acid, referred to in this 

thesis as "alumina (S)*j or Woela "neutral" alumina, activity grade IV 

(1<$ water added), referred to as "alumina («).*

Vapour phase chromatogrmphy was carried cut on a Fye Argon 0,0.A* 

with a 4 ft. oolumn of 10 apieson "L* supported on "Eabaoel* (60-100 aesh, 

acid-washed)*

The chemical drying agent employed w&s anhydrous Magnesium sulphate 

unless otherwise stated.

All evaporations were carried out under reduced pressure*

Calculations of approximate polyacetylene concentrations in 

solution were based on the value of the difference in extinction 

coefficient between the longest wavelength ultraviolet absorption 

and



growth of Qdoatia bicolor.-

The culture of "Odontia bioolor (A.* S.) Bres* was obtained from 

the Forest rroducts Research Laboratory and was numbered 1&5 in their 

type oulture collection, The fungus was grown as surface cultures on 

* Medium of 3 malt extract, 0.8 sodium acetate. The poly-yne 

content was highest at periods varying from 21 to 42 days. The 

maximum concentration of enediyne poly-yne varied, for different growths 

from 2.8 ag. /litre to 9*5 ng./litre. The yield of poly-yne was 

increased by reflooding with 4- gluoose, 0.3^ sodium acetate solution 

when the poly-yne concentration was highest after a further 17-21 days 

at oj|» 10 mg»/litre» A second reflood with 4- glucose, 1.6 . sodium 

acetate yielded 5*3-3.5 ag,/litre after 13-19 days. fceflooding a third 

time with 4$ glucose, 1.6^ acetate, produced the n^ycomyoin ohroraophore, 

mf>Tln»» at eg 0,5 mg./litre 19 days after refloodlng.

Odontia bicolor was also grown as shake cultures on a medium of 3$ 

malt, 0.8 sodium acetate. The poly-yne content first reached a 

swrtmffln after 7 days with the ffiyoomyoin ohrcmophore. It then went to 

sero, and after 17 days reached a second maximum of ea 13 mg./litre 

having BOW the enediyne ohrcmophore. The poly-yne content again fell 

to sero before rising to a third maximum (enediyne) of ga 5 mg./litre 

after a total of 34 days growth. 

Isolation of Polyaoetylenio Components. -

The procedure for a particular growth is described here, 

representing the general method for all growths.

The oulture fluid (23 1.) was continuously extracted with ether
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(2.5 !•) for 24 hr. The extract was evaporated to 200 c. o. in 

a darkened flask, and separated into acidic and neutral fractions by 

extraction with sodium hydrogen carbonate solution. fhe ultraviolet 

absorption spectrum of the acidic fraction indicated ay

0* 1 mg. }. The neutral fraction was dried, evaporated to drynesa, 

and the residue taken up in benaene (100 c.o»). The bensene solution 

was washed with water (3 x 100 c.o») and the aqueous extracts saturated 

with salt and extracted with ether (3 x 300 0.0. ) These extracts were 

combined and dried f and found to contain ca. 100 mg. neutral "polar" 

enediyne. The benzene solution was dried and evaporated and the 

residue taken up in vthar* This solution contained oa* 36 mg. neutral 

"less polar" enediyne* 

Routine } \irif ioation of the Neutral *Polar* Fraction. -

An ethereal solution of the neutral "polar11 fraction (100 fflg. ) was 

evaporated into benzene (SO o.c. }. this solution was placed in the first 

two tubes of a 50 tube Craig-type counter-current distribution 

apparatus (volumes of upper and lower phases 40 c.o») and diatributed 

between bensene and water. After 50 transfers, the distribution of 

polyaoetylenic Material was as follows :~

Tubes 10-30 enediyne (XXIX) ?8 «g,

the organic layers were evaporated to dryness and taken up in 

ether. The aqueous layers were extracted with ether (3 x equal volume) , 

the dried extracts evaporated and the residues taken up in ether. The 

combined ethereal solutions were examined for ultraviolet light 

absorption from which the quantity of polype etyleaic material was 

estimted.



When the structure of the major *pdarn component was first proposed 

as a 1,3-diol> (XXIX) f reaction with acetone to form an isopropylidene 

compound was attempted and, being successful, was then adopted as a 

normal purification procedure for this component* The isopropylidene 

compound was ohromatographed on alumina (see p* &7 ), and then treated 

with 2N hydrochloric acid (50 c*o.) and kept in the dark at 15° for 

15 oin. the mixture was then extracted with ether and the extracts 

dried to give a solution of the diol (XXIX). 

Large-scale Purification, of the Mmtral *Polar* Fraction* -

The neutral "polar** material (190 mg,) was distributed between 

bensene and water on a 120 tube Cmig-type counter-current distribution 

apparatus (volumes of upper and lower phases* 40 o*c,)« After 150 

transfers, the distribution of polyacetylenio material was as follows:-

Tubes 35-65 enediyne (XTIX) 1?8 fflfr 

Tubes 66*30 enediyne (XXIX) and (XXX) 3 mg. 

The complete distribution curve is shown in Fig. 30 * 

The final ethereal solution of the components (8 mg*) in tubes 6C-20 

was evaporated to dryness and the residue taken up in acetone (25 c»o»} 

with p-toluenesulphonic acid (1*5 »S») and kept at 15° in the dark for 

13 hr. Kxoess solid sodium carbonate was added, and the mixture kept 

at 15° for 1 hr,, when it was filtered free from sodium carbonate and 

evaporated to dryness* The residue was extracted with light petroleum 

(b»p* 30-40°, 2 x 25 0.0.) and then with ether (2 x 25 c*o. ). The 

ethereal extracts contained oa* 2.6 mg, enediyne. shown by V.P.C. (see p* 

to contnin oa* 1.8 mg, of the diol (XXX)*
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Birifioation of the Neutral "Less Polar* Fraotion. -

An ethereal solution of the neutral "leas polar* fraction (JO mg.) 

was evaporated to dryness and the residue taken up in a mixture of light 

petroleum (b.p. 40-60° 60 0*0.) and water/30% nethanol (30 0.0,). 

This was placed in the first two tubes of a 100 tube Graig-type 

counter-current distribution apparatus (volumes of upper and lower phases 

40 C.C. ). After 109 transfers, the distribution of polyacetylenic 

material was as follows:*

Tubes 30-50 enediyne (XXVII) 18 ing. 

Tubes 60-89 enediyne (XXVIII) 5 nag. 

The complete distribution curve is shown in Fig* 31 •

The two components were obtained in ethereal solutions by the same 

procedure as for the neutral "polar" fraction (p. 5"7).

The alcohol (XXVII) (18 Mg.) in li*ht petroleum (Wp* 40-60°)/J00 

benzene (2 0.0.) was adsorbed onto alumina (S)(1?^.), and eluted 

in benzene (60 o. c.). The combined benzene fractions were evaporated 

to dryness and the residual alcohol (1? ag») taken up in ether.

The alcohol (XXVIII) was purified by alumina (3) chrozoatography in 

an exactly similar fashion. 

Characterisation of Components.

Bfccept where stated, these compounds were not obtained in 

crystalline form.

Deca-4«3~diene-7.9-diyn-1-ol (XXVII),- 

Fhysioaj. Con at ants*

Ultraviolet Absorption: (6 x 10~* in parentheses)



X. T ; 2775 (11.0), 2625 (14.1), 2490 (9.2), 2365 (4.9) 2240*(3.1),
Ilitl A.

2070 X (44.5). (* denotes inflexion) 

Infrared Absorption:

3610 (0-H), 3295 (=C-H), 2208 (C=C), 1947 (-CH«C«CH-),

1055 (C-O-H), 858 omT1 (-CH=aC»CH-). 

Optical Rotation:

*1 .290° (00.012)

Chain Length Determination. -

The alcohol (XXYH; 10 mg. ), was taken into .thanol (15 0.0.) 

and hydrogenated over $fi palladium on charcoal (5 mg. ) for 1 hr» 

product was filtered free from catalyst, evaporated to dryness, and 

the residue taken up in ethanol (0.2 c. c. ). The perhydro-aloohol was 

identified as n-decanol by vapour phase chroscatography. [Detention time

min. on a column of 25/^ Apiezon "L* supported on ^Sabacel 11 at 192 .

Coluffln length 4 ft. Retention time of authentic n-decanol 5. 08 mini] 

IsoiaerisatiQn of the AloohoZ (XXVII) in Q.1N Sodium ^ydroiyide Solution. - 

The alcohol (XXTII ; 15 iog» ) was taken into sodium hydroxide
i

solution (0. 1N, 100 c.c. ) and kept at 15° in the dark for 75 min. The 

solution was acidified to pH 4 anc1 ^attracted with ether (2 x 100 c. c. ). 

The combined extracts were washed with anmoniaoal silver nitrate 

in dilute ammonia solution) and water, and then dried. This solution 

had the following ultraviolet absorption characteristics.

X : 2920 (shoulder, 1.0), 2780 (1.7), 2630 (1.8), 2500 (1.45), max.
233-0.55), 223 (1.50), 2090 X (110). 

After evaporation of the ether at 15° the crude product was extracted
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with hexane, and on cooling to -10°, this extract yielded colourless 

plates (7.5 fflg. ), a. p. 69.5-71°, which slowly turned pink. Mixed aw p. 

with synthetic deoa-4,6,8-triyne-1-ol, 69.5-7lf (Founds C, 81.5J 

H, 7.65. C10H1Q0 requires 0, 82.15* H, 6.90*0 X s (ether) 2090 f

121,000). ^s 3600 (0-H), 2212 (C=C), 1053 oaT1 (0-0-H). 

Mixed a.pb with synthetic deoa-4,6,8*triyne-1-ol, 69.5-71 °«

Physical Constants.

Oltrariolet Absorption: (e x 10** in parentheses) X__ t 2780 (11,0),
laSX.

2630 (12.4), 2490 (8.4), 2370 (6.9), 22U* (4,9), 2080 X (46.6)

Infrared Absorption: 0. : 3610 (0-H), 3295 (^C-H), 2203 (0=0),

1945 (-CH«<J««CH-), 1050 (C-O-H), 857 oaT1 (-CH««C«»C5H-)

Optical Rotation j -160 (o 0.017) 

Chain Length Determination* -

The alcohol (XXVH) (5 «g.) was taken into ethanol (17 0,0.) and 

hydrogenated over 5% palladium on charcoal (20 ag. ) for 6 hr. the 

product was filtered free from catalyst, evaporated to dryneas, and the 

residue taken up in ethanol (0. 2 o. o* ). The perhydro-aloohol was 

identified as undecancl by vapour phase ohroa&tagraphy* [Retention time 

10.5 «in- At 142. Retention time of authentic n-undeoanol 9.3 sain.

A mixture of the product with n-undeoanol gave a single peak, retention

time 10.7

Iscmerisation of the Alcohol (XXVIII) in Q.1N Sodium Hydroxide Solution.-

The alcohol (XXVIII j 10 Big.), *** taken into sodium hydroxide 

solution (0.1N, 25 0.0.) and kept at 30° for 40 min. The solution 

was then acidified to pH 4, extracted with ether (2 x 30 0.0.), and



the extracts washed with water and dried. After evaporation of the 

ether at 15°, the crude product was extracted with hexane and this on 

cooling to -10° yielded pale yellow plates (3 ag*), a*p. 33-40 .

XB|pu : 2090 X (£ 102,000). v^ : 3*30 (0-H), 2220 (0=C,), 1053 

(00-H). 

Chain Length Determination of the laoaerigation Product (XXXIII).*

The alcohol (XXXIII),(2 mg. ) obtained above was taken into ethanol 

(15 0,0.) and hydrogenated over 5/-> palladium on charcoal (5 ag*) for 

2 hr. The product was filtered free froaa catalyst, evaporated to 

drynesa, and the residue taken up in ethanol (0.05 0.0,), The 

perhydro-aloohol was identified as n-undeoanol by vapour phase 

ohrooatography. [Retention time 22.9 sdn* at 162? Retention 

tiae of an authentic speoiaen 22.5

of the Mother Liquors after Crystallisation of the

Isoaer

The residues after evaporation of the hexane aother liquors baud 

the following light absorption!

Ultraviolet absorptions (relative C in parentheses)

(ether) 3%Q (1.00), 2885 (1.15), 2800 (1.20), 2650 (0.98),
•̂Hut.

2510 (0.63), 2375 (1.31), 2265 X (1.05). 

Infrared absorptions

3623 (0-H), 3310 (-OH), 2220 (C=C-), 1628

1054 (C-O-H), 981 c«C1 (-C&-OH-).

Optical rotation: none observed, 

JS&linton Coupling Reaction. *

The residues examined above were treated with a solution of
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cuprio acetate (0*2 g. ) in pyridine (1*1 0.0.) and water (l.2o.o.), 

and the mixture kept for 42 hr. at 15°, ^en it was poured into water 

(25 c.c. ) and extracted with ether (3 x 25 0.0.). The extract* *»re 

washed with 2N. hydrochloric acid, then with water , and then dried* 

X i (relative £ in parentheses) 4260 (1.00), 3890 (1.51), 3&X>
••^M'^V^

(1.50), 3370 (2.88), 3155 (2.89), 3010 (3.00), 2800 (2.75), 2640 X (2.91).

I)eca*4.5-diene-7.9-diyne-1.3-diol .(XXIXl

Physical Constants.

Ultraviolet Absorption: ( fi. x 10 in parentheses)

•X „ t 2785 (11.8), 2630 (15.3), 2495 (9.6), 2370 (4.8), 22^0*
JQBLJCtt

(2.9), 2080 X (5L7). (* denotes inflexion)

Infrared Absorption:

t 3584 (0-H), 3497 (sharp; intramolecular H-bond), 3289 (=;C-H),max* 
2203 (OsO), 1944 (-OHs*C»OH-), 1099 (sec. 0-0-H), 1050 (pri. C-O-H)

°Optical Rotations "210 ^ 0.058) 

Manganese Dioxide Oxidation, -

An ethereal solution of the diol (XXIX ; 0, 2 ag, ) was 

evaporated to dry ness the residue was taken up in methyl ene dichloride 

(10 C.C. ) and activated manganese dioxide (10 mg. ) added. The mixture 

was shaken for 20 hr. at -10 , and then filtered* A curve was plotted 

of the difference between the extinction at a given wavelength before 

and after treatment with manganese dioxide a^sinst the wavelength.

This curve had a single MTimua (A .„ i 2205 X; £ 11,000)max«

characteristic of the ene-oarbonyl chroraophore.



