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ABSTRACT 

The fungus Do th i stroma pin i  Hulbary i s  a needle pathogen o f  

Pinus rad iata and other  pines , producing a nec ro tic  di sease  

c ommonly known as Doth i stroma needle  bligh t . The  fungus is  widely 

di stribu t e d  in ma j o r  pi ne fore s t s  throughout  the world;  it  was 

reported in  New Zealand on �· radiata in  1 964. 

The spec ies  �· radiat a , �- ponderosa , and P .  nigra ( laric i o ) 

are all grown extens ively in  New Zealand and unfortuna t e ly are all 

h i gh ly susc eptible t o  the disease . Because forestry plays an i m

portant role  i n  the New  Zealand ec onomy ,  the di sease i s  o f  e c o n

omic  signi ficanc e t o  New Zealand . The di sease can be c o ntrolled 

by spray i ng with insoluble c o mpounds of�oppe� 

Fol l ow i ng a sugge s t i o n  that Q. pini might produce a toxin 

re sponsible  for host c el l  death , a red  pigment was i so lated  from 

Q. pini culture s and shown to  be toxic  to  Chlorella pyre no i do sa , a 

unic ellular gre en alga . This  thesis  is  c o nc e rned w i th a detailed  

i nve stigation  i nto the  nature and  charac t e ri sat ion  of  the red pigment . 

D .  pin i  was cultured i n  t h e  laboratory on a n  aqueous  malt 

me dium,  and red pigment extracted  from the cultures and pur i f i e d  

b y  thin layer chromat ography wa s shown b y  mass s pe c t ro s c o py to  b e  

a mixture o f  two clo sely related  c o mpounds o f  mole cular formula 

C18H1 2
o9 and c 1 8H1 2

o8• The former c ompound wh ich wa s pre sent i n  

greater  amount , was na me d dothi s tro mi n , and the lat t e r  w a s  name d  

deoxydothi stromi n .  Both doth istromi n  and deoxydothi st r o mi n  were 

shown to  be pre sent in extrac t s  of D.  pini  infe c t e d  �· radiata  needle s .  

A de tailed  chemi c al i nvest igation  using chemical  reac t ions  

( inc luding the  clas s i c a l  degradat i ve technique of  z inc dust  dist

i l lation ) ,  derivative format io n ,  i nfrared spe c t rosc o py , e l e c t ro n i c  

absorpt i o n  spec tro sc o py ,  nuclear magnet i c  reso nance spe c t roscopy ,  
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and mass spec trosc o py ,  allowed eluc i dat ion of the structure of doth

i s t romin .  Dothistromin was shown to  be a tri-a-hydroxyanthraquin

o ne onto  which wa s fus e d  a subs t i tuted t e t rahydrodifuro ring system . 

A ma j o r  fe ature o f  the struc ture o f  dothistromin i s  the sub

s t i t u t e d  t e trahydrofuro [2 , 3 - bJ benz o furan moi e ty, Fungal metabolit e s  

known t o  inc orporate thi s  s t ruc tural feature inc lude the t ox ic and 

potently  carcinogeni c aflatoxins , and the carcinogenic sterigmato

c y st i n .  A discussion o n  the  possible carc i noge ni c i ty o f  dothistrom i n , 

i t s  c o -metabolit e s , and arte fac t s  i s  include d .  

The strong green-y e llow  fluoresc ence o f  sol u t ions o f  the red  

pigment and dothi stromin ,  wh en irradiat ed  with u l t ravi o l e t  l i ght i s  

att ributable  t o  the 1 , 4-dihydroxyanthraquinone c hromoph oric nuc leus 

of do th i stromin .  

Another  impo rtant struc tural feature o f  dothi s tromi n  i s  the 

reac t ive  hemiace tal group , al lowing dothistromin to  unde rgoe fac i l e  

ac id  ca talysed mono -alkylat i o n  and mono -ac etyla t i on . 

The probabi l i ty that i n  solut ion dothi stromin exi s t s  as a c om

plex equilibrium mixt ure , was discussed .  

The ma s s  spe c t rum o f  do thi stromin shows a charac t e r i s t i c  lo s s  

o f  the formyl rad ical CHO" ( m/e 29 ) ,  and the neu t ral fragment C2H4o 

( m/e 44 ) .  The same l o s s  o f  a formyl ra dical , and a homo logous neu t ra l  

fragment  was also shown by a numbe r  o f  dothi stromin deri vat ive s .  Two 

fragmentatio n  schemes were propo se d  to  rat io nalise the mass-spec t ra l  

fragmentation  o f  doth i st romin . 

During the course o f  t he inve s t i gat i o n , a number o f  c rystal l i ne , 

o ptic a l ly a c t ive derivat i v e s  of  dothis t romin were  prepare d ;  these  

inc lu d e d  dothistromin penta -acetate  and do thist romi n  ethyl e ther 

t e t ra-acetat e . The struc ture and absolute c o nf i gurati o n  of a 

c rystalline he avy atom derivative of  dothistromin was determined 
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by an x-ray crystallograph i c  d i f frac t io n  study. Th i s  c onfirm e d  

the s t ru c t ures proposed i n  t hi s  thesis , and also allowed the 

absolute  c o nfigura t ion  o f  the c i s-fused furo rings of doth ist romin 

to  be deduced.  

Deoxydoth i s tromi n  was assigned one of  two struc tures , and 

the na ture of other  c o -me tabolites  was bri e f ly c onsidered . The 

synt h e s is and b i o synthes i s  o f  dothistromin was also d i scussed . 
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1. 

I NTRODUC TION 

The fungus Dothis troma pi ni Hulbary is a needle pathogen o f  

P i nus  radiata and o ther  p i nes , produ c i ng a necro t i c  dis ease 

c ommonly known as Dothi s t roma needle blight  ( Thyr and Shaw , 1 964 ; 

Funk and Parker , 1 966 ; Gadgil,  1967). The d i sease i s  chara c t e r

i s e d  by produc tion o f  red  bands on infe c t e d  needles.  At tack by 

Q. pi ni i s  followed  by p r emature cas ti ng o f  the infected  needles  

w i th a result ant re tar dation o f  grow th , and  some times even  by  

d eath o f  the inf e c t e d  t r e e , i n  the  case  of  s evere , r epeat e d  

d e foliat i o n .  

Q .  pini  i s  w i dely di s tribu t e d  and has  b een r e c orded i n  North 

and South America ( Canada , U.S.A . ) ,  A fri c a  ( Kenya , Rhodesia ) ,  

Europe ( Franc e , Spai n ,  United  Ki ngdom , Russia ) ,  Asia  ( India ) , and 

Aus tralas ia ( New Zealand ) .  

Qo pi ni was first  i d ent i f i e d  i n  New Zealand on P .  radi ata in 

1 964, near the t own of Tokoroa ( Gilmour , 1 965). 

I t  would appear that mos t  sp e c i es o f  the genus Pinus are  

mor e or less  sus c ep t ib l e  to attack by Q. pini . The spe c i es 

P .  radiata , P .  pond erosa , and P. ni gra ( lari c i o ) are all grown 

extens i vely in N ew Zealand and unfortunately  are al l highly 

sus c ep t i bl e  to the di s ease  ( Gi lmour , 1 967). Becaus e o f  the 

important role that forestry p lays in the  N ew Zealand e c onomy , 

the d i s eas e i s  o f  e c o nomic s i gn i f i canc e t o  New Zealand . 

The d i s eas e can b e  suc c e s s fully co ntrolled by aerial spray

i ng w i t h  aqueous suspens i ons of insolubl e  copp er c ompounds , such  

as copper  oxychlori de  and cuprous oxide , and i t  has  rec ently 

b e en shown that spraying every thr e e  t o  four years will  keep the 
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d i s ease in c he c k .  It  has been found that P, radiata becomes  

highly r e s i s tant  to attack by  Q. pin i  a t  age approximat e ly twenty 

years , and thus spraying is not n e c e ssary for stands of trees 

over the age of twenty years ( Gi lmour and No orderhav e n , 1 970 ; 

Gadgil ,  1 970) . 

S i n c e  early observations had i n d i c at e d  that c er t a i n  trees  

ap�eared  t o  p o ssess  a natural r e s is tance to  the di s ea s e ,  i t  was  

thought that  a good me thod o f  c omba t i ng the dis eas e would  lie  in  

the  pro duc t i o n  o f  res i s tant s e e d l i ng s tock with  whi c h  t o  replenish 

mi lled fo res t .  Unfortunately , large-s cale experimentat i on i n  

New Zealand h a s  fai l ed to yi e l d  any so- called 11res i s t an t 11 s eedlings 

( Basset , 1970). 

Because  o f  the poss i b i l i ty that the pathogen may i n  time  adap t 

i t s elf  to  the age- r e s i stanc e fac t or  of  �· radiata , and s i nce  

spraying w i th c opper will  only c ontrol the disease and  not  

eradi cate  i t ,  it  is  des irab l e  that  more should be  known abou t the  

detai led  r e l a t i onship between �os t  and pathogen I n  p ar t i cular , 

the fac t ors  whi c h  are involved  i n  host  resistanc e t o  a t tack , and 

the me chan i sm resul t i ng in  needle  death ,  app ear wor thy of  de tailed  

i nv e s t i gati o n .  

Fol lowing a suggest ion  that Q. pi ni mi ght produ c e  a toxin 

respons i b l e  for hos t cell  death (Gadgi l ,  1 967) ,  Bas s e t t  and Brunt 

( 1 968) i s olated  a red pigment from £. pin i  cul tures , whi c h  was 

s hown to  be toxi c to Chlorella pyre no i dosa , a uni c ellular gr e e n  

alga . Thus , when an ethyl acetate  extra c t  of a laborat ory cul ture 

of  D.  pi n i  w a s  conc entrated  a n d  sub j ec t e d  to t h i n  l ayer  c hromato

graphy o n  s i l i c a  gel G us i ng chloro form : ethyl a c e t a t e  (40:60) , 

a numb e r  o f  c o loured bands appeared on the plate . Eac h  o f  th e s e  
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b ands was remo ved,  and the ads orb ed  c o mponent r ec ov e r e d  w i th 

e t hanol and assayed a�a i nst �· pyrenoi dosa , b y  an ant i b i o t i c  d i s c  

t e chni que ( Bass e t t  e t  &1., 1967). A r e d  p i gm ent obtai ned fro m  a 

br ight red band on  the  T LC plate a c c o un t e d  for practi cally all  o f  

t h e  11tox i c i  ty'' t o  £ .  pyr eno i dosa . Thi s  same red p i gment  was 

ob tai ned from!:_. radiata  ne e d les  i nfe c t e d  w i t h  Q. pi ni , and show e d  

t h e  same t oxici ty t o  f. pyr enoidosa  as  the c r ude e thyl acetate  

extrac t .  At t e mp ts to  d e monstrat e  toxi c i t y  o f  the extra c t  to  

P. radiata ne edles  have  no t yet  been s uc c ess ful , b ut c ul t ures  of  

P. att enuata t i s s ue wer e ki l l e d  when ant i b i o tic  d i s c s , tre a t e d  as  

in  the Chlor e lla t e s t  were  plac e d  on the medium b e s i d e  the  c ul t ur e  

( Bass e t t , pers . commun.) . 

Thi s  thesis i s  concerned wit h t he e l uc i dat i on o f  the mol e c ul ar 

s truc t ure o f  the red p i gment i �pli cat e d  as a toxi n .  A li tera t ur e  

check reveal e d  that a n umbe r  o f  p eopl e hav e o bs erv e d  the  produc t

ion  o f  a r e d  p i gment by Q. pini , b ut no s i gnifi cant chemi c al 

i nves t i gat i o n  i nt o  the red  p i pment  app e ar s  t o  hav e b e en carr i e d  

o ut .  Th us , Funk and Parker (1966) not e d  that the i n t ernal 

mat erial of the as c us ,  and s o me t imes the as c ospo r e s , b ecame 

c o l o ur e d  by a p urpl i s h-red s tain whe n mo un t ed in d i l ut e  p o tas s i um 

hydroxide  with a p o rt i on o f  the s troma, whi lst Sanders ( 1 969 ) 

obtained p urp l i s h  red  coloured  potas s i um hydroxi d e  and s o d i um 

hydroxi de  extra c t s  o f  fungal plate c ul t ur e s ,  and spe c ulat e d  that 

the p urp l i s h  c o l o ur w i th s o di um hydro xide s ugges t e d  anthraq uinones  

or b enzoquincnes . 
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RESUL TS AND DISCUSS ION 

CHAPTER 1. I SOLATION AND PURIFI 8�TION OF THE RED PIGMENT 

Laborat ory Cul ture of D othis troma pi ni 

Dot h i s t r oma pi ni  was cultur ed i n  the laborat ory to  produ c e  

quan t i t i e s  o f  red p i gment  as required dur i ng t h e  course of t h e  

proj e ct . Culture was s uc c essfully carri e d  out i n  shake flasks 

c ontaining cul tur e m ed i um i nocula ted  wi th a wat e r  spor e  suspens i on 

of .!2_.  pi n i  spor es . ·iii th a heavy i noc ulum , red  p igment produc t i on 

appeared t o  ha ve reached  a maximum s ome s i x  to  ten  days a f t e r  

i n oc ula t i on .  

Two cul ture media  were  t r i e d  - ( 1) a n  aque ous malt solut i on 

(10% w/v) c ontaining yeas t , and ( 2 )  a mod i f i ed Raulins medium 

c ontaining thiamine HCl and cas ei n . The malt  s olu t i on ap �ear e d  t o  

g i v e  b e t t er re sul t s  t han t he xaulins medi um ( i . e . h i gher  pigm e n t  

y i e l d )  and becaus e o f  i ts s impli c i t y  and cheap ness,  w a s  used  i n  

all large s c al e laborat or y  culture work f or thi s thes i s . 

Extrac t i on of Red Pi gment  from D .  pi ni  Cultures 

The red  pigment was extracted  from Q. pini  cul tur e s  w i th 

e thyl a c etate , such extracts  hav i ng a characteri s t i c  orange 

c ol our . Removal of the  ethyl acetate  under vacuo gav e an amorphous 

red  powder , which was exami ned by TLC on s i li c a  gel G ; this  

revealed t he exp e c t ed presence  of a red  p i gment as  the ma j or 

c omponent of the crude  e xtrac t .  

Ethyl acetate  app ears t o  b e  the s olvent  of choi c e  for ex

trac t i on of the w e t  cul ture slurry , b e ing a good s olvent  for the  
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r e d  p i gment and suffi c i ently  mis c i b l e  w i th wat er  to  give  r eason

able p enetrati on o f  the fungal growth c omponents .  However , care 

is r e quired  i n  the extrac t i on  pro c e dur e to avo i d  the format i on o f  

s tabl e  emuls i o ns wh i ch are extremely d i ffi cult to  deal w i t h . The 

p r o c edure o u t l i ne d  in  the  experimental s e c t i o n  h e lps to  avo i d  

t h i s  di ffi c u l ty . 

P u r i f i cation  o f  Hed P igment  b y  Preparative  TLC 

The d e s i r e d  red p i gment was ob tai ned  in mg quant i t i es from 

t h e  crude red  pigment extrac t by pr eparative  TLC on s i l i ca gel G 

w i th e t hyl a c e tate  : chloro form (60:40) as s o lv en t . The red  pig

m e nt trav e l l e d  as an i nt en s e ly red c o loured band , Rf -0.40 

( s up eri o r  r e s olut ion  was obtained using unl i ne d  tanks ) . 

The co lour o f  the r e d  p i gment band on TLC p la t e s  was found 

to vary drama t i cally on  di fferent o c c as i ons , although giving r i s e  

t o  t h e  same r e d  pigment upon recov ery ( as d e termined by mass 

s p e c tros copy ) . Thi s c o l our  v ar i �tion  appeared to  b e  related to 

variat i on in p H  of  the s ys t em . Thus under s l ightly bas i c  o r  

n e u tral cond i t i ons , t h e  p i gment trav e ls as a blood-red  coloured 

band wher eas under ac i d  c o nd i ti ons , it  tends  to travel as an 

o range to orange- red  coloured  band . Vari at i on in a c i d i ty o f  

adsorb ent on  d i fferent batches o f  pla t e s , o f  cul ture extrac t ,  

and  o f  dev e lo p i ng s o lv ent  cou ld all  r esul t i n  variation  o f  pH  at 

t h e  s i t e  o f  adsorption  of the  red p i gment on the TLC adsorb en t .  

Suc h  pH var i �t i on can c au s e  c olour changes to  take pla c e  under 

t he above c hromatogr aphi c condi ti ons , w i t h  c ompounds such as 

�- hydroxyanthraqui nones , for example , by a l t er i ng the hydrogen 

b o nding of  the  � -hydroxyl pro tons with the carb o nyl groups , and 



al s o  by  alter ing the c h e l a t i on wi th c ertain  metal  i ons such as 

Ca 2+  and Mg 2+ �r esent  in  the s i l i c a g e l  G adsorbent . 

The red p i gmen t  was recov0red  from the TLC plate , as ou t-

l i n e d  in the experimental s e c tion , to give an amorphous r e d  

p owder . T h i s  puri fi e d  r ed pigment ap pear e d  t o  b e  homogeneous 

when further examine d  by TLC w i t h  s i l i ca gel  G .  

I s ol a t i on of Red P igment from Infe c t ed Ne edles 

6� 

An e thyl a c e ta t e  extract  of D. pi ni i n f e c t e d  Pi nus radiata  

n e e dl es  ob tained from a for e s t  area  heav il y  infe c t ed w i th Q. pin i , 

had the same chara c t er i st i c  orange c ol our as e thyl a c e t a t e  extra c t s  

o f  Q. pi ni laborat ory c u l tures,  and gav e r i s e  to the same r e d  

b a n d  on TLC . Mass s p e c tral exam i nat i on of t h e  r e d  pigment  from 

p r e p . TLC of the nee dle extrac t c on f i rmed i dent i ty w i th the r e d  

p igment  from la borat ory cul tures . 

At t empts  a t  Crystall i sa t i on of the Red  P i gment 

Hav i ng ob tained the  r e d  pigment as a homogeneous , amorphous 

r e d  p ow der by prep . TLC of e thyl acetate  cul tur e extrac ts , a t t emp t s  

w e r e  made t o  ob tain i t  i n  a crys tal l ine stat e .  

A numb er of d i f f e rent  organi c  s olvents , i ncluding e thyl 

a c e tat e ,  chloroform , a c e t one , b enzene , tolu ene , me thyl e thyl 

k e t one , me thyl i s obutyl k e t one , and c omb i nat i ons of these , w e r e  

t r i e d ,  but crys talline  mat e r i al was not ob tained.  O n  s ev e ral 

oc c a s io ns , plate- like  c rys talline  ma t e r ial appeare d  to  be depos i t

e d ,  b u t  m i c r os c op i c  exam i nat i on reveal e d  only amorphous depos i ts 

of i nde fini t e  shape . When  the al c ohol s  me thanol or e thanol w e r e  

u s e d  as s ol vents , poorly defined crystalline mat e rial of w ide  



m elting p oint was s ometimes  ob tained , but th is  was f ound lat er 

t o  be due t o  chemica l  rea c t i on b e tween the p i gment and the 

alc ohol , t o  produc e  m e thoxy- and e thoxy-derivatives . 

?. 



CHAPTER 2. EXAMI N ATION OF THE RED PIGMEN T 

BY MASS SPECTR OSCOPY 

The "homo geneou s "  red p igment obtained  by prep . TLC of  

8.  

Q.  pini  culture extra c t s  was examined  by mass spec troscopy , u s i ng 

t he dire c t  insertion  prob e .  The line  diagram d erived  from the 

mas s  sp e c trum,  whi ch was obtained at  a source t e mperature of ea . 

150° above room temperature , i s  shown in  F i g. 1 .  

The upper peak i n  the spec trum app ear e d  a t  a pos i t ion o f  

m/e 372, and cl early represent e d  a mo lecular i o n .  The next p eak 

appeared a t  p o s i t io n  m/e 356. The separat i o n  o f  thes e two peaks 

by a mount m/e 16 corresponded to t he di fference of  an oxygen 

a t o m  - confirme d  ( s e e  later) by mass measure ment of the two peaks . 

Si n c e  the loss  of an oxygen atom from an i on is  no t c o mmon i n  the 

mas s  spec troscopy o f  organic  c o mpounds ,  it  was proposed  that the 

ion at  m/e 356 was also  a mole cular i o n .  Us i ng the " d e focus i ng 

t e chnique " for metas t ab l e  i o n  d e t e c t i o n  ( s e e  app endix) , i t  was 

shown that whi l e  there was an intense s i gnal for me tas tabl e i ons 

of m/e 372 d e c o mposi ng to i ons of  m/e 354, no s i gnal was observed  

for me tastable i ons o f  m/e 372 fragment i ng t o  i o ns o f  m/e 356 . 

Thus �  there was no evi denc e to  suggest that the p e ak a t  m/e 356 

arose  from fragmenta t i on o f  the mol e cular i o n  at  m/e 372, thus 

supporting  the propos i t io n  that the m/e 356 ion was also a 

mole c ular i on. 

C los e exami nat i o n  o f  the sp e c trum rev ealed that there app ear

e d  to  be two  series o f  fragment i o n  peaks , s eparated  by a mount m/e 

16, one s er i es arising b y  fragmentat i o n  o f  the s e cond molecular 

i o n  at m/e 356 . The twenty mos t  s i gni ficant and i ntense peaks 
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i n  the upp er regi o n  o f  the spectrum were  mass measured, and the  

results , shown i n  Tabl e  I ,  allowed div i s i o n  o f  a number o f  the  

p eaks i n to two s er i es derived from the m o l e cular i o ruat m/e 372 

and m/e 356. 

Me tas t able peaks were observed on  c hart  for the t rans i t i o ns 

m/e 372 2 9  44 299 

Do this tromin and D e o xydo this tromin 

From the above data i t  was c oncluded that the red  p i gment 

was in  fac t c ompos e d  of  two  maj o r  compounds of  mole cular w e i gh t  

proposed for the former c ompound whi ch gav e the mos t  intens e 

spe c trum , and Deoxydothis tromin  for the lat t er c ompound . 

S truc tural Conclus i o ns from the Mass Spe c t ral Data 

A c ons i deration  of the mo lecular formula for dothis t romi n ,  

c18H12o9, shows that dothistromin i s  a highly o xygena te d , highly 

unsa turated  molecul e ; the formula requ i r e s  thirteen 11doub l e  bond 

equivalents 11• The mass spec trum show e d  a number of  int ens e  

doubly charged i ons , c ons i s tent w i th a h ighly unsaturat e d  s ys tem,  

probably aroma t i c  and/or quinonoi d  in  natur e . 
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Tab l e  I 

fvrol e cular F ormulae of I ons Ob s erv ed in Upper fvras s  R egion  

of Ha ss  S p e c t rum of Homogeneous Red  Pigment  

I on Mol e c u l ar Formula m/e 372 s e r i e s  m/e 356 s er i e s  

372 c 1 8
H

1 2 °9 
c 1 8

H 1 2
°

9 

356 c 1 8
H

1 2 °8 
c 1 8

H 1 2 °8 

354 c 1 8
H1 o0 8 

c 1 8
H 1 o

0
8 

343 c 1 7
H 1 1 °

8 
c 1 7

H1 1 °
8 

338 c 1 8
H 1 0

°7 
c 1 8

H 1 0
°7 

328 c 1 6
H

8 °
8 

c 1 6
H

8
°

8 

327 c 1 7
H 1 1 °7 

c 1 7
H 1 1 °7 

326 c 1 7
H 1 0 °7 

c1 7
H 1 0 °7 

32 5 c 1 7
H

9
°7 

c 1 7
H

9
°

7 

3 1 2 c 1 6
H

8
°7 

c 1 6
H

8
o

7 

31 0 c 1 7
H 1 o06 

c 1 7
H 1 o06 

309 c
1 7

H
9

°
6 

c 1 7
H

9°
6 

299 c 1 5H
7 °7 

c 1 5
H

7 °7 

2 98 c 1 6
H 1 o0

6 

297 c1 6
H

9
°6 

c 1 6
H

9
°6 

2 83 c 1 5
H

7 °6 
c 1 5

H
7 °6 

281 c 1 6
H

9
°5 

c 1 6
H

9
°5 

272 c1 4H
8 °6 

c1 4H
8

°
6 

256 c1 4
H

8
o5 

c 1 4H
8

o5 



The mass sp e c tral  data indicat ed t he following i on frag-

mentat i on s chemes for  do thi s t romi n and d e oxydothis t romin :  

m/e 

m/e 

m/e 

m/e 

-H 0 
c,8H12o9+. - 2 ) c,8H1oo8+. 

372 

-CHO.
) C H 0 + 17 9 7 

325 

299 

d o t h i s t rom in  i on fragm entat i on 

-H 0 -CHo· c18H12°8+. 2 ). c,8H10o7+. + ) c,7H9o6 

356 338 309 

\HO' 

+ + c17H11°7 c,5H7o6 

327 283 

d e ox�do thistromin i on f ragmenta t i on 

12. 

The l oss o f  the formyl radi cal CHO" from the mol e cular i on 

of d othis tromin , or from the i on at  m/e 354 aris ing from the  l os s  

of water from the  mol e cular i on ,  was a maj or point o f  int eres t a s  

i t  was known that c er tain  subs t i tu t e d  anthraqui nones and oxygen-

ated  aroma t i c  c ompounds l os t  this rad i cal as a maj or fragmentati on 

proc es s . 

The ready l os s  o f  H2o from the m ol e cular ion  c ould i ndi c a t e  

t h e  presence o f  a n  aliphat i c  hydroxyl group . 
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The l os s  of the neu tral fragment c2H4o of m/e 44 from the 

i on at  m/e 343 t o  give the  base peak at  m/e 299 in the s p e c trum 

was also of c ons i derabl e  i n t eres t ,  as there were  f ew s i gni f i cant 

p e aks i n  the spec trum b e l ow the bas e peak , i ndi cat ing part i cular 

s tabi l i ty of the bas e p eak i on. Thus t he loss of the neutral 

m/e 44 fragment could w e l l  be of informat iv e  and d iagnos t i c  

value  from a s t ruc tural e lu c i dat i on v i ewpoi n t . S imilar c on

c lus i ons c ould  b e  reached  f or deoxydothis tromin . 

The s i mi larity of the  mas s s p e c tral fragmentat i on pat t erns 

of doth i s t r omin and d e oxydothi s tromin , and the  c hromatographi c  

b ehav i our of t he red p i gment  a s  a homogeneou s  c ompound , sugg e s t e d  

t h a t  doth i s tromin a n d  d e oxydothis trom i n  w e r e  c l os ely r e l a t e d  and 

probably d i f fered onl y  in the i r  numb er  of hydroxyl groups . 



CHAPTER 3. ATT.Er1PTS TO SEPARATE DOTHISTROMIN 

AND DEOXYDOTHISTROMIN 

Examination of Red Pigment by TLC 

14. 

In an attempt to separate the two components dothistromin 

and deoxydothistromin of the red pigment, various TLC adsorbents 

and solvent systems were investigated. Preliminary experiments 

revealed that aluminium oxide, cellulose powder, kieselghur, and 

polyamide were for one reason or another, unsuitable. Silica gel 

on the other hand, gave superior compact spots with a number of 

solvent systems. Solvent systems tried with both silica gel G 

and H (Merck), included combinations with acetic acid, e. g. 

HOAc = 36:54:10; acetone HOAc = 9:1; benzene CHC13 : EtOAc 

ethyl formate HOAc = 75:24:1. Continuous development with 

solvents such as 100% CHC13 which gave the red pigment a low Rf 

value were tried; also, "wedge shaped" adsorbent layers were used 

with silica gel H and CHC13 : EtOAc : HOAc = 36 :54:10, with 

multiple development. Unfortunately, none of the systems tried 

appeared to give a separation of dothistromin and deoxydothistromin. 

Examination of Red Pigment by Counter Current Distribution (CCD) 

With the failure to obtain a separation of dothistromin and 

deoxydothistromin by TLC, other separative methods were consider

ed. Of these, counter current distribution (CCD) appeared �o be 

worthy of investigation. (A brief account of CCD� with references, 

is given in the appendix to this thesis). 

If dothistromin and deoxydothistromin possessed phenolic 

hydroxyl groups such as are found in hydroxyanthraquinones for 
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example, and they differed in the number of these hydroxyl groups 

that they possessed, then it should be possible to separate them 

by partition between an organic solvent and an aqueous system 

of appropriate pH. 

Preliminary, small scale CCD experiments were carried out in 

a rack of test tubes, to allow evaluation of systems for use in a 

Craig CCD machine. An ethyl acetate solution of the red pigment 

was subjected to the CCD extraction procedure with aqueous base 

systems including potassium acetate, borax, universal buffer 

mixtures, and phosphate buffers. The aim was to use a system with 

an aqueous phase of basic pH, to give a distribution coefficient 

( K )  value of approximately 1.0. At the same time however, a pH 

as near to neutrality as possible is desirable, to avoid 

excessive degradation of the red pigment components by prolonged 

contact with base and air. Also, the stability of the emulsion 

formed between a solvent such as ethyl acetate and an aqueous 

buffer, when shaken together, appears to increase markedly with 

increasing pH, and emulsion formation makes it difficult to carry 

out a separation on a Craig-type CCD apparatus, especially when 

the emulsion has a high separation time (i. e. high stability). 

When a crude ethyl acetate culture extract was shaken with 

potassium acetate as buffer solution ( "-'0. 1M, pH"-10.0) , the 

resulting aqueous phase often had a low pH, in the range pH 5 to 

6. This indicated that the ethyl acetate extract was considerably 

acidic; it was necessary to neutralise this acidity by several 

equilibrations with aqueous buffer solution, before carrying 

out a CCD run. 
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A borax buffer (0. 025M borax, pH ---9.3) appeared to have a 

complexing effect with the red pigment, as it gave a much more 

intensely red coloured aqueous phase tban the other buffers, even 

with these buffers at pH 9.6 - 10�0. 

CCD Run 1 :  

In the first run, called nc·:::;D Run 111, on the hand-operated 

120 tube Craig CCD machine, ethyl acetate was used for the upper 

phase and a borax buffer pH 0.3 was used for the lower phase. 

Using a crude ethyl acetate culture extract (which had been 

previously ilwashed to neutralityn with buffer) for this run, 

three major bands were observed in the tubes after 120 transfers: 

(i) a bright red coloured band (i. e. aqueous phase bright red, 

upper ethyl acetate phase orange) centred around tube no. 30, 

(ii) an extended yellow-orange "leading band", centred on tube 

no. 112, and (iii) a dark purple coloured band near the origin, 

centred on tube no. 5 .  Examination of the TLC behaviour and the 

visible electronic spectra of the upper ethyl 8Cetate phases of 

these bands clearly indicated that the band centred on tube no. 30 

contained the same red pigment observed on TLC during the pre

liminary work of this thesis shown to contain dothistromin and 

deoxydothistromin. The "trailing edgei' tubes of this central 

band however, had a noticeable yellowish tinge to them, and this 

showed up in the visible spectra as a shoulder of increased in

tensity in the 46 0 nm region. A plot of tube number versus 

absorbance at 492 nm and 464 nm is shown in Fig. 2(a) . The 

difference between the spectra of the tubes is slight and a plot 

of the ratio of the peak absorbances versus tube number, shown 

in Fig. 2(b) , gives a better indication of the presence of more 
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than one compound, since the ratio changes considerably towards 

the trailing edge of the band. 

CCD Run 2: 

Having demonstrated the prese nce of more than one compound 

in the red pigment band known to contain dothistromin and deoxy

dothis tromin, a second CCD run was carried out in an endeavour to 

obtain a K value closer to 1 . 0 ,  and thus an increase d separation 

of the compounds in this band. To do this it was necessary to 

change to a phosphate buffer to obtain a higher pH than is possible 

with borax. 

Using a phosphate buffer of pH 10. 1, three major bands were 

obtained in CCD run 2 ,  from the same pigment extract as used for 

CCD run 1. This time the dothistromin-containing band was 

centred around tube no. 56. This gave a K value of approximately 

1 . 0 . A plot of absorbance at 492 nm versus tube number (Fig. 3 (a)), 

and a plot of the ratio of the absorbance at 492 nm to that at 

464 nm (Fig. 3(b)) again indicated the presence of more than one 

compound in the central band. 

The visible electronic spectra for tubes no. 56 to 6 3 were 

very similar, and as the absorbance ratio for these tubes lay 

on the straight line portion of the ratio plot (Fig. 3 (b)), the 

tube contents for this group were pooled together, and worked up 

to yield an orange gum. An attempt was made to clean this up 

further by prep. TLC, using a silica gel G TLC plate pre-developed 

in methanol and reactivated. When the plate was developed with 

the normal ethyl acetate : chloroform (60:40) solvent, the com

pound ran for a short distance as an intensely purple-red colour

ed band. This band, which spread all the way to the origin, 
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could no t b e  p ersuaded t o  run further  e v e n  with  more polar 

s o lvents , and in  fac t  i t  was found that t he c ompound had und e r-

gone v ir tually irreversible  c ombi nat io n  wi th the s i l i ca gel 

ads o rben t .  A pos s i ble  e xplana tion  of t hi s  effe c t  lay in  the 

ab i l i ty of the red pigm e nt to  compl e x  wi th certai n metal  i ons , 

2+  2+ ( espe c i ally Ca and Mg s e e  page 3 1 ) ,  and to  react  chemically 

w i th alcohols  ( s e e  page 72 ) .  

Wi th the  l o s s .  o f  t he possibly pur e pigment from tub es  n o . 

56  t o  63  by i r r e versible  chromatograp h i c  adsorp t i o n , the c o n t e n ts 

o f  tube no. 55  w e r e  examined in  the  hope  that this would y i e l d  

subs tantially pure pigm ent . Work-up gav e an orange-red  amo rphous 

powder, the v i s ib l e  e l e c troni c spec trum of whi ch ( i n e t hano l )  is 

shown in  Fig. 4 .  An c value was calculated  for �max . a t  492  nm ; 

this  was c = 6 , 500 Cat pH�4 . 5 ) ,  and c = 6,250 a t  pH 6 .5 .  A s tudy 

o f  the variat i on o f  abs orbance  in e t hano l , versus pH showed  t hat  

over the range pH 1 .0 t o  4 . 5, pH  had no s i gni fi can t e ffe c t  o n  the  

i nt ens i ty o f  absorbance  or  o n  the shape of the  abs orp t i o n  c urv e .  

At a p H  o f  6 . 5 ,  t he intens i t y  o f  the  p e aks a t  464 , 480 , and 492 

nm drop a l i t tl e , at  5 1 4  nm the i n t e ns i ty s tays approximat ely  the 

same , at 527 nm it inc reas es a l i t tl e ,  and it  i ncreas e s  s i gni fi -

cant ly from 5 3 0  n m  onwards . This c o i n c i des w i t h  a v ery no t i c eabl e  

d i fference i n  c o l our o f  t he e thano l i c  s olu tion - a t  the  l o w e r  

pH ' s  i t  i s  t yp i cally o range in  c olour , whereas at  pH 6 . 5  o r  higher 

it  b e c omes red  i n  colour and loses  i t s  orange flu or e s c e nc e .  A t  

higher pH ' s  ( e . g .  p H  1 0 )  aqueous s o l u t i ons and e thanol s o lu t i o ns o f  

the pigment show only a smo o th curve w i th no fi ne structur e . 

Ethyl ace tat e phases equi libra t e d  w i th the aqueous s o lu t i o ns 

howev er , show  charac t er i s t i c  peaks o n  the absorp t i o n  curv e s , 
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whi ch remain v i r tually u nal tered  wi th change in pH o f  the aqu e ou s  

phas e .  A prac t i cal result  o f  t hi s  obs ervat i o n  i s  that dur ing t h e  

c o urse  o f  a CCD r u n  w i t h  e thyl a c e tate  as upp er phas e ,  progr e ss 

o f  the dis tribu t i o n  c an be  followe d  at  any s t age s imply by  r e 

moval o f  an aliqu o t  o f  the e thyl acetate  phas e  o f  any tube 

des i re d , follo wed b y  i t s  return after  havi ng determined the 

v i s i b l e  spec trum , w i thout  any pH adjustments  being r equired .  

CCD Run 3 :  

This run was carr i ed out  i n  an a t t emp t t o  ob tain  a larger 

quan t i ty of  puri fi e d red  pi gment for  a more  detai l e d  chemi cal  

i nves t i gat i o n .  The  p i gment used  for this  run  was ob tained from a 

c ulture extract whi ch had b e en par t i ally puri f i e d  by column 

c hromatography on s i l i c a  gel H .  A phospha t e  buffe r ,  pH 1 0 . 1 ,  w a s  

used  f o r  t he aqu e ous phase , and e thyl a c et a t e  f o r  t h e  upp er  phas e .  

As wi th CCD runs 1 and 2 ,  a c entral r e d  p i gm ent band was o b t a i n e d  

w i th a K value o f  approximat ely 1 . 0 .  The v i s ible e l e c t ronic  

spec t ra of  the  e thyl ac etate phas e from e a c h  of the  tub e s  of  this  

b and - tube  no . 58  t o  tub e no . 84 - w e r e  r e c orded , and  are  show n  

i n  F ig. 5 ( a )  to  F ig. 5 ( d) . Exami nat i o n  o f  t hese spec t ra showed  

the presence  of  a " leading edge ;r and a ntrailing edge"  comp o ne n t . 

Several tub e s  from the band were  se l e c t ed for  examinat i o n  

by  mass spectro s c opy . Tub e  no . 70  was found to  give  a sp e c t rum 

chara c teristic  of normal red pigm ent c ontaining dothistromin and 

deoxydo thistromin  p eaks at m/e 372 , 356 , 354 , 343 , 338 , 325 , 2 99,  

e t c . Tube no . 5 9  gave a spec trum in  whi ch  the peak at  m/e 356 

was of  si gn i f i c antly  i ncreas e d  int ens i ty r elat ive t o  the p eak 

at m/e 372 ( ra t i o  o f  m/e 356 : m/e 372  approximately 1 . 7 : 1 . 0 ) , 

c ompar e d  t o  sp e c t ra o f  the r e d  pigment  ob tained ex prep . TLC 
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( ratio o f  m/e 356 : m/e 372 appro ximately 1. 0  : 2 . 5 ) . Thus the 

co mpound fro m tube no . 59 appeared to be enriched with deoxy-

do thistro min, and thus a partial seEaratio n o f  deo xydo thistro min 

had been achieved. The spectrum clearly sho wed a much greater 

relative abund ance o f  the peaks at m/e 283 and m/e 32 7 co mpared 

to the normal red pigment spectra. Mass measurement sho wed the 

fo llo wing peak co mpo sitio ns: m/e 327 = c 17H11o 7 , m/e 309 = 

c17 H9o 6 , m/e 2 83 = c 15H7o 6 • A lso , metast able p eaks verified the 

transitio ns: 

m/e 44 �H20 

* r C17H906 

m/e 309 

Further co nclusio ns were later made o n  the structure o f  deoxy-

do thistro mi n fro m the abso rptio n curves recorded above - see 

p ages 35 to 38. 

Tube 81 gave a mass sp ectrum with typical red pigment peaks, 

but also with a stro ng peak at m/e 36 8; mass measurement showed 

this to co rrespo nd to c2 0H16o 7, and a metastable peak existed 

fo r the transitio n: 

This co uld indicate the existence o f  a co mpo und o f  fo rmula 

c20H1 6o7 as a leading edge co mpo nent, and this co uld be an ethyl 

ether or dimethyl ether derivative o f  a co mpo und o f  fo rmula 
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CCD on a S teady S tate Distribution Machine 

W ith the above par tial sep ar ation of dothistr omin and 

deoxydothistr omin obtained, it w as decided to carry out a further 

CCD r un, on an automated steady stat e distr ibution machine. The 

advantage of the steady state CCD app aratus is that in this 

apparatus, it is possible to maintain any desired band of 

interest in the central p ortion of the tube bank , and to concen

trate this band from a crude extra c t  by a continual feed ' ' steady 

state" p rocess. It is then possible to gradually w iden the band 

and separate it into its various comp onents even when they are 

very closely related ( Fleetwood, 1962 ; Alderweireldt, 1 961 ;  

Quickfit and Q uartz Ltd). 

Red p igment was subject to CCD in such an app aratus with 

ethyl acetate as upp er solvent p hase, and a phosp hate buffer, 

pH 1 0 . 35, as lower p hase . After the distr ibution had been allowed 

to p roceed over night, it w as noted that the red p igment band 

w as travelling in a narrow ban d  of high K value . Attempts to 

circumvent this behaviour by increasing the ratio of lower upper 

phase transfers were unsuccessful. A check on the p H  of the 

aqueous p hase showed this to be pH 8 . 0 ,  thus exp laining the 

anomalous p artition ratio. The dr op in pH appeared to be due to 

excessive hydrolysis of the ethyl acetate phase, the buffer 

capacity being ultimately exhausted. This same p roblem had not 

been observed in the p revious work (i. e. CCD runs 1 ,  2 and 3) 

w here each r un had been carried out i n  under 12  hours ; the run 

with the steady state machine had been carried out for some 32 

hou rs . The reason for the longer time is that the automatic 

machine has built in minimum pr ogram time factors for each p ortion 
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o f  t h e  d i s t r i b u t i o n  mo t i on ,  wh ich  c an r eadily be  b e ttered  i n  the  

cas e  o f  manual equ i pment us i ng solvent  s ys tems whi ch do  no t form 

troubl e s ome emulsi ons . 

W i th the e thyl a c e t at e/aqu eous buffer  system shown t o  b e  

unsui table f o r  the automa t i c  equipment , o ther solvent sys t ems 

w e r e  i nves t i gat e d . 

n-Butano l/agu eous buffers : n-Butanol appeared to  b e  a moderat ely 

good solvent for  the red p i gm ent . However , a test  tube rack  

experiment r ev ea l e d  that  it  requi r e d  a buffer  o f  surpri s i ngly 

h igh pH to extra c t  any s i gn i f i cant c olour from the butanol phas e .  

Wher eas the n-butanol s oluti on , wh i l s t  i n  e quil ibrium w i th 

neutral aqueous s o lvents , i s  the same c harac ter i s t i c  o range 

c o l our as e thyl a c etate solutions of the  extrac t ,  at alkal i n e  

pH ' s  i t  i s  a beauti ful wine-red  c olour , the colou r  rema i n i ng i n  

the  n-butanol phase unt i l  high pH ( pH �1 1 )  buffer sys t ems a r e  

u s e d . Thus the  alkali  me tal s a l t  d e r i vat ives  o f  the  r e d  p i gment 

appear to par t i t i on favourably i nt o  n- butanol at  pH ' s  up to  pH 11 . 

Thi s  could b e  ass o c i a t e d  w i th the  h i gh solubi l i ty o f  wat e r  i n  

n-butanol - a t  25°C the  solub i l i ty o f  water i n  n-butanol i s  

20 . 5% and the  s o lubi l i ty o f  n-butanol i n  water i s  only 7 . 5% .  

Ethyl ac e t a t e  has a reverse  solubi l i ty order : 8% ethyl a c e tate  

i n  water and only 3 . 3% water  in  e thyl a c e tate . 

I t  was found that the par t i t i on rat i o  K could  b e  a d j u s t e d  

t o  a somewhat  m o r e  favourabl e  valu e by addition  o f  s o dium  

b enzoat e .  Thus a K value o f  1 . 5 was ob tained i n  a t e s t  tub e 

rack exp e r i ment  using n-butanol/0 . 25M phosphat e  buffer  pH  1 0 . 5  

c ontaini ng 0 . 1M sodium b enzoat e . 

Methyl i s obutyl ketone ( M IBK )/agueous  buffer s : MIBK i s  a b e t t er 
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solvent  for  the red  p i gment  than n- butanol , and i t  i s  possible  

to  extra c t  nearly all  the c o lour out o f  an  MIBK s olu t i on w i th a 

phosphate buffer  o f  pH 1 0 . 0 ,  whereas t o  do thi s w i th n- butanol 

a b u f fer o f  pH > 1 1 . 0 is required . 

Using a phosphate bu f f e r  o f  pH 9 . 4 ,  a K value o f  1 . 0  was 

ob tained  in a test  tub e rack  experiment wi th a s o lu t i on of red  

p i gment i n  M I BK .  A t  thi s pH , the time required for t he MIBK and 

aqueous l ayers to s eparate is  v e ry short - only 20- 25 s e c s. Thus 

the MIBK sys tem would app ear to be a goo d  sys tem to u s e  for any 

large s c ale CCD work on the red  p i gment , especially when carry i ng 

out  a high number o f  trans fers . 

Att emp ts at a more c ompl e te s epara t i o n  o f  dothis t romi n and 

deoxydothis t romin by CCD were  no t pursued furth er  however , i n  

spi te o f  the abov e encouraging results , as  a still  more profi tab l e  

l i n e  o f  i nv es t i gat i o n  was revealed b y  work carr i e d  o u t  concurrently  

o n  ace tylat ion . 



CHAPTER 4 .  THE HYDROXYANTHRAQUINONE CHROMOPHORE 

OF DOTHISTROMIN 
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Hydroxyanthraquinones  show charac t er i s t i c  revers i b l e  

o x i dati on- re du c t ion c olour changes w i th alkal i ne dithioni t e  and 

give  chara c t e ri s t i c  c o lour  reac ti ons w i th alkali and o ther rea

gents ( Shibata , 1950 ; Rodd , 1 956 ; Thomson , 1 957 ) . S i mi l ar i t i es 

i n  the c olour reacti ons w i th di ff erent hydroxyanthraquinones 

o f t e n  indicate  s imilar i t i es i n  the hydroxyl group subs t i tu t i on 

p a t t ern . 

A numbe r  o f  c olour r eacti ons and prop e r t i e s  o f  the r e d  

p i gm ent indi cated that do thist romi n  was a hydroxyanthraqui none . 

R e v ers i b l e  Redu c t i o n-Oxi dat i o n  wi th Alka l i ne D i thioni t e  

The purp le  co lour o f  an alkali ne s o l u t ion  of  the r e d  p i gment  

was slowly discharged to  yellow  by  shak i ng with  alkaline  s o d i um 

d i thioni t e , and was r e s t ored to  purpl e  b y  shaki ng w i th air . Thi s  

revers ib l e  oxi dat i o n- r eduction  c olour change reac ti on  w i th a lka

l i ne di thioni te  is chara cte ris t i c  of anthraquinones and hydroxy

anthraquinones ( R odd , 1 956 ; Fieser  and F i e s er , 1 963 ; Powell � a l . ,  

1 967 ) . Some c ompar a t i v e  t e s ts c arr i e d  o u t  in  the l aboratory a r e  

summari s e d  i n  Tab l e  I I . 

The orange c olour o f  an ethyl a c e t a t e  solution  o f  the r e d  

p i gment was also i mm e d i at e ly d i s c harged t o  pale yellow on  shak i ng 

w i th A dams catalys t o v e r  hydrogen . 

The above results  showed that dothis t romin contained  a 

quino no i d  syst em , i ts b ehavi our b ei ng c o ns istent w i th that o f  

hydroxyanthraquinone s . 
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Colour w i t h  Alkali 

The red p i gment ( pu r i f i ed by TLC or CCD ) formed an intense  

purple c olour ed  s oluti on  with aqu eous s o d ium hydrox i de . This 

rea c t i o n  app ears to  indi cate  a 1 , 2- or 1 , 4-dihydroxy subst i tution  

i n  an  anthraqu i none nuc l eus . Thus , whi l s t  al i zari n  ( 1 )  and 

anthragallo l- 3-me thyl e ther  ( 2 )  give a purple  s o lu t i on w i t h  

s odium hydroxide , xanthopurpurin  ( 3 ) , rubiadin ( 4 ) and anthra

gallol- 2-methyl ether ( 5 )  gi v e  a red  solu tion  ( Ni cholls , 1 948 ) . 

A comparat ive test  carri ed  out in  the  laboratory w i t h  sev eral 

hydroxyanthraqui nones supported  this result , and is  summari s e d  in 

Tab l e  I l l . 

C olour with Various M e tal I o ns in  Ethanol 

The pur i f i ed red p i gment  gav e an intense magenta coloured 

s o l u t i o n  with e thano l i c  magnes ium acetat e , this c olour i ndi cating 

an anthraqu inone with a -hydroxyl groups ( Shibata , 1 950 ; Sutherland 

and W e lls , 1 967 ) . The same co lour was obtained  w i th alkaline 

soluti ons of calcium and magnes ium i ons and the red  p i gment . 

C omparat ive  t es ts were carr i ed out with  sev eral hydroxyanthra

qui nones and e thano l i c  solutions of several me tal salts , and the  

results  are shown in  Tabl e  I V . The  very c lose  s imilarity  b e tween  

the  c o lours produ c ed b y  the  red p igment and 1 , 4- dihydroxyanthra

quinone ( qu i n i zar i n )  ( 6 )  sugge s t e d  that dothi s t romin possessed  a 

1 , 4 - d i hydroxy subs t i tu t i o n  arrangement in  one o f  the aroma t i c  

r ings o f  the anthraqu inone nuc leus . 
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Table I I  

A c t i on o f  Alkaline Sodium D i th i oni t e  on  Hydroxyanthraquinones 

Anthraquinone 

1 , 4- d i -OH 

1 ' 8  

1 ' 2  

2 , 6  

" 

! I  

1 1  

" 

" 

I !  

1 , 2 , 4- tr i-OH 

Colour w i th Co lour w i th alk . 
1 . 0 N N aOH sodium d i thioni te  

purple orange- yellow 

red  golden- yellow 

purpl e-blue  

orange 

red  

pale-orange 

no co lour change 
" 1 1  

1 , 2 , 5 , 8- tetra-OH blue pal e- yellow 

red p i gment 

anthraquinone 

purpl e yellow 

pale- y e l l ow blood red 
( no t  so l . ) 

Table I I I  

Colour o n  
shaking w i th 

air  

purple 

red  

purple 

purp le 

purple 

pale-yellow 

C o l our o f  Hydroxyanthraquinones with  Aqueous 1 . 0 N NaOH 

Anthraquinone Colour 

1 , 2 - di-OH intense purpl e  

1 ,  4-di -OH ! !  I !  

red p i gment ! !  ! !  

1 , 2 , 4- tri-OH I !  red- purple 

1 , 8-di-OH 1 1  red 

rubiadin ! !  red 

2 , 6-di-OH orange 

1 , 2 , 5 , 8- t e tra-OH i ntense indigo 



. 

0 
t<'l 

An thraquinone 

( e thanol ) 

red pigment 

1 , 4-di -On 

1 ' 2 - " , ,  

1 , 8 - n 1 i  

1 , 2 , 4 - tr i -OH 

2 , 6-di -OH 

---- --

Table  I V  

C o l our o f  Hydr oxyanthra quinone s� with Var ious Metal I ons  in  E thano l  

Ethanol I-ig ( I I )  Ni  ( I I ) C u  ( I I )  C o  ( II )  A l  ( I I I ) 
acetate  ni trate ac etate  n itrate  chloride 

c ol .  c ol . v .  pale green v .  pale green pale pink c ol . 

orange magenta red mauve red  scarle t  

pale yellow magenta red mauve red  scar l e t  

yellow purple red purple red  red 

pale yell ow red  orange red  orange orange 

orange red  magenta red  red orange-red 

v .  pale ye llow prac t .  c o l . prac t .  c ol . prac t .  c ol .  pale peach prac t .  c ol .  
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Me tal Salt and Chelat e Comple x  Format i o n  

The above colour reacti ons d emons trat e the ab i l i t y o f  

hydroxyanthraqui nones ( and t h e  r e d  p i gment ) t o  form salts w i th 

alkal i metal i ons , and also th e ab i l i ty to  form metal  chelate  

comp lexes w i th a vari e ty of  � e tal  i ons ( Rodd , 1 956 ) . Whilst  

sal ts o f  t h e  1 , 2- d ihyd roxyanthraqui none ( al i zari n )  ( 1 )  type hav e  

the great e s t  s tab i l i t y , salts o f  t h e  l e s s  acidic  1 , 4 - d i hydroxy

anthraqu i none typ e  ar e easily d e c ompos e d , e . g . the dipo tass i um 

sal t o f  1 , 4- dihydroxyanthraquinone  is  d e compos ed by co2 ( Perk i n , 

1 87 9 ) . 

A l though the l i t era ture ab ounds wi th referenc es  o n  spec tro

s copic  s tu d i e s  o f  chelat e complex format i o n  between hydroxyanthra

quinones and a wh ole  host of m e tal i ons , the actual s truc tures  o f  

the chelate  c ompl exes are b y  n o  means compl e tely es tab l ished ( e . g . 

s e e  Suemi tsu , 1 96 3 ; Srivas tava and Banerj i ,  1 967 ) . 

Fluor e s c e n c e  

Soluti ons o f  t h e  r e d  p igment  in  a c e t i c  ac i d  C or e ther o r  

e thano l )  exhib i t e d  an int ens e green- ye l l ow fluore s c e n c e  under 

near UV irradiat ion . Such fluores cence  i s  charac t e r i s t i c  o f  the 

1 , 4- d i hydroxyanthraquinone ( 6 )  nuc leus - see b e low . Table  V 

summar i s e s  the results o f  exam i na t i o n  o f  soluti ons o f  a numb er  

o f  hydroxyanthraquinones for  fluor e s c e nc e .  From the obs ervat ions 

record e d  i n  the table i t  was conc luded that doth i s tromin poss

essed  a 1 , 4- dihydroxyanthraqui none  nuc leus . 

The  general i sation  that s trong fluorescence  o f  a solu t i o n  

o f  a hydroxyanthraquinone i n  a c e t i c  a c i d  i s  charac t e r i s t i c o f  

the qui ni zar i n  ( 6 )  nuc l eus , i s  based o n  empirical obs ervati ons . 
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Table  V 

Fluroes c ence o f  Hydroxyanthraquinone S o lut i o ns 

under irradiat i o n  w i th UV l i ght  ( A.  350 nm ) 

Anthraquinone 

1 , 4- di-OH 

1 , 8- di-OH 

1 , 2- d i-OH 

2 , 6- di -OH 

1 , 2 , 4- tri -OH  

1 , 2 , 5 , 8- t e t ra-OH 

red  pi gment  

dothistromin  
e thyl e ther  ( 49 ) * 

* see  page 72  

int ens e yell ow- green 

v .  weak yell ow- gre en 

faint orange 

no obs . fluo r e s c e n c e  

intense  yellow-green 

s trong yellow- o range 

i ntens e ye llow- green  

i nt ens e yellow  gr een 

Ethano l i c  
1"ig( OA c ) 2 s o l t n .  

intense s carl e t  r e d  

intense orange 

v .  weak orange-red  

v .  weak green 

intense o range 

intense s carl e t  red  

intense  s c ar l e t  red  
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Thus Rais t ri ck ,  Robinson and Todd ( 1 934 ) s tudi e d  the  fluores c en c e  

o f  t h e  s o l u t i ons in  ac e ti c a c i d  of 1 5  hydroxyanthraquinones and 

concluded  tha t  c ompounds c on tai ning the 1 , 4-dihydroxyanthraquin

one nu c l eus gav e a chara c t eris t i c  fluores c enc e . Howard and 

Rai s t r i ck ( 1 955 ) claimed that " in the int ervening years ( s i n c e  

1 934 ) a number o f  other polyhydroxyanthraquinones  o f  estab l i shed 

s truc ture hav e been examined  and hav e  c onfirmed the  val i d i t y  of  

the general i sat ion 1 ' . S i n c e  the n ,  numerous other c i tati ons have  

appeared in the  l i t erature t o  fur ther support the general i sa t i o n  

( e . g . Thomson , 1 957 ; Dav e e t  al . ,  1 959 ; Sutherland and W ells , 

1 967 ;  Powell  e t  a l . , 1 967 ) . 

The author o f  this thesis  beli eves  that a rati onal i sati on o f  

t h e  observat i o n  that solu t i ons of  1 , 4- d ihydroxyanthraqui nones are 

s tro ngly fluor es c ent , whereas soluti ons o f  anthraquinone i ts el f ,  

and hydroxyanthraqui nones w i th o ther hydroxyl group subs t i tu t ion  

patt erns are not , can be proposed  from a detail e d  consi derat i o n  of  

the  phenomenon o f  fluores c enc e .  A d i s c us s i on o n  thi s  i s  presented  

i n  t he Appendi x ,  under the  heading ' ' The Fluor es c e n c e  o f  1 , 4-

dihydroxyanthraquinone " . 

The V i s i b l e  Absorption  Spe c tra 

The v i s i b l e  e l e c troni c absorp t i o n  spec trum o f  the pur i f i e d  red  

p i gment  i n  e thano l showed a remarkab l e  s i m i lar i ty to  tho s e  r eported  

for  anthraqui nones w i th three  �-hydroxyl groups - s e e  Table  V I . 

I t  i s  well  known ( Ho r t on and Earlam , 1 941 ; Briggs e t  al . ,  

1 952 ; Birkinshaw , 1 955 ; S c o tt , 1 964 ) that in  the v i s ib l e  absorp t i o n  

spec tra o f  hydroxyanthraquinones , the  m � j o r  abs o rp t i on b and due 

to the quinono i d  nu cl eus is greatly a f f e c t e d  by the numb er o f  
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Table VI 

V i s i b l e  Electronic  Absorp t i o n  Spec tra Data on 

Some cr-Hyd roxy�nthraqui nones 

Anthragu inone A.max C nm )  R e ference  

Red  P i gment 478 , 490 , 509 ,  

5 2 3  

1 , 4 , 5- tr i-OH 480 , 490 , 5 1 0 ,  S c o t t  ( 1 96 4 )  

525 

H e lmi nthosp o r i n  480 , 490 , 5 1 0 ,  Birkinshaw ( 1 955 ) 

( 2 -Me- 4 , 5 , 8- tri-OH 525 

I slandi c in 466- 470 , 492 , 1 1  t l  

( 2-Me- 1 , 4 , 5- tri-OH ) 5 1 3 ,  527 

Cal enar i n  489 , 508 , 1 1  i t  

( 2-Me- 1 , 4 , 5 , 7- t e tra-OH ) 5 1 �-525 

1 , 2 , 4 , 5 , 7-penta-OH 473 , 487 , 496 , Powell et al . ( 1 967 ) 
- -

5 1 7 ,  532 

Cyno dont in  5 1 8 ,  545 , 558 .Birkinshaw ( 1 955 ) 

( 2-Me- 1 , 4 , 5 , 8- t e tra-OH )  
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free a- hydroxyl groups , but l i t tle  affec ted by the pres enc e o f  

B -hydroxyl groups . Thus anthraquinone i t self  has a v i s i b l e  

absorp t ion  band at  405 nm . This 405 nm absorp t ion i s  sus c ep t i b l e  

to  increas ing f i ne s truc ture , int ens i ty i ncreases , a n d  s h i f ts to  

longer wav eleng ths by introdu c t i o n  of  � -hydroxyl groups ; the  

greater the  number of  a -hydroxyl groups , the longer the  wav el eng th 

o f  absorp t i o n . In fac t ,  the pos i t i on of  absorption  and p a t t ern 

of  fine s t ru c ture  are  o f  di agno s t i c  value , esp e c ially for three 

and four a - hydroxyl groups . Thus , as can be  seen i n  Tab l e  � 

1 , 4 , 5-tri hydroxyanthraq uinone , Helmi nthosporin , and I s landi c i n , 

all anthraqui no nes w i th three  a - hydroxyl groups , all hav e v ery 

s imi lar absorp t i on bands . By c ompar i s o n ,  Cyno dontin , whi c h  has 

four a -hydroxyl groups , shows even further batho chrom i c  displace

ment of  the q u i nono i d  absorp t i o n  than the  abov e tri -a - hydroxy

anthraqu i nones . 

Notwi ths tanding the fact that the  red pigment was s hown i n  

the early part  o f  this inv e s t i gat i o n  t o  be  a mi xture o f  two 

compounds , dothistromin and deoxydo thi s tromi n ,  the above s p e c tral 

simi larity  was such as to  s trongly sugges t  that doth i s tromin  was 

a subs t i tu t e d  anthraquinone w i th thr e e  � -hydroxyl group s . In  

v i ew o f  the  v er y  close  chemi cal s im il ar i ty o f  do thistromin  and 

deoxydo thi s t romin  ( i denti cal TLC b ehav i our , similar mass s p e c tral 

fragmentation ) , i t  was cons i dered  at thi s  s tage of t he i nv e s ti

gation  that deoxydothi s tromin would also hav e e i ther the  same 

hydroxyanthraqu inone chromophor i c  mo i e ty as dothis tromin ,  or an 

anthraqui none nucleus w i th one less  a - hydroxyl group ( de oxy

dothis tromi n appeared to hav e one  hydroxyl group less  than 

do thi s t ro mi n ,  as shown by acetylat i o n  experiments - s e e  lat er ) . 
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De oxydo this tromi n could  no t have a 0 -hyd roxyl group i n  the  

anthraquinone nu c l eus , as thi s would result  in  s i gni f i cantly 

di fferent behaviour b e tween deoxydo this tromin and dothis trom i n , 

on TLC and CCD . I f  deoxydothis tromin was a d i -� � hydroxyanthra

quinone , t h e n  it could  hav e a 1 , 4- , a 1 , 5- or  a 1 , 8- dihydroxy

anthraquinone subs t i tu t i o n  pattern , and be o t herwise  ident i c a l  t o  

d o this trom i n .  I t  would be di f f i cu l t  t o  d e t e c t small amounts o f  

the 1 , 4- d i hydroxy c ompound i n  the pres ence  o f  dothistrom i n , s i nc e 

the abs o rp t ion  band and fine s truc ture o f  b o th 1 , 4-dihydroxy- and 

1 , 4 , 5- tr i hydroxyan thraqu i none are s omewhat similar . However , i n  

the case  o f  a 1 , 5- o r  1 , 8- dihydroxyanthraquinone c ompound , the  

d i fferenc e would b e  more  no t i c e ab l e , b e c ause  of  the s i gni f i c antly  

l ower wavelength ab s orp t i on o f  these  d ihydroxyan thraquinones . 

Pub l i s hed  data for the s e  hydroxyanthraqui nones are shown i n  Tabl e  

V I I . 