Attempted Periodate Oxidation, -

To a solution of the diol (XXIX ; 10 mg*) in ethanol (5 0.0.) 
mis added a solution of sodium periodate (5 0*0, of a solution containing 
sodium periodate (1075 «g* ) in water (250 o.c.). The solution was 
kept at 15° and sampled (2 0*0. aliquota) after 1 hr. and after 21 hr. 
To each sample was added a solution of sodium arsenite (0.101N, 1 0.0.) 
together with an excess of sodium hydrogen carbonate and of 20- 
potaBsium iodide solution* The mixture was then titrated with a 
standard solution of iodine (Q.096H) using starch indicator. After 
1 hr* f 0.502 c*c* of the iodine solution was required; after 21 hr. , 
0*505 c. o* was required. An identical experiment v«s carried out in 
the absence of the diol, and 0*495 c*o* of the iodine solution was 
required before an end point was reached. These results correspond 
to 3^ oxidation of the diol after 1 hr., and 4>v after 21 hr. 
Chain Length Determination. -

The diol (XXIX ; 11 nag,), purified by counter-current
distribution only, was taken up in ethanol/20 hydrochloric acid (15 c.o.) 
and hydrogenated over platinum (from 10 mg* of platinic oxide) for 
4 hr* The solution was filtered, and then evaporated to qa. 5 c*o. f 
when it was poured into water (50 0,0.) and extracted with ether 
(3 x 50 c. o.). The ethereal extracts were then washed with water 
and dried. The ethereal solution was evaporated to dryness and the 
residue taken up in ethanol (0*15 0*0*}. The product was identified 
as a mixture of decanol (oa* 95'«) and undecanol (oa* 5-«) by Vapour 
phase chromatography. [Retention times 10.4 and 19*2 min, at 144*5% 
Retention times of authentic n-deoanol and n-undeoanol 10.0 and



19.2 rain, respectively. A mixture of the product with authentic 

n-decanol gave a single peak at 10.0 adn, and a umch relatively 

diminished peak at 19,2 

Perhydro-diol

This hydrogenation product of the diol (XXIX) was obtained from 

the perhydro-isopropylidene compound ( see p» 67 J 40 ag. ), by- 

treating the latter for 15 »in» *ith 2N hydrochloric acid {20 0.0*), 

The mixture was extracted with ether (2 x 25 c.o*}» the ethereal 

extracts washed with water, and dried. the ethereal solution was 

evaporated to dryness to give a colourless oil (51 ag» )• This, 

from ether/hexane at -40°, yielded crystals of m. p. < 0? .' 1? : 3571

(0»H) f 3491 (sharp; intramolecular H-bondj, 1119 (sec. C-O-H),

1064 oaC1 (pri. C-O-H). [oC]^9 -5° (c 0.61) 

Fc CTBation of the Pimethyl Ether. «

The above diol (5 «g») was dissolved in methyl iodide (10 c«o*) 

and heated under reflux with dry silver oxide (55 tog* ) for 12 hr. 

The product was filtered and the solution evaporated to dryness. The 

residue was taken up in ethanol (0. 2 c. o. }. The produot was identified 

as 1 f 3-ditt*thoxydeoane by vapour phase chroma tography* [Retention 

time 9.4 zdn. at 163°« Retention tine of authentic 1 f 3-dijaetttoxydeoanet 

9.35 Bin. A mixture of the product with 1,3~o'tai*thoxydecane gave a 

single peak at 9*5 ndn.] 

Isoaerisation of the giol (XXIX) in Sodium Hydroxide Solution. -

An ethereal solution of the diol (XTI>' j 30 «g.) 9 (purified by 

counter-current distribution and through the isopropylidene compound)



was evaporated into sodium hydroxide solution (0.1K, 50 0.0.) and kept 

at 15° in the dark for 45 min. The solution was acidified to pH 4 

and extracted with ether (2 x equal vol.). The combined ethereal extracts 

were washed with water and dried* A portion was evaporated to drynesa 

at 15 and the residue became black and intractible within 20 seo.

t 2070 X (e 126,000). \)__ j 3584 (0-H), 3500 (sharp intramolecularBWX.
H-bond), 3279 (ssC-H), 2215 oaC1 (C=C). In carbon disulphidej 

1080 (sec. 0-0-H), 1060 caw"1 (pri. OCMI). M*3 -23° (c 0.089). 

Iso^eris^ tion of the DjLol (XXIX) in Sodium Hydroxide/Aqueous Ethano^..-

An ethereal solution of the diol (XXIX ; 25 rag.), was taken 

into sodium hydroxide in aqueous ethanol (50 c.c., 20 scdiun hydroxide, 

10& water) and heated under reflux under nitrogen for 1 hr. 

Considerable darkening oocured to give a dark brown solution, 

which was evaporated to SJaall bulk at 15 and then poured into water 

(100 C.Q.) and extracted with ether (2 x 100 0*0.). The combined 

ethereal extracts were washed and dried, and showed the following 

light absorption. (Relative £ in parentheses) X^^ s 2910 (1.00),

2765 (1.24), 2635 (0.95), 2510 (0.63), 2235 (1.73), 2135 (1.49).

The ethereal solution was evaporated under reduced pressure to 

give a highly viscous brown oil which could not be crystallised. the 

ultraviolet absorption showed oa 5 &£* enol-ether to be present. 

Ckmvarsion of the Mol (XXIX) to the Isopropylidene compound (XXXVI|«-

The cliol (XXIX j 65 ffig.) n»s kept in acetone (50 c.o. ) with 

p-tolueneaulphonic acid (5 mg.) at 15° for 12 hr. Kxcsss sodiua 

carbonate was added, and the mixture kept for a further hour at 15°* 

The solution was then filtered and evaporated to dryness under reduced
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the residue w*v« extracted vith light petroleum (b»p. 30^40°) 

and ohrooatographed on alumina (10g» ). The required prcaiwjt (46 rag. ) 

was eluted in the aam* solvent (150 o. e, ;. ^max. * (6 * 10 in 

parentheses) 2775 (11.5)* 2^30 (14.8), 2490 (9.3), 2365 (4.6), 

2240* i (3.0). (m denotes inflexion). 0 __ j 3284 (=C-H),

2210 (C=c;, 1951 (-OT*»C»«GB~), 13-30 end 1370 (C(OR5 )2), 1162 and 

1103 OBiT1 (0*0-0) |?C] 3 -280°, (oO,032)

The iaopropylidf-ne oompound (XXTvTI ; 15 rng* ) wan tsk#n into 

ethanol /20 hydrochloric acid (15 o,<s«) and hydrogecated over platinum 

(from 12 mg* platinio oxide) for 4 hr* The solution •»»» filtered, 

and th«5n f-vcporrt^d to ce 5 <*«<3» when it v»g poured into water (50 o*o«) 

and erfcri^ted wit^i ether (3 3t 50 c,c»)« The ethereal extract* were 

washed v.it^. water and dried. The ethereal aolution was evaporated to 

and the residue TSSLE taken up in ethanol (0,2 o«c, ), the 

wa$ identified ar. deoftnol by vapour phase chrosaatography. 

[Retention time 14.0 cuin. at 162« Ketention tine of authentic 

n-deoano3 14*3 «in* A mixture of the product with authentic larterial 

a singl*- peak, retention time 14«1 

over Pislladiuaa. •»

The iscpropylide-ne ccmixwnd (XXTVI ; 15 s*g» ) WM» tftfcsn into 

•thanol (15 c. o») and hydrogens ted over 5?i palladium on charcoal (15 ag. ). 

Th« solution was filtered, evaporated to dryaess, taken up in light 

petroleum (h,p« 30-40°) and <*hromtogr»phed on alumina (5g» )• The

required product WM» eluted in the same solvent (50 0,0, ) J :1378
BMk3»^i

1 9 °and 1366 (C{CH5 )2 ) § 1195, 1162 and 1105 <»rC (CMMS) M >13° (o 0.75).



Identified as 1,3*0-iBOpropylid«a»d«Q«n«*1 f 3-diol by vapour phase 

chroma togr&phy. [Retention tiiMi 24*7 ain* at 144°. Retention tiae 

of authentic material 24*7 aln* A mixture of the hydrogens t ion 

product with authentic material gave a single peak, retention tin* 

13.1 sdn. at 1(58?] 

laaasrisstion of the Isoprop/liifHf Cora^^nd (xyvi) jn Q.1N Sodiua

Aa ethereal solution o^. the isopropylidene command (15 

evaporated into sodium hydroxide solution (G.1N, 10 c.o. j and 

kept at 15° for 40 ftin. The solution was then acidified to pH 4, 

extracted with ether, fcnd the extracts washed wit* water and dried* 

this solution had the following ultraviolet light absorption, A > 2200 

(relative £ in parentheses). A. : 3290 (1.00), 3080 (1.41 )*

2890 (1.24), 2730 (0.88), 2405 (6.56), 2290 S (5.11). Spectroscopic

estimation, 0*3 ng. tri/neno. The ethereal solution IMS evaporated 

to drynets, the residue t&Icen up in light petroleum (b,p* 30-40°) and 

chroraatographed on alumina (5 g. ). The isomtr (13 »g.j was eluted in 

the sane solvent (120 c, <%), the triynene chromophore appeared on

elution with eth«r* Constanta for the isomers X _ : 2070 Amax.
(£ 120,000). V ^^ : 3279 (=C-H), 2215 (0=0), 1578 and 1367 (O(CH.)J

fflSX. J £•

1196, 1159 and 1106 cmT1 (0-0-C) M^2 -7? (o 0.25) 

b^diene^S^IQ^diyne^l ,4^diol (XXX) 

Constants

TJltreviolet Absorption: (g x 10 in parentheses) 

Xmâ i 2790 (10.8), 2635 (13.2), 2500 (8.7), 2370 (5.3), 2250 

(4.2), 20fto 8 (36.5).



Inf nured. Absortion

intramolecular H~bond; f

), 1048 (broad* G-0-a), 357 caw

Optical notation:

-50° (g 0.0*7)

Chain

diol (XXX | 0.5 ag») was taken into ethanol/20^ hydrochloric 

acid (15 0.0*) and hydrogenated over platinum (from 2 mg. platinio 

oxide) for 4 hr« the solution vac filtered, and then evaporated to 

pa, 5 0,0. when it waa poured Into nater (50 o*c«) and extracted with 

ether (3 * 50 0.0*)* The ethereal extracts were washed with water 

and dried. The ethereal solution «R» evaporated to dryness, and the 

residue taken up in ethanol (1 moall drop). Tf*e product was identified 

as a mixture of deoanol (oa* 30 ,} and undeoanol (ca. 70 ) by yapour 

phase chroaatogrpphy. Retention times 6.70 airu and 9*55 min. at 

163»5°» Retention times of authentic n-decsnol and n-undecanol 6,75 

and %45 asin, respectively^] 

Igoaerisation of the Biol /Xjtt). in Sodiuia p^droxlde Solution *>

An ethereal solution of the diol (XXX ; 1.5 ag» ) was evaporated 

into sodium hydroxide solution (0. 1N, 10 c«c. ) f and kept at 15° in the 

dark for 90 min. Tne solution was acidified to pi! 4 and extracted 

with ether ( 2 x equal vftl. )* The ocnbined ethereal extracts were 

washed with water and dried* Evaporation of the ethereal solution 

afforded insufficient Material for a quantitative ultraviolet light 

absorption eetimation or optical rotation.
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2060 2. V> j 3600 (0~H) § 3240 (sharpj intramolecular
1BSX.

H-bond) f 3289 (=OH), 2217 oaT1 (C=C). 

Hydrogenstion and Methylatlon»-

The isoouar obtained above (XL j 0.7 «g») was hydrogens ted in 

•rfefeancl (15 o.o.) over 5^ palladium on oharooal (5 »g* ) for 4 hr. The 

solution was filtered , and evaporated to dryneas. The residue was 

taken up in atethyl iodide (6 c«c*} and heated under reflux with dry 

silver oxide (40 aig.) for 12 hr. The solution was filtered, evaporated 

to dryneas, and the residue taken up in eths.no! (0.02 0.0*). The 

product was identified a» a mixture of 1,4-4i«ethoxyundeoane (90^) 

and 1,3~dimethoxydecane MO 0 by vapour phase cnroraat^ ~aphy. 

[intention times 17*0 and 27.4 ain* at 164°. Retention times of 

synthetic 1,5-dirnethoxydeoane and 1 f4*dimethoxyund$oene 16.9 &in. and 

27.5 »in« respectively.] 

Belated Synthesef

•»o«6*T.t.riyjft*»1 ""pi. *•

To a stirred solution of cuprous chloride (2 $g*) in aqueous 

ethylamine (33>» 0.6 o.c.) was aided, under nitrogen, hepta-4,6~diyn~1~ol 

(36 Big., see Appendix) in ethylamine (0*6 0.0.; together with 

hydroxylamine hyctrcchloride to keep the copper in the reduced fom. 

1-Broaioprop-1-yne (130 mg*) in methanol (0.5 0.0.) was added dro^jwise 

over 10 ndn. ^ydroxyLamine hydroohloride waa added periodically with 

the bromopropyne, and r-hen addition of the latter was cctaplete, stirring 

was continued for 15 ^in. Solid potassium cyanide was added to 

dissolve the oopper salts, and the mixture acidified with dilute 

hydrochloric acid, poured into water, and extracted with ether.
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The washed and dried ethereal extracts were evaporated at 15 to give 

cirude orange crystals (41 «g* )• These crystals were extracted with 

light petroleua (b.p. 40*60°) and on cooling, colourlee* plate« of the 

required alcohol were precipitated (25 m&,) 9 m.p» 68-70*5 •

t 2095 2 (£ 147,000). >) s 3600 (Q-H), 2212 (0=0),

1056 oaC1 (C-iMi;. (Found; 0, 82.151 Mf 

0, 82.15; H, $.#

1 • 5-Oime thoxyaeoy

A solution of ifoctanal (6»0 g» ) and ethyl bixxaoacetate (9.0 g* ) 

in oen*en«v/30, . ether w»s added slowly, with stirring under anhydrous 

conditions, to sine powder (3»3 g. , washed with 2 hydrochloric acid, 

water, ethanol, acetone and «th- r, and finally dried for 90 min. at 

100°). The mixture was heated under reflux for 1 hr. f when it was 

cooled and poured into cold sulphuric acid (10^, 100 0.0* )« The 

organio layer was washed with sulphuric acid (5 -t 2 x equal volune), 

sodium carbonate »olutian (W), sulphuric acid (5 Q and water. 

?h« acidic extracts were combined and washed with ether (2 x 50 c.c. ) 

and the org^mic extracts c<sablned and dried. After evaporation of 

the solvents from these extracts, the residue was maintained at 100°

under reduced pressure for 1 hr. , when it *ms fr&ctionated to g

the hydroxy-ester as a colourless oil (3*2 g. 31>), b.p, 106-108°/1aa. ,

em. , n° 1.4365)



A solution of ethyl 3-hydroxydeoan-1-oate (2.96 g») la ether 

(20 0.0.) was added slowly to a stirred slurry of lithium aluminium 

hydride (0.70 g.) in ether (50 0.0.), and the mixture boiled under 

reflux for 30 min. The mixture was cooled, excess lithium aluminium 

hydride destroyed, and then poured into 2N sulphuric acid (50 0.0.). 

The two layers were separated and the aqueous layer extracted with 

ether (2 x equal volume). The ethereal extracts were combined, washed 

with water, and dried. Evaporation of the extracts afforded a 

pale yellow oil (2.28 g.) which could not be crystallised.

This oil (0.90 g.) was then heated under reflux in acetone (100 0.0. ) 

with jg-toluenesulphonio aoid (0.05 g.) for 2V hr. Solid anhydrous 

sodium carbonate was added, and the mixture kept at 20° for 1 hr. 

The filtered solution was evaporated,and the residue extracted with 

light petroleum (b.p. 30-40°), The petroleum extracts were washed 

with water, dried, and evaporated to small bulk. The product was 

ohrosmtographed on alumina (25 g*) &nd eluted in the same solvent 

(120 0.0.). The colourless oil (0.72 g» 61;,) was identified as an 

isopropylidene oo&yound by its infrared spectrum, y4 : 1333 and

1371 (C(CH,)2), 1200, 1168 and 1111 omT1 This oil was dissolved in 

•thanol (20 o.o.} and concentrated hydrochloric aoid (2 0.0.) added. 

The mixture was kept at 20° for 30 min., when it was poured into 

water (200 0.0.), extracted with ether (3 x 250 c.c,), and the extracts 

washed with water and dried. Evaporation of the ethereal solution 

afforded a pale yellow semi-sol id residue (0.5& g.) which, when
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cryatalliaed from light petroleum {Vp» 30-40°), produced colourless 

needles (0.51 g, 54$) of d»cane-1, 3*diol, swp. 29-30°* (Founds 

0, 69.3* H, 12.75. ct0H22°2 r*<*aires °» **•** H* 12*7 ).

^max. 8 55SK) ( br0ftdt Intel-molecular H-bonds), 1130 (secondary C-O-H), 

1063 omT1 (primary C-O-H). Diluted i 0 : 3630 (OH), 3540 omT1 

(sharp intramolecular H-bonds). 

1 13-Dimethoxy decant »

Deoane-1,3-diol (16 ag. } mis heated under reflux in methyl iodide 

(15 0.0.) with dry silrer oxide (300 «g, dried at 100° for 12 hr, ) 

for 24 hr. The solution wa« filtered and evaporated to dryness, and 

the residue taken up in light petroleum (b»p, 30*40°) and ohroaatographed 

on alumina (5i»}* the required dimethyl ether (12 mg*) was eluted

in the same solvent, and identified by its infrared spectrum : 1117, 

1090 oatT1 (0-0*0). 

Dec&ne -1.

Methyl 2-hydroxydecanoate (39 »g*) in ether (10 c.o. ) was 

added slowly to a stirred slurry of lithium aluminium hydride (50 mg. ) 

in ether (15 o*e, ) and the mixture refluxed for 30 mina. After 

cooling, the excess lithium aluminium hydride was destroyed and the 

mixture poured into 2H sulphuric aoid (25 0*0. }» The two layers 

were separated, and the aqueous layer extracted with ether (2 x equal 

volume). The ethereal extracts were oo&blned, washed with water and 

dried. evaporation of the extracts afforded colourless plates (32 mg.), 

m,p. 44-45°, identified by their infrared spectrum. N)^^ ; 3380

(bonded 0-M), 1130 (see. 0-0-H) and 1065 csC1 (pri. 0-O-H). 

m.p. 45-48°)
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Undeoylenic acid (20 g. } was stirred with concentrated sulphuric 

acid (20 g. ) at 90° for 8 hr. the mixture was cooled, crushed ice 

(100 g.) added, and then heated to 90** for 10 rain. , when it was poured 

into water (1 1») and extracted with ether. the eth«ral extracts 

were washed with saturated sodium hydrogen carbonate solution and 

water and then dried. The residue, after evaporation of ether, wmt 

fractionated to give a colourless oil (3 g», 15$), b»P* 16O-163 /13mm.,

1*4500. (Lit, ̂  *' b»p» 164-166/1 Jtasu , »*, 1.4514)* 

Undeoane-1 ̂  ̂ diol. -

IMfndeoanolaetone (1.00 g*) in ether (50 0*0.) was a-.ded slowly 

to a stirred slurry of lithium aluminium hydride (0. 60 g.) in ether 

(100 O.C.), and the mixture boiled under reflux for 30 min* After 

cooling, the excess lithium aluminium hydride was destroyed and the 

mixture poured into 2N sulphuric acid (100 c.c.). The tro layers 

were separated, and the aqueous layer extracted with ether (2 x equal 

volume)* The ethereal extracts were combined, washed with water, and 

dried. Evaporation of the extracts afforded a semi-solid residue (1.00 g.) 

this residue (0,5 g.) was crystallised from hexane to give colourless 

needles (0*34 g* 68$) of und«oan»-1,4^diol «»p* 30-31°* (Found t 

0,70.4; H, 12,0*5* cn Ha4°2 r*<Juire* °* 70.15* 5, 12.85>)

^ t 3620 (0-H), 3455 (sharp; iatraaolecular H-bonds), 1130 

(secondary 0-^-8), 1053 oaT1 (primary OO-H)*

Und«oane-1,4*diol (0.22 g.) was heated under reflux with silver
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oxide (dried at 100° for 12 hr. ) in methyl iodide (10 0.0.) for 13 hr. 

the filtered solution was evaporated, and the residual oil (0*25 g. ) 

was distilled fro* sodium to give a colourless etheir (0.14 g., 

b.p> 120°/15«* (Found, C, 72.1i K, 13.05* ^^2B°2 

0, 72.15? H, 13.05^) >),_._ I 1117, 1Q%omT1 (0-CH,).
mSX* J

n-Qotrl Bromide. -

n*0etanol ( 26 g* ) WAS heated under reflux with hydrobrotalc aoid 

(47-, 120 g* j and concentrated sulphuric aoid (31g» ) for 2ghr. The 

mixture was then oooled and water (150 0*0* ) added, :ne two layers 

were then separated and the upper organio layer washed with oold 

oonoent rated sulphuric aoid (25 o*o*) f water (2-> 0.0*) and sodium 

oarbonate solution (10>t 25 c.o, ). It was then dried (Ca012 ), 

and after filtration, the orude product (35 I*} *as fractionated to 

give the bromide as a colourless oil (30 g* » 78 ;, b,p,

201.5°

aoid. *-

A few drops of a solution of n-octyl bromide (10.0 g. ) in 

tetrahydrofuran (20 c*c. ) was added to a stirred mizturc of 

magnesium turnings (1,4 gf washed with ether, dried at 100° for 12 hr). 

Oentle warming initiated a smooth reaction, maintained by slow 

addition of the r«st of the bromide solution. then addition was 

complete, the mixture was heated under reflux for 35 min. , then 

oooled to 20°. It was deoanted from residual turnings and added, 

under nitrogen, over 2 hr, to a stirred solution of glutaric anhydride
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(11.**. g. ) in tetraaydrofuran (50 0*0.) at 0°, Stirring was continued 

for a further 2 hr. , when saturated anraonium chloride solution wes 

aided, and the mixture kept for 30 £dn. at 15°» The two layers were 

separated, and the aqueous phase washed with #tbsr(2 x equal volume). 

The ether washings -ad tetrahsydrofuran solution were combined and 

extracted with saturated sodJUus hydrogen carbonate solution (3 x equal 

volume;. these extracts were acidified with hydrochloric acid, 

precipitating a solid which was extracted with ether (4 x equal volume) 

cuia the extracts wastied with water and dried* Evaporation of the 

solution yielded a solid, m.p. 55~61°§ which gave 5-fcetotrideoan-l -oic 

acid as colourless prisms (2*2 g. , 19-0* n»p. 69-70°, from light 

petroleum (&p» 40-60°). ( Found, C, 67.95 j H, 10*25* ci 5^24.^5 ^(guires 

C, 68.4J Hf 10.6^). vi 3510 (0~H), 2653 (0-Hj, 1757 (C«0t monomer),
-1 / x1715 da. (broad, strong; 0»0, ketone and dimer acid). The

formed needles from aqueous ethanol, a. p. 11 9-11 9.5° (lound, 0, 58,9; 

K, 9.2 IOM re<|uires G,

acid (0.50 g. ) in ether (50 0.0.) was 

treated with excess di&soraethane at 0 * X'he solution was then 

shaken with dilute hydrochloric acid, washed with wat^r and dried* 

Evaporation of the ethereal solution afforded the aethyl ester as pri 

(0.49 g., 9*>> *P» 28-29° (Found, C, 68.2; a, 10.65. 

requires C, 69.41 H, 10*8>). v : 1740 (C«0 ester; &nd 1719 

(C«vO, ketone).

» 1 5-dio J.* ^

Methyl 5~fcetotv*idecan-1~oate (0,36 g.) was added slowly in ether
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(12 O.G.) to a stirred slurry of lithium aluminium hydride (0.2 g. ) 

in ether (10 c.c. ). The mixture was heated under reflux for 45 

After cooling, excess lithium aluminium hydride was decomposed and 

the complex broken up by shaking the mixture with dilute sulphuric 

acid. The layers were separated, the aqueous layer washed with 

ether (3 x 50 0.0.) and the ethereal solutions combined, washed with 

water, and dried. Evaporation of this solution afforded a white 

solid (0.23 g. ), m.p. 42-44 f crystallised from ether-hexane to give 

prisms (0.20 g. , 62^) of m.p. 45-46.5°. (Pound, C, 71.65; H, 12.7. 

C13H28°2 re<Juires c» 72.151 H, 13.05#). V^ : 3600 (free 0-H),

3290 (broad, intermolecular H-bonds) f 1052 cmT1 (C-O-H),

-Dimethoxytridecane. -

Trideoane-1,5-*diol (92 mg. ) was heated under reflux in methyl 

iodide (9 o.c.) with dry silver oxide (280 mg.) for 12 hr. The 

mixture was cooled, filtered, and the methyl iodide evaporated to 

give a pale yellow oil (95 »g. )• This was distilled (bath temp, oa 

140°; 15 MB.) to give the ether (44 mg. ) (Found, C, 73.0; H, 13.2,

C. CH_ 000 requires C, 73.7; H, 13.^). 0 j 1120, 1097 cmT1 (C-Q-OHj. • j j£ £. nis,/c» j
n-Decyl acetate,-

n-Pecanol (0.79 g.) was kept in dry pridine (10 c,c.) with 

acetic anhydride (5 0.0.) at 15° for 24 hr. The products were then 

poured into water (100 c. c. }, and extracted with ether (2 x 150 c, c, ). 

The extracts were washed with 2ft hydrochloric acid, saturated sodium 

hydrogen carbonate solution and water, and dried. The ethereal 

solution was evaporated and the colourless residual acetate identified

from its infrared absorption. V^^ : 1730 (C«0), 1232 cmT1 (C-O-C,
acetate. )
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Tho Isoaerisation of the Allc lo Metabolites from Odontia bloolor. 

The isoaeriaation of alleneo In general has been discussed on 

p, Ife of this thesis* This section comprises A brief discussion 

Of the isomerisation of the allenic oetabolites from OdonU.a bicplor 

since two of these fora products which at first eight are unexpected 

for the molecules concerned. A aaeohanlsia for the formation of the 

observed products is propose*!, and a ate&ns of verification of this 

proposal via kinetic studies is outlined* 

Isomerisation of the Aloohol (T

The isoaerisatioa was observed to take place readily in 0*1N 

aqueous sodium hydroxide at room temperatures, the disappearance 

of enediyne absorption in the ultraviolet spectrum being coaplete in 

oa, 75 «in. The crystalline product exhibited typical triyne 

ultraviolet absorption, but no ethynyl hydrogen in the infrared

,.

speotrunu The identity of the product wag established an the 

triyne (XXXI} by comparison with a synthetic speciaen (see p,

The initial step in allene-fccetylene iuomerisution is the 

removal of an allenio proton and in the general discussion of these 

reactions, it was noted that in the absence of further conjugation, 

% in /ig. 32 was more easily removed than lib, due to activation of

52



% by the diyne group and a double bond. Such an Initial step

le&da to the formation of & terminal ethynyl triyne as shown in Pig* 33*

_= 0(i C =

r /> M-QH

0=C. G =0*

Fi.fr 3?

The preferential reiaoval of Hbf as happen* in the case of myooagroin, 

would give rise to a triyne grcsip displaced in-chain 1^- one oarbon 

atan so that there would be no terminal ethynyl group ( see Fig* 34« )

= C. C =0.

I

.G.C=U,Q

The production of the nonterminal triyne (XXXI) on tsotaeriaation 

of the aHene-diyne (XXVII) indicated that a factor was operating 

whioh fRoilitated the preferential rcaaoval of ^ This factor is 

probably the participation of the neighbouring hydroxyl group 

sinoe the flexibility of this end of tne aiolecule allows the hydroxyl



group to approach quite close to Hb, as shown in Fig. 35

CH0

_Hb 0 

Pig,

Hb is then preferentially removed and leads to the non-terminal 

•thynyl triyne isorner (.XXXI) as shown in Fig, 34*

H,C. CSC.CHC.G~C. GH9. CH9. GH^OH (XXXI)
J £* fe 4E»

The Isomerisation of the Alcohol JXXVTII)

VSF+^s. /"* f* ~~ *"* **** — /^._ —«*tTr <*ntj ("MJ rUT OU j"^IJf f'WITTTT \nv>=- w. v/==v>» un-sBo^^wJi. o*irt. on^» onn. uri^un t A^V »j. j.j. j2222 s '

As with the alcohol (XXVII), the isomer has no terminal ethynyl 

group although it was established as having a triyne ohromophore 

and a C.,.-alcohol skeleton. Again, it is proposed that participation 

of the neighbouring hydroxyl group is operating to cause preferential 

removal of Hb, and that the isomerisation proceeds as shown in Pig. 36.

HOH
I r

HO-IP 

3 *

0.

Fig, 36
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Ihe Isomerisation of tha AUenlo

(XXIX.)

The allcnio diol (XXIX) was iscaerised in 0.1 K sodium hydroxide 

to a triyne-diol having a terminal ethynyl group, This is the 

expected product involving the preferential removal of % (see ?igs« 

32 and 33)* *IH* diol (XXIX) has a terminal hydroxyl group in the same 

position relative to the allene as in the alcohol ( XXVII ) t and sons 

assistance of Hb removal ailght b* expected, but there is an 'additional 

hydroxyl group at the CL position with whioh the terminal group oan 

hydrogen-bof»3* Thus for tfte diol (XXIX) there is no aotivation of Hb 

by hydrogen bonding, and Ha is preferentially removed by baao y the 

i some ri set ion proceeding as shown in Fig# 37»

,C

n$. 37

Ijes»risation of the Allenie Pjol (XXX)

st^ c =
Analogous to the diol (XI1X) above, hydrogen bonding occurs 

preferentially between the two hydroxyl group* so that 1% is first 

retaoved to give a trtync isonfer (XL) having a terjdiaal ethynyl group 

as shcmi in Fig 38.