On the bas i s  o f  t h i s  data , an exp eriment  was carr i e d  o u t  i n  

whi ch  small ali quo ts o f  a concentrat e d  solution o f  1 , 4- di

hydroxyanthraquinone were added t o  a s o lu t i o n  o f  the  red p igm ent  

i n  e thyl ac etat e , the  v i sible  spec trum b e i ng recorded after  each  

add i t i o n .  The exp er iment was r epeated  agai n ,  but  this t i m e  wi th 

aliquots o f  1 , 8- dihydroxyan thraqui none . The results showed that 

whereas the add i t i on o f  1 , 4- dihydroxyanthraquinone caused  a 

gradual c hange o f  f i ne s truc ture wi thou t  s i gni fi cant change i n  

s hape o f  the curve , the add i ti o n  o f  1 , 8- d ihydroxyanthraqui no ne 

caus e d  a dramat i c  change i n  the regi o n  b e l ow 490 nm , but no 

change at  all from 490 nm upwards . In fac t , the 1 1 synthe t i c "  

curv es showed a remarkable  s i mi lari ty t o  t h e  absorp t i on curves 

recorded for tub es 6 1 and 60 ex CCD run 3 .  Thi s  c l early 
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Tab le  V I I  

V i s ible  Elec troni c Absorp t i o n  Spe c t ra Data 

for Di-et - and Tri-o. -hydroxyanthraquinones 

Anthraguinone A. max C nm )  Referenc e 

1 I 8-di -OH 4 1 1 ,  42 1 , 431 , 446 Morton  and Earlam ( 1 94 1 ) 

456  

1 , 5- di - OH 397 , 4 1 8 ,  437 " " " \ I  

1 ,  4- di-OH 459 , 474 ,  486 , 498 , I f  1 1  I !  f l  

508 , 520 

1 , 4 , 5- tri-OH 405 , 480 , 490 , 5 1 0 , S c o t t  ( 1 964 ) 

525 
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demons trated  that the p i gment from tub es 54- 62 ( approx ., ) ex CCD 

run 3 c ontai ned dothi s tromin  p lus a s i gni fi cant proport i on o f  a 

1 , 5- or 1 , 8- dihydroxyanthraqui none , this anthraquinone b e i ng , in  

all probab i l i t y ,  deoxydo t h i s t romi n .  This  follows , s i nce mass 

spec tral fragmentation of the contents of tub e 59 ex CCD run 3 

had shown a preponderan c e  o f  deoxyd o this tromin over dothis tromin 

( s e e  page 2 1 ) .  

Z i nc Dus t Di s t i llation 

Zinc  dus t d i s t i llat i o n  of  the  red  pigment a t  400°C under an 

atmosphere o f  hydrogen , gav e a low yi eld  of  a pale yellow co loured 

produ c t  which  was highly fluor escent  under UV irradiat i o n  

( A. 350 nm ) . 

The zinc dus t  d i s t i l l a t i o n  produ c t  was examined  by TLC . An 

alum i nium oxide G TLC plate  developed w i t h  n- pentane ( Bi erno th , 

1 96 8 )  s howed the disti llati on  produ c t  as an unresolved smear from 

Rf 0 . 75 to Rf 0 . 85 , wh i ls t  anthra c ene , phe nan thre ne and naphtha

lene apn eare d as spo ts  o n  the  same pla t e  with  Rf  values o f  0 . 75 ,  

0 . 75 and 0 . 85 , respectively . A c e l lulose  TLC plat e impregnat e d  

w i th DMF and developed w i th isooc tane ( Sawi ck i  e t  al . ,  1 964 ; 

W hi t e  and Howard , 1 967 ) showed four fluoresc ent spots  from the 

d i s t i llation produ c t , R f ' s  1 . 00 ,  0 . 90 ,  0 . 84 and 0 . 75 .  On the 

same plate , ac enaphthen e , anthrac ene , phenanthrene and fluoren- 9-

one app eare d  at Rf values o f  0 . 93 , 0 . 75 , 0 . 75  and 0 . 5 1  resp e c t ively . 

These  r esul t s  cl early indicated  that the d i s t i l l a t i o n  produc t 

was a c ompl ex mi xture , and i t  was decided  to  examine  this by 

GLC , w i th a v i ew to  separating the maj or components by prep . GLC . 

A QF- 1  c o lumn operat e d  a t  1 80° C show ed  two maj or peaks for  
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the zinc  dus t  disti llation produ c t  of  ret ention times  ( R t  t i mes ) 

4 . 2  min  and 6 . 4  m i n , and minor p eaks at  Rt 8 . 5 ,  9 . 5 and 1 1 . 5 min . 

Under the  s ame condi ti ons , phenanthrene , terphenyl , and pyrene 

gav e peaks w i th R t 1 s  of  4 . 2 ,  1 1 . 5 and 1 4 . 5  min resp e c t iv ely . The 

component c o mpounds o f  the d i s ti l l ation  product were collec t ed on 

a preparat i v e  scale ; they all  show ed  intens e blue fluores cence  

under U V  i rradiat i o n  ( \ 350 nm ) , a nd all  gave UV  abs o rpt i on sp e c tra 

very s im i lar to that of  anthra c e ne . 

On the basis  o f  mass spec tral exam inat ion  and their  UV 

spe ctra , the following ident i f i c at i ons were made : 

Rt 4 . 2  m i n  component - anthra c e ne : The molecular ion at m/e 1 78 

was shown to be c 1 4H1 0
+ · , and a me tastable peak show e d  the  

trans i ti on 

m/e 1 78 2 6  1 52 

Also , a doubly charged mol ecular i o n  app eared at a p o s i t i on o f  

m/e 89 . The s e  features and t t e  mass spec tral pattern  were eo-

inc i dent  w i th tho s e  for anthra c en e . 

Fur ther , t he R f  value by TLC , the R t  value b y  GLC , the 

fluores c en c e  under UV i rradi at i o n  ( \  350 nm ) and the UV abs orp t i on 

spec trum i n  EtOH were all i n d i s t ingui shab l e  from that o f  

anthrac ene . Phenanthrene , w h i c h  has very s i milar mass spec tral 

and chromato graphic  behaviour , has , in the absorb ed  s tat e ,  a 

darker blue  fluore s c ence  than the whi te-blue fluores c enc e o f  

anthra c ene , and has a s i gnfi c antly di fferent U V  abs o rp t i on spec t rum 

to that o f  anthrac ene ( Jaffe and Orchin , 1 962 ) . 
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R t  6 . 4  m i n  c omponent - 2-methyl anthrac ene : The s im i lar i t y  o f  the 

UV absorp t i o n  spec trum o f  th i s  c omponent to that of anthracene , 

i ts s trong fluores c ence  under UV irradiat ion , and i t s  l o nger 

retent i o n  t ime  on GLC compar ed t o  anthracene , left l i t t l e  doub t 

that this  c o mponent was a subs t i tu t e d  anthrac ene . 

Mas s s p e c tral examination  rev ealed a mole cular i o n  c 1 5H1 2
+ .  

and a sp e c trum cons i s t ent w i th a me thyl anthrac ene . S i n c e  there 

are thre e  poss ible methyl anthrac enes , 1 - ,  2- , and 9-me thyl 

anthrac ene , it was nec essary to d i s t inguish b e tween thes e . 

Authent i c  1 -methyl anthracene  was pr epared from the z inc  

dus t  di s t i l l a t i on o f  1 - chloro - 4- m e thyl anthrac ene ( Fi s cher  and 

Sapper , 1 91 1 )  wh i c h  was prepar ed by acylat ion of phthal i c  an

hydride w i th p- chloro toluene , followed by condens a t i o n  o f  the 

benzoylb enz o i c  acid formed w i th c o ne . H2so4 containing 20% so3 
( Heller and S c hulke , 1 909) . 2-me thyl anthracene , kindly supp l i e d  

by L . H .  Bri ggs ( 1 970 ) , was puri fi ed p r i o r  to  use , by prep . GLC . 

The UV absorp t ion  spec tra o f  anthrac ene and i ts thr e e  mono-

me thyl deriva t ives , although very s imi lar , show smal l y e t  

s i gni f i c ant di fferences ( P e ters , 1 957 ; Cherkasov , 1 959 ; Jaffe 

and Orchi n ,  1 962 ; Ge lus et � . ,  1 96 2 ; Taga , 1 963 ) . Thus , 1 - ,  2- , 

and 9-methyl anthrac enes hav e l o ng wav e length band maxima batho

chromi cally d i splaced from that of anthrac ene , by 3 . 2  nm , 0 . 9 nm , 

and 9 . 4  nm , r espec t ively . 1 - and 2-methyl anthracene can also b e  

dist ingui shed by  d i ff erences i n  the  fine s tructure o f  their  low 

intens i ty l o ngwav e length maxima in the region 3 1 0- 335 nm , and by  

the  presenc e  o f  a shoulder on  the l ow wavelength s i de o f  the 

band at 2 50 nm o f  1 -me thyl anthrac ene . A compari s o n  o f  the UV 

absorp t i on spec tra o f  the c omponent from GLC wi th the  spec tra o f  
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anthrac ene  and 1 - and 2- me thyl anthrac ene c learly revealed that 

the di s t i llati on p r o du c t  was 2-methyl anthra cene , cons i s t ent w i th 

all the abov e sp ec tral f eatures . 

Further eviden c e  to subs tantiate  the i dentity  of  the  Rt 

6 . 4  min component from GLC , was obtained by NMR spec tros copy . 

Thus , Carru thers e t  al . ( 1 967 ) showed t ha t  the NMR chem i c al 

s h i fts ( � values , i n  CDC 1 3 , w . r .  to  TMS ) o f  the me thyl protons 

o f  1 -me thyl anthrac ene are 7 . 30 , 2- methyl anthrac ene 7 . 48 ,  and 

9-methyl anthracene , 7 . 1 1 . The NMR spe c tra of authent i c  1 - and 

2 - methyl anthracenes  were  run in CDC13/TMS , and me thyl group 

proton shi fts  were obs erved at � 7 . 29 and � 7 . 45 resp e c t i ve l y , 

i n  exc e l l ent agreement w i t h  Carru thers ' values . An NMR spec t rum 

of the Rt 6 . 4  min component , using 37 s w e eps  with a CAT , showed 

a methyl group signal at � 7 . 47 ,  wh i l s t  admixture with 1 - methyl 

anthrac ene at s i m i lar conc entrat i o n  gav e an add i t i onal me thyl 

s i gnal at I 7 . 20 ,  thus c onfirming the i denti ficat i on of the z inc  

dust d i s t i llat i on produc t comp onent as  2-me thyl anthracene . 

R t  8 . 5  min  and 9 . 5 m i n  c omponents : The s imi larity o f  the UV 

absorp t ion  spectra of these components to t hat o f  anthracene , 

the  s trong fluoresc ence  under UV irradiat ion , and the l onger 

re tent i o n  t imes on GLC indi cat ed that b o th components were s ub-

s t ituted  anthrac enes . Mass spec tral exami nation o f  the Rt  8 . 5 

m i n  component show e d  a molecular ion c
1 6H 1 4

+ · ,  with  a strong 

f ragment p eak at m/e 1 9 1 , shown to  be  c
1 5H1 1 , a me tas table  p eak 

c onfirming the trans i t i on 

m/e 206 

-CH  . 
3 ) 

1 5  1 9 1 



42 . 

Howev er , v ery l i t t l e  dat a on the mass s p e c tra of ethyl- and di

me thyl anthracenes  was availab l e , an d this n e c e s s i tat e d  produc t i o n  

o f  authent i c  mat erials f o r  dire c t  c omp ar i s o n .  

1 - and 2 - ac etyl anthrac ene w e r e  pr epar ed b y  Fri e d e l - Crafts 

acylation of anthrac en e w i th ac e tyl chlori de  ( Gore , 1 957 ; 

Manecke and 3 t o r c k ,  1 962 ; Gore and Thadani , 1 966 and 1 967 ) . The 

1 - and 2- i s omers  from this  reac t i on d i d  not s eparat e c l e anly 

by frac t i o nal crys tal l i sat i on ,  TLC indi cat i ng some cro s s - c ontam

i na t i on o f  both  i som�rs . GLC on a QF- 1 c olumn c l early s eparated  

the  two i s omers , and show ed  that the  1 - i somer from crys tal l i sat i on 

contained � 5% 2 - i somer , and that the  2 - i s omer from c rystall i s a t i on 

c ontained -1 -2% 1 - i s omer . The impure 2 - i somer was sub j e c t  t o  

W o l f- Kishner reduc t i o n  ( Waldmann a n d  Marmors t e in , 1 937 ; Kl emm 

e t  al . ,  1 96 3 ) , and the c rystalline  produ c t  ( 2- e thyl anthra c en e )  

was examin e d  b y  mas s spec tros c opy . I ts mas s spe c tral s im i l ari ty 

to  that  of  the  Rt  8 . 5 min component  s howed that t h i s  z i n c  dus t  

d i s t i llat i o n  c omponent was alnos t c er tainly an e thyl anthrac ene , 

rather than a di-me thyl anthra c e n e . Lack o f  mat erial and time  

precluded  further  i nv e s t i �at i o n  o f  t h i s  c omponent , and  also  o f  the  

Rt  9 . 5  min  and  1 1 . 5 min  c omponents . 

R t  1 6  min c ompo nent - formula c 1 7�1 2£ : During prep . GLC o f  the 

zinc  dus t  d i s ti l lat i on produ c t , a small amount o f  a mat e rial 

fluore s c i ng i nt ens e dark green under UV i rradiat ion , R t  ,� 1 6  m i n  

was coll e c t e d . Mas s sp e c t ral exam i nati on allowed d e t ermina t i on 

o f  the  mol e cular formula ,  c 1 7H 1 2o . I n  v i ew of  the f a c t  that this  

was only one  carbon atom l e s s  than in  the  dothistromin  m o l e cule  



( c
1 8

H
1 2o9 ) ,  e f fort was devoted  to  obtaining more o f  this  compon

e n t , s i n c e  struc tural elucidat ion  could t he n  ac count for almo s t  

t h e  ent i r e  carbon ske l e t o n  o f  dothi s tromin . Initially , att emp t s  

w e r e  mad e  to  i mprov e the  relative  y i el d  o f  t h e  component from 

z i n c  dus t d i s t i llat i o n  b y  carrying out the dist illat ion at 

lower t e mp eratures , i . e .  und er l e ss dras t i c  condi t i ons . Thus 

at 340°C ,  di s t i ll a t i on gave  mostly sub l i m e d  red  p i gment , w i t h  

v ery l i t t l e  fluor e s c ent produc t .  A t  380°C ,  distillation  gav e a 

product w i th v i rtually the  same GLC peak pat t ern as the 400°C 

dis tillation  pro duc t ,  w i th howev e r , s l i ghtly increas e d  amounts o f  

the  higher R f  produ c t s . Disti llation at  370°C gav e  ess entially 

the  same r esults as ob tai ned at 380°C ,  but l onger times were  

r equired for the  produc ts to dis t i l l  out  of  the z i nc dust zone . 

I t  thus appeared that t h e  produ c t  rat i o  could  no t b e  s igni f i c antly  

alt ered by lowering the dist i l lati on t emp erature . 

Dis t i llati ons w e r e  attemp t e d  u s i ng the  same t e c hniqu e , but  

w i th cadmium dus t , aluminium �owder , iron  powder and  copper 

b ronze p owder replac ing the zinc  dus t .  W i th 1 , 2 , 4- trihydroxy

anthraquinone as a t es t  compound , all thes e mat erials gav e s om e  

fluoresc ent hydro c arbo n ,  but none app eared  to  b e  a s  e f fi c i ent  o r  

gav e a s  cl e an produ c t s  ( most  pro ducts w e r e  contam i na t e d  by much 

unredu c e d  hydroxyanthraquinone ) as the z i n c  dus t . Any further 

a t t emp ts  to  obtain increased y i elds of  the  c
1 7

H
1 2o produ c t  w er e  

therefore  abandone d . 

I n t erpr e ta tion of  the  Results  of  Zinc Dus t Dist i llation  

The d i s t illat i on of  complex organi c c ompounds , espe cially 

natural produ c ts , w i th zinc dus t i s  a clas s i cal me thod of  
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elu c i dat ing the bas i c  skele ton o f  the mol e cu les under i nv e s t iga

t i o n .  In sp i t e of the fac t that the y i elds from the reac t i o n  are 

invariably very low , and that the high temperature required  for 

the reac t i o n  o f t en l eads to exc e s s i v e  bond breaking and rearrange

menta , the t e chnique has been u s e d  w i t h  consi derab le  s u c c ess  wi th 

phenols , quinones and alkalo i ds ( Valenta , 1 963) . Thus , z i nc dus t  

d i s t i llation  p layed a s i gni ficant  role  i n  the eluc i da t i o n  o f  the 

s tructure o f  the ant i b i o t i c  terramy c i n  - the bas i c  skele ton  o f  

terramy c i n  w a s  reveal ed  from t h e  i s olat ion o f  naphthac ene ( 2 . 5% 

yi eld ) on z i nc dust d i s tillation  o f  a terramycin  degradat io n  

product ( Hochs t e i n  e t  al . , 1 953 ) . KHgl ( 1 935 ) u s e d  t h e  m e thod 

in  a sys temat i c  inv e s t i gation of  fungal p i gments . 

In the c as e  of  hydroxyanthraqu ino nes , numerous examp l e s  o f  

the isolati on  o f  2-me thyl anthrac ene from zinc dust d i s t i llation  

are known , and  a numb er of  the s e  �r e recorded  in  a b o ok by  

Thomson ( 1 957 ) . 

In v i ew o f  the low yi elds o f  products  obtai ned from z i n c  

dust d i s t i l lat i o n , i t  i s  important to ensure that c er t a i n  i m

puri ties  c apabl e o f  giv ing s i gni fi cant  yields o f  polyc y c l i c  

aromati c hydr o c arbons are not present  in the compound under 

i nves tigat i on .  Thus , phthalat e  plas t i c i zers  can condense  under 

the condi t i ons of the zinc dus t  d i s t i llat i on to give anthr a c en e  

and subs t i tu t ed anthrac enes ( Clar , 1 964 ) . A care ful check  by  

TLC was made  for the pr esenc e of  phthalate plas t i c i zers  i n  the 

red p i gment u s e d  for the z i nc dus t di s t i llat ion , c omparative  

tests  b e i ng c arried out  w i th s e v eral common phthalate plas t i c i 

z ers . Thi s  investigation revealed t h e  c omplete  abs e n c e  o f  

phthalate p l as t i c i z e rs in  the pure red  p i gment u s e d  f o r  t he 



d i s tillation  work . 

Ident i ty o f  the Chromophoric  Mo i e ty o f  Do thistromin 

Cons i dera t i o n  of  all the resul t s  described  up to  this s tage 

show that d o t h i s t romin is a � -alkyl - t r i � - hydroxyanthraquinone . 



CHAPTER 5 . AC ETYLAT I ON OF THE RED PIGMENT . DOTHISTROMIN 

PENTA-ACET!1.T E AND DEOXYDOTHISTRm1IN TETRA-ACETATE 

46 . 

R e d  p i gment , obtained  b y  prep . TLC o f  E ·  pi ni extrac t ,  was 

sub j e c t  to a c i d  catalys ed  a c e tylation  with  a c e t i c  anhydr ide . 

The r e a c t i o n  pro duc t ,  a pale  yel low gum , t was examined  by mass 

s p e c troscop y .  The mass s p e c trum , a l i n e  di agram o f  whi c h  i s  

s hown i n  Fig. 6 ,  reveal e d  the pres e n c e  of two s er i es of related  

p eaks , one  aris ing from a molecular ion at m/e 582 , the  other 

from a mole cular ion at m/e 524.  These  mole cular ions clearly 

c orresponded to dothi s tromin penta-ac etate  ( MW 582 ) and de oxy-

d o this tromin t e tra-acetate  ( MW 52 4 ) . Thus , the fragmentat ion  

paths o f  the mole cular i o n  m/e 582
+ . i nvolved multiple  losses  of  

the el ements o f  ke tene , c
2H2o ( m/e 42 ) ,  and the  el ements of  

a c e t i c  a c i d , c
2H4o2 ( m/e 6 0 ) . 

582 - 4 2  
--;-=-? 540 - 42 

---;-=-? 498 - 42 
� 456 - 60 

� 396 - 60 
� 336 �0 �0 �2 

- 2 8) 480 -�2 ) 438 354 

fragmentation o f  do thi stromin penta-ac etate  

326 

* The o bs ervat ion that a c e tylat i on of dothis tromin/deoxydothi
s tromin  p i gm ent mixture resulted  in  a marked c olour change 
from r ed p i gment to pal e y e l low mat e rial , was c lear evide n c e  
that a c e tylation of  pheno l i c  hydroxyl groups i n  t h e  chromo
phori c  moi e ty of the m o l e cule  had o c curred . 



The loss  o f  the e l ements  of  ke tene  ( m/e 42 ) is  charac t e ris t i c  

o f  aromatic  a c e t ates , whi l s t  the loss  o f  the e l ements o f  a c e t i c  

a c i d  ( m/e  60 ) i s  charac t er i s t i c  o f  al iphat i c  ac e ta t es 

( Budziki ewi c z  e t  al . ,  1 967 ; Thomas , 1 970 ) . In  thi s  conn P c t i o n , 

a numb er o f  a c e toxy sub s t i t u t e d  ar o1na t i c  compounds and anthra-

qui nones  ( c ompounds ( 1 0 )  to ( 1 8 ) ,  page 5 6 ) , prepar e d  in the 

labora t o ry as model comp ou nds duri ng this  inves t i gat ion , w e r e  

examined  b y  mass spe c tros copy . In  all cas e s , the  mass s p e c t ra o f  

t he s e  c ompounds showed suc c es s iv e  losses o f  t h e  e l ements o f  

ke t en e , with n o  evidence  for  t h e  loss  o f  the elements of  a c e t i c  

ac i d . I n the same way , t h e  mass sp e c tra o f  daunomyc i n  t e tra

ac e tat e , a naphthac cne qui none  with  four nuc l ear aromat i c  a c e ta t e  

groups , showed  t h e  suc c e ss i v e  l o s s  o f  four k e t e n e  gr oups from the  

mole c ular i on : m/e 594 , m/e  552 ( M-C2H2o ) , m/e 5 1 0  ( M-2xC2
H

2o ) , 

m/e 468  ( M- 3xC2H2o ) , and m/e 426 ( M- 4xC
2

H
2

o )  ( Ar c amone e t  al . ,  

1 96 8 ) . 

The loss of  ke t ene from aryl a c e tates  i s  s t a t e d  to mos t  

likely o c cur t hrough a four- c entre  i n t ermedia t e , e . g .  ( ?) rather 

than a s i x- c entre  one , e . g .  ( 8 )  ( Shapiro and Tam e r , 1 969 ; Thomas , 

1 970 ) . I n  t h e  case o f  a c e tat e s  o f  mono cycli c al ipha t i c  alcohols , 

by far t h e  most  dominant p r o c e s s  i s  1 , 2- el imi nat i on  o f  ac e t i c  

ac i d .  S i milarly , 1 , 4- d i a c e t oxy- cyc lohexane shows an intens e  

M- 1 20 p eak due t o  a doubl e  1 , 2- elimina t i o n  o f  ac e t i c  acid  

( Bu d z i k i e w i c z  e t � . , p . 469 , 1 967 ) . 

C ompounds w i th two ad j a c e nt alipha t i c  a c e toxy groups , one  

o f  whi c h  i s  a b enzyl i c  ac e t a t e  group , can lose  a c e t i c  ac i d  

( m/e  60 ) followed b y  a loss  o f  m/e 59 , or , t h e y  c a n  lose  ac e t i c  

acid  fo llowed  by loss o f  k e t en e , e . g . s ome  diace t o xy deri vat i v e s  
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o f  flavan- 3 , 4 - d i o ls show this  b ehav i ou r  ( Drewes , 1 968 ) . 

The s cheme for t h e  fragmentat ion  o f  dothistromin p enta-

ac etate can thus be  s e en to  be  c o ns i s t ent w i t h  this  deriva t i v e  

having thr e e  aroma t i c  a c e tate  groups a n d  tw o aliphat i c  a c e t a t e  

groups . I n  t h e  same way , the fragmen t at ion  paths o f  d eoxy-

dothis tromi n  t e tra- a c e tate i nd i cat e d  t hat this derivat i v e  could  

hav e two C or t hree ) aromat i c  a c e ta t e  groups and two  C or one ) 

aliphat i c  a c e t a t e  groups : 

524  - 42 " 482 -60) 422 - 4 2
) 380 -42 > 338 * / " 

� /  440 

fragment a t i o n  o f  deoxydo thi s t romi n  te tra- a c e t a t e  

Hav i ng demons trated  t h e  p r e s e n c e  o f  dothistromi n p enta-

acetate  and d e oxydo this tromin t e t ra- acetate  in the c rude a c e tyla-

t i on produc t ,  a t temp ts were made to s eparat e the a c e ta t e s  b y  

prep . TLC . Us i ng s i l i ca gel  G and benzene : ac e t i c  a c i d  ( 1 00 : 9 ) , 

the crude yellow gum was s eparat e d  i nto  a brigh t  yellow- orange 

coloured band o f  high Rf ( R f  ""'"' 0 . 7 0 )  and a very pale yellow 

c o loured band ( appear ing as a dark absorb i ng band under UV 

irradia ti o n ,  A. 350 nm ) o f  low R f  ( Rf --.J 0 . 30 ) . Close  exam i nat i o n  

revealed i n  f a c t  that b o t h  o f  t h e s e  bands were par tially resolved 

" doublets " ,  i . e .  they both c o ns i s t ed of  two  very closely runni ng 

bands . The c o mpounds giv i ng r i s e  to the bands were  u ns t ab l e  on  

dry TLC plates , darkening i n  c o lour i f  al lowed to  r emain o n  the 

dry pla t e s  for any apn reciab l e  l e ngth o f  t ime . 



50 . 

The yellow coloured hi gh R f  material  was exami n e d  by mass 

spe c tr o s c opy and appeared to give  a mo l e cular ion at  m/e 498 

correspond i ng to  do this tromi n  triaceta t e , and also  a molecular 

ion at  m/e 482 corresponding to  d e oxydo this tromin triac e tat e .  

The pal e  yel low colour e d  low Rf bands proved t o  b e  the maj o r  

produc ts . The upper  o f  the two c lose bands was p r e s e nt in  greater  

amount .  Mass spec t ral anal ysis  o f  the compound from this band 

showe d  that it was in fact dothis tromin penta-ac e tat e .  Crys ta l l i -

s a t i o n  o f  t h e  p en ta-ac e tate  from CHC 13/hexane gav e  p a l e  yellow 

needles , m . p .  1 96- 1 98°C ,  and mass spec tral examinat i o n  o f  this 

crys talli ne mat e r ial r eveal e d  pur e dothis tromin penta-a c e ta t e , 

free  from contami nat ion by d eoxydo thi s tromin tetra- a c e tat e , s e e  

Fig. 7 .  Thus a c omple te  s eparat i on o f  do thistromin from deoxy-

dothi s tromin had b e en achi eved . 

The lower o f  the bands at  Rf 0 . 30 on  TLC appear ed to b e  a 

mixture o f  deoxydothistromin t e tra-ac e ta t e  ( MW  524 ) , dothis t romin 

te tra- ac e tat e , and dothis tromin p enta- ac e tat e .  C rystalline 

mat er ial  could n o t  be  coaxed t o  form from this m ixture , nor cou l d  

the c omponents b e  resolved b y  TLC . 

I n  order  t o  c i rcumvent undue delay i n  achi eving the goal o f  

this thesis , the t e tra-ac e ta t e s  and tri-acetates w e r e  not further 

inv e s ti gat e d .  Inst ead , effort  was conc entrated o n  e xaminat i on o f  

the c rys talline dothis tromi n  p enta-ac e tat e . 
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CHAPTER 6 .  THE STRUCTURE OF DOTHIS TROMIN PENTA-ACETATE 

52 . 

As d i s cussed in  the prev i ous s e c t i o n , the mass spec trum o f  

the pal e yel low crys tal l i ne dothi s t romin p enta-ace tat e ,  m . p .  

1 96- 1 98° , was cons is tent  w i th the presen c e  o f  thr e e  aroma t i c  a nd 

two aliphati c acetat e groups . The abs orp t i o n  spec trum ( in  e thanol ) 

o f  this p enta- a c e ta t e  show ed absorption c o ns i s tent w i th i t  b e i n g  

an alkoxy subs t i tu t e d  tri-cr - a c e toxyanthraqu i no ne , the eviden c e  

f o r  thi s  b e i ng d i s cuss e d  in some detail  o n  pages 58 to  6 1 . 

Add i t i onal evidence  for the presence  o f  aromat i c  and al i -

phatic  ac etate  groups w a s  given by the i nfrared  spec trum ( in  

CHC13 ) ,  wh i ch showe d  a broad high- intens i ty e s ter absorpt i o n  p eak 

4 - 1  - 1 
i n  the region 1 7  0- 1 7 90 cm  , c entred at  1 770 cm , due to  ab-

sorpti on by aroma t i c  and al iphati c  ac etate  carbonyls . In  addi t i o n , 

there was a sharp c arbonyl band at 1 680 c m-
1

, ass i gned t o  the 

- 1  - 1 
quinone carbonyls , and p eaks at 1 620 cm and 1 590 cm  , ass i gn e d  

t o  aromat i c  double  b onds . 

Further study b y  mass spec tros copy , u s i ng the me tas tab l e  

d e focusing t e chnique  ( s ee  Appendix ) ,  i ndi cated a o n e  s t ep l o s s  

o f  the elements o f  a c e t i c  anhydr i d e , c4H6o3 ( m/e 1 02 ) , from the  

molecular ion  and also  from a numb er o f  fragment i o ns 

e . g . 

m/e 582 1 02 

+ .  m 

480 

S uch a loss  is  cons i s t ent w i th an o-ac e t o xyb enzyl acetate  typ e  

o f  struc ture . Thus Lucidin  triac e tate  ( 9 ) shows this one s te p  

loss . That polynu c l ear ace t oxy aromat i c s  and anthraqui nones do  

not exhi b i t  this l o s s  was shown by mas s spectral examinati o n  o f  



5 3 .  

the ace toxy c ompounds ( 1 0 ) - ( 1 8 ) des cribed o n  page 56 , the only 

important fragmentat i ons in the mass spec tra being the success-

ive  losses  o f  the elements o f  k e t e ne . Thus the  m/e 1 02 loss 

observ e d  for dothi s tromin pen ta-ac e tate is consistent  w i th the 

pres enc e in  this  derivative of a b enzyl i c  � c e tate group sub-

s t i tu t e d  or tho to a nucl ear a c e toxy group . 

The NMR spec trum o f  do this tromin penta-acetate ( Fig. 8 )  

was very i nformat iv e .  Thus s ignals ( in  CDC13 , ppm from TMS ) were  

observ e d  for  three aromat i c  protons at  5 7 . 58 ( 1 H ) ,  5 7 . 42 ( 2H ) ,  

five a c e tat e groups at 5 2 . 45 ( 6H ) ,  62 . 42 ( 3H ) ,  6 2 . 00 ( 3H ) and 

6 1 . 67 ( 3H ) ,  and " multiplets 1 1  at 6 6 . 5 ( 2H ) and 6 2 . 82 ( 2H ) .  Apar t 

from confirming that the derivative  was a penta- ac etate , the 

spec trum als o show ed  that there were two i dentical non- coupl e d  

aromat i c  pro tons and o n e  o ther aromati c proton .  