HCs'C, CsC. C*»0*»GH. C3I .GBL
\ X 2

OH

Fl*. 3S



of the Allenic Isopropylidene I-erivstlye ( )

'' XVI )

0 0

The isopropylidene derivative (XXXVl) of the diol (XXIX) has 

no hydroxyl groups* Isomeriaation therefore proceeds via removal 

of % first, to giv* a terminal ethynyl triyne i&ocaer (XOTII), as 

shown in Pier. 3$, in addition, a trace of enetriyne ia formed,

HCSC. 0=0.

s./ 
XX

39

(see p* 41 ), whioh may be explained by the increased eleotronegativity 

of the a,-mib*tituont over that of a hydroxyl group resulting in 

& v«ry small amount of ^nesaotin-nerootin A* type of isooeriaation 

(fig.

= o. 0 s

ig..

^Experiments are planned to study the kinetic a of iaowerisa tion 

of the alcohols (XXVH) and (XtVTU), the dial (IX1X) and the 

iteprorr/lidene derivative (,)0(XY1) by observation of the decrease 

in intensity of ultraviolet light absorption at 2?80 X at known
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and thermostatically controlled temperatures, Evaluation of the 

change in entropy for each oompouori will give a useful guide as 

to the correctness of these meohftnipas, fhi« work now awaits the 

arrival of a suitable thermoBtaticnlly-controiled ultraviolet absorption 

oell holder.
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The Poly^oetylenes jfrnm Clitocybe Rhizophora

The structures (XLI) and (XLII) have been elucidated for two 

polyacetylenes produced during the growth of the fungus Glitooybe 

rhizophorau The component (XLII) is somewhat unique in being the

OH OH OH
I I
OT. C == C. 0 s C. GIL C! l^ CH. (XLI)

OH OH 0
II II , ,
CH2. OH. c=c. cs-c. a CH2. OH, (XLII)

first polyacetylenic ketone to be isolated from micro-organisms, and 

from the fact that its structure was determined mainly by the use of 

nuclear magnetic resonance speotrosoopy. The triol (XLI) is the first 

diacetylenio derivative to be isolated from micro-organisms. 

Growth of the Fungus

The original static growths of the fungus Glitocybe rhizophora 

produced up to 8 mg./litre diyne-ketone (XLH) and ca 45 mg./litre 

diyne-triol (XLI). First, second and third refloods of the mycelial 

mat with Ifr glucose gave yields of (i) 28 and 11 mg./litre (ii) 24 and 

5 mg./litre and (iii) 8 and 4 rag./litre of the diyne-ketone (XLII) and 

diyne-triol (XLI) respectively.

The fungus was also grown as shake cultures, but the ultraviolet 

light absorption of the ethereal extracts indicated the presence of 

only very E-mail quantities of diyne-ketone. These extracts await 

further Investigation* 

Isolation of Components

The poly&cetylenes were obtained from the aqueous culture medium



by continuous ether extraction and were separated into neutral and 

acidic components. The acidic fraction showed no characteristic 

ultraviolet light absorption and although it was realised that the 

•xtr&ct i*dght contain polyacetylenea (e.g. diacetyl<"m«3) with low 

intensity absorption, preoccupation wifcft other studies prevented 

further investigations. The neutral component a were then transferred 

to a bensene solution, which, by chance, was kept cool for 24 hour*. 

Curing this tira*, a white solid separated which proved to be the diyne- 

triol (3CLI). the diyne-triol was reorystallised from benzene or 

frou; eth«r-hexane.

Ihe diyne-ffetono iwis soparated from lea* pclar co»^x>nentB by 

extraction with water and re-extnaotlan with ether. A trial formation 

of an isopropylidene derivative of the diyne-keto-diol (XLII) proved 

successful and was adopted as a general purification ^-ooedure, the 

derivative beia^ chroioatographad on alumiria. The diyne-Jcetone was 

exaialned prlnoipally In thia form, but the pareat ktto-diol (ILH) 

oould be regenerated by trerttawnt with dilate acid. It forraed low- 

welting needles from Rthie?r*h6ieane.

firtr&ota frorn refloods w^re •A^shod -.Tith Bodium hydrogen 

carbonate solution^ ».n6 the neutral components were treated with 

acetone, and the two iaopropyliden* derivatives were separated by 

alwss,ina 

the.

This cojai»onent aeparAtad froia benzene as needles and was almost 

pletely stable at 15° in a specimen tube. Kecrystfallised aaiaple 

tended to bcocaie pink &tid to foi-m yellowish solutions after expoaurs



to the atsaBn.iere at 15° for r,evdinl oonths. It is thus one of the 

most stable of polyac^tylenes to b« isolated from fungal culture 

••dia* As such it was of interest to test its biological activity 

against Staphyl OGCOOU a _^a (Oxford strain). This waa kiualy 

carried cut by Dr. 2.1* Abraham of tne Sir. v-.'illisu £urui School oi' 

Pathology, find the diyne-triol showed no biological ctivity.

Carbon-hydrogen Analysis gav® an empirical formula ot Cyf. 0, 

and with a "Fast 1* taolacular weight of 163, tirit molecular fontfula 

CgH^Q, ^*s tentatively noainated. Ultraviolet absorption data 

indicated the prei«nc« of & dlyne chromophorej infrared data 

su,;?gest$d Iqrdroacyl ad the oaly oxygen functions ^»*cl the absence of 

a tonoinal ethyoyl £rouP« ;3n hirdro^ea&tioat the natural compound 

(assuming ^ -V, 163»2; required 3»8 ^ois of nydrogen*

The hydrogenatid oolecul^ consumed 0.95 sol. of sodium periodat* 

over 24 hr. , &nd f om»l<iehyde was established as one of the fi&sion 

products of both the natural and h/drogonated material* .'eriotiate 

cleavage of the natur^ fitateilol and r«8iacval of fonmlaehyde left a 

highly unstable residue -fctdch had ultraviolet absorption ch&raoteristio

of the <Iijrne~aXdehydo Ghn^aophore. Ihe infrared spectrum supported
»1 «»1 this witih unsaturcited oai'boriyl (I66b ca, j and aldehydic C-H (2732 cm. }

, anci in addition showed a free hydroxyl absorption at

3597 CJaT reriodate oxidation of uue saturated aolec^o.*.. a.i»d

ohrtiwatography of the products as 2 f4-dinitrophenylhydrasones gave 

two main frecticnsi one of fx)rmaldet\jrde 2 tv-dlnltrophenylhydrazone, 

and one n-hlch analysed for the 2,4-<Hnitrophenylhydra»one of the 

hydrojcy-aldehyde O
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the above evidence, the grouping HOCH2.OH(Oft). 0=0,0=0- 

established, leaving three possible structures for the complete 

noleoule as shown in ^ig. 41 •

. CH( OK). 0= 0. 0 s 0. CHg. CH(OH). OH,

fig. 41

The hydrogen^ ted material was treated with periodftte/ permanganate

(52) reagent' x and then oxidised with chromic acid in acetone to give a

product which after crystallisation from hexane had awp, 49-51 °* and 

showed acidic and extremely strong oarbonyl absorption in its infrared 

spectrum* It formed A seaioarbasone, n.p» 189*190 * which established 

it as the Kieto-aoid (XLIII) frcsn the three possibilities shown in

Fig. 42.
OH2)4. 00, GKg. GHj (XLI $

52°, aeadoarbezone, m. p. 190° ' '

HOOC2, OHg) . « Glfg. 00. OH,

M.P. 29-500f aeadcarbMone, aup. 115-114°

HOOO.

Bfcpw 140°, no seaicarbazone.

Tifr 42

this evidence established the structure of the natural product 

as (XLI) t and therefore the structure of the unsaturated periodat* 

oxidation product as the diyne-aldehyde (XLIV)

OHO. 0= C. 0=0. OH( OH}.CH2.CH. 

(XLIV)



Partly to provide a check on the structure determination 

outlined above, and partly to investigate the possibilities-of 

its application to aoetylenio studies, the nuclear magnetic resonance 

spectrum of the isopropyliden* derivative (XLV) was investigated.

0 0 08
II I , 
GH2———OH.CSC.CSG.OH.DI2.GH. (XLV)

It has been appreciated for some years that the nuclear magnetic 

resonance spectra of polyacetylenes should be highly characteristic 

because of the sm&ll numbers and individuality of the protons present. 

However, the investigation of these spectra requires solutions of 

high concentration (ea. 50 mg/0. 2 c.c.) and this is the first occasion 

when It has been possible to obtain enough natural material of 

suitable stability for examination under these conditions*

In discussing this and other spectra, the symbols T, J, and 5
(55) are used In the sense defined by the Chemical Society in 1960. v '

The procedure followed and estimated accuracy of the frequency 

sutasurenents are given in the Sxperiotfntal section, p. H2> .

The spectrum obtained from the isopropylidene derivative (XLV) 

is shown in Fig, 43* The features are described below in some 

detail, followed by the data obtained fro® model compounds for 

correlation purposes. the absorptions are considered in bands, 

numbered in sequence from high to low fields as they occur in the 

spectrum,

yhe Isopropylidene Derivative (XLV) 

Band 1 1* « 8.99 p.p»m» From the terminal methyl protons; split
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into a triplet by an adjacent methyl ene group. J = 7«2 c/s.

Bands 2 and 3 'fs 8.66 and 8.55 P.P.HU From six protons of the

gem** dimethyl grouping; resolved into discrete bands for reasons

discussed on p. % . Band separation 0.11 p. p.m.

Band 4 T » 8.30 p. p. au From two methyl ene protons; split into

five main lines by the adjacent methyl and carbinol protons*

J • 7.2 c/s.

d 5 TT * 6.50 p.p. a. Probably from the -OH proton.

Banfla 6 and 7 T* = 6.10 and 5»90 p. p*ia* Prom the two ring 

methylene protons "A" and *B* of an "ABX rt system. Resolved into 

discrete bands for reasons discussed on p. *)£ . Band separation 

« 0.20 p. p.m. Bach proton (A or B) is split (i) by the other (B or A)

and (ii) by the methine proton (X) in the ring. J._ * 8. 1 c/s.AD

VSAB " a 68
Band 8 Y » 5« 68 p. p.m. From the carbinol proton, adjacent to 

the diyne group and with an @-hydroxyl substituent; split into 

a triplet by the adjacent methylene group. J = 6. 2 c/s* 

Band 9 T * 5*27 p. p.m. From the ring methine proton (X); 

split into a triplet by the adjacent methylene group (A and B).

J s JAX * JBX - 5-9 c/s.

The molecule (XLV) can usefully be considered in two parts, 

divided by the diyne group. Accordingly, the spectra of the two 

appropriate acetylenes pent-1-yn-3-ol and 1,2-0-isopropylidenebut-3- 

yne-1,2-diol (see Fig. 44» ) were examined.



OH. CH

•OH. CS£(

CVCH3

/\ 
CHL——Oil. Cs CH

OB

OH
r^ijr vHj

The data for these compounds are set out in Tables 10, 11 and 

12. It was found that replacement of the ethynyl hydrogen with 

bromine in 1-bromopent-1-yn-3-ol did not affect the positions of 

the various bands, and had the advantage of eliminating the 

absorption and couplings of the ethynyl proton.

Table 10 % MLR. Bands for Fent-1~yn-3-ol

Band

1

2

3

4.

5

?<***)

3.99

8.23

7.60

6.02

5.73

Mo* lines

3

5
2

1

6

Assignment

-CH2.CH?

«"0 s 3H,

aCSG.OH(QH)-

-OS?

HCSC.,._. ;.OM2-

Jo/s.

7.3

6.9

2,2

-

6.2
2.0

Subtraction of the spectrum of 1-bronopent-1-yn*3-ol from 

that of the isopropylidene derivative (XLV) leaves bands 2, 3, 6, 

7 and 9 which ahould therefore be found in the aoectrum of



Table 11 flandg for 1 - t-1 -yn-3-ol.

Band

1

2

3

4

T ' * % m. )
9.00

8.30

5.93

5. 73

No. lines

3

5

1

3

Assignment
"" '*'o* -'' ' i

<C "—_>

**CH( Uo /. GHm* Cn«

-Oil ?

saotfao.cHj-

J 0/t,

6,8

7.2

-

6.2

1,2-o-lsopropylid«nebut~3-yne-1,2-dlol. the spectrum obtained 

(see Fig. 45 and Table 12) confirmed this prediction, showing 

clearly the ABX systeja of ketal ring protons and the split 

gesu *4iaethyl absorption. These oharaoteristioa are a result of 

the rigidity of the cyclic structure and the proximity of the 

acetylene linkage; they are worthy of a one attention at this point.

Table g«M.%« Bands for 1.2*Q-Isopropylidenebut-3-yn«-1,2-dlol

arid

1

2

3

4

5
$

T (P-P.*.)

8,69

0.59

7.64

6.22

5.98

5.48

Ho. lines

1

1

2
4 *

*"
6"

AMiCMMmt

•

•

^

J

02 -x- ()M
' ^C^'

0 U

"*" 0

I o o
r '"»rj r*M—> '»yj.irt« Wl"

^H ^H — CH2.--,.-

J c/o.

-

-

2.2

7.4

7.7

6.2
2.0

* 7»6 c/s. « 6,2 c/s.• Bands of an AIM gystea.

• 0.56 S.kjg » 0.23 p.p.aw (r.ffl.8. ralue)
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Inspection of a model (see Fig. 46) showed that if the ring 

is considered as planar, then the acetylene linkage is held to 

one side of this plane. One methyl group and one methylene proton 

are also on this side and therefore (a) are ouch nearer the acetylene 

linkage and (b) lie at a wider angle to the axis of the acetylene bond 

than the protons on the other side of the ring plane.

CH3 CHj

Fig. 46 

The diamagnetic anisotropy of the acetylenic linkage is

well known, and in this case, the protons on the same side as 

the acetylene would experience a different magnetic field to 

those on the further side. Since they also lie at a wider angle to 

the acetylene axis, they experience a stronger resultant field than 

the others, and their absorption bands appear at lower fields. For 

the methyl groups, the separation was 0.10 p. p.m,, and for the two 

methylene proton bands, it was 0.23 p. p.m. The latter separation



is larger ainoe the aethylene protons are together nearer the 

acetylene linkage than the methyl protons. In the isopropylidene 

d«rivntiv« f v LV), the ^ea. -^i^thyl aeparation -was 0,11 p.p*ia. f and 

the mthyl«me proton split 0,20 p.|>.m.

the three ring protons fora an ABV reaon&nce system which 

normally has twelve visible lines. In the oaa« of 1 t 2-0-iso- 

propyliden«but-3~yne*'1,2-diol, where there is an ethynyl proton, 

o 'pling of this with the X«»proton would be expected to give a 

total of sixteen lines* In fact, only fourteen lines were observed, 

the X~b*md appearing as a triplet split by the ethynyl hydrogen, thus 

indicating that Jfj^J-m* ^n<E ABK eyctem iu the isoyropylidene 

derivative (XL?) *h<iwed only ten lines, with a triplet for the X-band

^HSt^ ®n^ *wo °^ *^e ^ **."**» overlapping, The AB apectruat 

somewhat oomplioated by the ratio ^Af/Sj^ heing 8,1/11«9 * 0,68, 

whereas in the former CAM It i» 0«5^« The difference ia related 

to the presence in the derivative (XL?) of two oonjusted aoetylenio 

linkages with a p-h^roxy-substitu^nt fts ftg^inst ^ single ac^tylenio 

bond in the wodel compound, This difference alao explains the 

ohange in p<->altlon of the X-band fro® %48 p,p,m. in the model 

compound to %27 p,p,ia, in th& derivative (^LV). All the bands 

in the speotruiB of th© derivative f vw} fiTe thus fcc^unted for, and 

the structure (XLV) upheld well by the analysis.

CM,

_ £jii £S~ >':=cx HH(OH), we.. ^it* *** ** v** ' 23
(XLV)
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The data suggest that there may be soae doubt attached to the 

accepted position of 7.6$ p,p.m. for acetylenic protons in 

unconjugated hydroc/arbons. The evidence here suggests that It 

oay be nearer 8.00 p*p»o» There is a aaarked move to lower fields 

with the approach of oxygen function* (see Table 16).

Table 16

The .•/ositi--»n of Kthynyl rxotion Absorption in Various Terminal

&tharnyl Compounds

GoGipound

HC= 0. QH. CH.(OH). CH

V

L,thynyl roton Bund

6. 21

8,02

8.00

7.60

The structure aasi^ ned to the natural diyn«-triol (XLI) was 

finally ratified by aynthonia, carried out by the route shown in 

Flg» 47« The but-5-yne-1,2-Kliol was isolated iu bulk from 

atage (i), the crude product being converted directly tw an 

isopropylidene derivative which coulu b«» purified by alumina

ohrotaatcgrs.^'ay. A portion of this was used for the



X
4\
AL HQCH2.CH(QH).C = GH

X
(Iii)* — **- ' —— L C = C. 0=0. CH(OH),

(iv)

„ ardxtures of raoemic 
dia sto reoisooter*

(11) Acetons/^g-toluenssulphonic acid 

(ill) BrCsG.aH(OH).ai*CH-/Ou> > ,3tNH (iv-J H^

examination of its nuclear magnetic resonance spectrum (p 

The synthetic racemlc mixture of isopropylldene derivatives was found 

to have ultraviolet, infrared and nuclear magnetic resonance spectra 

which agreed well with those of the optically active natural product. 

The nuclear magnetic resonance bands appeared at 3.96, S. 6$9 8.57, 

8,52, 6.52, 6.10, 5»&*, 5.68 and %28 p,p,m. (of, data on y* 89;. 

The synthetic mixture of trlols fenced low-melting needles, 

giving only broad absorption envelopes in its infrared spectrum 

which corresponded with the more intense bands of the natural 

pro4uct. >n? ultraviolet absorption spectra of natural and synthetic 

material were cloaeiy similar.

The Diyne-Ketone (XLII)

Th« investigation of thia oom^oneat was started when t :; t-ructure 

of the diyn-r-triil (XLI) waa reasonably certain. The polarity of
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the diyne-ketone (XLII) suggested that it could be a diol perhaps 

•Imply related to the diyne-triol (XL1). A sample ie&» therefore 

heated under reflux with acetone in the presence? of j>-toluenecul phonic 

acid, when it ims found that ooat of the diyne-ketone in the 

product was extract^ by light petroleum and could be chroaatographed 

on alumina. The infrared spectrum of the isopropylidene derivative 

thus formed had t«o extreaely strong acetylene- bands at 22^0 and 21M 

unsa turn ted esrbonyl at 1675 c&T, ^em. -dimethyl bands at 1379 and 1571 

, and oharacteristics of a ketal ring at 1206, 1147 and 105^ cau"

The diyna-ketone ohroBaophore wao already established from the 

ultraviolet spectrum, and sufficient material was available to 

investigate the nuclear angnetic resonance spectruaw Two possible 

8tructur<?» were suggested by the spectroB, and one of these (XLVI)

m

0 U

vnas established after obtaining spectra of tne hydrogen*, ted 

jfia&€>ri&l arid the product froo sodium borohydricie reduction The 

latter had ultraviolet, inti-ared and ivuclear &a><;nt»tic reson^snce 

epectra clouely eimilar to those of the ieopropylidene derivative 

(XI.V'.) from the diyne-triol (\jul). The relationship Between the

CH3 /' :H3 
0

0/ \

,__ c\a f* ^ f* r* =s /•* j**?.^ / ,'>£? ^. «^n« w — %*•<./.— * •' . ' •



two metabolites was fully established when the isopro^ylidene 

derivative (XsY) of the triol (XLI) was oxidised to give ft product 

having ultraviolet, infrared and nuclear magnetic resonance spectra 

identical to those of the derivative (XLVI), In Addition, the 

sign and magnitude of optical rotation were found to be the same*

The na tarsi jceto-^iol (XLll) was regenerated frora the 

isopropylidene derivative (XL7I) an«l could be crystallised, with 

difficulty and in vsry assail amount, fraa ether/hexane aa needles,

a. p. 54.5-35f

Oheadcal evidenoe for toe stru.cture (XLJ1) was difficult to 

obtain. The diol group was not easily cleaved by periods te in 

aqueoui solution, »nrt the compound was foun£ to b« extremely unstable 

totmpdri base* •• v<*ry sraall asiount of fom«Jdehyde (identified as 

its dimedon© derivative) was fonaed 5n aqueous perlrdate* 

Nuclear iJagntttio P.eson&nce Speotra. of the _ Dgriva.tlve rXLVI) and 

He I ft t at? Cqmy cund »•

rhe fc?aturea of the spectrum of tne Isopropylidene derivative 

(XLVI) are shown in Fig, 46 aaa raoie 17* ^roa light absorption

,

v 0 (XLVI ) 
IIixur . .. . * i r f'»sr <H <^t fs^ :"*f\ f^-M T'lT '.'rjrj"" 1 "" • *li* V— O« b s^^^ -A-'* v»ii«« <L»ii-

data, end froia its dil'ferenoe in polarity froa the natural product, 

there WM« evidence for the groa^iags i&& and

CH
-C.CsaCsC.CO.C- (b)

cr



1
', 

p.
p.

ro
. 

8
10

C
H

, 
y

C

o
'S

)
I 

t

N
.M

.R
. 

S
P

E
C

T
R

U
M

 

of

O
 H

C
H

,-
 C

H
—

 C
 5

 C
 
^
 C

 3
 

C
 
-
 C

 
—

 C
H

 -
 C

H
S

it

B
an

d
7

(X
L
V

l)

Ba
nd

 
B

an
d 

6 
5

3O
O

25
O

—
r 

—
—

—
 

' 
c
/ 

2O
O

 
Fr

eq
ue

nc
y,

 
A

.
5O



Table 17 N.M.R. rats, for the Derivative (r^

Band

1

2

z J

4

5

7

T ( p. . ia. y

a. as
a. 68
8.56

7. >7

6.14- 

5.96

5.32

-Jo. lines

3

1

1

4
4* 

4*

3*

Assignment

__ x"Vi /*^ I^T r^kJ •*\^W. Wlirt. ^Ji»

\ ;%,c^ c%
J 0"^ "^0

-OO.CK2.C'!3

, 9 9
CH2. GH

? 9 
OH2.CH.QSC~

J C/3.

6,7

-.

-

7.4

3.6 

7.3

5.7

x a Bands of an ABX system, J » 8.0 c/s.^ * 5. 7 o/s.

°- 72 (r. fu, a. value)

From the nuoleer laagnetic rescjnaiioe d&ta f it was foun^ that a» 

in the oase of the derivative (XL'/), the £e;a,-aiiaeth>-l growing gave 

t*o absorptions (Bands 2 and 3), and thr v^.tal ring protons fonaed 

an ABX a/ste-fi (.rSaods 6^ 7 and 9). '*he presence of a motnyl group 

was esta&llGhed with a methyl triplet and a methylene quartet 

sharing t)ie same coupling constants. ,?he ohasioal snift of the 

quartet suggested close proxiiaity to either «n aoetylenic bond or 

to tne o«rbonyl group, thus giving two possible full structures for 

the Privative (XLVI) (see Fior. 50 - (a-) and (b) ). Hydrogenation

/

OH.CsO.CsG.CX). 

(a)

-OH. GO. G =G. 0 so. CH2. CT? 

(b)
Fig. 30
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expected to give a product which, if derived from structure (a) 

would retain the methylene quartet of tne ethyl group in the same 

position in Its nuclear jnaguetio resonance spectrum, but if 

derived from structure (b) would not have this characteristic in 

its spectrum

It can be aeen from the data in Table 18 that the methylene 

quartet was retained at 7*60 p»p,m,, superimposed on a triplet 

at 7. ' :«p.m* the latter band is due to the methylene group on 

the other side of the oarbony1 group being split by a further 

methylene pair* A small separation of t^e gem*-dimethyl bands 

was still present (0*04 p.p.m.) due to the asymmetric substitution 

of the ketal ring.

Table 18 . Data for ^erhydro~(XLyi). Derivative .(XL/II.)

Band

1

2

3

4

5

T ( p. p. a. }

a. 96
8.69

8.65

7.60

7.60

No. lines

3
1

1

3
4

Assignment

-C50.CH2.qj,
• GH 3 OH,

0/\0
-OH-. CH-, GO* <T *"2r

-GO.qj2.OH,

J 0/8.

7.4

-

-

6.2

7.3

Heduction of the unaaturated isopropylidene derivative (XLVI) 

with sodium borohydride gave a product having similar ultraviolet, 

infrared and nuclear magnetic resonance spectra to those of the 

derivative (XLVj - see Table 19* Conversely, the isopropylidene
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Table 19 R. Pata for Derivative.. (XLVI1I) 
from NaB*! reduction._of Derivative (XLVI))
iunuKMi-J«-iiiLM>MMUU- .I . ' ii "i ••••* ••IMP ii i >in»ii KI i !••• i !!•••* rniii 11 n in'• i n n — TT»IJT KIMi i n *ir ><panrrarnna i i TI m IT irr "^ir f i

Ban.:'

1

-

*

4

5

6 

7

£

9

T( p. p. ra. ,

a. 93
8.65

3.53

8.27

6.95

6.03

5.83

5.65

5.25

;o. lino,;

3
1

1

5
1
4*

4*

3
3*

Assignment

. -CK(u!).CH2.CH3
f^tj f*it{^3\ /Xiit•X

J V 0
-CH(OH).CH2.CH5

-OH ?

10 0 
I GP ^i

=aca(oH).cH2-
0 0

J e/a.

7.0

*

-»

6.4

-

a.4
a.1
6.4

5.7

* » iiancls of an ABX ay»t«o.

'AB 0.68 *

JBX . 5. 7

.s. value)

Table 20 ^ Itefe for the derivative (XLYIj fr<xo the 
OTcidation of Derivative

Band

1

2

3

4

5

6

7
— — — — __ .

t(p.p.«,)

8.90

a. 71
8.60

7.52

6.12

5.94

5. 40

No. lines

3
1

1

4
,*

4*

3*

Assignment

-CO.0-H2.GHj

' ^y%

0/\

-co. qj2. CH.

1? ?i r»w f^HU. 1 un,j>« *M>ii-*J *"**

9 9
- g* tj-i

J 0/B.

7.1

-
.

6.7

a.o
7.1

5.4

m « Band* of an ABX syati 7.6 o/a. ax . 5.4 

value)
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0
CH.CSC. cs

derivative (XWT) of the triol was oxidised with 2,3-diehloro- 

-5,^-tiioyano«.1 ,^-bcntoquinonc and the product found to have identical 

ultraviolet, infrared and nuclear magnetic resonance spectra to

thoae of the derivative (XLVI) of the ketone (see table 20)* 

Hence the structure (XLII) was established for the natural product 

froa that of its i«opropylid«ne derivative (XLVI). The structures 

of the hydrogenated joaterial and sodium borohydride reduction 

product are therefore (XbVII) end (XLVIII) respectively.

Cu=.°v (XLVIII) 
( Raoemic at C- }

—CH.(CH2) .CO.CHg.CH (XLVII)

complete the nuclear laagnetic resonance correlation data,
(57) pent-1-yn-3-ol was oxidised with chromic acid in etherv ' to

pent-1-yn-3-onc» which showed the expected -Qy. urt^CH. multiplet* 

(see table 21 ) f and also evidence of a much deshielded ethynyl 

proton* This is probably due to the electron-withdrawing properties
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of th« oarbonyl group adjacent to the triple bond.

Table 21 f.M.R, .Data for rent-1-yn-5-one

Sand

1

2

5

TCp. P.*.}
a. 85
7.39

6.60

ho, lines

3

4

1

Assignment

-CO.CHj.CHj

-oacgj-CH,
_=O.GO-

J c/s,

7.9

7.5
*

General Comaents

. CH(OH), C sC, Cs C, CH( OH), GH^ GJJL (XLI)

OH( OH ) . 0 sc. C s 0, CU. OR (XUI )

The optical rotations of the* tw r9*tabolite» and their 

saturated and unsaturated derivatives were measured, and these are

set out in Fi> Redudtion of the ketone derivatives with

sodium borohydride gave a adxtur* rao««alc at the G- centre, but 

identical in other respects to the derivatives of the diyne-triol 

metabolite (XLI). By comparing the rotations of the derivatives 

of the diyne-triol (XLI) with the borohydricie reduction products of 

the icetone (XLiI), the contribution from the C« and C- centres in 

the diyne-triol (XLI) and its derivatives could be deduced. It
/ -oX

then beoaas of interest to discover whether Brewster*s aethods^ ' 

could be used to determine the absolute configuration at these 

centres.