The chemic al shi fts  o f  the  ac etat e groups were most  inter-

es ting , as c l early three of the ac etate groups were  in v ery 

s imi lar e nv ironments , the o ther two b e i ng qui te d i fferent , the 

group at  6 1 . 67 ppm in  fact appearing at remarkably h i gh fi eld 

p os i t i o n . An extens ive l i t e rature search reveal e d  t hat o f  

s everal hundred chemical shi f t  values lo cat ed for vari ous aromat-

i c  acetate  groups , thos e  of type  I oc curred at an average shi f t  

valu e o f  6 2 . 45 ppm , all fal l i ng inside t h e  l imi ts 5 2 . 52- 62 . 37 ppm , 

0 OAc 

00 
I 

OAc 

0 
I I  

R "'-.  
R '-c - OAc 

/ R"  
I I I  
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most o f  them well  i ns i de the s e  l imi ts . For � - acetoxy-anthra

quinones , the values were cons is t en tly near 6 2 . 45 ppm . On the 

o ther hand , aroma t i c  acetates of type  II appeared over  a v ery 

much w i d er range of shift  values , b e i ng more dependent on  r i ng 

subs t i tu ents than �-acetoxyanthraqui nones . However , a typi cal 

value of around 6 2 . 3  ppm was o f t en not e d ,  w i th many a c e t a t e  

shi fts i n  th i s  group falling i n  the  range 6 2 . 3-62 . 4  ppm , a few 

occas i onally app ear i ng as h i gh upf i eld  as 6 1 . 9  ppm . A c e toxy

anthraq u i nones  wi th R-acetate  groups typ i cally had a c e ta t e  shifts  

i n  this  r ange , as  did  ac etate groups at tached to  uns aturated  

bonds no t ne c essarily part o f  an  aroma t i c  sys tem .  A liphat i c  

acetates  o f  type  I I I , appeared  t yp i c ally i n  the rang e 5 2 . 0- 6 1 . 9  

ppm . 

·The ch emical shi ft  values o f  the ac etate  groups o f  a numb er  

o f  aryl a c e t ates ( 1 0 ) , ( 1 1 ) ,  ( 1 2 )  and a c e toxyanthraquinones ( 1 3 ) 

( 1 8 ) , prepar e d  i n  the laboratory , were d e t ermine d ,  and are record

ed  in Tab l e  V I I I . They all o c curred well  w i thin the  appropri a t e  

ranges d i s cu s s e d  above . 

From thes e results i t  i s  c l e ar that the NMR chemical shi f t  

values  o f  a c e t a t e  groups can b e  o f  cons i derable d i agno t i c  valu e . 

The NMR data for three  o f  the ac e tate  groups and for the 

aromat i c  protons of dothis tromin penta-ac etate was cons i s t ent 

wi th the  partial s tructure ( 1 9 )  for dothis tromin  p enta-ace tate , 

there  b ei ng exc e l l ent agreement  for the  shi ft  values  o f  the 

a- ac e t a t e  groups , �nd the two equivalent aromat i c  pro tons w i th 

the c o rrespondi ng shi ft values  for 1 , 2 , 5 , 8- tetra- a c e toxyanthra

qui none  ( 20 ) , one of  the re ference  compounds prepared  duri ng 

the course  o f  this  th es is . The b enzyl i c  ( i . e .  a l iphat i c  typ e )  
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Table VI I I  

Chemical Shifts of Acetate Groups of Some Aryl 

Acetates and Acetoxyanthraquinones, in CDC13 

( G values , ppm from TMS) 

5 6 .  

A 0Ac
2. 26 

� 

OAc 2. 42 

W OAc 2.29 

( 10) 

0 

0 

( 1 3) 

0 

0 

( 1 6) 

OAc 2. 40 

OAc 
2. 28 

2. 36 
OAc 

( 1 1 )  

0 OAc 2 . 46 

0 OAc 

( 1 4) 

0 OAc 2. 45 

OAc 

2. 32 

0 OAc 
2. 45 

( 1 7) 

AcO 

AcO 

OAc 2. 42 

( 1 2) 

0 OAc 2. 46 

0 

( 1 5) 

0 OAc 2. 45 
OAc 

2. 33 
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a c e tate group in  the p ar t i al s tru cture ( 1 9 )  would ac count for the 

a c e tate si gnal at 6 2 . 00 ppm in the s p e c t rum of dothis tromi n  

p e n ta- a c e ta t e . 

The ac etate s i gnal at  6 1 . 67 ppm in the spe c trum o f  the 

p e n ta-acetate  app ear e d  t o  indi cate  shi e l ding  of an acetate  group 

by an aromat i c  ring . Such  shi eldi ng has b e en o bserved ( Hi ll i s  

and Horn , 1 96 5 )  in  s ome  C-glycosyl flavono i d  a c etates , e . g . 

2 " , 3 · ' , 4 n , 6 " - t e tra-0- a c e t yl-B -D-glucopyranozyl b enz ene ( 2 1 ) ,  i n  

whi ch  t he 2 " - acetyl group app ears a t  6 1 .  7 8  ppm , and v i  texi n 

te tra- a c e tate  ( 22 )  i n  whi ch the 2 n -ac etyl gr oup app ears at  

6 1 . 67 ppm . It  was  proposed  that the  2 " - a c etyl group in  ( 2 1 ) 

prevents coplanar i t y  o f  t he aromat i c  and pyrano syl ri ngs , so  

that the mole cule exi s ts chie fly i n  two i d enti c al conformat i ons 

w i th the p lanes of  the two rings roughly p erpendi cular to  each 

o ther , and w i th the 2 i l - a c e tyl group over the  plane o f  the phenyl 

r i ng in  the di amagne t i c  region  of  its f i e l d . 

W i th the  above s h i e l d i n �  phenomena b e i ng held as a require

ment for any s tructure propos ed for dothis trom i n  penta-ace tate , 

p o s s i bl e  s truc tures for the penta-ac etate  based on par t i al 

s truc ture ( 1 9 )  were exami n ed w i th the a i d  o f  Dre i di ng models . 

Only the s t ruc tur es ( 23 )  and ( 24 ) were found to sat i s fy the above  

c r i t eria and all the  o ther fac ts obs erved  on  do this tromin p ent a

a c etate . 

The presence o f  two ace tal protons ( H ' a ' , H ' d ' , see  ( 25 ) ) 

i n  these st ruc tures would account for the 2 - pro ton "mul tiple t "  

i n  the NMR spectrum a t  5 6 . 5  ppm , wh i l s t  t he me thylene group 

wou l d  ac c ount n i c ely for the 2-proton mult iplet  at 5 2 . 82 ppm . 

The t echnique o f  s p i n  dec oupli ng was used t o  show that one o f  



the superimp o s e d  proton s i gnals a t  6 6 . 5  ppm ( H ' a ' )  was coup l e d  to 

the m e thyl ene s i gnal at  � 2 . 82 ppm , and that the o ther ( H ' d ' ) was 

in fac t  a s harp uncoupled s i ngl e t . 

The ' ' angularl i  isomer s t ruc ture ( 2 4 )  for the p enta-ac etate  

was ruled  out o n  the  bas i s  o f  the  following evi denc e :  ( i )  the 

NMR c h emi c al shi f t  values of �-a c e tate groups in a c e toxyanthra

quinones are normally in the range 6 2 . 3-6 2 . 4 ppm , whe r eas 

�-a c e ta t e  groups in  a c e toxyanthraquinones o c cur c ons i s t ently 

low e r  downfi eld , near er 6 2 . 45 ppm ; ( i i )  the chemi c al s h i f t  value  

67 . 58 ppm  for the s ingle aroma t i c  ring  proton in the  penta

acetate  i s  in e x c ellent agr e ement w i th that ( 6 7 . 58 ppm ) for 

1 -0-ac e tyl-3-0- m e thyl rubiadin  ( 30 )  ( s e e  page 61 ) . The corres

ponding  p r o ton i n  ( 24 )  would b e  exp e c t ed to o c cur at  a cons i der

ably d i ffe r ent pos i ti o n ,  as it does ( 6 7 . 88 ppm ) for  3-0- ace tyl-

1 -0- m e thyl rub i adin ( 29 )  ( s e e  page 6 1 ) ;  ( i i i )  the e l e c troni c 

abso rp t i o n  spec tra o f  dothi s tr om i n  penta-ac e tate favoured 

struc ture ( 23 )  and no t ( 24 ) . 

I t  i s  well  es tablished ( As t i ll and Roberts , 1 953 , and r e f c es . 

ther e i n ; Pusey and Roberts , 1 963 ) that the  UV absorp tion  sp e c trum 

of a ful ly a c e tylated  hydroxyquinone res embl es that of the parent 

unsub s t i tu t e d  quinone . S im i l arly , Jurd ( 1 962 ) in  a dis cuss i o n  

o n  t h e  spe c tral properti es o f  flavono i d  compounds , s tates that 

ac e t ylat i o n  of a pheno l i c  hydroxyl group e ffectiv ely nul l i f i es 

its  e ff e c t  on t he abs orp t i o n , and the spec trum o f  a fully 

ac e tylat e d  polyhydroxyflavone  or flav o no l , i s , the r e fore , s imi

lar to that of  flavone i ts el f , e . g . querc e t i n  penta-acetate  

( A max 300 , 252 nm ) , flavone ( A max 2 97 , 250  nm ) .  In the s ame  

way , the aceta t e of  a par t i ally  methylat ed or  gly c o s i dated 



polyhydroxyflavone o r  flavono l has a sp e c t rum which  res embles  

that  o f  t he parent m e thoxyflavone . S i m ilar resul ts apply to  

aurones and chal cones . 

I t  has been shown ( Brockmann and MUller , 1 959 ; Kuntsmann 

and Mi t sc her , 1 966 ) that polya c e toxyanthraquinones possess  

v i s ible  spec tra remarkably l i ke that  o f  anthraqui none i t s el f ,  

5 9 . 

the mai n  di fference  b e i n g  a shi ft o f  the v i s i ble maxima to h i gher  

wav elength in  the  a c e tylated der ivat ives . This  was amply c on

f i rmed by examina t i o n  of the spe ctra of the ace toxyanthraqu i n

ones ( 1 3 ) - ( 1 7 ) prepared in the labo rat ory as part o f  this 

i nvest i gation . The s p e c tral data , recorded  in  Tabl e  IX , shows 

that the shi ft  i n  the near- v i s i b l e  maxima of 326 nm of anthra

quinone , i s  approx .  6- 7 nm per �-acetate  group present , the 

presenc e of P - a c e ta t e  groups hav i ng no s i gn i f i cant e ff ec t . By 

c omparison , the near- v i s ible  band maxima at 348 nm for dothi s tro

m i n  penta-ace tate would correspond fai rly w e l l  to a tri-� 

a c e toxyanthraquinone ( 32 6+3x7 = 347 nm ) .  However , t h e  l o w  wave

l e ngth region  2 25- 300 nm is cons i d erab ly di fferent from that o f  

anthraquinone . I t  does in fact  resemble that of 2-me thoxy

anthraquinone ( Mo r t o n  and Ear lam , 1 94 1 ; Pusey and Rob erts , 1 96 3 ) , 

rather than that o f  anthraquinone i ts e l f . To fur ther de fine the 

s truc ture from the abs o rption  spec tra , the model c ompounds ( 26 )  

and ( 27 )  w ere  des i r e d , but were  unavailab l e . Thei r  synthes i s, 

was not attempted , as the naturally o c curri n� anthraqui none , 

rubiadi n- 1  me thyl e ther ( 28 )  ( s ee  Thoms on , 1 957 , p . 1 66 )  was 

readily ac cessible  by extra c tion  of the bark of  C opro sma Aus tralis 

( Briggs and Dacre , 1 948 ) , and i ts c onv ers i o n  to  the acetates  

( 2 9 )  and  ( 30 )  was  a mod erately easy tas k . 



Tabl e  I X  

Ele c tronic Ab sorpt ion Spec tra of  S ome  A c e t oxyanthraquinone s 

A c e t oxyanthraquin��� 
A. max ( nm )  � A.  v i s .  ( nm ) -OAc 
( in EtOH) a: -

anthraquinone 2 54 270 ( sh )  326 

( 1 3 ) 1 , 2 -di -OAc 254 274 ( sh )  332 6 1 

( 1 4 )  1 , 1�- d i-OA.c 252 270 ( sh )  339 1 3  2 

( 1 5 ) 1 , 8-di -OAc 252 270 ( sh )  339 1 3  2 

( 1 6 ) 2 , 6-di-OAc 258 276 ( sh )  326 0 0 

( 1 8 )  1 , 2 , 5 , 8- t etra-OAc  254 270 ( sh )  344 1 8  3 

1 , 2 , 4 , 5 , 7-penta-OAc * 259 279 ( sh )  347 2 1  3 
( in CHC13 ) 

dothi stromin penta - 238 , 272 , 280 , 348 a c e tate  

* spec trum of  this  c ompound obtained  from Powell  e t  al . ( 1 967 ) 

Grou12s 
1?..: 

1 

0 

0 

2 

1 

2 

0'1 
0 
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Thus the bark o f  C .  Aus tral i s  was e xtrac ted w i t h  a c e t on e  t o  

give  rub i adin- 1 me thyl e ther ( 2 8 ) ; ac e tylation w i th ac e t i c  

anhydr i de/pyri dine  g�v e t h e  d e s i r e d  a c e t a t e  ( 2 9 ) , Rubiadin ( 3 1 )  

was ob tained from ( 2 8 )  by hydrolys i s  w i t h  cone . H2so4 at  elevat ed 

t emp erat ure in a s ealed tub e . Me thyla t i o n  o f  ( 3 1 ) w i t h  dime thyl 

sulphat e/an . po tass ium c arbonate in re fluxing ac etone  gav e a 

m ixture o f  rub i adin-3 methyl e ther ( 32 ) , and some dime thyl e ther 

( 33 ) . C olumn chromatography allowed  s eparation o f  pure ( 32 ) , 

whi ch was acetylated  to give  the d e s i r e d  acetate  ( 30 ) . 

The abs orp t i o n  spe c tra o f  � c e tat es  ( 29 )  and ( 30 )  were d e t er

m i n e d  ( i n ethano l )  and compare d w i th that of  dothi s tromin  penta

a c e ta t e  - s e e  Fig. 9 .  As c an be s e e n  from the spec tra , the low 

wav e l ength r e gi ons ( 225- 300 nm ) of  compounds ( 29 )  and ( 30 )  are 

d i s t i nc tly d i fferent , as ex p e c ted , and do thi s tromin penta-

a c e t a t e  is qu i t e  s imilar to that o f  ( 30 )  in  this regi o n .  Further , 

the near-v i s i b l e  band at 335 nm i n  the spec trum o f  ( 30 )  would b e  

exp e c t e d  t o  shift  up field  to  approx .  ( 335 + 1 2  to  1 4 )  nm = appro x .  

3 4 7  to  349 n m  upon introdu c t i o n  o f  two further � - a c e tate  groups 

( gi v i ng compound ( 26 ) ) .  The c orresponding band in  doth i s t romin 

p enta- a c e ta t e  o c curs at 348 nm , and thus there  c an b e  l i t t l e  

doubt  from th is  spectral ev i d ence that dothistromin p enta- a c e tate 

does indeed hav e the l inear s t ru c ture ( 23 ) . 

The propo s e d  s tructure ( 23 )  poss ess es  three asymme tri c 

c entres , and i t  was ant i c ipated  that provi ded  racemisati o n  o f  the 

molecule  had no t o c curred during the i solati on or ace tylati on  

pro c e dure the p enta- ac e ta t e  w ould exhi b i t optical a c t iv i t y .  The 

d e ri vative was in  fac t found to  be s t rongly laevoro tatory , w i th 

[a.] D- 1 42° ( CHC 13 ) .  I t  was e xp e c t ed t hat  the d i furo ri ngs o f  
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Electronic Absorption Spectra of Dothistromin 
Penta-acetate and Model Compounds ( 29 )  and ( 30 )  
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( 23 )  W8uld b e  in  the  c i s - fused rather than the cons i derably more  

s t rained and  energe t i cally unfavour�b l e  trans - fus ed configura t io n .  

A l i terature s earch for c ompounds r ep or ted to poss ess 

t e trahydro furo- , dihydro furo- , or furo- J2 , 3-bl benzofuran sys t ems 
.._ • . t 

reveal e d  s everal o ther naturally oc curri n s  c ompounds w i th thi s  

s tru ctural featur e . The s e  were  the s t e r i gm�tocys t i ns , the 

aflatoxi ns , av ers i n ,  and the v ers i c olori ns . Becaus e of  the known 

h i gh toxi c i ty and p o t en t  car c i nogeni c i ty of s ome of these compound s , 

and the i r  s t ruc tural relationship to dothis tromi n ,  they are o f  

espec ial impor tanc e i n  t his  s tudy and ar e d i s cussed i n  the app e n-

d i x  to thi s thesi s , under the t i tle  " S t e r i gmatocys t i n , the 

A flatoxi ns , Avers i n  and V ers i c olorin" . Mo s t  of the publi shed 

chemistry o f  these  fungal metaboli tes i s  v ery new , w i th the f i r s t  

s tructure b e i ng r ep o r t e d  in  1 962 , and a maj o r  por t i on o f  the 

pap ers appear from 1 968 o nwar ds . 

Some NMR data whi ch appear e d  i n  the l i t erature r e c ently o n  

two epi m er i c  acet oxy aflatoxi n B 1 deriva t i v e s  ( 34 )  and ( 35 ) , and 

two synth e t i c  epimer i c  ac etoxy t e trahydrofuro [2 , 3-� b enzo furans 

( 36 )  and ( 3? ) , is shown in Table  X .  The co rresponding data are  

also shown for  do this t romin p enta-a c e ta t e  ( 23 ) . I t  can  b e  s ee n  

that the chemical  shi f t  o f  the a c etate group in  the aflatoxi n 

B 1 acetate  ( 34 )  and t he synth e t i c  a c e ta t e  ( 36 )  is  i n  excell e n t  

agr eement f o r  the c o rr espondi ng acetate  group ( 6 1 . 67 ppm ) i n  

dothist romin penta- a c e t ate ( 2 3 ) , these " endon  a c e t a t e  groups 

showing long- range s h i e l ding by the magn e t i c  aniso tropy of  the 

aromati c  r i ng .  In the  a c e tates ( 35 )  �nd ( 3? ) , the ' ' exo" a c e t a t e  

groups a r e  not so  s h i elded , a n d  appear at t h e  exp e c t e d  pos i t i o n  

n e ar 62 . 0-6 2 . 1 ppm . The NMR data for the a c e tal pro tons and 



Compound 

( 34) 

( 34 )  

( 35) 

( 36 )  

( 37 )  

( 23) 

64 . 

Table X 

NMR Data for 

2-ace toxy-tetrahydrofuro [2 , 3-bJ benzofurans 

-OAc 

1 . 68 ( ) 

1 . 74 ( ) 

2 . 1 2  ( ) 

1 . 66 ( ) 

2 . 02 ( 

1 . 67 

0 

( 34 )  

( 36 )  

H ' a '  H ' d '  -CH 
-2 

6 . 38 6 . 52 2 . 45 

6 . 46 6 . 55 2 . 50 

6 . 37 6 . 55 2 . 50 

6 . 35 6 . 35 2 . 50 

6 . 35 6 . 35 2 . 45 

6 . 5 6 . 5 2 . 8  

0 

Re fee 

Dutton & Heathcote ( 1 968) 

Wiley !.!_ al . ( 1 969 ) 

" " " 1 1  

BUchi & W einreb ( 1 971 ) 

1 1  " 1 1  

0 

OAc 

( 37 )  

0 



me thylene  pro t ons also show excell ent  agr eement , giving  further 

substan t i al c onfi rmat i on for the  s tructure  ( 23 )  for dothis tromin 

p e nta-ac e t at e . 



CHAPTER 7 .  THE STRUCTURE OF DOTHISTROMIN 

W i th the s t ruc tur e of  dothis tromin penta-acetate  ( 2 3 )  

e s tablishe d , i t  appeare d  logical  t o  propos e the pentacy c l i c  

hemiacetal s truc ture ( 38 )  for do this tromi n .  

D o this tromin Equili brium Mixture in  S o lution 

66 . 

I n  soluti on i t  i s  possible  that ( 38 )  would be  in  equilibrium 

w i th the tr i c y c l i c  open- chain dialdehyde ( 39b ) , the p entac y c l i c  

h emiac e tal ( 40 ) , t h e  te tracy clic  aldehydes ( 39a ) , ( 39c ) , ( 39d ) , 

and ( 39e ) , and the  pentacyc l i c  b i shem i a c e tals ( 4 1 ) and ( 42 ) , as 

s hown in scheme 1 .  The s i tuation with  the s e  isomers is somewha t 

analogous t o  that of  the aldoses wh ich  exi s t  in solution  as an 

equilibrium mixture o f  the cr - and � -pyranose forms , the  cr - and 

� - furanos e  forms , and an open cha i n  ald ehyd e form . 

Eviden c e  for the existence  o f  the acyc li c aldehyde form o f  

aldoses includes  chemical reacti ons , p o larography , and UV ab-

s orp tion sp e c tros copy ; in  most  cas e s  the  proportion o f  the acycli c 

form i s  extr emely  smal l ,  � 0 . 1 % ( Rodd , 1 967 ; Pigman and I sb e l l , 

1 968 ; Angyal , 1 96 9 ) . Similarly , simp l e  Y - and � -hydroxy alde-

hydes exist  predominantly as  cyc l i c  hemiace tals ( Fuson , 1 962 ) . 

The only r e c orded examples  o f  ac y c l i c  forms o f  hydroxy-
- I 

t e trahydrofuro L2 , 3�J b enzo furan sys t ems are the hemiac e tal  deriv-

atives of  aflatoxin and s t erigmat o c ys t i n , which under  alkali n e  

d · t ·  · · t l t  ( 4 7. )  ( 44 )  ( Bu1 1 chl.. t l c o n  1. 1.ons g 1. v e  r1.se  o sa s ,  e . g . � ,  � � . , 

1 967 ; Pohland e t  al . ,  1 968 ; Rane e and Roberts , 1 97 0 ) . The 

c harge on the  phenoxi d e  anions , b ei ng conj ugated wi th carbonyl 

groups , accounts for a pronoun c e d  batho chromic  shi ft  o b s erv e d  i n  
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the U V  absorp t i on sp ectra o f  the ioni s e d  derivat ives . 

The problem of  determining the comp o s i tion o f  the equ i l i -

brium mi xture of  do this tromin in  s o lution  ( e . g .  e thyl acetat e 

cultur e extracts o r  solvent s o lutions o f  pur i fied  do this trom i n ) , 

i s  a complex one inde ed . Thi s  can be  appreciated  when i t  is 

real i s e d  that it is  only r e c ently ( mid  60 ' s )  that the compos i t ion 

of the equilibrium mi xtur e of a sugar i n  solution  was determined 

( Angyal , 1 969 ) . The var i ous s truc tures s hown in s cheme 1 i nv o lve 

a numb er of  di fferent sub s t i tution patt erns in the p entasubs t i tuted 

aromat i c  ring , and thus it  would appear possible  t o  differentiate  

b e tween thes e  by absorp t i o n  spec troscopy ( UV ,  IR , NMR ) . 

( 1 )  UV/visible  absorpt i on spe c tra : Comparison o f  t he absorp t i o n  

s p e c trum o f  dothistromin solut ions w i th sui table  model c orn-

p ounds such as ( 45 ) , ( 46 ) , and ( 47 ) , could al low d i s t i n c t ion 

b e tween ( 38 )  ( s imilar to  ( 45 ) ) ,  ( 40 )  ( s imilar to  ( 46 ) ) ,  and 

( 4 1 )  and ( 42 )  ( bo th s imi lar to ( 47 ) ) . * Sinc e the di fferences 

in  the absorption  s p e c trA would be  fairly smal l , a pure 

s ample o f  dothistromin free o f  co ntaminat ion  by deoxydo thi-

s tromin would app ear desirab l e .  Unfortuna t e ly , none of  the 

model compounds ( 45 ) , ( 46 )  and ( 47 )  are readily availab l e , 

and the synthesis  o f  each o f  these  i s  s omewhat difficu l t , 

* The addi tion o f  base such as aqu . so dium carbona t e  to  ethano li c 
s o lutions o f  ( 45 ) , ( 46 )  and ( 47 )  would allow easy distinc t i on o f  
( 46 )  from ( 45 )  and ( 47 )  due t o  the batho chromi c  shift  whi ch 
would oc cur i n  the s p e c t rum of  ( 46 )  ( but  not of ( 45 )  or  ( 47 ) ) 
b e c ause o f  i onisati on  o f  the a c i d i c  �-hydroxyl group to  give  
the phenoxide ion .  However , the  same  test  could no t be  app l i e d  
to  dothis tromin s i n c e  e a c h  of  the forms ( 38 ) , ( 40 ) , ( 4 1 ) and 
( 42 )  would be in equi librium w i th a small amount of a form w i th 
a �-hydroxyl group , and addition  o f  the base w ould shift  the 
e q u i l ibrium t o  a common s table phenoxi d e  ion s p e c ies . 



espec ially for ( 46 )  and ( 47 ) whi c h  require the use o f  

s elec tive  pro t e c ting groups . 

( 2 )  Infrared absorpt ion spec tra : The v ibrat ion o f  the two car-

b onyl groups in a quinone app ear no t to be clos ely coupl ed , 

and whils t anthraqui none i tsel f and s ymme tr i c ally subs t i tu t e d  

derivatives give  a s i ngle carbonyl stretching frequency ab-

sorp t i on , c ertain  unsymmetri cally sub s ti tut ed quinones give  

two  carbonyl bands . The  effect  is  very  marked w i th ami no-

and hydroxy- derivatives . Inde e d , it i s  well known ( Fl e t t , 

1 948 ; Tanaka , 1 958 ; Bloom et  al . , 1 95 9 ; Bellamy , 1 966  and 

1 968 ) , that the presence  of �- hydroxyl groups i n  an anthra-

quinone has a profound effect  on t he carbonyl s tr e t ching 

absorption , an i ntense C=O band appear ing at much lower fre-

quency than no rmal . Correlat ions hav e be en made b e tween  the 

numb er  o f  � - hydroxyl groups and the  c arbonyl abs orp t i o n  

frequenc i es . Thus B loom e t  al . ( loc . c i t . ) examined the 

spec tra of 59 anthraquinone derivat i v es and arr ived  at the 

group ing s cheme shown in  Table  XI . 

Table X I  

IR  Carbonyl Frequ enc i e s  o f  Anthraqui nones 

with a. -Hydroxyl Groups 

� -Hydroxyl Groups 

N o  �-OH 

1 -0H 

1 , 4- and 1 , 5- ( 0H ) 2 
1 , 8- ( 0H ) 2 
1 , 4 , 5- ( 0H ) 3 
1 , 4 , 5 , 8- ( 0H ) 4 

1 678- 1 653 

- 1  cm 

1 675- 1 647 and 1 637- 1 62 1  

1 645- 1 608 

1 678- 1 66 1  and 1 62 6- 1 6 1 6  

1 6 1 6- 1 592 

1 592- 1 572  
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The cr-hy droxyl groups are very st rongly hydrogen bonded to 

their  a d j acent  carbo nyl groups , and the carbo nyl frequency 

s hi f t  i s  attributed to  a nconjugated- chel'3.t i o n  e ffe c t " , in  

whi ch  the  donor-ac c ep tor  prop erti es of  the chelat ing c e ntres 

are increas e d  by re sonanc e .  

Another ext ens ive  i nfrar ed c orrelation w i t h  80 d i f f erent 

anthraquinones was made by Tanaka ( loc . c i t . ) ,  using s o luti ons 

in d ioxane as well as s o l i d  s tate  nu j o l  mull s  as used by 

Bloom et al . Tanaka discussed  separately the e ff e c ts o f  

subs titution  o n  both  the fre e  and the chela t e d  carbonyl 

frequenc i es . Unfortunat ely , the pres enc e of me thoxy groups 

c ompl icates  the correlati ons , and i ntroduces  a number o f  

anomali e s . 

As the compounds examined in  the above mentioned s tudies  

do  not i nclude sub s t i tution patterns simi lar enough to  b e  

us e ful a s  model compounds for ( 38 ) - ( 42 )  i n  the  propos e d  

do thistromin equil i brium mixtur e , i t  would b e  nec es sary to  

prepare sui table  mo d e l  compounds b e fore conclus ions could be  

made from examina t i o n  of  the  i nfrared spe c trum o f  a soluti on 

or  mull o f  dothistromi n .  Ev en  i f  thi s were done , the r esults 

may not be conclus i v e . 

( 3 ) NMR abs o rption spe c tra : The NMR absorption s p e c tra o f  ( 38 ) , 

( 40 ) , ( 4 1 )  and ( 42 )  would be e xp e c t ed to show c onsiderabl e 

s i m i lari t i e s , since  all  four s truc tures  hav e two acetal 

pro tons , one of whi ch is  coup l e d  to  a me thylene group , the 

o ther uncoupl e d ; they all  hav e a b enzyli c hydroxyl group , 

and the aromatic  r i ng subs t i tu t i ons are simi lar . 
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The � - hydroxyl groups i n  the anthraqui none nucleus are  

s trongly intramol e cularly hydrogen bond ed , and should  give  

r i s e  to  sharp si gnals a t  appro x .  � 1 1 -6 1 4  ppm from  TMS ( Mo o r e  

and S cheuer , 1 966 ; Kun tsmann a n d  M i tscher , 1 96 6 )  - c . f . 

intramo l e cularly hydrogen bonded p henols , whi ch show s i gnals 

in the range 6 1 0 . 5-� 1 6  ppm ( Jackman and S ternhell , 1 96 9 ) ; 

thus i t  should b e  possible  to d i s t i nguish ( 38 )  from ( 40 ) , 

( 4 1 ) and ( 42 )  by examination o f  t h e  s i gnals i n  this  area o f  

the s p e c t rum . I f i ntegrat i o n  corresponds to  3 protons , this  

would i n d i c a t e  negligible  contributions due to s t ru c tures  

( 40 ) , ( 4 1 )  and  ( 42 ) ; an  interm e d i a t e  value b e tween  2 and  3 

pro tons would gi ve  an i nd i ca t i on o f  the relat ive  cont ri b u t i o n  

o f  form ( 38 ) , whi l s t  a value o f  2 protons for  t h e  i n t e gr a t i o n  

would i n d i c a t e  negl igible  contribut ion from form ( 38 ) . Thi s  

i nvesti gat i o n  was not c arr i e d  out on  a quanti tat i v e  bas i s  

b e caus e o f  the unavai lab i l i ty o f  do this tromin  o f  suffi c i e nt 

pur i t y .  

S truc tural Ev i denc e from Chem i cal R eac t i ons 

From the above dis cus s i on i t  c an b e  s een tha t i t  would  b e  

v ery di fficult  t o  determine the c ompos i t i on of  the do this tromin  

equi l ibrium m ixtur e in  s oluti o n .  LThi s  same probl em has no t b e en 

e ncountered w i t h  any o f  the r elat e d  naturally oc curri ng furo @ , 3-� 
b enzofuran c o mpounds repor ted  to date , s i n c e  none o f  these  hav e 

had a s e c ond free  alternative  pheno l i c  OH group present at  whi ch 

r i ng c l osure c ou l d  also o c cu� . 