The C.. Centre ———-7—————

The (s)-configuration^ *' is shown in Fig. 52, ;3oth atomic and



Mr°
Jr-P

c*: O c* O

ei —

r~- -".

fO
v_^

^T * ——
-* 1

O tfr

*» i— S ^ r— Q

PO
**T •*• —

o

/ V

5
rv

1^C

sa -a;>• SE - o «r •
g g

x 
^ o? I c* -—o

O

—

II 8 -V ^ 
i —p
8 « p O «f C,

°° r°x *"^'
^^ ^^

II

O t*

II
r*3 «*•

K
w 

c> 'o r°x° Jr-° y 

1

M

J*
•o. o
_x_ ~

ilII —

(S

a
S'

e ' ± — 
" '^

H
SM

US
l 
0

a«•

0

9 tt » M«

.*

— o
sr
I



WI tA* V 4 4 *

HQ»—C—«C3

H

sa
conformations! aeymae tries must be considered since although the 

substituents are different, one of them (-CH2.OH.) is a flexible chain* 

Atomic Asynaetry

If the substituents are ranked =OEt>OH>H in pclarisability of 

their attachment atoms, then for the (S)-oonfiguration (Fig* 52), the 

centre has an overall "right-handed screw pattern of polarisability4*, 

and will therefore mke a laevorotatory contribution* ̂ ^ 

Conforaational Aayiaaetry

There are only two molecular conformations to be considered, the 

two allowed for the G~-Qg bond and shown in Fig. 55. These have the

f\tt /MJ
Vfln*V>X1« « urn

i & 3 i3i JK

U C v |_^H H. I .xC

X^ i 0 X^ i 0
I I

("X* - 0 ) H^ Hw
A A

U)

55

values (a) 4-50°, (b) » ^O0/** and ttais the overall contribution

from oonfonaational asymmetry (* ^-|——) is dextrorotatory. The 

Magnitude is difficult to estimate since Brewster gives no experimental



106

values for acetylene group attachment atoms* The calculated value (87 ) 

is the Sam* as that for the Cft group where the observed value is given 

as 160 . If this latter value is used, the contribution is +55 » 

the calculated value giving ca* +20°*

(2K)-»But*3~yn-2-ol, which could reasonably be expected to show
(23) essentially pure atomic asymmetry was found by Jones, Loder and whitingv '

to have the value [M]^ +3^°. If the atomic asynmetry contribution 

from the G_ centre considered above is of this order of magnitude, then 

for either configuration the overall rotation will be of unpredictable 

sign since the atomic and conformationa! as/rone trie a are opposed and of 

similar magnitudes* The observed contribution from this centre is

Wj) * •^5°« However, hydrogenation gives a compound where 

conformations! asymmetry is the only contributing factor* For the 

(S)-conflguration, by inspection of the bonds A, I, II, III and IV 

(See Tig, 54), the estimated contribution from the CU centre in the

ffcOB,

i I * II 2III 2 IV 2
H * Fig. 54

saturated molecule is +13*3 • ^he value observed [_by comparison 

of the triols (JUI; and (LH), and the isopropylidene derivatives (LIV) 

and (LVj J was M p * >1 5°» Since the (R)-oonfiguration gives a 

value of -13»3°> the (73)-oonfiguration is tentatively put forward 

for the natural diyne-triol (XLI).
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The 02 Centre

Here again, for the unsaturated molecule, there is both atomic 

and Conformational asymraetry to be considered. 

Atomic At/'

For the (s)-configuration, (see Pig 55), there is a "right-handed

CH0OH
I *-

i 
Fig. 55 HO^-C

ii i
H

screw pattern", and therefore a laevorotatory contribution, when the 

substituents are ranked so >GH2OH >OH>H in polarisability, 

Conformational Asymmetry

Conformational asymmetry is exhibited by the C,-C2 bond which 

has the possible conformations shown in Fig. 56 (C2 forward).

H H H
(X «50j ,'0

H H 0

+k(X-H)(0-H) -k(O-H) 2 -k(0-H)(X-0)

(a) (b) (o)

Fig. 56

Configuration (c), normally prohibited by Brewster's rules (see rule 3» 

p.2&, this thesis) could be allowed here on the grounds of the 

likelihood of hydrogen bonding and the relatively small size of the 

oxygen atom. Allowing this conformation as equally probable, the
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estimated contribution is very small and laevorotatory. Considering 

only 56 (a; and (b) give* a dextrorotatory contribution, However, 

on formation of an isopropylidene derivative, there is only one possible 

conformation, shown In Pig* 57* whloh gives a large laevorotatory value. 

Similarly, the formation of an isopropyll ^ne derivative of the 

(R)-form gives a large dextrorotatory value.

forward)

-Jc(X-H)(0-H)

57

The observed change in [ML from open-chain to a cyclic ketal 

Qooaparlng the diynes (XLI) and (XLV), (L) and (XLVIIl), and the 

ketones (XUI) and (XLV1)3 was -85°. Prom this evidence it seems 

likely that the C2 centre has the (S Configuration* The hydrogens ted 

compounds were accordingly investigated to see if this assignment could 

be upheld* In these, we are concerned only with conformations! 

msyanetry*

For the (S)~configur&tlon, by inspection of the bonds A, I, II, 

III, and IV (see Fig, 58), th« estimated contribution of the C centre

CH2OH

HO 0 -* CH ——cH«——CH 
II II ill * IV

Fig* 58 

is again dependent on whether the "disallowed" conformation of bond A
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, see Fig. 56) is "allowed" through the likelihood of hydrogen- 

bonding. Allowing ell three conformations of A, [M] » +5°, and 

allowing only two conformations, [Ml » +15°. However, with formation 

of an isopropylidene derivative, the conformation of bond A becomes 

fixed (cf. unsaturated compounds above), anC the estimated contribution 

of the CL centre becomes -48 • For the (R)-forai, there is a 

corresponding dextrorotatory shift on formation of an isopropylidene 

derivative* The observed change in [M]D [ by comparison of the 

hydrogenated hydroxy-compounds and isopropylidene derivatives (LIV) 

and (LI), (LV) and (LII), and LYl) and (XLVIl)] was -35°, in further 

support for the tentative (2S)-configurational assignment to the divne- 

triol (XLI) and the diyne-ketone (XLII) and their derivatives*

The proposed full structures of the two metabolites are shown in 

Fig. 59.

——— ^___'$ — G=G. Gs=0 — C^^^ X \^
HO' XNH

(XU)

-1 ,2,?-triol

Fig, 39 

H

HOCH,

\
V s

N

2 /HO'

(XLII) 

( 23 )-Kona-3,5-diyn-7-one-1,2-d lol
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Infrared Data from ths- ZsoproRvlidene ̂ Derivatives

In the discussion of the polyaoetylenio aetabolites from Odontia 

bioolor (p. SI ), attention was drawn to certain consistent bends in 

the infrared spectre of the isopropylidene derivatives of the 1,3-diol 

(XXIX). these bands, in the region 1100*1200 ci&7\ were attributed to 

i^eletal vibrations of the ketal ring, and should therefore be dependent 

to some extent on its site* The isopropylidene derivatives formed 

from the Olitooybe rhjsophora metabolites have five-jaembered rings 

and were observed to produce a similar set of bands appearing in the

V**
(LI)

X
0 0

(XLY)

OH. C s ,. -3 sc. 00. 

(XI.V1)

(XLVII)

0 0
I

(XLVIII)

region but at intervals significantly 35 fferent from those of the 

si*HB«abered rings from the 1,3-diol (XXEC) derivatives. The data 

are recorded in Table 22,
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Table 22

CkMpound

diyne-alcohol (XLV)
Synthetic (XL.Y)
diyne-alcohol (TLVIII)
dlyne-keton© (XLYl)
alcohol (LI)
alcohol (UI)
keton* (UiYlX)
1 , 2-1 sopropyl idene-

allene (XXXVIj
triyne {TOCVTI) 
perhydro-(30CXYJ)
1 , 3~0-X»opropyl tdone- 
deoane-1 , 3-d iol

Observed 9 values* (cmT 1 ) max*
Gem. -dimethyl

1361, 1373
1377, 1369
1373, 1570
1379, 1371
1380, 1372
13^0, 1372
1379, 1371
1375, 1570

1330, 1370 
1376, 136? 
1378, 1366
1383, 1371

Ketal King

1210, 1151 1065
1 «<ii)6 , 11 4fd 1 063

1205, 11^3 1063
1206, 11i*7 1065
1211, 1157 1061
1211, 11^7 1060
1210, 1156 1062
1206, 1151 1063

1192, 1162 1103 
1196, 1159 1106 
1195, 1162 1105
1200, 1168 nr

iogene tic Con s IUi i ra t ion 3

, CH(OH). CsG. C SO. CH(OH). 

HOO!!2.CB(OH).GSG.C2G.CO

OH (XU) 

(XXU)

The two metabolites which have been characterised were shown to be

simply related to oneanother in that the diyne-triol (XLI) is a simple 

reduction product of th« diyne-ketone (XLII). In addition, it was 

established that both compounds had the aaiae configuration at the 02 

centre, since oxidati on of the iaopropylidene derivative (XLV) gave 

* protiuot having the sam§ sign and magnitude of optical rotation as 

the isopropylid:ne derivative (XLVI) from the k:etone (XLII).

Experiments are planned to study the labelling pattern produced by
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feeding labelled (0 *"} eoet&te to the fuuyis, The metabolites can 

be degraded fcy periodate fission.

It is possible that these Cg polyacetylenes are derived froa 

9. CJQ tetra-acetylenio &oid f and a hypothetical seiuenoe is shown 

in Pig. 60.

rCHyCsC.CsaOsO.CsC.caQH]

CH,« CHg. oo. as c. csa. UHUI/. ui2uu (xui )
i i

GHL. CH2. CH(f^l), Cs C. 0 sc. 03fi(OH). OH^ (M^ (XU)

60
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Experimental

Procedures adopted for the ex&mination of Nuclear magnetlo 

Resonance Spectra

AH samples were examined in oarboa t etraohloride solution 

(minimum 15. in 0.2 0.0*} on an Ml HS 2 Spectrometer with an 

operating f requenoy of 60 Mc/s«

Tetramethylsilarie (TMS) was used as an internal reference 

standardf and the shift of the absorption linea from this 

standard was measured by the "super-imposition technics1*. In 

this method, the BiS absorption line ia a»ved to ooinoide with 

a strong line in the speotruow The »ove«ent of the reference 

peak can be controlled to 1 a/a*, and the last figure is eat hnated 

by the operator froio the height of the auyerir^pOEed lines on an 

oscilloscope. Aasuadng a linear s^eep, all other lines in the 

spectrum are o&Iibrated from TMS \sy appropriate interpolation or 

extrapolation of the ralue obtained for the one strong line* 

Diat&noea on the chart paper oould be measured visually with an 

•stiaated accuracy of * 0. b «a» > wnich corresponds to oa. 0.6 c/a* 

for most of the spectra*
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Experimental 

The general experimental procedures are given on p.

growth of Clitooybe rhisophora.-

The culture of *0nitooybe rhigophor* Velen* ires obtained from 

the Oentra*! bureau voor Sohiirraelcultures, 3«arn (Netherlands). The 

fungus was grown as surface cultures on a medium of J> a»lt extract* 

The poly-yne content was highest at periods varying from 35 to 44 

days. The maximum concentration of diyne-ketone varied for 

different growths from 3 mg» /litre to 8 m^./lltre, and the raaxiattim 

concentration of diyne-triol was pa* 45 rag* /litre. The following 

yields of diyn«~ketone and diyne-triol (reap. ) were obtained from 

three refloods of the Hiyc«li«l mat with 4, ^lucooe: (i) 16-58 iag» /litre 

and 11 mg./litre after 15-23 days, (il) 17-24 ag,/litre and 5 mg./litre 

after 18-19 days, (iii) 8 mg. /litre and 4 aig»/litre after 26 days*

Olitooybe rhiaophora was also grown as shike culture* on a 

of yfr malt. The diyne-ketone ultraviolet light absorption reached 

s maximum after 34 days, and again after a further 14 days followin
\

reflooding with 4$ glucose solution* The intensity of ultraviolet 

light absorption is very low compared to that trow st»tic cultures j 

the polyacetylenic metabolites have not yet been investigated. 

Isolation of Polyacetylenio Component s«- 

(a) original Growths

The culture fluid (20.1) was continuously extracted with ether 

(21.) for 24 hr. Tht extract was evaporated to 200 c«o» in a



darkened flank and separated into acidic and neutral fractions 

fey extraction with sodium hydro-yea carbonate solution. The ultraviolet 

absorption spectrum of tne acidic fraction indicated that there was no 

acidic absorbing species present. The neutral fre-'tirn wa« dried, 

evaporated to dryness, and the residue extrv.oted with bencene (200 0.0.). 

The benzene was cooled and filtered free f rcjia precipitated diyne- trial* 

The diyne-triol (XlJj was recrystall ised either fro® benzene or froa 

ether/hexane. The benaone solution was then extracted with water 

(2 x equal volume) and the aqueous extracts saturated with sodium 

chloride and extracted with ether (3 x equal volume). The ethereal 

extracts yrere dried, evaporated, and the residue tafcen up in ether again 

to gire a solution of the neutral diyne-ketone (50 m& , U, V. estn. ) 

of the i iyne-Ketono

An ethereal solution of the diyne-ketone (XLII), (i*Q ng*) f was 

eraporntc'? to dryness and tho residue taken up in acetone (/*£) 0,0. )• 

This solution ^ma heated under reflux with £-toluenesul phonic acid 

(5 sag.) for 18 hr. when excess solid sodium carbonate was added and 

the mixture kept at 15° for 1 hr. the solution was filtered and 

evaporated to dryness, and the residue extracted with light petroleun 

(b.p« 30-^°, 3 x 20 o.c. ; and chromatographed on alumina (W) (10 g. }. 

The purified diyne-ketone isopropylidene comijound (XLVl) (31 mg. ) was 

eluted in light petrol cum (b»p* 50-40°, 130 c.c. ) 

(b) (^luooae > ef loodg

The culture medium was extracted with ether and the extracts 

washed with sodium hydrogen carbonate solution as for the original 

growths* The extracts were then dried and evaporated to dryneas



and the residues treated with aoetone and ̂ -toluenesulphonic aoid 

as above* After filtration from added sodium carbonate and evaporatior 

of the aoetone solution, the product was taken up in beasene (2 o.c.) 

and adsorbed onto alumina (w) (18 g. )• The diyne-ketone isopropylidenc 

compound (XLVI) was eluted in light petrel mm (b.p. 30-40°, 250 o.o.)» 

and the diyne-triol isopropylidene compound (XI,V) in light petroleum 

(b.p. 40-bO°)/^0> bemene (120 0.0.)

The isopropylidene compounds were treated separately with 2N 

hydrochloric acid (10 o»cu) for 30 min. and the mixture extracted 

with ether (3 * 20 0.0. )» The extracts were dried to give solutions 

of the original natural products (XUI) and (XLI). 

Characteriaation of

Physical Constants

Needles, nwp. 71

Found: C, 64*5J H, 7.45.

"East" molecular weight, 168. OJi^O, requires Ji,W, 168.2

Ultraviolet Absorption; (£ in parentheses)

kfflax. : 256° ^ 25°^ 242° ()70) » 228° ^50^» 220° ^ ^410 ^ 

Infrared Absorption: (in nujol)

^ : 3130 (broad; interaolecular H-bonds), 1082, 1028
ttSJC*

(OQ-H).

Optical notations 

[oC] 26 - 21° (c 0.55) 

Quantitative Hydrogenation. -

The diyne-triol (ILIj 6.40 «g.) was hydrogenated in ethanol over
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platinum (frc*n 9 ng. platiaio oxide) in a Ttoali aiorohydrogenator. 

The uotake of hydrogen at K.T.P was 3.22 c.o., 95 i of that calculated 

for a aiecetylene -4 v. 168.2, In a second run the diyne-trlol (XI*X) 

(6.57 tag. ) absorbed 3.28 0.0. at ?£*T*P. , 94*> of th* calculated value* 

Reaction with 3odiua JPeriodate* «•

(a) Jhe diyne-triol (XLI; 57»0 a*g, , 3.34 «A5, ) in excess soditui 

periodate solution (oa, 4 3./1. * 40 o»c. ) -sras kept at 15° ?or 12 hr. 

The solution was thon distilled, leaving behind about oiw third of 

the original volume, and the distillate collected uridor 3ftturtit'*d

diaactonc solution (cauO*6 w&* ). the distillate aixture iras.

kept at on* 95° ^or 10 odn. and then set aside at 0°« the pale pink 

precipitate (80.4mg*) f 391* p* 150-165° and 190-192°, was r<jcry»talltse4 

from aqueous eth&nol* Golcurlees needles (44«9 *ag. , 45. 3 ), swp* 

191-1920, (undepressed by admixture with authentic formaldehyde 

dioedone derivative) weri deposited.

Separately, an aqueous solution of formaldehyde (42* 1 sag. ) urns 

two- third e distilled and the distillate coll acted under saturated 

aqueous di&edone solution* The derivative was collected as colourless 

needles (69. 3 Q£. , 42.5^;, a. p. 191-192°.

(b) The diyne-triol (XUj J2 •,:> ; w^s treated with excftus sodium 

period&te solution (20 0,0-, 4 £./!•) at 13 for 16 hr, , *hen the 

solution was extracted with ether (3 x 25 c,c*) an:i the ethereal extracts 

washed with ire tar (3 x 100 0.0* j and dried. The ethereal solution 

was evaporated to yield an unstable pale yellow oil (27 a*g* ). 

(An ethanolic solution of the oil (0*0^ w*/v. ) lost 95^ of its 

ultraviolet light absorption intensity at 15° over 8 hr. )
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J (£x 10"3 *» Parentheses) 2865 (4.5), 2705 (5.6), 2565 

2455 (2.6), 2325 £ (1*7). V^ t 3597 (0-H), 2732 (C-Hj aldehyde), 

2232, 2174 and 2210 (C=C), 1668 a* 1 (OO). M^9 -21° (o 0.70). 

Foraation of the Tribensoate of the Piyne-Triol (XLI).^

'A'he diyne-triol (XLI| 100 ng. ) together with bensoyl chloride 

(400 aig.) and dry pyridine (0.5 0.0.) was dissolved in bensene (5 C.G., 

and heated under reflux for 15 *®ln* the mixture was cooled, and 

ether (30 0.0.) added. The solution was then washed with 22f 

hydrochloric aoid, 2K sodium hydroxide solution, and water (2 x 40 0.0. 

of each). It was then dried, evaporated and the residual oil 

ohroaatogrmphed on alumina ($), (25 g») in benzene (5 o.o»). The 

tribensoate was elated in the same solvent (100 c.c. ). Attempts to 

crystallise produced needles which melted below 0°. t (£ «

in parentheses) 2810 (1.6), 2735 (2.0), 2300 £ (32.6). V : 1730 

(OO), 1266 and 1090 oaC1 (C-G-, benaoate). M? -20°

I^arge scale Hydrogenation of the Diyne*lTriol

The diyne-triol (XUj 393 »g» ) was hydrogens ted in ethanol 

(100 0.0. ) over 5 palladium on oharooal (42 ag. ) for 3 hr. The 

solution was filtered free from catalyst and evaporated to yield an

oil which oould not be crystallised (409 «g* ). ^ ^ J (lioMid film) 

3330 (broadi interaoleoular H-bonds), 1119 and 1071 oaC (G.O.H). 

[o<:r2 * 15° (o 0,78). I'he tribensoate, prepared as for the diyne- 

triol (XLI) above, was also an oil. V i (lioMid fil«) 1720 (C«0),

1276 and 1109 caT1 (C-O-J bensoate). M^° ^3° (o 5.25, visual polarioeter) 

jeaotion of the flydro^enatad Triol (LTV) with Aqueous Sodium PeriodAte.- 

(m) To a solution of the perhydro-triol (klVj 43 ag« ) in aqueous
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ethanol (25 0,0.) waa added sodium periodate solution J25 o*c* of a 

solution of sodium periodate (1075 ag») in water (250 o*c* )], this 

solution was kept at 15° and sampled after 1 hr. and after 24 hr* 

The procedure for titration of samples and evaluation of results is 

given on p.£4. of this thesis. The titrationa indicated consumption 

of 81$ of 1 jaole of periodate for eaoh mole of perhydro-triol 

(b) The perhydro^triol (LIYj 100 mg») was treated with excess 

sodium periodate solution (50 0*0., 4 §•/!») at 15° for 20 hr* The 

mixture was then distilled to give a cloudy distillate (15 0*0*)» 

To this distillate (3 o*o») was added saturated aqueous dlmedone 

solution* The dimedone derivative which separated out had m»p. 

(m*p» of formaldehyde diaedone 190°)* The remaining distillate (12*o»o«) 

was treated with excess 2,4^dinitrophenylhydrasine in methanolio 

perchloric acid* the precipitated dlnitropbenylhydramones (60 mg*) 

were chromatcgraphed on alumina (3), (25 g*)» from bensene (5 o*e»)« 

The formaldehyde derivative waa eluted in benzene (20 0.0*) and 

identified from its infrared absorption spectrum ^_»w t (carbon

disulphide) 1188, %9 omT The other major component of the mixture,

the 2,V^initrophenylhydratone of 6-hydroxyoctanal was eluted in

bensene/10^ ether (75 0*0.) and was crystallised to give yellow needles,

o»P» 114-115°. (FoundJ Of 51.5; H» 6.55« O^.SgQO-K, retires

Cf 51.851 Hf 6, $4)

(o) The perhydro-triol (LIV; 176 mg., 1.00 mM*) was dissolved

in sodium periodate solution (188 0*0* f 4 g»/l*> 5*50 ma.) containing

•odium carbonate (415 mg, 3.00 mM) and potassium permanganate (21 mg.,

0*15 »*.) and kept at 15° for 16 hr* The solution was acidified,
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«xtraotod ydth ether, &n3 the extracts 'Vied and evaporated, The 

residue (166 isg» ) ws dissolved in «c«t->ne (15 e.c, ; ar/f City'12;. chromic 

sulphuric acid (0.5 c.c. } aOded vrlth stirring over 35 tfdn. xh& 

mixture was stirred at 15° for n further 2 hr. v-hcn the acatonc 

solution * . RS decanted air v ',.:->"• e<''. 'to 2 c. a. The solids. v.ct-c 

washed with ether, and the etheres.1 an<! acetone solutions ooji»biaed 

«ud extreote<S with aaturated scdiuia hydrogen carbonate solution 

(2 x e<2ual vol. ). These extracts ^ere noidifie-d and extracted with 

ether, tho crjubined ethereal extracts washed -iith wpt«r ana cu^-^d* 

^Vfcporctien of the extracts yielded & semi- solid «;asa which ^.m« 

extracted with hot hexane (2 x 10 c.o. ). >n cooling the hexan* 

solution, colourlese prisms (5 &> ) of £-keto-octanoic acid were 

deposited, cup, 49-51°. ^> : 3500 (free v--H)» 2$k2 (bonded CWI) t
lu«X»

*»\1 751 * 1?1 2 (shoulder) and 1703 caa. (C=*0; carbonyl «nsd oarboxyl)»

(Lit. ^ nwp, 52 ). Semlcarbacone i colourless ne"?dlea froaa 

ethanol, IB. p. 139-190°. (Lit.^55 ^ m. p. 190°)

Dtrivatiyy (XLTj ,._..of the Diyne-»Triol

The orude diyne-triol (HI; 98 tag, ) was dissolved in acetone (50 c, o. 

and heaved under reflux with £»tolu<J!iQ3u.lphonio acid (20 ing. ) for

18 hr, ^xoesa solid sodium carbonate was then added and the .mixture 

kept at 15° for 2 hr. , when it was filtered, ana the acetone solution

evaporated to dryneaa. rhe residue was adsorbed from light petrol 

V>-60°)/50/' benzene onto aluadna (W) f (15 g* ) ^nd the 

^ylideTie o^jound (59 av?. } eluted in the same solvent (100 c.c. ) 

(£ in parentheses) 2575 (350), 2W> (560) t 2315 (580j t

2200 X (^70). ^ : 3584 (OH), 2150 (weak, C=C), 1381 and
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1373 (0(CH3 ) 2 ), 1210, 1151 and 1065 cuC (C-0-0). - 61

(o 0.23).

Hydrogenation of the laopropylidcne Compound (XLV).*

The iaopropylidene compound (XLV; 27 mg. ) waa taken up in 

ethanol (15 c. o.) and hydrogenated over 5£ palladium on oharooal (20 ing.) 

for 4 hr. The eolation waa filtered free from catalyst and 

evaporated to dryneao. The produot waa chromatographed on alumina (w), 

(9 & ) And eluted in benzene aa a colourless oil (15 «g»). ^ : 

3610 (O-H), 1380 and 1372 (0(CH3 )2), 1211, 1157f and 1061 onT1 (C-O-C).

Q.3l 00.38) 

Oxidation of the laopropylidene 3cro^ound (XLV). «•

The isopropylidene compound (XLV; oa. 200 mg. ) and 

2,3-diohloro-5»6-dioyano-1,4-benzoquinone (387 mg. ) were kept at 15° 

in benzene (30 o.o. ) for 40 hr. The mixture waa tVn adsorbed 

directly onto alumina (W) (10 g.), and eluted ^ith carbon tetraohloride 

(50 C.Q.). The eluate was found to contain the diyne- tetone 

(28 m?. , 1Jtf£) A : (£ x 10"5 in parentheses) 2825 (4*03),Biax. 
2665 (5.^4), 2525 (4,86), 2395 T3.65) 2260 X (2.96) ^ i 22JO,

2137 (0=0), 1677 (0«0), 1331, 1373 (C(CH3 ) 2), 1210, 1148 and 1066

(C-0-0). M^5 -57°. (o 1.1; vi3!jal polarirastep)

Kona»3 . 5*diyn«7*one*1 . 2-di ol. (XLII ). -

Physical Constanta^

Needles (ether/hexane), IB. p. 34. 5-35 » 

Ultraviolet Abaorption: ( £ x 10*^ in parentheses), 

' 2825 0*3), 2670 (5.7), 2535 (4.2), 2410 (2.3), 2275 X (1.4).
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Infrared Absorption:

s 3553 (broad, 0-H) f 2240 and 2150 (CsQ), 1683

1103 and 1068 caC1 (C-^-H). 

Optical Rotation* 

M^ -30° (c 2.52)
«— "^ M ^ • ww ^ *

Keaoti on yyith Aqueous Sodium Periods te to

The diyne-fcetone (XLIIj 4.1 rag. ) in excess aqueous sodium periodate 

(o». 4 g. 3., 40 o. c. ) was shaken for 12 hr. at 15°* The mixture remained 

oloudy and had become yellow* It wa» distilled to leave one third 

of the original volume, end the distillate collected under saturated

aqueous dimedone solution* The distillate mixture nas heated at

for 10 nin, , and then eet auide at 0°. the yellow precipitate (21 mg» ),

m.p. 165-1700 and 1B6-189°t was« reorystallified fro® aqueous ethanol.

Colourless needles (13 «*£* » 1&%) f «»»P» 190-192° (undepreeaed by

admixture 1th authentic fonseldehyde dimedone derivative) were

deposited*

A neoond experiment , oonducted under these condition*, revealed 

no change in the diynone chronwphore. The ketone (XLII) was aeen 

to be immiscible with aqueous perlndate, arsa decomposing allghtly with 

shaking at 15°. 

Hydrogenation Produot (LVI) of the Piyne^Ketone (XT/JIj, *

The diyne-lcetone iaopropylidene oomoound (XLVIj 150 iqg, ) was 

hydrogenated over 5$ palladium on oharooal (43 «Qg» ) in ethanol (15 0*0,) 

at 15° for 6 hr. The solution was filtered free from catalyst, and 

evaporated to yield an oil (158 rag.) which was ohromotogrftphed on 

alumina (W),(10 g») the hydrogenated isopropylidene compound was
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•luted, in light petroleum (b»p. 40-60°) 15/* bensene, as a colourless 

oil (120 mg.). This was treated with 2N hydrochloric aoid (20 c.c.) 

for 15 min. at 15°, when the mixture was extracted with ether (3 x 25 0.0.) 

and the extracts washed with water and dried. 0 j 3^97 (broad, 0-H),
lftUEe>

1716 (0-0), 1098, 1078 and 1048 cmT1 (C-O-H bonds). \*}^ +10°

(2 0.51).

Reduction of the Divnc-Ketone (XLII) with Sodium Borohydride. -

The diyne-ketone (XLI1; 45 mg.) was treated with excess sodium 

borohydride in methanol (10 c.c.} at 0° for 30 min. the mixture was 

then evaporated to 2*3 0.0. and poured into water (40 o.c.) and 

extracted with ether. The dried extracts on evaporation yielded a 

colourless unorystallisable oil (32 .Tig. ). ^-m-jr : ( £ In parentheses) 

2555 (350), 2420 (540), 2310 (530), 2200 X (420). v : 3400 (broad,

0-H), 1096, 1042 and 1016 oaT1 (0-0-H bonds.) [<*]^ -15° (fi 1.58). 

Yhe IgQffrojflrlidene derivative (XLYI) of the Piyne^Keto^^iol (XI,n).-

The procedure followed was that described for the loraation 

of the derivative as part of the general isolation and purification 

program* on p. * A sample of the derivative was examined.

-*,-.„ t (£ x 10~3 in parentheses). 2825 (4.7), 2670 (6.5), 2525 (4.7), max.
2400 (2.5), 2270 X (1.6). tf ; 2230, 2141 (C^C), 1675 (O«0),

1379 and 1371 (C(0fl,)2), 1206, 1147 and 1065 cmT1 (0-CW5)

p1 -65° (o0.35). 

Hydrogenation of the Xsoffropylidene jDerivative (XLV1).- 

The procedure followed was that described for obtaining the 

perhydro-ketone, first part (See p. /^ ). $ : 1723 (O«*0),
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1379 and 1371 (C(Cri.) 2 ), 1210, 1156 and 1061 cmT 1 (C-O-C).

p3 -7° (o 0.24).