Do this tromin r eac ts c hemi cally  as i f  i t  had s truc tur e ( 38 ) ; 

i . e . under a c i d  catalysed ace tylat i o n  c o nd i t i ons i t  gives  the 
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p enta-ac etate  ( 23 ) , and a c i d-catalys e d  r eact ion w i th al cohols  

gives  the  mono-alkyl e ther derivatives  ( 48 ) , ( 49 ) , ( 50 ) , whi ch 

can b e  fur ther acylated or  methylated  t o  polyacetoxy and p o ly

m e t hoxy deriv a t i v es ( s e e  b elow ) . D e sp i t e  the fact that �-hydroxyl 

groups in  hydroxyanthraqui nones ar e v ery  s trongly hydrogen bonded  

( chelat e d )  with  t he ad j ac ent c arbonyl group , and that � - hydroxyl 

groups are chemi cally more reac t iv e  than � - hydroxyl groups i n  

hydroxyanthraqu inones ( i . e .  more a c i di c , more eas i ly a c e tyla t e d  

and alkylat e d )  and ther e fore  that there  s hould b e  fas ter  r i ng 

shu t t i ng for B - hydroxyl groups than � - hydroxyl groups , i t  c anno t 

b e  concluded from this t hat  dothi stro m i n  must  have s truc tur e ( 38 ) , 

b e c ause  the sys t em i s  an equil ibrium sys tem . However , for  a 

numb er o f  chemi cal r eacti ons , the e f f e c t i v e  struc ture o f  dothi

s tr omi n can  b e  r egarded as ( 38 ) . 

Formation  of  Ether D e r ivatives  of  D o th i s tromin - Mono-alkyla t i o n  

and Mono- ac etyl a t i o n  o f  t h e  H emiac e ta l  Group 

A c i d  catalys e d  e theri fi cation o f  the red  pigment wi th 

me thano l , e thanol  and n-butanol readily af forded the exp e c t e d  

mono-me thyl , - e thyl and - n-bu tyl ethers , r espec t i v e ly .  The 

derivatives were  pur i fi ed by  prep . TLC w i th s i l i c a  gel G .  The 

fol l owing prop e r t i es  o f  these deriva t i v e s  showe d that s truc tures  

( 48 ) , ( 49 ) , and ( 50 )  could b e  ass i gned  t o  them : 

( i )  the derivat ives  had higher Rf values on TLC ( si l i ca g e l  

G )  than t h e  r e d  p i gment ( dothis tromi n ) , sugges t i ng 

format i o n  o f  a less  po lar deri vat i v e ; 

( i i )  the derivat i v e s  c ould not  b e  extrac t ed from solution  i n  

d i e thyl e ther by  aqu . Na2co3 , b u t  were  extrac te d  wi th 
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aqu . NaOH , show i ng that no � - hydroxyl groups were present  

in  the  anthraquinone nucl eus , or could  be  f orme d by the 

action  of aqu . Na2co3 ; 

( i i i )  the vi s ible  abs orp t i o n  spec tra i n  ethyl a c e tate were s�p e r-

imposable on  that o f  the s tar t i ng mater ial , showing that 

the chromopho r i c  mo i e ty had not b een altere d ; 

( i v )  the mass spec tra were  cons i s tent wi th the conv er s i ons 

( 38 )  -7 ( 48 ) , ( 38 )  -7 ( 49 ) , and ( 38 )  � ( 50 )  having 

o c curred ( s ee b e l ow ) ; 

( v )  ace tylation of  the  deri vat ives  wi th ace t i c  anhydride / 

pyri dine  afforded the c orresponding t e tra-ac e ta t es ( 51 ) ,  

( 52 ) , and ( 53 ) . The ethyl e ther t e tra-ac e ta t e  ( 52 ) was 

o b tai ned  as a pure , crys tal line  compound , and de tai l e d  

i nves t i ga t i on o f  t h i s  c ompound ( s e e  page 79 ) confirmed i t s  

s truc ture a s  ( 52 ) , and thus s truc ture ( 49 )  f o r  t h e  pre-

c ursor compound . 

I n a s i m i lar manner , a c i � - catalys ed ace tylat ion  us i ng a c e t i c  

a c i d  as the acylat ing reagent , g a v e  t h e  mono-ac e t a t e  ( 54 ) , i t s  

s truc ture following from s imi lar c ons i d erati ons t o  tho s e  app l i e d  

to  t h e  mono- e thers described  above . 

Analogous reacti ons ar e well  known i n  sugar chemi s try , and 

have also b e e n  re corded for aflatox i ns B2 and G2 ( Pohland e t  al . ,  a a -- --

1 968 ; Dut ton and Heathco t e , 1 96 8  and 1 969 ) , w i th s ynthe t i c  afla-

toxin B1 hemiacetal ( Blichi e t  al . ,  1 967 ) , and w i th a synthe t i c  

hemiac e tal furo J2 , 3-bl benzofuran ( Blichi and W e inreb , 1 97 1 ) .  
- -
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Derivatives . Loss of the Formyl Rad i c al CHO C m/e 2 9 )  and the  
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� i th  the avai lab i l i t y  o f  the mono- alkyl e ther der i vat i v e s  

( 48 ) , ( 49 ) , a n d  ( 50 ) , and t h e  mono-ac e t a t e  ( 54 ) , o f  dothis t ro mi n ,  

i t  was possible  t o  propose fragmenta t i o n  mechani sms bas ed on  

s tru c ture  ( 38 ) . 

A s  d i s cussed  e ar l i er ( page 1 2 ) ,  two s i gnifi cant feature s  o f  

the mass sp e c t rum o f  do this t romin are t h e  loss o f  a formyl 

radi cal CHO ( m/e 2 9 )  from the mole cular ion ( and from t he m o l e cu-

lar ion after i t  had lost the  elements  of wat er ) , and the  l o s s  o f  

the neutral  fragment  c2
H

4o C m/e 44 ) . 

A numb er o f  sub s t i tut e d  anthraquinones and oxygenated  arom-

a t i c  c ompounds hav e b e e n  shown t o  lose the formyl radical in t h e  

mass s p e c trome ter . Thus , the  suc c es s i v e  losses o f  CHO and/o r CO , 

have b e en shown by hydroxyanthraquinones ( Beynon , 1 960 ; Ri t c h i e  

e t  al . ,  1 964 ) and alkoxyanthraquinones ( Bo w i e  e t  al . , 1 970 )  • 

. 
S igni f i c an t  losses  o f  C HO hav e b e en  r e c orded  in the  spec tra  o f  

s ome quinones known as the Tanshinones ( Hayashi e t  al . ,  1 970 ) . 

Comantheri n ,  a condens e d  aromat i c  pyrone , has been  shown t o  l o s e  

CHO from the molecular i on t o  give t h e  b a s e  p eak i n  i t s  sp e c trum 

( Kent e t  al . ,  1 970 ) , various der ivat i v e s  o f  comantherin also 
. 

showing intense  p e aks i n  the i r  sp e c tra  du e t o  the loss  o f  CHO • 

. 
Benzo furans o f t e n  give  M-CHO p eaks ( s e e  Budzikiew i c z  � �. , 1 967 ,  

p . 622 ; R e e d  and R ei d ,  1 963 ) , and e l iminati on of the formyl 

radical f rom the mole cular i o n  gives the  base  peak i n  the s p e c t rum 

o f  furan . S imple aromat ic  species  can also  lose  the formyl 

radi cal , e . g .  di aryl e thers ( Budzikiew i c z  e t  al . , 1 967 , p . 250 ) , 
- -
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m- dime thoxyb enzene , m-me thoxy phenol ( Barnes and Occ olowi t z , 1 963 ; 

Thomas , 1 97 0 )  and resor c i no l  and phenol ( Ac z el and Lumpki n ,  1 960 ) . 

The model  anthraqu inone compounds ( 28 )  and ( 32 )  prepar ed 

dur i ng the c ourse of  this  th e s i s ,  were examined by mass sp e c tra-

s copy and b o th compounds gav e spec tra exhi bi ting s trong loss o f  

the  formyl radi c al from t h e  mole cular i o n .  

From the above examples  it  c �n b e  s een  that d o this tromin 

p o s s e s s e s  s ev eral s truc tural feat ures whi ch are known t o  be 

c ondu c i v e  to  the loss  of the formyl radi cal in  the mass s p e c tra-

m e t e r .  

Thomas ( 1 970 )  propo s e d  t he tentative s tru c tural  formulae 

( 56 ) , ( 57 )  for the ions ( m/e 95 ) resulting from the loss of the 

formyl radi c al from m-methoxy phenol ( 55 ) . Sinc e t he formyl 

radi cal could come from e i ther  th e hydroxy or the me thoxy groups , 

and i n  order t o  account for the  al t ernative modes o f  further frag-

mentat i on o f  the m/e 95 i on b y  loss  o f  formal dehyde or wat er  

( bo t h  evidenced  by  m c tas table peaks ) ,  Thomas prop osed  that the 

formyl radi cal could b e  derived  in  part from each group to  give  

the  ions ( 56 )  and ( 57 ) .  

To check the f eas i b i l i ty o f  Thomas ' proposal , the deuterated 

c ompound ( 58 )  was prepared i n  the laborat ory by methylat ion  o f  

reso r c i nol wi th cn3r .  The mass spec trum o f  ( 58 )  was cons i s t ent  

w i t h  the  format i on o f  ions  o f  type ( 56 )  ( M-CHO )  and  also  o f  type 
. * ( 57 )  ( M- CDO ) . 

+ The m o s t  intense fragment  i o n  in the mass s p e c tra o f  ( 59 ) , 
also i sol�t e d  from m� t hyl at i on o f  resorcino l  w i t h  CD� , was 
due to the loss  o f  CDO , and was consis tent wi th  the formation  
from  m-dime thoxybenzene ( 60 ) , o f  the s table quinono i d  s tru c ture 
( 6 1 ) , as proposed by Barnes and O c colow i t z  ( 1 963 ) . 
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A possible  s cheme for the fragmen t a t i o n  of  dothis tromin  

based  on  the  above  r esults i s  shown in  s cheme 2 ,  together w i th 

an al t e rnat ive  p o s s i b i l i ty ,  s c heme 3 .  Any s cheme for  the frag-

mentat i o n  of do t h i s t romin mus t no t only explain the loss  o f  the  

formyl radi cal CHO ,  but  als o , the sub s e quent  loss  o f  the neutral 

fragment c2H4o ( m/e 4 4 ) ; both  s chemes proposed do thi s . Evi d en c e  

that the c2H4o fragm ent from the fragm e n tat i on o f  dothistromin 

was  i n  fact deri v e d  from the  hemi a c e tal  carbon and the  adjac ent  

me thyl ene carbon  a toms was  given by the  mass spe c tra of  the  e ther 

derivatives ( 48 ) , ( 49 )  and ( 50 ) . The s p e c tra o f  thes e deriva t i v e s  

s howed resp e c t i ve l y , l o s s  o f  neut ral fragments ( veri f i e d  by 

metastable  peaks ) o f  m/e 58 ( =  44 + 1 4 ) , 72  ( 44 + 28)  and 1 00 

( 44 + 56 ) , instead o f  the fragment o f  m/e 44 as observed for  

dothis t romin . 

Very recently , some  mass spec tral data ( no mechanisms o r  

fragmenta t i o n  schemes p roposed ) on  the aflatoxins has b e en pub-

l i shed ( Haddon � al . , 1 97 1 ) . Thi s  showed  that the a flatoxi ns 

B1 , B2 , G
1 , G2 , M 1 , and asp ertoxi n ,  all give  intense molecular 

. 

i ons , followed by s equential losses  o f  CHO and CO . Whils t  i t  i s  

possible  that in  t h e  cas e o f  these compounds fragmenta t i on w i t h  

l o s s  o f  the formyl rad i c al o c curs from the  unsaturated  lac t o ne 

p o rtion  of  the mo l e c ule , this appears unlikely , in  v i ew o f  t he 

fact  that aflatoxin M 1 shows a s tr iking i n c rease in the abundanc e  
. 

o f  the peak due to  l o s s  of  CHO ,  compared t o  a flatoxin G 1 . The 

o nly di fference b e tween aflatoxin  M 1 and G1 i s  a b enzyl i c  hydro

xyl group present i n  aflatoxin M 1 , abs e n t  in aflatoxin G1 • I t  

w ould b e  di f fi cult to  rational i s e  a fragmentat ion scheme i n  the  

l i ght o f  this resu l t ,  w i thout i nvolving the furan ri ngs . On 
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t h e  o ther hand , the aflatoxins do  possess  an aroma t i c  r i ng wi th  

oxygen sub s t i tution �- to a m e thoxyl group , and  on  the  bas i s  

o f  the d i s cuss i on above , this feature  could give r i s e  t o  the 

formyl rad i cal loss . 

To fur ther inv e s t i gate  the mass spec tral fragmenta t i o n  o f  

dothis tromi n ,  the model  compounds ( 62 ) , ( 63 ) ,  ( 64 )  and ( 65 )  c ould  

b e  exam i ne d . Thes e should b e  reasonably a c c essible  c ompounds 

( s e e  dis cuss i o n  o n  synthes i s  of do this tromi n ,  page 1 02 ) , s i n c e  

s everal c lo s ely related  analogues  hav e b een  recently synthe s i s e d  

( e . g .  BUchi and W e i nreb , 1 97 1 ) .  

Dothis tromin E thyl Ether Te tra- a c e ta t e  

A s  mentioned  on  page 73 , a c e tylati on o f  the mono-alkyl e ther 

derivati v e s  o f  do this tromin wi th  a c e t i c  anhydri de/pyr i d i ne 

afforded the c orresponding te tra- a c e tat es . The e thyl ether  t e tra-

a c e tate ( 52 )  was o b tained as a pur e , crys talline compound , 

m . p .  1 93- 1 94 . 5°C . The absorp t i on sp e c trum o f  this compound i n  

EtOH was prac t i cally i dent i cal t o  that o f  the  p enta-ac e ta t e  ( 23 ) , 

c onfirming the identity o f  the  chromophor i c  sys t ems o f  the s e  two 

der ivat i v e s  of dothis trom i n .  H i gh resolution  mass s p e c tros copy 

c onfirmed the mol e cu lar formula c28H24o 1 3  ( MW 568 ) , and the low  

resolu t i o n  sp e c tra s howed the follow i ng fragmentat i o n : 

( M )  568 
-42 
---;-=7 526 -42 

� 484 442 -60 
� 382 

This i n d i c a t e d  the presence  of thr e e  aromat i c  acetate  groups 

and one a l i phat i c  a c e tate group . The NMR spec trum o f  the e thyl 

e ther t e tra- a c e tat e ( Fig. 1 0 )  show e d  s i nglet  peaks at  6 7 . 50 ( 1 H )  

and 6 7 . 37 ( 2H )  whi c h  can b e  as s i gn e d  t o  three  aroma t i c  pro tons ; 

a s ingl e t  at .6 6 . 48 ( 1 H ) , the H ' d ' a c e tal proton ( s e e  ( 66 ) ) ;  a 
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mul tipl e t  at  6 5 . 36 ( 1H) the H ' a '  a c etal pro ton ; a mul t i p l e t  at  

- 6 3 . 5  ( 2H ) , the  me thyl ene pro tons o f  the ethoxy group ; a 

multip l e t  at  6 2 . 70 ( 2H ) , the me thylene pro tons H ' b ' , H ' c ' ; 

s inglets  at  6 2 . 45 ( 3H ) ,  6 2 . 44 ( 3H )  and 6 2 . 42 ( 3H ) , the aromat i c  

acetate groups ; a s inglet  a t  6 1 . 99 ( 3H ) , the benzyl i c  a c e tate ; 

a trip l e t  at  6 0 . 89 ( 3H ) , the m e thyl group o f  the e thoxy group . 

The spec trum clearly showed the  ace tal proton H ' d '  as a sharp 

s ingl et w i t h  the same chemi c al shi f t  as in dothis tromin penta

acetate , but now the ac etal pro ton H ' a '  had moved markedly up-

field  to  6 5 . 35 .  Chemi cal shi f ts o f  6 5 . 35 and 6 5 . 30 are recorded  

for  s imi lar ac etal protons in e thoxy der ivat ives o f  a fl at oxin B1 
and G1  r e sp e c t ively ( Dutton and Heathco t e , 1969 ) .  I n  these same 

compounds the me thyl pro tons of the ethoxyl group had a chem i c al 

shi ft o f  6 0 . 94 ,  the e thoxyl me thylene pro tons ap9eared  at 6 3 . 51 , 

whilst the  ace tal pro tons at the  di furo ring junc t i on had chemi cal 

shifts o f  6 6 . 54 and 6 6 . 58 .  

The above  ev i d ence  conv i n c i ngly es tabli shes the s t ru c ture o f  

the e thyl e ther  t etra-acetat e derivative  as ( 52 ) . The c hemi cal  

shi ft value  ( 6 0 . 89 ) for  the  m e thyl protons o f  the e thoxy group in  

the NMR s p e c trum ( 52 )  indi cat es  shi elding by the aromat i c  ring , 

since  the me thyl protons o f  e thanol  ( in CDC 13 ) normally appear at 

6 1 . 22 ( Varian , 1 962 ) . This proves the configurat i o n  of the 

e thoxy group in thi s compound to  be "endo ; '  to the r i ng sys tem ; 

the obs e rv e d  aromati c  ring s h i e l ding  i s  not poss i b l e  for  an 

ethoxy group in the " exon pos i t i o n .  

Non-equivalent Methylene Pro tons 

In the NMR spec trum o f  ( 52 )  C Fi5. 10) it was found that the 
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s i gnal at � ·6 3 . 5 due to the me thyl ene protons o f  the e thoxy 

group does  no t app ear as a simple  quar t e t , as in the cas e o f  

e t hano l , but a s  a mul tiplet  w i th c ons i derable  fine s truc tur e . 

Thi s e f f e c t  arises  from magnetic  non- equival enc e o f  the two 

me thyl ene  pro tons and has b e en obs erv e d  to  o c cur in a number  o f  

compounds w i th etho xy groups attached to  a c entre o f  asymme try 

( Wh i t e s i des et  al . ,  1 964 ; Martin  and Mar ti n ,  1 966 ; Bullock e t  al . ,  

1 967 ; M cFarlane and Nash , 1 969 ; Pavlik and Filip e s cu , 1 969 ; 

Si dall and St ewar t , 1 969 ; Tadde i ,  1 970 ) . Closer examinati o n  o f  

the  sp e c trum o f  ( 52 )  rev eale d  in fact that the mul tiplet  was a 

quar t e t  o f  quartets  ari s ing from the ABX3 proton sys t em ( se e  

i ns e t  , Fig. 1 0 )  . 

I t has b e en shown ( S idall and St ewart , 1 96 9 )  that thr e e  

conditi ons mus t b e  ful f i l l e d  b e fore non- equival enc e results i n  

a n  observable  chemi cal s hi ft between two  s p e c i es . Thes e  are  ( i )  

there mus t be  no symmetry  element b e tw e e n  the sp ec ies  on the NMR 

time  s c ale ; ( i i )  a f i e l d  gradient  ( el e c t r i c  and/or magne t i c ) mus t  

exi st  b e tween the s p e c i e s ; and ( i i i ) there  must  b e  no mole cular 

mo t i on ( s )  that simulates  a symme try operation too clos ely . 

I t  can also b e  shown that obs ervab l e  non- equivalenc e does  

no t nec essarily require  mol ecular asymm e t ry ; it  i s  suf fi ci en t  

that ther e b e  no s ymme try plane between the geminal species . 

Numerous examples o f  me t hylene pro t on non- equival enc e i n  molecules  

that are  no t asymm e tr i c  are  know n ;  a goo d  example  i s  that o f  

a c e tal ( Shafer e t  al . , 1 96 1 ) .  

All o f  the derivatives o f  the e thyl e ther o f  dothistrom i n  

f o r  whi ch  Nl'1R sp e c tra were d e t ermined , exhi b i ted non- equival ent  

me thyl ene pro tons o f  the  eth oxy group . N o t  only i s  the  e thoxy 



group at tached to  an asymm e t r i c  centre i n  these de rivatives , but  

also , there  i s  the pres enc e o f  a sui tably located  aromati c  r i ng 

pro v i d i ng a sour c e  o f  a large anis o t ropi c  magne t i c  fi eld . 

Methylati on  o f  Dothistromin 

Before the struc ture of dothis tromi n was eluc i dated , a t t empts 

were made to m e thylate do this tromin ,  i n  an endeavour to  produ c e  

crys talline  der ivatives f o r  the st ruc tural inves t i gat i on . 

M e thylation  o f  doth i s tromi n w i th d ime thyl sulpha t e  i n  re

fluxi ng a c e tone over anhydrous K2
co3 gav e a yellow- orange coloured 

solut i o n , whi c h  was examined  by TLC on  s i l i ca gel  and shown t o  b e  

a comp l e x  mixture o f  yellow and orange coloured c ompounds . Two 

ma j o r  fra c t i ons were isola t e d  from a 7 . 0  hr reac t i o n  time  produ c t  

b y  prep . TLC . These  fra c t i o ns were  shown by mass s p e c trosc opy 

to contai n  compounds of  formula c
23H22o9 ( MW 442 ) and c

22H20
o

9 

( MW 428 ) r esp e c t i vely ; c learly thes e were  penta-m e thyl e ther and 

tetra-me thyl e ther derivat i v e s  o f  dothis tromin .  Unfo rtunately , 

both fra c t ions were  contam i na t e d  by appreciable amounts o f  o ther 

m e thyl a t e d  compounds , and could no t b e  c rys tal l i s e d  nor fur ther 

puri f i ed b y  prep . TLC . Other m e thyla t i ng reagents , e . g . me thyl 

iodi de in dime thyl formami de/s ilver oxide , produ c e d  s imilar resul ts . 

When the s truc tur e o f  dothistromi n  had been e luc i dat e d , i t  

was poss i b l e  to  propose an e xp lanation  for the above b ehav i our , 

i n  t erms o f  the presenc e o f  the  reac t i v e  hemiac e tal  group i n  

do thi s tromi n .  C l early , this  required blo cking b e fo r e  the 

mol e c u l e  was sub j e c ted to the b as i c  m e thylating c o ndi t i ons . 

Thi s  was achi eved  by acid- c atalysed e ther ( acetal ) format i o n ,  

des c r i b e d  o n  page 72 . 
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Me thylati on of Do this tromin Mono- Ethyl- and Mono-Methyl-Ethers 

Vari ous me thyl ether derivatives  o f  the ethyl a c e tal ( 49 )  

and the me thyl a c e tal ( 48 )  were prepared , for further chemi c al 

i nvest igati ons on  do thi strom i n .  Tab l e  X I I  s hows the m e thyl a t i ng 

reagents and reac t i o n  c ondi t i ons used , and the  products  i de nt i f i e d .  

Dis cuss i o n  o n  the r eac t ions , the produ c t s  formed and proof o f  

s truc tures , fol lows under the appropri a t e  react i o n  number heading . 

M e thylat i on Reac t i o n  I :  The bright yellow c oloured s o lu t i o n  from 

this reaction  gav e , b y  prep . TLC , two maj or compounds . The first  

o f  these , o f  h i gher R f , was a non- crys talline  orange-red c o l oured  

pigment ( 67 )  shown by mass spe c troscopy t o  have mole cular formula 

c
22H20o9 ( MW 428 ) . I ts  fragmentat i o n  pattern  showed a char a c t er

i s t i c  loss o f  the formyl radi c al m/e 29 from the molecular i on 

followed by loss  o f  a n eutral fragment m/e 7 2  C c . f . i dent i c a l  

behav i our o f  ( 49 ) ) t o  give a n  intense fragment ion  m/e 327 . Thi s  

fragmentati on pat t ern also showed tha t the b enzyl i c  hydroxyl group 

was no t methylat e d  - as will be shown later , me thyla t i o n  of the 

b enzylic  hydroxyl group causes a pro found change in  the fragment

ation pat tern o f  d o this tromin and i ts derivatives . I f  i t  c ould  

be  assumed  that the phenol i c  hydroxyl group remaining unme thylated  

i n  ( 67 )  would be  more  difficult  to  me thylat e than the  o ther two 

phenol i c  hydroxyl groups in dothis trom i n , then s truc ture ( 67 ) , 

cons i s tent  with the above evidenc e ,  could  b e  ass i gned t o  th i s  

c ompound . 

The s e c ond c ompound , o f  lower Rf on  TLC , was obtained in  

higher yield  from react ion I I , and i t  was  s hown to  hav e s truc ture 

( 68 ) . 
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M e thylation Reac t i on I I : After i s o lat i on by prep . TLC and 

8 6 .  

puri fi cat i o n  b y  column chroma tography , the major produc t ( 68 )  

from this r e a c t i o n  was ob tai ned a s  yellow needles , m . p .  252-254°C 

[,.,-J· D
20 - 1 82o . ( CHC13/n-h exane ) ,  ' N Mas s spec tros c opy showed a 

m o l e cular formula c23H22o9 ( MW 442 ) , and a fragmenta t i o n  o f  the 

m o l ecular i o n  due to the l o s s  of  the fo rmyl radi cal CHO ( m/e 2 9 ) , 

followed by the neutral fragment c4H8o ( m/e 72 ) ( c . f . i dent i c al 

b ehavi our for the ethyl ace tal ( 49 ) ) to give an intens e  fragment 

i on c 1 8H1 3o7 • The NMR spe c t rum showed s i gnals due to the aroma t i c  

p ro tons a t  6 7 . 28 ( 2H ) , 6 7 . 1 3  ( 1 H ) , ac e tal  protons at  o 6 . 07 ( 1 H ) , 

6 5 . 32 ( 1 H ) , three aroma tic  me thoxyl groups a t  6 3 . 98 , 6 3 . 94 , 6 3 . 91 

( each 3H ) , the  non-equivalent me thylene pro tons o f  the e thoxy 

group at  - 6 3 . 5 , the r i ng me thyl ene p r o tons at ·�· 6 2 . 62 ( c oup l e d  

t o  the ac etal pro ton a t  6 5 . 32 ) , and t h e  methyl p r o t o n  t r i p l e t  o f  

the  endo e thoxy group a t  6 0 . 82 ( shielded  by the aroma t i c  r i ng ) . 

Also i s o l a t e d  from the above reac t i on was the fully m e thy-

lated  derivat i v e  ( 69 ) . The Nf!R s p e c t rum o f  th is c ompound was 

s im i lar to that given by ( 68 ) , except  for the app earan c e  o f  a 

n ew al iphati c m e t hoxyl signal at 5 3 . 1 7 , clearly the b enzyl i c  

m e thoxyl group . The mass spec trum o f  this compound was however 

more complex than that o f  ( 67 ) , ( 68 ) , or any other deri v a t i ve of 

d o this tromin  prepared up t o  this s t age . Thi s behav i our was 

assumed  to be due to the fac t  tha t the b enzyl ic  group was 

m e thylated  in this  derivat ive , al though i t  was not imm e d i ately  

obvious why this  shoul d have such a pro found effec t .  The sur-

pris ing feature o f  the mass spec t rum of ( 69 )  was the fragmentat i o n : 
. - C3

H8o 
M+ . -CHO M + M + ) 1 ) 2 

m/e 456 m/e 29 m/e 427 m/e 60 m/e 367 



i n  wh i c h  loss  o f  the  neut ral fragment c3H8o ( m/e 60 ) o c c urs , 

c ompar e d  w i t h the  l o s s  o f  the neutral fragment c4H8o ( m/e 72 ) 

i n  the c a s e  o f  ( 68 ) . I n  add i t i o n , o t her c ompet i t ive  fragmenta t i o n  

p r o c e s s e s  assumed equal o r  gr eater impor tanc e i n  the s p e c trum o f  

( 69 )  c o mpared t o  t h e  r e l a t i v e l y  s i mple sp e c t ra o f  ( 48 ) ,  ( 49 ) , 

( 50 )  , ( 67 ) , and ( 6 8 ) • 

Me thylat i o n  Reac t i o n  I I I : The unexp e c t e d  mass spec tral fragm e n t -

a t i on o f  ( 6 9 )  w a s  c o nsi dered worthy o f  c l o s er exam i na t i o n , a n d  

t hus c ons i de ra t i o n  w a s  gi ven t o  the  preparat i on o f  d e r i va t ives  

w i t h  deu t e rium lab e l l ed me thyl groups a t  s e l e c t e d  p o s i ti ons . 

The f i r s t  s t e p  was t o  c h e c k  the a c ti o n  o f  Me i/DMF/Ba ( OH ) 2 · 8H2o 

as a me t hyla t i o n  sys t e m  o n  dothis tromin d eriv at i v es . Thus , t h e  

dime thyl e t her e thyl a c e tal ( 67 ) , from reac ti on I ,  w a s  me thyl a t e d  

w i th thi s reagent . The produ c t  was shown by mas s s p e c t r o s c o p y  t o  

c o rrespond to  a mixture o f  c ompounds o f  MW 456 and MW 442 , 

c o rresponding to the  ful ly me t hyl a t e d  e t h e r  ( 69 ) , and an e thyl 

e ther t r ime thyl e t h e r  [< 67 , R2 = M e ) , or ( 6 8 �] . 

M e t hylat ion Rea c t i o n  I V : Hav i ng shown the  suitab i l i ty o f  the 

Me! reagent for m e t hylat ion o f  do this tro m i n  e ther derivative s ,  

the  e t hyl a c e tal t r i m e t hyl e ther ( 6 8 )  was m e thyl a t e d  u s i ng cn3 r . 

This gav e a produc t ,  w h i c h  a f t e r  puri fi cat i o n  by prep . TLC , w as 

shown by mass spe c t r o s c opy to b e  the exp e c t e d  deu t e ra t e d  compound 

( 70 ) , MW 459 . The s p e c trum show e d  intense p e aks at m/e 430 

( M+ . - CHO ) , m/e ( M+ . . 

( m/e 60 ) ) ,  and 370 - CHO - c3H8o showi ng 

that the loss of the c 3H8o C m/e 60 ) fragm e n t  i n  the mas s  sp e c t rum 

o f  ( 69)  d i d  no t inv o l ve t he p r o t o ns o f  t h e  b enzyl i c  m e thoxyl 

gro up . As w i t h  the unlab e l l e d  derivative  ( 6 9 ) , the  s p e c trum 

showed o ther i mpor tant c o mp e t i t i v e  fragme n t a t i o ns . A no t eab l e  



feature was the loss  o f  CD3
0H from the mo l e cular i o n  o f  (?O ) ; 

(69 )  showed a correspondi ng loss o f  CH3
0H . 

M e t hylat i on Reac t i o n  V :  Methylation  o f  the ethyl a c e tal ( 49 )  
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wi th CD3I gave , after  c olumn chromatography , a maj or produc t 

ass i gned s truc ture (?1 ) , a smaller amount o f  the fully methyl a t e d  

c ompound ( ?5 ) , and mi nor produ c ts (?6) , (?? ) . 