Reduction of the Isopropylidene Privative (XLVl) with Sodium 
Borohydride. -

The isopropylidene derivative (XLVI; 84 mg, ) was treated with 

excess sodium borohydride as described for the ketone (XLIl) above,

and the product isolated via ether. X : (€ in parentheses)**™""™ max.

2575 (350), 2435 (W>), 2315 (560), 2190 2 (490). v s 3571 JO-HJ),

1378 end 1370 (C(CH3 ) 2 ), 1205, 1148 and 1063 cm." 1 (C-O-C).

-50 (c 0.29).

Reduction of the Hydrogenated Isopropylidene derivative (XLVIl) 
with Sodium Borohydride.-

Procedure a.s described above for the diyne-isopropylidene 

derivative (XLVl). The hydrogenated isopropyliaene derivative (80 mg. ) 

was reduced to give a colourless oil (67 mg. ), after elution froa 

alumina (?') (10 g. ) in light petroleum (b. p. 40--60 }/3Q?- benzene.

>) : 3610 (0-H), 1380 and 1372 (CfCH^).) 1211, 1157 and 1059 cnC1 max. j *•
(C-CM3), Mf -3° (o 0.63). 

Aoidification.,'"

The above product was treated with 2N hydrochloric acid (10 c. o. ) 

at 15° for 30 min, and the product isolated via ether, [o^L5 +9° ^c.0. 66)



Synthesis,

ftona~3.5-diyne-1 »2,7-tri.ol*

1 ^^Q-j aopro pylidenebu t-3-yne-1.2~diol«-

Sthyl bromide (2.28 g. f redistilled and dried over oaloiun ohioride) 

in tetrahydrofuran (11 0.0,, redlatilled from lithium aluminium 

hydride) was added in portions, under nitrogen, to a stirred mixture of 

magnesium turnings (0*55 g*» washed with ether and dried at 100°) 

in dry tetrahydrofuran (20 0.0.) at 15° orer 30 min. Ho reaction was 

visible but the mixture because grey in oolour and the magnesium was 

slowly consumed. Tins mixture was heated under reflux for 1 hr. then 

cooled and filtered through glass wool into a tap funnel, from which 

it was added dropwise under acetylene to a stirred saturated solution 

of acetylene (previously passed for 20 odn. at 0°) in dry 

tetrahydrofuran (60 0.0.) The addition was accompanied by aliaiit gas 

evolution and the appearance of a transitory pink oolour, and was 

complete in 30 min* after which the solution was stirred for a further 

30 min. under acetylene* The acetylene was then replsced by nitrogen 

and a solution of glyoollio aldehyde (0,45 g*) in dry tetrahydrofuran 

(35 0,0.) added dropwise over 1 hr* Stirring was continued for 16 hr. 

when the solution had become clear and orange in oolour. Saturated 

aqueous ammonium ohioride solution (50 c.e.) was added, and the mixture 

stirred for a further 30 <ain« when the two layers were separated. 

The top layer was evaporated to small bulk, and the aqueous phase 

extracted continuously with ether for 12 hr. The ethereal and 

tetrahydrofuran solutions were combined, dried and evaporated* The 

residue was dissolved in acetone (60 0.0.) containing £*toluenesulphonio
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aoid (0.02 g. ) and heated under reflux for 15 hr. Sxoess sodium 

carbonate was then added, and the mixture kept at 15° for 1 hr. 

The filtered solution was evaporated, and the residue chroma tographed 

in light petroleum (b,^. 30-40°) on alumina (w) (8 g. ). fhe required 

isopropylidene derivative (0.13 g. , 14 from glycollio aldehyde) was 

eluted in the same solvent as a colourless mobile fluid.

^max. 1 5274 (S °-H)» 1 378 and 1370 (0(CS3 ) 2) 1206, 1151 and 1063 1 

(0-0-C). (Found; Cf 66.751 H, 8.35 a/*^ requires* 

C, 66.65; H, 8.0Q*).

A sample of the crude but~3~yne~1,2-diol, reorystallised from

carbon tetraohloride formad plates, m.p. 38-39°« ut. aup. 39.5-

40.5°]

1-Bromopent-1~yn-3-ol. *

Pent-1-yn-3-ol (2.00 g.) was dissolved in a f«w drops of 

sodium hydroxide and sodium hypo brood te solution (14 0.0. of a solution 

from ice (20 g.), 10N sodium hydroxide (10 c.o.), bromine (2.2 0.0.) 

and water (4 0.0.) was added over 5 ain. with stirring. Stirring 

was continued for a further 30 min* , when the two layers were separated, 

and the upper aqueous layer extracted with ether. The ethereal extracts 

were combined with the lower layer and washed once with water and dried. 

Evaporation of the solution yielded the bromo-alcohcl, (2.64 g. , 68,*) 

as a pale yellow oil * J 3610 (0-H), 2208 oaT1

.2.7-triol. *

To a stirred solution of cuprous chloride (2 mg. ) in aqueous 

ethylamine (33% 0.5 c.c.) was added 1,2-O-isopropylidene-but-3-yne-1,2-
diol
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(104 mg.) in aqueous ethylaaine (1.0 c.c.) under nitrogen at 15°» 

Hydroxylamine hydroohloride was added in sufficient quantity to maintain 

the copper in the reduced fora. 1-Broaopent-1-yn-3-ol (170 mg.) 

in methanol (0.7 0.0. ) was added dropwise over 10 min. hydroxylamine 

hydrochloride being added periodically as required. The solution was 

stirred for 15 Kdn., when excess potassium cyanide was added, and the 

mixture poured into water (25 c.c.). The product was extracted with 

ether (3 x 25 o.c,) and dried. After evaporation of the ethereal 

solution, the residue was extracted with light petroleum (b.p. 40-60° 

bensene and adsorbed onto alumina (f) (5 g,). The required 

isopropylidene derivative was eluted in light petroleum (b»p. 49-60°

bensene as a colourless oil, (55 «*g» )• ^ : (£ in parentheses)max.
2575 (340), 2440 (580), 2315 (600), 2195 X (520). 9 : 3565 (0-H),

^^B^Bi^WMB'

1377 and 1369 (C(CHJ2), 1206, 1148, and 1063 onC1 (C-O-C). 

Nona-3,5-diyne-1,2,7-triol. -

The isopropylidene derivative (prepared as above; 20 mg*) was 

treated with 2K hydrochloric acid (8.0,0.) at 15 for 1 hr« The 

required triol (12 mg.) was isolated via ether, and crystallised 

from ether/hexane (through a seed from the natural triol (XLI)

to form colourless needles, m.p. 18-26 . A. M_ : ( £ in parentheses)max*
2560 (240), 2420 (390), 2285 (460), 2190 X (460). OfflMu s 3210 (0-H), 

1070-1030 (0-0), 960 cmT (all broad envelopes of absorption). 

(Foundj C, 63.4; H, 7.3 0QH19°* requires: G, 64.25? H, 7.2>)
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Appendix,

Synthesis of iMoa^.^.^triyne-I.IQ-dioic acid*, 

Certain strains of the "dry rot* fungus jterulius LaohrymaQa were 

found by Gardner^9 ^ to produce the acids (LVII and LTOI, R * H).

CH.OOOR (mil)
f. t,

the acid (LYII, R « H) was esterified and Identified as a 

diaethyl ester, and a sample of the parent acid wae obtained from 

hydrolysis of the ester* Gardner proposed three routes for the 

synthesis of this a*tabolite(Figa, t1-o3), but abandoned the first 

one after repeated unsuccessful attests to carry out the final 

oxidation*

Reactions of chromic acid under various conditions with either 

the hydrcxy-acid (UtXX, H « H) or the hydroxy-ester (DCIX, R * Me) 

resulted in total destruction of starting material* Work on the 

route shown in Fig* 62 was then started aud reported up to the 

formation ark! characterisation of the tetrahydropyranyl ether (LX). 

later unpublished *ork revealed timt the route **s practicable and 

A snail quantity of the diester (i./U 9 R « Me) was obtained by 

chroma tography aftc-r treatment of the crude products of the coupling 

reaction (vi; wiih oisiKdtMUiaAe.

In the present work, this route waa repeated to give a specimen 

of the diacld (LVII, R » H) having characteristics coai£<«rable with 

those of the natural product*
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HCsC.CH2Cl W > HC^C. CH2.

(LVII, R - H) 

(L3CIX)

(1) NiO!(002Kt)2 (11) Alkaline tydrolyslsj h*at f -C02 

(ill) NaOBri HC=O.C=C.aa2Cffl/Ou*, aq. •thylftudnt (iv) OrO.

ig, 61

H)
(i) H* f 2,Vdlhydropjrr»n (11) NaC=C.Q=OH (111) H^

(vl) HC=C.COWCu*, «q. ethylamliw

Ftg> 62

(ill)
H ————

(i) Brfelg.(C=C).CH^gBr (li)

(ill)

Fig. 63



jxperiaental,

£ynthe»i» of I)sm-2 f4.(5-triyn»Mj1_CMioio Acid. 

2- ( 5 * -Bromopropan-1 * -yl )oxyte t rahydropyran.

3~Bromopropan*1*ol (23.5 g* ) (freed from acidic impurities 

by washing an ethereal solution with sodium hydrogen carbonate solution) 

was added to 2 f )-dihydropyran (17.0 g. ) and the mixture cooled to 0 . 

Concentrated hydrochloric acid (5 drops) initiated a vigorous reaction 

and when this had subsided, the mixture was left at 20° for 16 hr. 

Water (120 c. o. ) was added and ether extraction of the product gave 

A pale yellow oil (22,1 g. ). This in light petroleum (b.p. 40-60°) 

was chroma tographed on alumina (s) (100 g.), and the required ether 

(19*0 g., 47-) **« *luted in the same solvent (200 0.0. )• This 

product was sufficiently pure for reaction with monoaodium diacetylide.

Thionyl chloride (300 g.) was added dropwise over 4 hr. to a 

stirred and cooled solution of but-2-yne-1 ,v-diol (66 g.) in pyridine 

(108 g»), the mixture being maintained below 25°. Stirring at 20° 

was continued for 17 hr. after which crushed ice was added, and the 

mixture extracted with ether. The ethereal extracts were washed with 

water, 2N sodium hydroxide and sodium hydrogen carbonate solutions 

and again with water, each of these solutions extracted with ether, 

and the combined ethereal extracts dried . The ether was then 

removed up a Fenske column, and the residual red oil (12 g.) 

fractionated to give a colourless oil (56 g., 5&*), b»p. 56.8-57.0°/1 

1,5066. (Ut.^ ' b.p. 780/2*»a»»» njP 1.5072).
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-ol.

To » stirred solution of the monosodium salt of diaoetylene in 

liojuid ammonia (250 0.0.), prepared from sodium (13*2 g«) and 

1 t4~diohlorobut-2-yne (22*4 g*), was added 2-(3'~bromopropaii*1 '-yl)- 

oxytetrahydropyran (18 g» ) over 5 ain* under nitrogen* Stirring was 

continued for 14 hr. when ammonium chloride and ether were added, and 

the smmnnia allowed to evaporate. The either layer was decanted, the 

residual solids extracted with ether, and the total extract (TOO o*c*) 

was evaporated at 15°. The residue was treated with light petroleum 

(Up* 30-40°, 200 o. o, ) and kept at -10° for 2 hr. when the petroleum 

was decanted from precipitated oil, dried, and evaporated to yield a 

red oil (12.2 g. ). this oil in methanol (120 0,0.) was treated with 

concentrated sulphuric acid (15 c. c. ) and kept at -10 for 20 hr* when 

the mixture was poured into water* The product was isolated by 

extraction with ether* the extracts dried, and the volatile material 

removed at 20°/®*1 mo* to give the required alcohol as a residual red 

oil. identified by its infrared spectrum.

ffepta-4.6-diyne~1-oio acid*

To a stirred solution of the above aloohol (3*30 g.) in acetone 

(210 c*o. ) was added 8N chromic acid (1? c*o* j over 30 ain. , the 

temperature being maintained at <10°* the mixture was then stirred 

for a further 3 hr. at 15 , when the acetone layer was decanted off 

and concentrated to 100 c. c, The solids were extracted with ether, 

and these extracts combined with the acetone solution and extracted 

with sodium hydrogen oarbonate solution* Acidification of the
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Alkaline aolution, ether extraction and evaporation of the extract 

at 20 gave pale yellow needles (2*75 g* )• This product was 

sufficiently pure for bromination. A sample was recryatallised from 

hexane to give colourless needles which rapidly turned orange-pink, 

«*p* 85-89°. 0 s 3290 ( = 0-H) t 1755 (weak) and 1715 (strong)max* 
(0-0).

7-Bromohepta-4 . -6«-diyne-1 -oio acid*

A stirred aolution of the above acid (0.64 g» ) was cooled to 0°, 

and sodium hypoaromite [? c. c. of a solution from ice (100 g»), 

•odium hydroxide (50 O*G»* 1QN), bromine (11 0.0.) and water (20 o.c. )J 

added over 5 ain* Stirring was continued for a further 25 min. when 

the mixture was cautiously acidified with concentrated hydrochloric acid* 

Isolation of the crude product by ether extraction and solvent removal 

at 20° afforded yellow needles (1*30 g* ) which rapidly turned pink* A 

portion was recryatallised from hexane to give colourless plates (0*19 g* )* 

a»pb 108° (dec cap.), which rapidly turned pink, identified by its infrared 

speotrua, s(o*rbon disulphide) 1760 and 1718 omT (G*0),

Deoa-2,4. 6- triyne-1 » 1 Q-dloic acid,

To a stirred aolution of cuprous chloride (3 mg* ) in aqueous 

ethylamine (33 ', 1*0 o.c.) was added v under nitrogen, propiolic acid 

(70 mg*) in ethylamine aoluticn (0*9 o.c*) together with sufficient 

hydroxylamine hydrochloride to keep the copper in the reduced fora. 

The mixture was maintained at 10° and 7-bromohepta-4,6-<iiyne-1-oio 

aoid (1^0 mg*) in met Hanoi (0*5 o*c«) added dropwise over 10 min*

Hydroxylamine hydroohloride was added periodically with the



bromo-*acid, and when addition .of the latter was complete, stirring 

was continued for 15 coin. Solid potassium cyanide was added to 

dissolve the copper salts and while still at 10°, the Mixture was 

acidified with concentrated hydrochloric aoid, poured into water, and 

extracted with ether. After evaporation of the ether at 20° the

orude product was extracted with hexane containing 30 ether, and on 

cooling, this extract afforded the white amorphous diacid, deocmp. 169 , 

which rapidly turned purple* (Found: G, 62. 7j H, 3.85* Calc, for

» 287°* 2705» 257°

J(in nujol) 1690 onC1 (broad, C«0). Lit.* 5*^ X i 32?0,

3060, 2870, 2715, 2570 5L 0^v_ :(in nujol) 1690 oaC1 (unoonjugated 

and conjugated carboxyl)



—
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