The struc ture o f  the ma j o r  produc t was prov en to b e  ( 7 1 ) 

from the following e v i d enc e :  ( i ) the MW by mass spec tros copy 

was 451 , correspondi ng to ei ther ( 7 1 ) , ( 72 ) , ( 73 )  or ( ?4 ) ; ( i i )  

the R f value on  TLC was s i gni ficantly hi�her  than that o f  the 

m e thyla t e d  der ivat i v e  (68 )  thus eliminat i ng ( 72 ) ; ( i i i )  the 

add i t ion of  aqu . NaOH gave a purpl e  colouration indi cat i ng the 

presence  of an a-hydroxyl group i n  the an thraquinone nuc l eus ; 

( iv )  the mass spec tral fragmentat i on patt ern was v ery d i fferent 

t o  that of the methylat ed derivative  ( 6 8 ) ; ( v )  the NMR spec tral 

data were comp l e t ely  c o ns i s t ent w i th ( 7 1 ) , but not ( 72 ) , ( 73 )  o r  

( ?4 ) . In  CDCl3 , i t  s howed s i gnals du e to  aromR t i c  protons a t  

67 . 2 8 ( 2H )  and  67 . 1 0 ( 1 H ) ,  a c e tal pro tons a t  6 6 . 08 ( 1 H , s )  and 

6 5 . 30 ( 1 H , d ) , non- equival ent methylene pro tons of  the e thoxy group 

at � � 6 3 . 42 ; ring methyl ene pro tons at  - 0 2 . 65 ,  and the me thyl 

proton triplet  of  the e thoxy group at 6 0 . 86 ppm . A sharp s i ngle t  

at  6 1 3 . 1 9  ( 1 H )  was due t o  the st rongly hydrogen bonded �- hydroxyl 

group i n  the an thraq u i none nu c l eus . The  lone aromatic  pro ton 

i n  the p enta- subs t i tu t e d  aromat i c  ring of  ( 72 ) , ( 73 )  and ( 74 )  

m i ght b e  exp e c t e d  t o  appear nearer 67 . 3 ppm rather than 07 . 1 0 

ppm as o b s erved abov e ; c . f . the e quival ent  proton o f  ( 68 )  whi c h  

app e ars a t  67 . 33 ppm . Th e  l e s s  l ikely ( 73 )  and ( 74 )  can b e  

r e j e c t e d  also on  t h e  app earanc e  o f  the t w o  adjacen t  aromat i c  



protons in  the  t e tra-sub s t i tuted  aromat i c  ring as a sharp s ingl e t  

in  t h e  above s p e c trum , i ndi cat i ng the i r  magnet i c  equival en c e . 

I n add i ti on , the hydroxyl group i n  the maj o r  produ c t  was 

shown to  be in t he p enta- subs t i tuted  aromatic  ring and not the 

te tra- sub s t i tu t e d  ring , by the followi ng experiment . The NMR 

spec trum was d e t ermined  in  dime thylac e tami de ( DMAc ) as s o lvent , 

and then a small quant i ty o f  1 . 0M aqu . NaOH was added .  The  

resul tant format i on of  the phenoxide anion caused a marked s h i f t  

o f  t h e  signal d u e  t o  t h e  lone aroma t i c  proton , o f  approx .  0 . 53 

ppm , and a s i gni fi cant , but much small er shi ft , o f  approx . 0 . 2 1 

ppm o f  the s i ngl e t  due to the two equi valent aromat i c  pro t o ns . 

As the use o f  this  t e c hnique ( Brown , 1 964 ; Highet  and H i ghe t , 

1 965 ; Corr i e  e t  al . , 1 970)  on hyd roxyanthraquinones does  n o t  
--- ---

appear to have been rec orded before , the e ffect  o f  bas e o n  the  

anthraquinone , rubiadin-3 me thyl e ther ( 32 ) , was studi e d .  Th i s  

showed a shi ft o f  approx . 0 . 27 p p m  f o r  the s i gnal o f  t h e  l o n e  

pro ton para- to  the hydroxyl group , and a very �uch smaller shif t 

for the signals o f  the protons in  the o ther arom�t i c  r i ng . O ther 

s olvents were investigated , but DMAc was found to be  the o nl y  

a c c ep table  s o l vent f o r  examinati on  of  hydroxyanthraqui nones b y  

t h i s  t echnique . 

The ful ly me thylated ( 75 ) , MW 46 8 ,  gav e a spec trum s imi lar 

t o  that o f  ( 6 9 )  a nd ( 70 ) , but  a f ragmentation  M+ . - m/e 2 9 -

m/e 63 was o b s erved , rather than that o f  M+ . - m/e 2 9  - m/e 60 

as observed for  ( 69 )  and ( 70 ) . Als o , ( 75 )  showed the l o s s  o f  

cn3on from the molecular i o n  instead o f  cn3oH as i n  the  case  o f  

( ?O ) , and CH30H from ( 69 ) . 

The minor  produ c t s , o f  MW 434 and 4 1 8 ,  were assi gned 
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s t ructures ( ?6 )  and ( ?? )  resp e c t i v ely , b o th show ing fragmentati ons 

o f  M+ . - m/e 29 - m/e 46 . It appeared  t hat the MW 4 1 8  c ompound 

was a deriva t i v e  of t h e  de oxydo thi s trom i n  impur i ty in  the 

s t arting mat e rial . 

Me thylation Reac t i on VI : Column c hromatography o f  the reac t i o n  

produc t afforded t w o  m a j or components , shown to be  t h e  penta-

m e thyl e ther ( ? 8 )  and the te tra-me thyl e ther ( ?9 ) , by  mass 

spec troscopy and NMR spec troscopy . Although ( ? 8 )  was  o b t a i n e d  

as a crystal l ine compound ( yellow needles  e x  CHC 13/n- hexane ) ,  

[a.] 20 0 ( ) D -
90 CHC 13 , the melting p o i n t  was not sharp , desp i t e  

rep eated crys talli sati o n .  The pos s i b i li ty that this compound 

was an epimer i c  mi xture , i . e . a mixture of a. - and B - methyl 

ac etal epimers , was consi dered ; howev e r , no evi dence of t h i s  

c o u l d  be  found by TLC or  NMR , b u t  exam ination  b y  NMR d i d  reveal 

that the compound crys t al lised  w i t h  i mo l ecule CHC 13 per  m o lecul e .  

The t e tra-me t hyl e ther ( ?9 )  gave a mass spe c trum whi c h  

showed a n  i ntense  fragmentati �n due t o  M+ . - m/e 2 9  - m/e 5 8  

( i denti cal t o  that of  ( 48 ) ) t o  give  a n  i ntense i o n  o f  m/e 3 4 1 . 

The NMR sp ec trum showed three aromat i c  m e thoxyl groups as w e l l  as 

the  ace tal me thoxy group . 

Other m i nor  m e thylation produ c t s  w e r e  produ c ed in  t h i s  

m e thylation reac t i on ( e . g .  compounds o f  M W  4 1 0 ,  426 , and 440 ) , 

but  these were  no t further inves t i ga t e d . 

The unexp e c t e d  mass spec tral fragm entation pro c e s s e s  o f  

the  fully me thylat e d  dothis tromin deriva tives were i nterest i ng , 

b e caus e unl ike  the der i vatives ( 48 ) , ( 49 ) , ( 50 ) , ( 54 ) , ( 6? ) , 

( 68 ) , ( ?2 ) , and ( ? 9 ) , they could n o t  b e  rat i onali s e d  i n  t erms 

of  e i ther o f  the f ragmentation schemes , s cheme 1 or  scheme 2 ,  
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proposed for dothis tromi n .  However , d e tailed fragmenta t i o n  

schemes for t h e s e  e thers w e r e  n o t  proposed  i n  t h i s  the s i s , as  

the above preliminar y inv es t igation revealed  that s t i l l  fur th er 

in formation was requir e d .  

Heavy Atom Derivatives o f  Dothi s t rom i n  for  an X-Ray Di ffrac t i o n  

S tudy 

A t t empts were  made to  introduce  a heavy atom into the d o th

i s tromin mo lecule  for  the purposes o f  o b taining a crystal l i n e  

derivat ive f o r  s truc ture determina t i o n  b y  an x-ray di ffrac t i on 

s tudy . The first  a t temp ts were aimed at  subs titution  o f  a 

bromine atom into  the crys talline deriva t i ves do th i s t romin  p enta

a c e tate  ( 23 )  and dothis tromi n ethyl e ther te tra-ac etate  ( 52 ) . 

Thes e att empts  wer e not suc cessful , and t hus attention was turned 

to producing derivativ es from do this trom i n , using reagents 

containing a hal ogen atom . 

Do this tromin p- bromo benzyl e ther ( 80 ) : This  non- c rys tall ine  

derivative was obtained  by  heat ing dothist romin i n  mol t en p

bromobenzyl al coho l , the  s truc ture follow i ng from mas s spec tral 

c o ns i derati ons . Ace tylation  o f  this  der ivat ive resul ted  in  l o ss 

o f  the p-bromobenzyl gro up . 

Dothis tromin chloro-acetate  ( 81 ) :  Treatment of . dothistromin  w i th 

mol t en chloroac e t i c a c i d  gav e the non- c rys talline chloro-a c e t a t e  

( 81 ) .  



Dothi s tromin  chloro-acetate t e tra-ac etate  ( 82 ) : The chloro

acetate ( 8 1 )  was ac etylat ed to give the chloro-acetate  t e tra-

acetate ( 82 ) . The NMR spec trum o f  this derivative in CDC13 
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showed s i gnals du e to aromati c protons at 5 7 . 56 ( 1 H ) , 5 7 . 38 ( 2H ) , 

acetal pro tons at 5 6 . 57 ( 1 H )  and 5 6 . 53 ( 1 H ) , me thyl ene pro tons 

( chloroa c e ta t e  group ) at 5 3 . 64 ( 2H ) , ring me thylene protons at 

6 2 . 88 ( 2H ) , aroma t i c  ac etoxy groups at 6 2 . 45 ( 6H )  and 6 2 . 41 ( 3H ) , 

and a b en zyl i c  ace toxy group at  6 2 . 00 ( 3H ) . In addi t i o n , the 

spec trum showed that the crys talline derivative c ontained 1 mole 

of  toluene  of crys tal lisation  p er molecule , sharp peaks b e i ng 

observ e d  a t  6 7 . 1 9  ( 5H )  and 6 2 . 33 ( 3H ,  methyl group ) in  t he 

prec i s e  pos i t i ons recorded for tolu ene in  CDC13 ( Varian , 1 962 ) . 

The c rys tals o f  this deri vat i v e  were fragile and o f  

irregular shap e , d i d  no t exhi b i t  a sharp mel ting point , and d i d  

not app ear s u i tab le  for a n  x-ray d i ffra c t i o n  study . 

Dothistromin  i odo-acetate te tra- a c e tate ( 83 ) : The above chloro-

acetate t e tra- acetate  derivative  was converted to the i o do-

ac etate t e tra- acetate  ( 83 )  by halogen exchange with s odium 

iodide . The mass spec trum and t he NMR spec trum were completely  

consistent  w i th s t ruc ture ( 83 )  for this  der ivat ive , the  NMR 

spec trum s howing that thi s  deriva t i v e  also c rystall i s e d  from 

toluene wi th 1 molecule of toluene of crystall isat i o n  p er molecule  

o f  derivat i v e . The c rystals were  small and irregular shaped , 

and did  no t appear to  be  sui tabl e  for x- ray struc tural analys i s . 

Dothistromin  b romo - ethyl e ther ( 84 ) : 2-Bromo ethanol was pre

pared from e thylene oxi de and HBr a c c ording to the me thod of 



Thay er et al. (19 32 ) .  Dothistr omin r ea c te d  with this to give the 

br omo- e thyl e ther ( 84 ) . The mas s s p e c tral fragme ntation of this 

de rivativ e was analogous to that of dothis tr omin e thyl e ther ( 49 ). 

The c omp ound ga ve s ma l l  orange-r e d  ne e dle s from various s olv e nts , 

but the y did not appear s uitable for x- ray s tructural analy s is .  

Dothistr omin bromo-ethyl ether tetra-a c e tate ( 85) : Ac e tylation 

of the bromo e thyl ac e tal ( 84 )  afforded pale-yellow crystals from 

die thyl e ther , m. p. 16 8- 174° C, �] �O - 1 0 3° ( CHC1 3) .  Mass 

s pe c tros c op y  and NMR s pe c tros c opy gav e data c omplete ly c ons istent 

w ith structur e ( 85). This derivativ e was found to be s uitable 

for x- ray s tructura l  a nalysis . 

Confirmation of Str uc ture and Abs olute Configuration of 

Dothistr omin Bromo-Ethyl Ether T e tra-A c e tate ( 85) , by an X-Ray 

Diffrac tion Study 

An x- ray diffra c tion s tudy of the abov e de rivativ e was 

c a rried out in the departme nt of c h e mistry at Auc kland U nive r s ity 

by C . A. Bear, J . M . W ate rs , and T. N. W a ter s . Crystals for the 
r 

analysis were s ele c te d  from a crop of s ma ll , pale yellow prisms 

c r ystallis e d  from CHC13/Et2o. 

The study c onfirme d the s truc tur e ( 85) , and furthe r  es tablish

e d  the abs olute c onfiguration , as show n  in ( 86 ) .  The final R 

factor obtaine d ,  after taking into a c c ount anis otro pic v ibration-

al fac tors for the atoms , was 1 1 . 9% .  

Sys tematic Nomenc lature for Dothistromin a nd its Derivativ es 

A numbe r of furo [2 , 3-b] be nzofuran- c ontaining fungal 
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m e tabol i tes  hav e now b een i solated , and s ev eral synth e t i c  

furo [2 ,  3-b] b enzo furan derivat i v es hav e also been p r epare d .  Waiss  

e t  al . ( 1 96 8 )  sugges ted  a nomenclature sys t em bas e d  o n  the  c ommon 

l inear d i furo-ring s truc tur e . Thus , for exampl e ,  they name 

a flatoxin  B 1 ( ( 1 03 ) , R = H ) ( appendix , page 1 43 )  as 6-me thoxy

di fur o c o umarone , and vers i c o lo r i n  A ( ( 1 08 ) , R 1 = R2 = R
3 = H ) 

( appendi x ,  page 1 44 ) ,  as 7 , 9 , 1 0- tr i hydroxydi furoanthraqui none . 

Whils t this  nomenc lature may hav e s ome attracti ons , i t  suffers 

from s e v e ral very s e r i ous l i mi tat i ons . I t does not conform to 

a c c ep t e d  sys t ema t i c  nomenclature syst ems ( e . g .  IUPAC ) ,  i t  does  

no t sp e c i fy the  posi t i o n  o f  fus ion o f  the  furan r i ngs w i th the  

remainder  of  the  skeletal framework , and  nor do es it  sp e c i fy the  

manner in  whi ch the  furan r i ngs are fus ed to  one  ano th e r .  

Chemi cal  Abs t ra c ts ( Sub j e c t  I ndex , 67 , July- D e c . ,  1 967 ) l i s t  

the r i ng sys tem b e low a s  shown , 

8 2 

7 3 
6 5 4 

a nthra [ 2 ,  3-b] furo [3 , 2-d] fur an 

and i ndex  v er s i colorin A as : anthra [2 , 3-� furo [3 , 2-� furan- 5 , 

1 0- dione , 3a , 1 2a- d i hydro-4 , 6 , 8-trihydroxy . 

On thi s bas i s  i t  can be  s e en that an ac ceptab l e  sys temat i c  

name for  dothi stromin* i s : 2 , 3 , 3a , 5 , 1 0 , 1 2a-hexahydro- 2 , 3a , 4 , 6 , 9-

pentahydroxy-anthra[2 ,  3-bJ fur o  [) ,  2-dJ furan- 5 ,  1 0- di one . The 

s tructure  w ould be systemati c ally  d ep i c t e d  as shown , w i t h  the 

* that i s , i f  dothi s tromin had s tructure ( 38 )  - see d i s cuss i o n  
pages 6 6  to  72 . 
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he t erocyc l i c  oxygen atom of  the outer  furo ring in  the t op right  

hand corner o f  the di agram : 

OH 0 1 1  1 
8 OH 

OH 0 OH 0� 3a 

3 

Sys t e m a t i c  S t ruc t u ral R e pre s e ntat i o n  and Numb e ri ng 

Sys t e m  f o r  Do t h i s t romin 

For c o nv eni enc e ,  brevi ty , ease of r eadab i l i ty and in l i ne 

w i t h  ac c ep t e d  prac t i c e , the common nam es for do thi stromin  deri-

vatives  were  used  throughou t the discus s i o n  s e c t ion  o f  this thes i s . 

Configurati on, Opt i cal A c tivitY- and Rac em i sation  o f  D o t h i s t ro m i n  

The ab solute configuration  o f  the  fus e d  furan ri ngs o f  

dothistromi n ,  form ( 38 ) , mus t be  a s  shown i n  ( 87 ) , i . e .  the sam e  

a s  that o f  the bromo - e t hyl e ther t e tra- ac e tate  ( 85 ) , ( shown i n  

( 86 ) ) ,  a s  determined by x-ray s t ruc tural analysis . Epi meri sat i on 

o f  the asymmetric  c entre  of  the benzyl i c  c arbon atom i n  dothis tro-

min can not  o c cur i n  s olution , even though dothis tromi n i s  un-

doubtedly in equi l ib r i um w i th the open c hain  dialdehyde ( 39b ) in 

solut i o n . [rn contras t , opt i c �l ly a c t iv e  h e m iac e t a l  d er ivatives 

of aflatoxi ns and s t er i gmatocys tin  have b e e n  racemi s e d  wi thi n a 

f ew minu t e s  by dissolu t i o n  in  aqueous alkali ( BUc hi e t � . ,  1 967 ; 

Ran e e  and Roberts , 1 970 ) . In these cas e s , the benzyl i c  carbo n  

a t o m  was no t blocke d , and thus rac emi sat i o n  b y  enolisation o f  the  

r i ng-opened dialdehyde form rapi dly o c curred ! • R i ng c l osure o f  
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(39b) undoubte dly gi ves � fus e d  rather than the m uc h  mor e  

s tr ai ned trans fused furo r i n�s (s e e ,  e . g. Kni ght e t �. , 

1 96 6 ). Thi s m ai ntai ns the re lati ve s t e r e oc hem i s try of the 

ac e tal c ar bon atom c12 a  at the r i ng junc ti on , and he nc e the 

var i ous deri vati ve s of dothi strom i n  produc e d  dur i ng thi s 

i nves tigati o n ,  i nc ludi ng the bromo- e thyl e the r tetr a-ac e tate 

(85), mus t  have the s am e  abs olute c onfi gurati on about thi s r i ng 

j unc ti on. 

The c onfi gurati on of the he m i a c e tal group m ay vary from 

" e ndo" to ; y e xon depe ndi ng on the c ondi ti ons unde r whi c h  the 

parti c ular s pe c i es under c ons i de r ati on was i s o latedt  rac emi s ation 

of the fr e e  hem i ac e tal c e ntre r e adi ly oc c urri ng .  

It i s  worth noti ng th�t all the c rys talli ne der i vati ves of 

dothi str om i n  exam i ne d for opti c a l  a c ti vity are s trongly 

lae vorotatory i n  s oluti on. Thus the penta- ac etate (23) has 

[ nJ �0 - 1 42° (C HC1 3); the ethyl e ther tetr a- ac e tate (52 )  has 

[ nJ �0- 1 56° (CHC1 3); the penta- m e thyl ether (7 8) 

9 0° (C HC 1 3) ;  the e thyl e ther tr i m e thyl ether (6 8) 

1 82° (C HC1 3); the bromo-ethyl ether tetra-ac e tate 

- 1 03° (CHC13). 

has [ n] 2 0  
D 

has [et] 2 0  
D 

(85 )  has [o:) 2 0  
D 



CH/\PTER 8 .  MISCELLANEOUS REACTIONS OF DOTHISTROt'IIN 

AND ITS DERIVATIVES 

Degradat i o n  o f  Dothi s tromin  to Salicyl i c  A c i d  

When ethyl acetate  s o luti ons o f  £.  p ini  p igment extra c t  
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are extra c t e d  with aqu . Na2co3 , a b eaut i ful deep-red coloured 

aqu . phas e is obtaine d , and mos t of the c o lour is remov ed from 

the organi c s olvent phas e .  I t  was no t e d  early o n  i n  the inves t

i gation  that this colour fades in t ime , unt i l  eventually the aqu . 

s o lu ti o n  b e c omes almos t colourl ess . I t  was c onc luded at the time  

that  some  form  o f  oxi dat ion  was o c curring , and that  th i s  was 

degradative , as addi t i on o f  redu c i ng agents such as s o dium hydro

sulphi te  or  s tannous c hloride  did not restore  the c o l our . 

When hydrogen peroxide  was added to  the deep-red coloured 

aqu . Na2co3 s oluti o n ,  the c olour was found to  fade much more 

rap i dly , the s o lution  typ i c ally b e c oming c olourless in s ev eral 

hours . Solvent extrac t i on of the a qu .  phas e subs equently yielded 

salicyl i c  a c i d . Care fu l  experiments on pur i fied  p igment ex CCD , 

and a "blank r '  run were then carr i e d  out ; these  experiments in

d i c ated that the sal i c yl i c  acid was an authenti c degrada t i o n  

product . 

Whi l s t  i t  is well  known that s im i lar oxidative  degrada t i on 

o f  xanthones gives subs t i tuted sali cyl i c  a c i ds ( Roberts , 1 960 ) , 

i t  i s  di f f i c u l t  to s e e  how such a compound arises from do thi strom i n .  

The possib i l i ty exis t s  that the salicylic  a c i d  i n  fact ari s es 

from deoxydo this tromi n ,  pr esent i n  the s o lu t i o n  w i th do thi s tro-

m i n .  Exp eriments w i t h  D2o ( repl � c i ng H
2o ) , labelled  dothis tro-

m i n , and par t ially m e thylat ed derivatives of do thistromin could 



p rovide  an answ er to the i dent i ty o f  the  pre cursor o f  the  

sal i cyl i c  ac i d .  

Hydrolys is of the Acetal Group o f  Dothi stromin P enta-Methyl 

Ether ( 78 )  
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Hydrolys is  o f  the  methyl a c e tal group of  ( 78 )  with  ac etone 

and aqu . 1 0% H2so4 at 80- 90°C for 24 hr , gav e the hem ia c e tal 

d er i vative  ( 88 ) . The new c ompound had a lower Rf value than the 

s tart ing ma ter ial on TLC , as exp e c t ed , and mass spectros c opy 

confirmed the  molecular formula as  c22H20o9 • I ts mass s p e c t rum 

was qui te  d i f ferent from that of the  do this tromin te tra-me thyl 

e ther derivative  ( 79 )  in  wh i ch the benzyl i c  hydroxyl group i s  

free . 

Oxidation o f  the Hemiac etal ( 88 )  t o  the Lact one ( 89 )  

Oxidat i o n  o f  the hemiac etal ( 88 )  w i th sodium di chromat e i n  

glacial a c e t i c  a c i d  allowed  is olat i o n  o f  a c ompound o f  h i gh e r  

Rf value o n  T L C  than t h e  s tart ing mater ial . Mass spe c t ra l  exam

i nation revealed  the exp e c t e d  mo l e c u lar formula c22H1 8o9 for the 

lac tone ( 89 ) . S imilar oxi dati ons o f  a vers i colorin hem i a c e tal 

derivat ive  ( Hamas aki e t  al . ,  1 967 ) , and of  c lerodin hem i a c e tal 

( Bar ton et  al . , 1 96 1 ) hav e been  r epor t e d .  



C HAPTER 9 .  DEOXYDOTHISTROMIN AND 0'1'H1"'R CO-HETABOL ITES 

OF DOTHISTROMIN 
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vu h e n  labora t o ry cultures o f  D . pini are  extra c t e d  w i th e thyl 

ac etat e ,  a numb er of co-me t ab ol i t es are  extrac t e d  t o ge ther w i t h  

doth i s tromi n .  Thus , TLC exam i nation  o f  a crude e thyl  a c e ta t e  

culture i ndi cates the  presenc e o f  a numb er  o f  coloured c ompounds 

apart from the ma j or colour e d  me taboli t e , dothistrom i n .  I t  

would appe ar that some of  t h e s e  co loure d  co-metab o l i t es also have 

a hydroxyanthraqu i none chromopho r e , w i th at leas t one a - hydroxyl 

group in the anthraquinone nu cl eus , as they give a purpl e c o lour-

a t i on w i th a lkal i . 

One o f  the m a j o r  co-metab ol i t es i s  de oxydo th i s tromi n ;  thi s  

travels  w i th do this tromin on  TLC . The molecular formula for 

d eoxydothis tromin was estab l i shed  as c 1 8H1 2o8 . On the b as i s  o f  

all the  e v i d ence  ac cumulated  during the  thesis inves t i ga t i on 

( TLC , mass s p e c t r o s c opy , CCD , abs o rpt i o n  spectro s copy , chem i c al 

reac t i ons ) i t  is  concluded that de oxydothis tromin has e i ther 

s truc ture ( 90 )  or ( 9 1 ) .  Thus mass spectroscopy ( s e e  pages 1 2- 1 3 ;  

page 23 ) shows that deoxydo t h i s tromin fragments b y  loss  o f  a 

formyl rad i c al followed by loss  o f  the s am e  neu tral fragment  

c2H4o ( m/e 44) lost  by dothi s trom i n ,  wh i l s t  absorp t i o n  spec tro

s copy ( s e e  pages 35-38 ) i s  cons i s t ent w i th ei ther ( 90 ) or ( 91 ) ,  

but c l early no t ( 92 ) or ( 93 ) . 

A yel low m e t ab o l i t e  was i dent i f i e d  during the CCD inv e s t i 

gat i o n  ( s e e  page 23 ) ,  formul a  c20H 1 6o7 , WJ 368 . This s ame p ig

ment was de t e c t e d  i n  c ulture extracts , and thus app ears to b e  a 

genu i n e  co-metab ol i t e  and no t an artefac t .  It app e ars on TLC 
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a t  a higher 11 valu e than dothis trom i n .  This  c ou l d  b e  a dime t hyl 

di - d e oxy derivat i v e  of do thi s tromin . I ts mass s p e c trum show e d  
I 

the loss  o f  a r eu tral fragment  c
3H6o ( m/e 5 8 )  from the mole cular 

i on to  g i v e  an : .on at  m/e 3 1 0  ( v eri fi e d  by a me tastable peak ) . 

Some cultur �' extracts have given r e d  p i gment who s e  mass 

spec trum has show.� a small amount of  a c ompound w i th a mole cular 
\ 

i on o f  compos i ti on c
1 8H1 0o9 ( MW 370 ) , i n  an otherw i s e  normal 

dothi s tromin/deoxydo thistromi n mass sp e c trum . Thi s  c ould be the 

lac tone  ( 94 ) , o c curri ng as a co-metab o l i t e  or  an oxi dat ion 

art e fa c t . 

By analogy w i th the  afla t oxins , s te ri gmatocys t i ns and 

v ers i colorins ( s e e  app endi x )  i t  would not s e em unreas o nable t o  

pred i c t  that t h e  1 1 s aturat e d "  deriva t i v e  ( 95 )  and t h e  j funsaturat ed"  

der ivative  ( 96 )  o f  dothistromin m i ght be  i s o lat e d  as metab o l i t e s  

of  12 · pi ni . The 1 ' saturat ed i l  deriva t i v e  ( 95 )  ( MW 356 ) has the  

same formula ,  c
1 8H 1 2o8 , as  deoxydo thi s t romi n ,  whi l s t  the "un

sa turat ed"  deriva t i v e  ( 96 )  ( M\!1 354 ) , c o ul d  b e  present  as a e o -

me tabo l i t e , o r  i t  c ould  be produ c e d  as an artefact b y  d e -

hydration  o f  t h e  hemiac etal derivat i v e . I t  woul d  b e  di f f i c u l t  t o  

de t e c t  this comp ound i n  t h e  presence  o f  do this tromi n  by mass 

spec tros copy , si n c e  do this tromin i ts e l f  loses  the e l ements o f  

wat er  i n  the mass s p e c trom e t er to give an i on at m/e 354 . 



CHAPTER 1 0 .  POS S IBLE CARCINOGEN I C I TY OF DOTHISTROMIN 

ITS CO-METABOLITES , AND ARTEFACTS 
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I n  v i ew o f  the p o t ent car c i nogen i c i ty o f  some o f  the 

a f latoxi ns , and car c i no geni c i ty o f  s t e r i gmatocys t i n  ( s ee  App endi x ) , 

i t  appears that the di hydro furo [2 , 3- b] b enzo furan ( 97 )  m o i e ty , o r  

the  t e trahydro derivative  ( 98 )  o f  thi s , c o u l d  be an i mportant 

feature conferring or c ontribu ting carc inogenic  prop e r t i e s  on 

sui tabl e  polycyc l i c  mol e cules containi ng this  feature . For this  

reason , dothis tromi n ,  i ts co-metabo li t e s ,  a n d  i t s  vari ous 

artefa c t s  and der ivati ves  should be handled  and treated w i th the 

utmost c au t i o n ,  a s  r e commended b y  Goldb l a t t  ( 1 96 9 )  i n  t h e  c as e  

o f  the aflatoxins . The same comment appl i es to  cul ture s ,  culture  

extrac t s , spores , and spore suspens i ons o f  £· pini . 

Al though do thi s tromin i ts e l f  has a hemiacetal group i n  the 

furobenzo furan sys t em , and th is  feature app ears to  nul l i fy the 

carc inogeni c a c t i v i t y  of aflatoxi n ,  i . e .  aflatoxins B2 a  and G2 a  

whi ch hav e such a feature , do no t exhi b i t t h e  potent c ar ci no -

geni c i ty o f  aflatoxins B 1 and G1 , i t  should be  borne i n  m i n d  that 

e limina tion  o f  the hemiace tal group by d e hydration would produ c e  

t h e  unsa turat ed derivative  ( 96 ) . Thi s unsaturat ed  derivati v e , 

analogous to  aflatoxin  B 1 and s t erigmat o c ys t i n ,  could well  b e  a 

metabol i t e  o f  Q .  pin i  under c er tai n culture  cond i t i ons , or  o f  

d i fferent s trai ns o f  D .  pini  than t hose  us ed  i n  the present 

i nves t i ga ti o n . 



CHAPTER 1 1 . THE SYNTHES IS AND BIOSYNTHES IS 

OF DOTHIS TROMI N  

The Synthe s i s  o f  Dothis tromi n  

1 02 . 

I t  should b e  poss i bl e , in  principl e , to  synthes i s e  

d o th i s trom i n  b y  f i r s t  prepar ing the required subs ti tuted t e t ra

hydro furo [2 , 3- b] benzo furan and then to form the an thraquinone 

nucleus on  this by sui tab l e  �cylat i on and cyclisat ion reacti ons . 

The subs t i tu t e d  te trahydro furo � , 3-b] b enzo furans are now reason

ably a c c e s s i b l e  synth e t i c  c ompounds , largely be cause o f  the work 

o f  BUchi e t  al . on the synthesis  o f  the aflatoxins ( s ee  Append i x )  

and Roberts and eo-workers on the synthes i s  o f  0-me thyl s t eri gmato

cysti ns and 0-me thyl av e rs i n  ( s e e  Appendi x ) . Thus , after  

synthe s i s  o f  the  subs t i tu t e d  tetrahydro furo [2 , 3- b] benzo furan , 

Fri e d e l-Crafts acyla t i o n  wi th 3 , 6-dime thoxyphthali c  anhydride , 

followed b y  a c i d  catalys ed  cyc lisati on , as i n  the usual c lassi cal  

me thod of  format ion of  the  anthraquinone nuc l eus , could  then b e  

at t empted . Howev er , the labili ty o f  the hemiace tal group , and 

the t e trahydro furofuran sys tem i t s e l f  to the rigorous a c i di c 

c ondi t i ons o f  the final r i ng closure could pose  a maj o r  problem 

w i t h  this metho d . A far more  promising approach to thi s  s tage 

o f  the syn thes is  woul d  be to apply the method us e d  in the r e c en t  

synthesis  o f  0-me thylav e r s i n  ( Holmwood and Roberts , 1 97 1 ) .  I n  

t h i s  synthe s i s , an a c i d  chlori de func ti onal group is  i ntroduc ed  

into  the  sub s t i tuted t e t rahydro furo [2 , 3- b] benzofuran , which  i s  

t hen c onv erted  into the  des ired anthraquinone by a new type o f  

polyhydroxyanthraquinone  s ynthes i s  ( Davies  e t  al . , 1 969 ; Hassall 

and M organ , 1 970 ) , i n  whi c h  the final ring c losure is  achieved 
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und e r  alkali n e  condi t i ons . I t  would  probably b e  helpful t o  u s e  

t h e  lac t one d e rivat ive  o f  the te trahydro furo [2 , 3- b] b enz ofuran 

during this s tage of the s yn thes i s  ( s e e  synthe s i s  of 0-methyl-

s te r i gmatocys t in , Ran e e  and Roberts , 1 970 ) . 

An alt ernat i v e  pos s i b i li ty is  to first  synthes i s e  the 

anthraquinone nu cleus , and then to cons tru c t  the di furo ring 

s ys t em o n  thi s . 

W i t h the recent  report  o f  the conversion  o f  s t erigmato cys t i n  

i n t o  d i hydroas p ertoxin ( Hut c hi nson and Holzap fel ,  1 97 1 ) n o w  t o  

hand , i t  would appear t hat  i nt roduc t i o n  o f  t h e  b enzylic  hydroxyl 

group c o uld w e l l  be carr i e d  out  as the final step  o f  the total  

s yn the t i c  s equenc e .  Thi s  woul d hav e the dual advantage o f  

s impli fying the  syn thes i s  o f  t he required  subs t i tu t e d  t e trahydro

furo � ,  3-� b enzofuran , and avo i ding probl ems as soci ated  w i th the 

labi l i ty of b enzyl i c  hydroxyl groups . 

The Biosynthe s i s  o f  Dothis tro�in 

The bi osynthesis  of the a flatoxins has b een  investigat e d  

( Bi o l la z  et  al . ,  1 970 ; �lswor thy e t  al . , 1 970 ) . Thus Biollaz  

e t  al . show e d  by d egrada t i v e  s tudies  on radioac t i v e  aflatoxin B1 
r 1 4 ;1. r: 1 4 ;-J p r epar e d  by fermentation  o f  added L1 - � - and L2- CJ -acetates  

and  o f  m e thyl- 1 4C-meth i o ni n e , that the  carbon skele ton i s  derived  

e n t i rely from ac e t i c  a c i d , and  sugge s t e d  the  int ermediary of  a 

s i ng l e  p olya c e tate chain .  A hypotheti cal pathway was propos e d , 

i n  whi c h  the formation o f  a d i furohydroxyanthraquinone from an 

endoperoxyanthraquinone is p o s tulated to o c cur . 

B i o synthe t i c  s tudi es  ( Tanabe e t  al . , 1 970 ) w i th 
1 3c enri ch

ed a c e ta t e  on  s t erigmato cys t i n , showed , by the use o f  
1 3C-NMR 
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me tabo l i t e . 

b i ogen e t i c  origin o f  

Thus , s odium [1 - 1 3cJ 
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all  the carbon at oms i n  this  

� 1 3 J a c e tate ( 56%) and s o dium L2- C 

ac etate ( 6 1 % )  w e re i ncorporated  i n  s eparat e  cultures to  give  the 

1 3c labelled  s t erigmatocys t i ns . 

From the above work on the aflatoxins and s t erigmatocys t i n , 

and from consi derat i on o f  the fac t  that a numbe r  o f  fungal 

anthraquinones have been  shown to be a c e tate  derive d , i t  s e ems 

l i kely that dothistromin is  c ompl e t e l y  ace tate derive d . I t  would 

be inter e s t ing t o  know whe ther labell ing s tudi es on d o t hi s t romin 

r ev eal a p a t t ern cons i s t ent  with the i nvolvement of  an endoperoxy-

anthraqui none  as propos e d  by Bi ollaz  � al . ( loc . c i t . ) for the 

aflatoxins . The elegant 1 3c t e c hni que des c ribed abov e , c i rc um-

vents the older , tedious and time- c onsuming degradat iv e  t e c hnique 

for label d e t erminat ion , and i s  c l early the method o f  c ho i c e  for 

proving the b i ogene t i c  origin of the c arbon atoms in  a me tabo li t e  

such as dothis t romin . 
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GENERAL SUMMARY AND CONCLUSIONS 

The fungus Dothi s troma pi ni , a n e edle pathogen o f  P i nus 

radi ata and o ther p i nes , produ c es a number of  c o loured m e tab o l i tes  

when  cultur e d  on an  aqueous mal t  medium . One o f  these  me ta-

bol i t es , a r e d  p i gment extra c tabl e wi th e thyl a c e tate , had 

previously b e e n  i mpl i c ated  as a toxin  due to  its toxi c i ty to 

Chlorella pyreno i dosa (a  uni c ellular green alga ) . The same red 

p i gment was also  obtainab le from p i ne needles c o l le c t ed  from 

naturally i n f e c ted  trees . This  the s i s  was c onc erned w i t h a 

d e ta i l ed i nv e s t i ga t i o n  into  the nature and chara c t erisat i o n  o f  

the r e d  p i gment . 

The i nv e s t i gati o n  fi rst  establ i s h e d  that the red  p i gment  

was  a mixtu r e  o f  two  c los ely relat e d  c o mpounds o f  mole cular 

formulae c 1 8H 1 2o9 and c 1 8H 1 2o8 ( as d e t ermined by h i gh resolu t i o n  

mas s sp ectros copy ) . The forme r ,  whi ch was pres ent i n  great e r  

amount , was named do this tromin , and t h e  latter was named  deoxy-

dothis tromin . 

A de ta i l ed chemi cal  i nves ti ga t i o n  revealed tha t do thi s t romi n 

was a subs t i tuted trihydroxyanthraqu i none . Thus , by i ts rev er

s i b l e  oxida t i on-redu c t i on w i th alka l i n e  di thioni te , i ts c o l ou r  

r eac ti on w i t h  alkalj , i ts c o lour reac t i ons with m e tal i ons i n  

s olu t i on , i ts fluores c ence  proper t i es , i ts v i sible  abs orp t i o n  

spec tra , and i ts degrada t i on t o  2-m e thylanthrac ene on z i n c  dus t 

d i s t i llat i o n , do thistromin was shown t o  poss ess a B - alkyl- tr i -a -

hydroxyanthraquinone c hromophori c  mo i e ty .  

Acetyla t i o n  o f  dothis tromin allowed  i s o lat i on o f  c rys tal l i n e , 

opti cally a c t i v e  dothi s t romin penta- a c e tat e ,  whose  formula was 
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c o nclusively  es tabl ished  as ( 23 ) . Numerous other derivatives  o f  

do this tromin  were  prepare d , and these included the crys tal l i ne 

derivat ives do thi stromin e thyl e ther tetra-aceta t e , formula ( 52 ) , 

do thi s tromin  ethyl ether t r imethyl e ther , formula ( 68 ) , and 

dothis tromi n penta-me thyl e ther , formula ( ? 8 ) . The propert i es 

o f  these  derivatives , and the  properties  and reacti ons o f  

dothi s t romi n  allowed pos tulation  o f  s truc ture ( 38 )  for dothi s tro-

m i n .  The probab i l i ty that i n  solution dothi stromin exi s ts a s  a 

c omplex equ i l i brium mixture ( see  S cheme 1 )  i s  d i s c ussed  in  s ome 

d e ta i l  in  Chap . 7 .  

A n  outs tanding featur e o f  the st ruc ture o f  do thi s tromin , i s  
- I 

the presenc e o f  a sub s t i tu t e d  furo L2 , 3-bj benzofuran m o i e ty . A 

number o f  fungal metabo l i t es are known to possess  this feature , 

and they are all r elat e d  t o  the p o t ently carc inogenic  and toxic  

aflatoxins . The s tru c tures  o f  the aflatoxins ( and the rela t e d  

fungal metab ol i tes  s t e r i gmat o cys t in , av ers i n , versi colorin , and 

derivat ives of these ) hav e only recently b e e n  det ermined , and i t  

i s  for tunate that data on  s om e  � c e tate derivatives of  a few o f  

t h e  aflatoxi ns was pub l ished  dur i ng the cours e o f  this  inves t i -

gat i o n , a s  this  data grea tly  fac i l i ta t e d  dedu c t i o n  o f  t h e  s t ru c ture  

of  dothistromin penta- a c e ta te . In  v i ew o f  the  close  s truc tural 

s i m i la r i ty of do thi s tromin to s te r i gmatocys t i n , and to a lesser  

extent , to the  aflatoxi ns , a discussion  ( Chap . 1 0 )  on the 

pos s i b l e  car c inogeni c i ty o f  dothis tromin , i ts co-metaboli tes , and 

ar t e fa c t s , i s  i ncluded .  

A notewor thy struc tural feature o f  do thi stromin  i s  the 

�ac t i v e  hem i a c e tal group : doth i s trom i n  unde rgo es  fac i l e  a c i d-

c atalys e d  mono- alkylat i o n  and mono-ace tylat i o n .  
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A number o f  heavy atom derivat i v e s  o f  doth i s t romin w e r e  

p repared . T h e  s t ructur e and abso l u t e  c onfiguration  o f  o n e  o f  

thes e ,  dothi s trom i n  bromo - e thyl e ther  t e tra-ac e tat e ( 85 ) , was 

d e t ermine d by an x- ray crys tallo graphi c di ffrac t i o n  s tudy . This 

confirmed the  s truc tures proposed in this  thes i s , and also 

allowed the absolu t e  configurat ion o f  the  c i s- fused  furo ri ngs 

of dothistromin  to be  deduc e d .  D o this t romin and i ts der i v a t i v e s  

hav e t h e  sam e  absolute  configura t i o n  a s  the aflatoxins . 

The mas s s� e c trum o f  dothistromin  and a number o f  i ts 

d e rivat ives show an i n t eres t i ng and charac teris t i c  fragmenta t i on 

due to loss o f  the formyl radi cal CHO " ( m/e 2 9 )  and , i n  the c as e  

o f  dothistro m i n , l oss o f  the neutral fragment c2H4o C m/e 44 ) . 

Loss o f  a homologous neutral fragment  was also charac t e r i s t i cally 

shown by a numbe r  o f  the  dothi s tromin  derivatives . Fragmentati on 

s c hemes ( Scheme 2 and S cheme 3 )  w e r e  propos ed to rati onal i s e  the 

fragmentation of  dothi s tromi n .  

The s tru c ture of  deoxydo this tromin was shown t o  b e  e i th e r  

( 90 )  or ( 9 1 ) ( s e e  Chap . 9 ) , by  cons i deration  of  all  t h e  da ta 

o b tained dur i ng the s t ruc tural i nv e s t i gat ion  of  dothi s t romin ,  

desp i t e  the fac t that a t t emp ts to s eparate doth i s t romin and 

deoxydo thi s t romin by th in layer chromat o graphy were no t s u c c ess

ful .  A par t i al s eparat i on was howev e r  achi eved by the t e chn i que  

o f  counter current  distribu t i on . The  s truc tures o f  other  c o 

me tabo l i t e s  o f  do thistromin a r e  also  d i s cussed i n  Chap . 9 .  

The syn th e s i s  and b iosynthes i s  o f  d o th i s tromin i s  b r i e fl y  

d iscussed i n  Chap . 1 1 .  A t t empts at  t h e  syn thes i s  o f  dothis tromi n  

c o u l d  w e l l  b e  aimed  at  any o f  the m e t hyl der ivat ives  prepar ed 

i n  this  i nves t i ga t i o n .  
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EXPERIMENTAL SECTION 

GENERAL 

Mel ting p o i nts  were  d e t ermi ne d  on a Ko fler hot-s tage m i c ro

s cope  and ar e correc te d .  Ultrav i o l e t  and visible  absorp t i o n  

s p e c tra w e r e  recorded on a Unicam SP800 spec trophotome t e r  o r  a 

P e rkin-Elmer Model  402 spec tropho tome t e r .  Infrar ed s p e c tra w e r e  

rec orded on a B eckman IR-20 spec tropho t om e t e r .  Op t i cal ro ta t i ons 

w e r e  determined for CHC13 solu t i ons a t  20° on a Hilger and W a t t s  

S tandard Polarimeter . 

Mass s p e c tra were obtained w i th an AEI MS902 doub l e - fo c us i ng 

h i gh-resolution  mass spec trome t e r .  Low res olut ion  s p e c tra w e r e  

r e c orded a t  a r esolu t i o n  o f  e a .  1 000 ppm , and ac curat e  mas s 

measurements w e r e  made  by the peak mat c hing technique on the  

o s c illoscop e , at  a resolving power  o f  ea .  1 0 , 000 . Unless  o t her

w i s e  s tate d , all spec tra were run by us e of the dire c t  i ns e r t ion 

prob e .  Where  data from a mass s p e c trum are  quo ted , this  is  

generally for the  most prominent  p eaks in the  upper mas s region 

of  the  spec t rum ; m *  denotes  trans i t ions for whi c h  sat i s fa c t o ry 

me tas table  p eaks were  obs erved on  char t . 

Nuc lear magn e t i c  r e sonance  ( NMR ) s p e c t ral measurements were  

d e t ermined o n  a JEOL JNM-C-60HL h i gh r esolution nuclear magne t i c  

res onance  s p e c tromet e r  o r  a Varian HA- 60 NMR spe c trome t e r . The 

spectral data are given i n  the f o l lo w i ng order : pos i t i o n  o f  

p eak ( o  value i n  ppm downfi eld from TMS ) , number  o f  protons , 

peak mul t i pl i c i ty , and ass i gnmen t .  The peak mul t i pl i c i ti e s  are 

abbreviat e d  by s ,  d ,  t ,  q ,  and m ,  whi c h  re fer to s ingl e t ,  

doublet , t r i pl e t , quar t e t , and mul tipl e t ,  resp e c tively . 



Thin layer  c hromatography ( TLC ) was carried  out on 0 . 2  mm 

thi c k  layers o f  Herck 

preparative TLC ( prep . 

thi c kness of  approx . 1 

s i l i c a  gel 

TLC ) , the 

G unl ess  o therwi s e  

same ads orbent was 

mm , on s quar e glass plat es 20 

the prep . TLC plates were activated by drying for at 

at 1 20° . 

Gas liqui d chromatography ( GLC ) was c arri ed  out  

s t ated . For 

u s e d  at a 

cm  x 2 0  cm ; 

least  8 hr 

using a 

Varian Aerograph S er i e s  1 740 ins t rument , w i th an FID d e t e c t o r . 

A 5% QF- 1 /Chromosorb W column (-iJ:- "  diam . , 6 '  long , s tainless  

s t e e l ) was  used  for both  analyti cal GLC  and prep . GLC , with  a N2 

flow  ra te  of 77 ml/min . For prep . GLC , a 1 : 1 0 s tream spl i tt e r  

was connected  t o  t h e  input o f  the FID d e t e c tor . 

PREPARATION OF R EFERENCE COMPOUNDS AND REAGENTS 

1 -Chloro- 4-methylanthraguinone : s e e  p age 40 . The anthraquinone 

was obtained as thin  yellow needles e x  toluene , m . p .  1 64° , l i t .  

valu e  1 64-5° ( He ller and S c hulke , 1 909 ) , 1 63-4° ( Mellier , 1 956 ) . 

1 -M e thylanthrac e ne : s e e  page 40 . Zinc  dus t  dis tillat i on o f  

1 - chloro-4-me thylanthraqui none a t  400° C und er an atmosphere o f  

hydrogen gav e 1 - me thylanthrac ene , whi t e  n e e dles ex EtOH , m . p .  

84- 8 8° , li t .  value 85- 86° ( Fi s cher and Sappe r ,  1 91 1 ) ,  84- 85° 

( Klemm e t  al . ,  1 963 ) . 

1 - and 2-Ac e tylanthrac ene : s e e  page 42 . The Fri edel-Crafts 

acyla tion produ c t  gav e ye llow crystals from benz ene , whi c h  w e r e  

shown by TLC and GLC t o  b e  a mixture o f  t w o  compounds . Mass 

sp e c tral exami nation  s howed  only one m o l ecular i on ,  m/e 220 , 

cons i s t ent  w i t h  the  m ixture b eing 1 - and 2-acetylanthra c en e .  

Repeated frac t i o nal c rys tallisation  gav e 1 -ac etyl- and 2-ace tyl-
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anthrac ene , both  i s omers b e i ng sl ightly  cross-contaminat ed , as  

shown by GLC ( Rt 1 - i some r , 5 . 5  min ; Rt  2 - i somer , 7 . 8 min , column 

at 225° C ) . The 2-ac e tylanthrac ene , pur i f i e d  by prep . TLC , had 

m . p .  1 91 - 1 93° , l i t .  value 1 95 . 5- 1 96° ( Gore  and Thadani , 1 966 ) . 

Mas s spec trum , m/e ( %) : 220 ( 76 )  ( N+ ) ,  205 ( 77 ) , 1 77 ( 1 00 ) , 

1 76 ( 50 ) , 1 5 1 ( 2 1 ) ,  1 50 ( 1 5 ) , 88 . 5  ( 24 ) , 8 8  ( 42 ) , m * : 220 � 

205 � 1 77 � 1 5 1 . 

2-Ethylanthra c e ne : s e e  page 42 . The 2- e thylanthra c e ne from the  

Wolf-Ki shner r e duc tion  had an  Rt  o f  8 . 5 m i n  on  GLC  at  1 80°C .  

Mass spec trum , m/e ( %) : 206 ( 1 00 )  ( M+ ) ,  1 9 1 ( 47 ) , 1 89 ( 1 3 ) , 

95 . 5 ( 1 0 ) , m * : 206 � 1 91 . 

1 ,2-Diacetoxyb enzene ( 1 0 ) : s e e  page 55 . Prepar e d  by  ac e tyla t i o n  

of  cate chol in 1 0% aqu . NaOH , wi th Ac2o ( Chattaway , 1 93 1 ) .  Mass 

spec trum , m/e ( %) : 1 94 ( 1 4 )  01+ ) ,  1 52 ( 29 ) , 1 1 0 ( 1 00 ) , m * : 

1 94 -7 1 52 � 1 1 0 .  

1 ,2 , 4-Triace toxyb enzene ( 1 1 ) , and 1 , 2 ,4- triacetoxynaphthalene ( 1 2 ) : 

s e e  page 55 . Pr epare d  by the Thi e l e  a c e tylation o f  p-benzo-

quinone and 1 , 4- naphthoquinone , respe c t i ve ly ( Burton and Prail l , 

1 952 ) . Mass s p e c trum ( 1 1 ) ,  m/e ( %) : 252 ( 7 ) ( M+ ) ,  2 1 0  ( 1 4 ) , 

1 68 ( 4 1 ) ,  1 26 ( 1 00 ) , m * : 2 52 � 2 1 0  -7 1 68 � 1 26 � 97 . Mass 

spe c trum ( 1 2 ) , m/e ( %) : 302 ( 8 ) ( M+ ) ,  260 ( 1 2 ) , 2 1 8  ( 2 7 ) , 1 76 

( 1 00 ) , 1 7 5  ( 1 5 ) , 1 47 ( 7 ) , m * : 302 --? 260 --? 2 1 8 � 1 7f1 � 1 47 .  

1 ,2 - d i a c e toxyanthraguinone ( 1 3 ) , 1 ,4- d i a c e t oxyanthraguinone  ( 1 4 ) , 

1 ,8 - d i a c e toxyanthraguinone ( 1 5 ) , 2 , 6- d i a c e t oxyanthraguinone ( 1 6 ) , 

1 , 2 , 4- triacetoxyanthraguinone ( 1 7 ) , and 1 , 215,8- t e traac e toxy

anthraguinone ( 1 8 ) : The s e  c ompounds w e r e  all prepared from the  

appropriat e hydroxyanthraqu inone by acid  catalys e d  a c e tylat i o n  

( a  f ew drops o f  c o ne . H2so4 added t o  a s o ln . o f  t h e  hydroxy-



anthraqui none i n  Ac2o ) . All  the  a c e tates  show e d  the exp e c t e d  

mass s p e c tral fragmentat i o n . Mass spec tra : s e e  page 47 and 

page 52 ; NMR : s e e  page 55 ; abs orp t i on spec tra : s e e  page 59 ; 

Rub i ad in- 1 methyl e ther ( 28 ) : s ee page 59 . Damp bark ( 460 g )  

e x  C .  Aus tral i s  was extra c t ed w i th ac e tone , and t h e  produ c t  
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worked up according to the m e thod  o f  Briggs and Dacre  ( 1 948 ) , to  

giv e f i ne yellow needles  ( 820 mg)  ex HOAc , m . p .  2 92° , li t .  m . p .  

2 9 1 ° ( Jo nes and Roberts on , 1 930 ) , 302° ( Briggs and Dacre , lo c .  

c i t . ) .  A max ( EtOH ) : 240 , 245 , 281 , 360 . Mass s p e c trum , m/e ( %) : 

268  ( 1 00 ) ( I-1+ ) , 253 ( 45 ) , 2 5 1  ( 23 ) , 250 ( 33 ) , 239  ( 31 ) ,  225 ( 1 1 ) ,  

223 ( 1 3 ) , 222 ( 1 9 ) , m * : 268  � 250 , 268  -7 239 . 

Rub i adin- 1 methyl e ther- 3- a c e ta t e  ( 2 9 ) : A c e tyla t i o n  of  ( 2 8 )  w i th 

Ac 20/pyridine gav e the ac e ta t e  ( 2 9 ) , yellow ne edl e s  from EtOAc , 

m . p .  1 83° , l i t . m . p .  1 74° ( Jones  and Robertson , 1 930 ) , 1 83° ( Briggs 

and Dacr e , 1 948 ) . NMR ( CDC 13 ) ,  7 . 88  ( 1 H ,  s ,  Ar-H ) , 3 . 95 ( 3H ,  s ,  

-OCH3 ) ,  2 . 38 ( 3H ,  s ,  � -OAc ) ,  2 . 25 ( 3H ,  s ,  -CH3 ) .  Absorp t i o n  

sp e c tra , s e e  page 6 1 . M a s s  sp e c trum , m/e ( % ) : 3 1 0  ( 1 00 ) ( M+ ) ,  

268  ( 1 00 ) , 253 ( 59 ) , 25 1  ( 39 ) , 250 ( 5 1 ) ,  239 ( 43 ) , 238 ( 22 ) , 

m * : 3 1 0  � 268  -7 1 50 ,  2 6 8  -7 239 . 

Rubiadin  ( 3 1 ) :  Rub iadin- 1 m e t hyl e th er ( 28 ) , ( 250 mg ) , was 

hea t e d  w i th cone . H2so4 ( 5  ml ) in a sealed  glass tube at 1 50° C 

for 1 2  mi n ,  the  cooled produ c t  was poured into wat e r , the olive  

gre en  pp t e .  c ol l e c ted , d i s s olved  in HOAc , treated  w i t h  decol . 

c harcoal and f i l t ered , t o  g i v e  orange- yel low mi c ro prisms ( 1 00 

mg , 42%) , m . p .  2 90° , li t .  m . p . 2 90° ( Jones and R o b e r tson , 1 930 ) , 

302° ( Bri ggs and Ni c holls , 1 949 ) . Mass s p e c trum , m/e ( % ) : 254 

( 1 0 0 )  ( M+ ) ,  236 ( 2 ) , 226 ( 6 ) , 2 2 5  ( 6 ) , 1 99 ( 4 ) , 1 98 ( 2 ) , 1 97 ( 4 ) , 

m * : 254 � 2 36 � 226 , 254  � 225 . 
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Rub iadin-3  m e t hyl e ther ( 32 ) : Me thylat i o n  of  rub iadin ( 31 )  w i th 

dime thyl sulphate in  re fluxing ace tone over an . K2co3 for 1 2  min , 

gav e a y ellow s o l i d  shown by mass s p e c tros copy t o  b e  a mixture o f  

two c omponent s ,  MW 268 and 2 82 . Column c hromatography ( us i ng 

TLC grade s i l i ca gel G )  w i t h  t oluene allowed s eparation o f  a 

yellow compound , homogeneous by TLC . Crys tallisati on  from 

toluene gave yellow needl e s  o f  ( 32 ) , m . p .  1 90- 1 92 ° , l i t .  m . p .  

1 86° ( Jones and Roberts on , 1 930 ) . A max ( EtOH ) : 242 , 246 , 276 , 

335 , 394 , 41 4 .  Mas s s p e c trum , m/e ( % ) : 268 ( 1 00 ) ( M+ ) , 253 ( 1 0 ) , 

251  ( 1 0 ) , 250 ( 33 ) , 239 ( 24 ) , 238 ( 22 ) , 225 ( ? ) , m *  268 -7 250 , 

2 6 8  � 2 39 . 

Rub i adin-3  me thyl e ther- 1 - a c e tate  ( 30 ) : Ac etyla t i o n  o f  ( 32 )  wi t h  

Ac20/pyr i dine gav e the a c e t at e  ( 30 ) , yellow nee dl e s  from e thyl 

a c e tate , m . p .  1 98- 200° , l i t .  m . p .  200° ( J ones and Robertson , 1 930 ) . 

NMR ( CDC1
3 ) ,  7 . 59 ( 1 H ,  s ,  Ar-H ) , 3 . 98  ( 3H ,  s ,  -OCH3 ) ,  2 . 49  

( 3H ,  s ,  �-OAc ) ,  2 . 1 4  ( 3H ,  s ,  - CH3 ) . Absorption s p e c tra , s e e  

page 6 1 . Mas s  spec trum , m/e ( % ) : 3 1 0  ( 5 )  ( M+ ) ,  268  ( 1 00 ) , 267  

( 1 0 ) , 253 ( 9 ) , 251  ( 1 0 ) , 2 50 ( 53 ) , 239 ( 22 ) , 238 ( 1 7 ) , m* : 3 1 0 -7 

268 � 2 50 ,  2 6 8  � 239 . 

R e s o r c i nol mono-me thyl e ther-d
3 

( 58 )  and Resorc inol di-me thyl 

ether-d6 ( 59 ) : Resorc inol  ( 3 . 0 g ,  27 . 3  mmole ) i n  ac etone ( 25 ml ) 

c o n taining an . K2co3 ( 2 . 07 g ,  1 5 . 0  mmo l e ) and CD3I ( 2 . 0  g ,  1 3 . 8 

mmo le )  was heated  under r e flux for 6 hr . The ac e tone was evap t ' d  

unde r  vacuo , the produ c t  a c i d i fi e d  and extrac t e d  w i th b enzene . 

The benzene l ayer was washed w i th H2o to  r emov e unchanged 

r e s o r c i no l , then ext ' d  with aqu . NaOH , the NaOH layer a c i d i f i ed 

and ext ' d  wi t h  b enzene t o  g i v e , after evapt 'n  o f  b enzene and 

d i s t i l la t i on under vacuo , the des i red me thyl e th e r - d3 ( 58 )  
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( 1 . 02 g ,  8 . 0 mmol e ) .  From the  ini t i al b enzene layer was o b t ai ned 

the  dime thyl e th e r - d6 ( 56 )  ( 0 . 34 g ,  2 . 4 mmole ) , to tal produ c t  

y i e l d  75% ( ba s e d  on  cn
3r ) . Mass sp e c trum ( 58 ) , m/e ( % ) : 1 27 

( 1 00 )  ( !"!+ ) ,  1 26 ( 4 ) , 1 25 ( 1 ) , 98 ( 7 ) , 97 ( 1 4 ) , 96 ( 1 0 ) , 95 ( 42 ) , 

8 1  ( 1 9 ) , m* : 1 27 � 98 , 1 27 --; 97 , 1 27 __.., 96 , 1 2 7  � 95 . !"lass  

s p e c trum ( 59 ) , m/e  ( % ) : 1 44 ( 1 00 )  ( fvl+ ) ,  1 43 ( 4 ) , 1 42 ( 1 ) ,  1 1 5 

( 5 )  , 1 1 4 ( 2 1  ) , 1 1 3  ( 4 )  , 1 1 2 ( 1 5 )  , 98 ( 1 7 )  , So ( 20 ) , m * : 1 44 _, 

1 1 5 ' 1 44 � 1 1 4 '  1 44 __.., 1 1 3 '  1 44 __, 1 1 2 . 

2-Bromo e thano l : 2- bromo e thano l , b . p .  47-52°/1 4 mm Hg , l i t . b . p .  

47- 5 1 °/1 5 mm ( Thayer  et  al . ,  1 932 ) , was ob tai ned from e thyl e n e  

oxide  a n d  HBr . N H R  ( CDC13 ) ,  e a .  3 . 9  ( 2H ,  m ,  -CH2-0H ) , ea . 3 . 5 

( 2H ,  m ,  -CE2-Br ) . Hass s p e c t rum , m/e ( % ) : 1 26 ( 1 3 )  ( M+2+ ) ,  

1 24 ( 1 3 )  ( M+ ) ,  97 ( 1 1 ) , 96 ( 8) ,  95 ( 1 7 ) , 94  ( 8 ) , 93 ( 6 ) , 45  ( 85 ) , 

44 ( 34 ) , 3 1  ( 1 00 ) . 

LABORATORY CULTURE OF DOTHISTROMA P INI  

Two isola t e s  o f  .£ • pini were  u s e d  for culture in the l ab-

oratory . One  i s olate  was provi ded by the  Fore s t  Res earch 

Ins t i tu t e , Rotorua , from the i r  s tock  c o l l e c tion . A s ec ond  

i s o late  was obtained  by  Mr . P . J .  Brunt from  dis eas e d  P i nu s  

rad iata needles from Te W era S tate  For e s t i n  Taranaki . 

S tock  cul tur es  w er e  maintained b y  s t reaking spores  on  1 0% 

mal t agar plates , and sub cul turi ng at i n t e rvals , t o  ensu r e  

viabl e culture s . 

To pr epare the  p lates , 25  g o f  agar ( Di fco ) was adde d  t o  

250 ml o f  1 0% mal t m edium ( s e e  below ) , and poured  i n t o  s c r ew 

cap p e d  b o t tles , whi c h  were  aut o c laved for  1 5  min at  1 5  p s i  and 

1 20° C . After c o o l i ng to  a t emp . j u s t  b el o w  40° C , the mal t 
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agar was pou r e d  into  s terile  petri  dishes . 

Aqueous Malt Medium : An aqu . mal t s o l n . ( 1 0% w/v ) was mad e  up 

by dissolvi ng the requ i r e d  amount of malt ( �ander Brand D r i e d  

Mal t " , type  500 LDE ,  ex  A .  ;Jander N . Z .  L td . , Chris tchur c h ) , i n  

h o t  dis tilled  water  st irred  b y  a magn e t i c  s tirrer . When the  

mal t had  dissolv e d , yeast  ( 5  g/l i tr e ) ( DYC 1 1 Acti v e "  Yeas t ,  

D ominion Yeas t Co . ,  Aucklan d )  was add e d , follow ed by c holes t erol 

( 20 mg/li tre ) .  After  ea . 1 0  min fur ther  s t i rring , the m edium was 

poured into c oni cal flasks . 

M o d i f i e d  Rau l i ns Medium : The following compounds were  d i s s olved 

i n  4 li tres of  warm water : sucro s e  ( 1 1 6 . 5  g ) , D+ tartari c  ac i d  

( 1 3 . 3  g ) , KH2Po4 ( 2 . 0  g ) , NH4No3 ( 1 3 . 5  g ) , K2co3 ( 2 . 0  g ) , M gC03 

( 1 . 3 g ) , Caso4 ( 0 . 8 g ) , Znso4
. 7H20 ( 0 . 3  g ) , FeS04 · 7H2o ( 0 . 3  g ) , 

thiamine HCl ( 2 . 5  mg) . The pH of  the  soln . was t hen ad j us t ed to 

pH  3 . 5  by the addi tion of NaOH , and then  1 l i tre of M c i lvaines  

buffer  was added . The M c i lvaines buffer  was prepared  by  

dissolv i ng Na2HP04 ( 1 4 . 2  g )  in  H2o ( 500 ml ) and citric  a c i d  

( 1 5 . 6  g )  in  H2o ( 750 ml ) and mixi ng 2 98 m l  of  the Na2HP04 s oln . 

w i th 702 ml o f  t h e  c i t r i c  aci d soln . t o  give 1 l i tr e  o f  b u f f e r , 

pH 3 . 5 .  Aft e r  s t i rring for e a .  1 0  m i n , the medium was pour e d  

i n t o  coni cal flasks and to  each flask was added fat- fre e  c a s e i n  

( 1 00 mg/1 00 ml  m e dium ) . 

I no culat ion and Cultur e : The conic al flasks containing cul ture 

medium were  autoclaved at 15  psi and 1 20° C for 15  min . 

I no culation w as carr i e d  out  by addi ng a water suspens i on o f  

D .  pini spores  ( pr epar ed by agi ta t i ng mal t-agar plate cul tures  

of  Q. pini w i th s t erile  water ) . The c ul ture  flasks w e r e  then 

shaken continuously on a gyra tory m e c hani cal shaker at 1 2- 1 8° , 



unti l  ready for harv es t .  W i th a h eavy ino culum , red p i gment 

p r o duc tion app eared  t o  hav e reache d a max . within 6- 1 0  days . 
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Extrac tion  o f  Red  P igment from D .  pi n i  Cultures : Exc ess  ethyl 

a c e tate  was added to  the  c ulture flask so that the flask could 

jus t be s haken rap i dly on  the gyra tory shaker  wi thout spillage 

o c curring , and the flasks shaken for ea . 8 hr . After  s tand i ng 

ov ernight , the orange coloured e thyl a c e t a t e  layer was care fully 

d e canted o f f , a fur ther quanti ty of fresh e thyl acetate  added t o  

the  flask , and t h e  above  e xtraction  pro c e s s  repeated . A fter  this 

s e cond  extrac tion , the to tal aqu . mixture was trans ferred to a 

large s eparating funnel , an equal volume o f  dis t illed  H2o added , 

the  funnel  s haken gently for ea . 2 - 3  min , and the  r e s i dual 

e thyl acetate  layer s eparated . The t otal e thyl acetate  extra c t  

w a s  then washed repeatedly wi th ali quo ts o f  distilled  H2o ,  

f i l t ered through a large fluted filter  pap e r , and the e thyl 

0 a c e tate evaporated under vacuo over the water bath , 40- 50 C ,  

us ing a ro tary evapora tor . Thi s  gave an amorphous red  powder , 

whi c h  contained a h i gh p e r c entage o f  the  d es i red red pigment ( as 

s hown by TLC ) . 

Puri f i cation  o f  R e d  P igment  by Prep . TLC : Approx . 40 mg o f  red  

p i gment extra c t  in e thyl a c etate  was  appl i e d  to a s i l i c a  gel 

c o a t e d  plat e ,  as a narrow b and less  t han 5 mm w i d e , by repeated  

s tr eaking wi th a fine  p ip e t t e . When the  plates  had b e e n  

developed  ( Et0Ac : CHC13 
= 60 : 40 )  suffi c i ently t o  resolve t h e  r e d  

p i gment from o th e r  c omponents i n  t h e  extrac t ,  t h e  red band o f  

adsorbent , R f  0 . 4 ,  w a s  s c raped o ff whi lst  s t ill w e t  w i t h  solven t ,  

i n t o  e thyl a c e tat e .  T h e  r e sul tant s lurry was then s haken v i gor-

ously wi th d i s tilled  H2o i n  a s eparat i ng funnel , the  orange 
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coloured  ethyl a c e tate layer s eparated  and washed  w i t h  d i s t i lled  

H2o .  The ethyl acetate  s o l n .  was then f i l tered and/or c e ntri

fuged ;  subsequent evaporat i on o f  the e thy� ac etate  under vacuo 

gav e puri f i e d  amorphous red p i gment . 

Counter Current  Dis tribut i o n : A 1 20 tube hand- operat e d  Craig 

CCD apparatus w i th a lower phas e ( s ta t i onary phas e )  volume of  

20 ml , and an upper phas e ( mo b i l e  phas e )  volume of  2 2 . 0 ml  was  

used . The tub es  w er e  numb ered  cons ec u t i vely from the f e ed- i n  

end o f  t h e  tub e bank . 

The borax bu f fe r  used  for  CCD run 1 was a 0 . 025M borax soln . 

made 0 . 1 M w . r .  to NaCl ; the p ho spha t e  bu f f er , u s e d  for  CCD run 2 ,  

was prepared f rom K3Po4 . H2o ( 460 g )  dissolved i n  2 l i t r e  H2o ,  to 

whi c h  was add e d  ea . 1 . 7 l i tre  1 . 0M HCl . 

V i s i b l e  Absorpt i o n  Spec tra o f  Red P igment : Red p i gment  ex  tube 

no . 1 5 , CCD Run 2 ,  see page 20 , had A max ( EtOH ) : 478 , 490 , 509 , 

523 . At  pH 6 . 5 ,  and assumi ng a homo geneous sampl e  containi ng 

only compound o f  MW 372 , calculat ed log c values  are : 3 . 8 1 , 3 . 84 ,  

3 . 75 and 3 . 68 ,  respectiv e ly .  

Examination o f  the R ed Pigment by Mass Spec tros copy :  Found : M ,  

372 · 047 8 .  c 1 8H1 2o9 requires  M ,  372 · 0480 . M2 , 356 · 0527 , c 1 8H 1 2o8 

requ i res  M ,  356 · 0531 . Also  found , m ,  354 · 0373 , c 1 8H 1 0o8 
= 

354 • 0375 ; 343 · 0462 , c 1 7H1 1 o8 = 343 · 0453 ; 338 · 0430 , c 1 8H1 0o7 = 

338 · 0426 ;  325 · 0348 , c 1 7H9o7 = 325 · 0348 ; 3 1 2 · 0268 , c 1 6H8o7 . = 

31 2 • 0258 ; 31 0 · 0474 , c1 7H1 0o6 = 3 1 0 · 0476 ; 309 · 0395 , c 1 7H9o6 = 

309 · 0398 ; 299 · 0 1 80 ,  c 1 5H7o7 = 2 99 · 0 1 92 ;  298 · 0460 , c 1 6H 1 o06 
= 

298 ' 0477 ; 297 ' 0 395 , c 1 6H9o6 = 2 97 · 0399 ; 283 · 0240 , c 1 5H7o6 
= 

283 · 0243 ; 28 1 · 0454 ,  c , 6H9o5 
= 2 8 1 · 0449 ; 272 · 031 8 ,  c 1 4H 8o6 

= 

272 " 032 1 ; 256 · 0395 , c , 4H8o5 = 2 56 · 0372 . 
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Zinc  Dus t Dis t i lla t i o n :  An  apparatus w a s  c ons truc ted  t o  enab l e  

the z inc dus t d i s t i llation  to be  c arri e d  o u t  under closely  

controlled cond i t i ons . Four 60 watt  e l e c tric  heat i ng el ements  

were bolted  to an  aluminium block  whi ch hud a hole  drilled  

through it  to  take  a pyrex tube , and  a l s o  a small hole  to  take  

a 0-520° C thermom e t er . A 15  mm  diam . pyrex  tub e , ea . 40 cm  

long , was  sealed  at  one end , and a B 1 4 cone  sealed  to the  o ther  

end . A glas s fi t t i ng with  a B 1 4  s o c k e t  was des igned which  

al lowed H2 
gas t o  flow  into  the  pyr ex tube and out  an exi t tube  

at  t he same  end . A trap i ns erted  in  t h e  exit  line , cons i s t e d  o f  

a Dres chel b o t t l e  c o ntaining glass b eads and toluene , and a glass 

coil  immersed i n  a container o f  liqu i d  a i r . 

The c ompound to be dis t i lled ( ea .  30 to  50 mg ) was thorough

ly m ixed  w i th 1 00 t i m es i t s  we ight o f  z i n c  dus t ( May and Bak e r  

Z i n c  Powde r )  a n d  t h e  mixture tampe d  d o w n  i n  the c l o s e d  e n d  o f  t h e  

pyrex tube . The s a m e  quan t i t y  o f  pur e  z i n c  dus t was then t amp ed 

down on top o f  t h i s , followed by a short  plug o f  glass  w ool . The 

tube was then i ns er t e d  through the alum i ni um block so that only 

the  pure zinc  dus t zone  was  w i thin  the block . The  apparatus 

was flus hed w i t h  H2 gas , t h e  H2 gas flow then turned to a s lo w  

rat e , and the he a t i ng elements turned on . After t h e  z i nc dus t 

zone had b een  held at 400° C for e a .  5- 1 0  m i n ,  the compound/ 

zinc  dus t zone was moved into  the bl o c k ,  so that b o th zones were  

hea t e d  at 400° C .  Typi cally , fluores c en t  material b egan to  

c ondense on  the  c ool  walls o f  the  pyre x  tub e outs i d e  the  b l o c k , 

and the  d i s t i l l a t i o n  was c ompl e t e  w i t h i n  20  min. The pyrex 

tube was then cut  open and t he condens e d  fluores c en t  material 

recovered  by solution  in  a sui table s olvent  ( e . g . n-p en tane , 



EtOH ) . No fluores c en t  material was d e t e c t e d  i n  the exi t l ine 

t raps . 

P r ep.  GLC o f  Zinc  Dus t D i s ti llation  Produc t :  GLC on the QF- 1 

c olumn operat ed at  1 80° C allowed s eparat ion  o f  the  follow i ng 
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p eaks from the zinc dus t  d i s t illat i o n  produ c t  o f  homogeneous red 

p i gmen t : Rt  4 . 2  min , 6 . 4  min ( ma j or c omponents ) ,  and R t  8 . 5 ,  9 . 5 ,  

1 1 . 5 and 1 6  m i n  ( minor c omponent s ) . 

R t  4 . 2  min component : Found : M ( mass spec trome try ) ,  1 7 8 · 0780 . 

c 1 4H 1 0  requ ires  M ,  1 78 · 07 82 . Mass spec trum , m/e ( % ) : 1 78 ( 1 00 ) 

( M+ ) ,  1 77 ( 8 ) , 1 76 ( 1 6 ) , 1 52 ( 7 ) , 1 5 1  ( 7 ) , 1 50 ( 5 ) , 89 ( 22 )  ( M2+ ) ,  

76  ( 1 9 )  ( 1 5 22+ ) ,  m * : 1 78 � 1 52 .  

R t  6 . 4 min c omponent : Found : M ( mass spec trome try ) ,  1 92 · 0935 . 

c 1 5H 1 2  requires  M ,  1 92 · 0939 . Mas s  spec trum , m/e ( % ) : 1 92 ( 1 00 ) 

( M+ ) ,  1 9 1 ( 34 ) , 1 90 ( 9 ) , 1 89 ( 1 9 ) , 1 65 ( 1 1 )  ( H- C2H3 ) .  

R t  8 .5 min c omponent : Found : H ( mass spec trome try ) ,  206 · 1 093 . 

c 1 6H1 4  requires  M ,  206 · 1 095 . Hass spec trum , m/e ( %) : 206 ( 1 00 ) 

( M+ ) ,  1 9 1 ( 63 )  ( M- CH3 ) ,  m *  1 77 ( 206 ---7 1 9 1 ) .  

R t  9 . 5  m i n  c o mponent : Mass s p e c trum , m/e ( % ) : 206 ( 1 0 0 )  ( M+ ) .  

R t  1 6  m i n  c omponent : Found : M ( mass  spec trom e try ) ,  232 · 0886 . 

c 1 7H 1 2o requi r es M ,  232 · 0888 . Mass s p e c trum , m/e ( % ) : 232 ( 1 00 ) 

( M+ ) ,  2 3 1  ( 1 2 ) , 203 ( 1 6 ) , 202  ( 20 ) , 1 1 6 ( 1 2 )  ( M2+ ) .  

D e t e c t i on o f  phthalates  by TLC : S i li ca gel G plat es , developed 

w i th C H2Cl2 , or EtOAc : CHC13 : HOA c  = 40 : 60 : 1 .  Sprayed w i th a 

mi xture ( 1 : 1 )  o f  4N aqu . H2so4 and 20% resorcinol  in  E tOH , and 

heated  in  an oven at 1 20° C for 1 0  m i n .  Yellow spo ts were  

ob tained  w i th phthala t e  e s t er s , ph thali c ac i ds , o r  phthal i c  

anhydri de . The c olour i n t ens i f i e d  to  a dark o range by exposure 

of the  abov e sprayed plates  to ammonia vapour in a glass tank . 
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W i th CH2Cl2 as develop e r ,  dibutyl phthalate  had R f  0 . 55 ;  dime thyl 

phthalat e ,  Rf 0 . 52 ;  do this tromin ,  R f  0 . 0 . W i th EtOAc : CHC 13 : 

HOAc s o lvent , dibutyl phthala t e  had R f  0 . 50 ;  dime thyl phthala t e , 

R f  0 . 45 ;  ph thal i c  acid , R f  0 . 08 ; phthal i c  anhydri de , long smear ; 

dothis tromin , R f  0 . 4 1 . 

A c e tylation o f  Dothis tromin : Homogene ous red  p i gment ( 50 mg ) e x  

prep . TLC was dissolved  in  A R  grade Ac 2o ( 50 ml ) . H2so4 ( 1  drop ) 

was t hen added to the orange coloured solution , the solut i o n  

warme d  gently o n  t h e  water bath , with s haking ,  un til  golden yellow 

i n  colour , and allowed to s tand for 8 hr at  room temp . Exc e s s  

NaOA c was then added t o  neutral i s e  t h e  H2so4 , t h e  react ion 

produ c t  pour ed into  H2o ( 200 ml ) and s haken v igorously for s ev eral 

h ours . The  aqu . m i x ture was ext ' d  with Et2o (2 x 50 ml ) , the 

Et2o extract  washe d  with H2o and evap t ' d  under vacuo , to give  a 

pale yel low gum . Examination  by mass s p e c troscopy reveal e d  this  

p rodu c t  to  b e  a mi xtur e o f  po lyac e tylated compounds , the  principle  

c omponents having MW ' s  582 and 524 , see  page 46  and Fig. 6 .  Mass 

spec trum , m * : 582 -7 540 � 498 -7 456 � 396 -+ 354 , 524 � 

482 -7 440 , 480 � 438 � 396 , 498 � 438 , 380 � 338 � 309 . 

Pur i f i cation by prep . TLC using as solv ent  b enzene : HOAc = 1 00 : 9 ,  

allow e d  s eparat i on i n t o  the cons t i tuent c omponents , as d e s c r i b e d  

on  page 49 . The bands on the s t i l l  w e t  prep . TLC plates  w e r e  

harv e s t e d  by s crap i ng them immedi ately into  flasks o f  solv e n t . 

The maj or c omponent , R f  0 . 30 ( upper band o f  doub l e t ) was obta i n e d  

as a pal e ye llow gum ( 26 mg ) , a n d  ident i fi e d  a s  do this tromin 

penta-a c e ta t e  ( 23 ) . C rys tallisation from CHC13/hexane gav e pal e 

yellow needles , m . p .  1 96- 1 98° C ( some phase change at  1 40- 1 50° ) ,  

[aJD - 1 42° ( C  0 . 1 7 ) . Found : M ( mass s p e c trome try ) , 582 · 1 0 1 4 .  
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c2 8H22o
1 4 r equ ires  M ,  5 82 · 1 009 . A max ( EtOH ) 238 , 272 , 2 80 , 348 nm 

( c  = 8 , 500 ; 1 8 , 400 ; 1 7 , 1 00 ;  3 , 300 ) , s e e  Fig. 9 .  IR , s e e  page 5 2 ; 

NMR , see  page 53 and Fig. 8 .  Mass spec trum - s ee line  d i ag . , 

Fig.  7 ;  m *  ( de focus s i ng te chnique ) ,  540 , 582 � 480 ; 496 � 456 ; 

4 80 , 498 , 54 � 438 ; 438 , 456 , 498 -4 396 ; 420 , 438 , 480 � 378 ; 

396 , 456 � 354 . 

D o t h i s trom i n  me thyl ether  ( 48 ) : To red  pigment ( 50 mg , ex  prep . 

TLC ) i n  M eOH ( 50 ml , dry ) , was adde d SOC12 ( 5  drops ) ,  and the 

o range solu t i on s t irred for 2 hr . Evapt ' n  unde r  vacuo and 

pur i fi cat i o n  by prep . TLC ( EtOA c CHC13 = 60 : 40 )  gave an 

amorphous r e d  compound , H f  0 . 60 . Found : M ( mass spec trometry ) , 

3 8 6 · 0630 . 

c 1 8H 1 3°8 

m/e ( %) : 

C 1 9H1 4o
9 requires  11 , 386 · 0637 . Als o , found , 357 · 0608 , 

= 357 · 06 1 0 ;  299 · 020 1 , c 1 5
H7o7 = 299 • 0 1 92 .  Mass spectrum , 

386 ( 38 )  ( M+ ) , 357 ( 25 ) , 325 ( 8 ) , 309 ( 4 ) , 299  ( 1 00 ) , 

2 7 2  ( 8 ) , m *  3 86 � 357 � 299 . Also , deoxydo t h i s t romin me thyl 

e th e r  i mpur i ty ,  found : M ,  370 · 0686 , c 1 9H 1 4o8 requi res M ,  

370 · 06 8 8 ; 34 1 • 0652 , c 1 8H 1 3o7 = 341 . 0661 ; mass s p e c t ral p eaks 

370 ( 1 . 7 )  ( M+ ) , 341 ( 4 . 0 ) , 283 ( 6 . 8 ) . 

D o t hi s tromi n e thyl e ther  ( 49 ) : Prepared by the same me thod 

d e s c r i b e d  abo v e  for ( 48 ) , but w i th EtOH r eplaci ng MeOH . The red  

compound , R f  0 . 60 ,  was crys tal l i s e d  from Et0H/H2o to  giv e  small 

r e d  n e edles , m . p .  1 97- 2 1 0° ( some crys tals melting much earli e r  

than o thers ) . Found : M ( mass spec trometry ) , 400 · 0795 . C20H1 6o9 

r equ i r es M ,  400 · 0794 . Mass spectrum , m/e ( %) : 400 ( 1 5 )  ( M+ ) ,  

3 7 1  ( 20 ) , 355 ( 4 ) , 325 ( 9 ) , 309 ( 4 ) , 299  ( 1 00 ) , 2 83 ( 9 ) ,  2 7 2  ( 9 ) , 

m * : 400 � 37 1 � 325 � 283 , 37 1 � 2 9 9 . Deoxydothistromin 

e thyl ether  impur i ty peak : 384 ( 0 . 5 )  ( M+ ) . 

Dothis tromin n-butyl e ther ( 50 ) : Prepared as abo v e , but n-butanol 
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replacing MeOH , Obtained  a dark r e d  amorphous powder , Rf 0 . 60 .  

Found : M ( mass spec trom e t ry ) , 428 · 1 1 08 .  c22H20o
9 requires M ,  

428 • 1 1 07 . Mass s p e c t rum , m/.: ( %) : 1+2 8  ( 1 0 ) ( M+ ) , 399 ( 20 ) , 

383  ( 2 ) , 325 ( 1 0 ) , 309 ( 5 ) , 299  ( 1 00 ) , 283  ( 8 ) , 272 ( 8 ) , m * : 

428  -? 399 � 325 , 399 -+ 2 99 . 

D o t h i s tromin e thyl e ther t e tra- a c e tate  ( 52 ) : The e thyl e ther 

( 49 ) was dissolved i n  A c20 ,  pyr idine  ( Ac20 : pyd . 5 : 1 ) , and allowe d 

t o  s tand for 8 hr . Evap t ' n  of the solvents from the golden 

y e llow soln . gav e a pale y ellow gum , which crys tall i s e d  from 

CHC13/hexan e as the e thyl e ther te tra- ac e tate  ( 52 ) , pale yellow 

n e e dl es , m . p .  1 93- 1 94 . 5° , [n]D - 1 56° ( C  0 . 1 8 ) . Found : M ( mass 

s p e c troscopy ) , 568 · 1 222 . c2 8H24o 1 3  requires M ,  568 · 1 227 . A max 

( EtOH ) : 238 , 276 , 282 , 348 ( , 1 0 , 800 ; 1 9 , 500 ; 1 9 , 300 ; 3 , 400 ) . 

NMR - s e e  page 79  and Fig. 1 0 .  t1ass spec trum , m/e ( % ) : 568 

( 1 2 ) ( fvl+ ) , 526 ( 1 4 ) , 484 ( 1 00 ) , 442 ( 3 1 ) , 4 1 3 ( 9 ) , 382 ( 59 ) , 

37 1 ( 1 2 ) , 355 ( 1 5 ) , 354 ( 1 5 ) , 353 ( 39 ) , 336 ( 1 2 ) , 325 ( 22 ) , 3 1 0  

( 5 ) , 309 ( 1 7 ) , 308 ( 1 9 ) , 307 ( 1 4 ) , 299 ( 4 1 ) , 298  ( 1 5 ) , 2 97 ( 1 5 ) , 

2 8 3  ( 8 ) , m * : 568 � 526 � 4 84 � 442 � 382 � 353 . 

The same deri vat ive  was obtained by heating the e thyl e ther 

( 49 ) under re flux with Ac2o and an . NaOAc for 6 hr . The produ c t  

was pour ed i nto aqu . NaOAc to  hydro lys e the Ac20 ,  t hen ext ' d  w i th 

Et2o ,  t he Et2o soln washe d  w i th aqu . NaHco3 , and the  solvent 

removed under vacuo . 

D o t h i s tromin n-butyl e ther t e t ra- a c e ta t e  ( 53 ) : This derivat i v e  

was prepared by t h e  a c t ion  o f  Ac20/pyridine on the  m e thyl e th e r  

( 50 ) . Found , M ( mass spec tros copy ) , 596 . c30H2 8o 1 3  requires 

M , 596 . Mass spec trum , m/e ( % ) : 596 ( 1 2 ) ( M+ ) , 554 ( 1 2 ) , 5 1 2 

( 1 00 ) , 470 ( 27 ) , 4 1 0  ( 44 ) , 354 ( 2 1 ) , 353 ( 24 ) , 325 ( 44 ) , 309 ( 1 9 ) , 
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308 ( 1 8 ) , 307 ( 1 6 ) , 2 9 9  ( 55 ) , 298  ( 1 9 ) , 297 ( 1 9 ) ,  2 83 ( 1 1 ) ,  m * : 

596 -7 554 � 5 1 2 � 470 � 4 1 0  � 353 . 

Dothis tromin mono- a c e t a t e  ( 54 ) : Add� t : 0 �  of  a catalyt i c  quan t i t y  

o f  SOC12 to  a solut i on o f  dothis tromin in  HOA c , and i s olation o f  

t h e  r e d  produ c t  b y  prep . TLC ( EtOAc : CHC13 = 60 : 40 ,  R f  0 . 6 )  gav e 

amorphous dothis tromin mono -acetate  ( 54 ) . Found , M ( mass  

s p e c trometry ) , 4 1 4 · 0586 . c2 0u1 4o
1 0  requires  M ,  4 1 4 · 0587 . Mass 

s p e c trum , m/e ( % ) : 4 1 4  ( 70 )  ( M+ ) ,  372 ( 2 ) , 355 ( 1 9 ) ,  354 ( 20 ) , 

343 ( 1 1 ) , 336 ( 3 ) , 325 ( 74 ) , 3 1 1 ( 9 ) , 3 1 0  ( 8 ) , 309 ( 1 5 ) , 308 

( 1 1 ) ,  299 ( 1 00 ) , 298 ( 1 4 ) , 2 97 ( 1 4 ) , 283 ( 6 ) , 2 7 2  ( 1 0 ) , m * : 

4 1 4  � 372 , 4 1 4  -7 354 -7 336 , 343 -7 299 . 

M e thylation Reaction I :  ( s e e  page 84 ) .  The  r ea c t i o n  produc t ,  a 

b r i ght yellow solution , was pour e d  i nto aqu . K2co3 , ext ' d  w i th 

EtOA c , the EtOAc extra c t  washed with  H2o ,  and evapora t e d  t o  dry-

ness  under vacuo , to giv e  a yellow- orange gum which  was s ep-

ara t e d  into two major c omponents , R f  0 . 65 and R f  0 . 50 ,  by  prep . 

TLC ( E tOAc : CHC13 = 60 : 40 ) . 

Component 1 :  R f  0 . 65 :  D o th i H �romln d1me thyl e ther e thyl e ther 

( 67 ) : Found : M ( mass s p e c trome try ) ,  428 · 1 099 . c22u2 0o9 requi res  

M ,  428 · 1 1 07 .  Also  found , 399 · 1 080 , c2 1 u 1 9o8 = 399 · 1 079 ; 327 · 0505 , 

c 1 7H 1 1 o7 = 327 · 0504 . Mass s p e c trum , m/e ( % ) : 428 ( 40 )  ( M+ ) ,  

399  ( 4 1 ) ,  383 ( 5 ) , 353 ( 3 ) , 3 39 ( 4 ) , 327 ( 1 00 ) , 1 63 . 5  ( 4 )  ( 3272+ ) ,  

m *  428  -7 399 -� 327 . 

Component 2 :  R f  0 . 50 :  D o t h i s tromin e thyl e ther t r ime thyl e ther 

( 68 ) : s e e  me thylation reac t i o n  I I , b e low . 

M e thylat i on Reaction  I I : ( s e e  page 85 and page 86 ) .  Prep . TLC 

�tOAc : CHC13 = 60 : 40 )  allow e d  s ep t ' n  of the reac t i o n  produ c t  

i n t o  t w o  maj o r  components , R f  0 . 5  and Rf  0 . 7 .  



1 23 . 

Component 1 :  Rf 0 . 5 :  Do thistromin e thyl e ther t rime thyl ether  

( 68 ) : Column chroma t o graphy ( TLC grade s i l i ca gel  G ,  us ing 

EtOAc : C HC13 = 60 : 40 ) , allowed i s ola tion o f  the e ther ( 68 ) , 

yellow  needles  ex CHC1 3/hexane , m . p .  252- 2 54°C ( phas e change at  

2 00- 220° ) ,  [a]D - 1 82° ( C  0 . 56 )  • Found : H ( mass  spec tros c opy ) ,  

442 · 1 263 . c23H22o9 r equi r e s  M ,  442 · 1 2 63 . NMR ( CDC13 ) - s e e  

page 86 . Mass spec trum , m/e ( % ) : 442 ( 1 4 )  ( M+ ) ,  427 ( 3 ) , 424  

( 6 ) , 4 1 3 ( 46 ) , 409 ( 2 ) , 397 ( 8 ) , 353 ( ? ) , 341  ( 1 00 ) , 327  ( 8 ) , 

1 70 . 5  ( 3 )  ( 34 1 2+ ) ,  m *  442 � 424 , 442 � 4 1 3  � 341 . 

Component 2 :  R f  0 . 7 :  Dothis tromin e thyl ether t e trame thyl e ther  

( 69 ) : Thi s deri vativ e was  obtained as a pale  yellow gum . Found : 

M ( mass spec tros copy ) , 456 · 1 4 1 9 .  c24H24o9 requ ires  M ,  456 · 1 420 . 

Also  found , 42 1 · 1 387 , c2 3H2 3o8 = 427 · 1 392 ; 421 · 1 1 54 ,  c23H20o8 = 

424 · 1 1 58 ;  367 · 0807 , c2 0H1 5
o

7 = 367 · 08 1 7 .  NMR ( CD C 13 ) ,  7 . 33 

( 1 H ,  s ,  Ar-H ) , 7 . 25 ( 2H ,  s ,  2xAr-H ) ,  6 . 07 ( 1 H , s ,  ace tal proton ) , 

5 . 25 ( 1 H ,  m ,  a c etal proton ) , 4 . 03 ,  3 . 93 ,  3 . 92 ( each 3H , s ,  

aromat i c-OMe ' s ) , 3 . 1 7  ( 3H ,  s '  b enzyl i c -OM e ) , 2 . 64 ( 2H , m ,  - C - CH2 -

C H- ) I 0 . 8 1 ( 3H ,  t ,  -OCH2.Q!!3 ) . Mass spec trum , m/e ( 3 ) : 456 ( 5 1 ) 

( M+ ) ' 44 1 ( 1 7 )  ' 427 ( 74 ) , 426  ( 1 3 ) ' 425 ( 2 8 ) ' 424  ( 36 ) , 4 1 3  ( 26 ) , 

4 1 2  ( 1 3 ) , 4 1 1 ( 36 ) ' 4 1 0 ( 1 3 ) , 409 ( 2 1 ) ,  408 ( 1 5 ) ' 397 ( 1 5 ) ' 396 

( 1 5 ) , 395 ( 49 ) , 393 ( 1 1 ) ,  383 ( 4 5 ) , 382 ( 57 ) , 381 ( 38 ) , 3 80 ( 1 3 ) , 

3 7 9  ( 27 ) ,  378 ( 1 3 ) , 367 ( 1 00 ) , 365 ( 40 ) , 355 ( 1 2 ) , 353 ( 23 ) , 352 

( 1 5 ) , 351  ( 34 ) , 350 ( 1 1 ) ,  340 ( 1 1 ) ,  34 1 ( 55 ) , 339 ( 28 ) , 337 ( 30 ) , 

335 ( 1 5 ) , 327 ( 1 1 ) ,  325 ( 1 7 ) , 323 ( 1 9 ) , 32 1  ( 1 5 ) , 31 1 ( 55 ) , 309 

( 1 5 ) , 307 ( 1 5 ) , m* : 456 � 427 -7 367 . 

M e thylation React ion I I I : ( s ee  page 85 and page 87 ) .  The 

reac t i on . m ixture was poured into H2o ,  extrac ted w i th CHC13 , and 

pur i f i ed by prep . TLC to  yi eld  an o range gum . The mass spec trum 
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o f  this produc t r evealed i t  t o  be a m i x ture o f  two compounds o f  

MW 456 and 442 . 

Methylation  R ea c t i on IV : ( s e e  page 85 and page 87 ) . The e th e r  

( 68 ) , ( 20 mg) , was added to Ba ( OH ) 2 . 8H2o ( 200 mg ) in  DMF ( 2  ml ) , 

and s tirred at room t emp . for 5 mi n .  co3 r ( 1  g )  was then adde d , 

and the  mixture r efluxed for 2 hr . A f t e r  pour ing into  H2o ,  and 

extrac t i on with CHC13 , puri fi cat i on by  prep . TLC a fforded 

dothis tromin e thyl e ther t e trame thyl e ther-d3 ( 70 ) . Found : M 

( mass s p e c t rosc opy ) , 459 . c2 4H2 1 o3o9 r equires M ,  459 . Mass 

spe c t rum , m/e ( % ) : 459  ( 92 )  ( M + ) , 444 ( 23 ) , 430 ( 1 00 ) , 42 8 ( 25 ) , 

424 ( 45 ) , 4 1 4  ( 40 ) , 409 ( 25 ) , 408 ( 1 3 ) , 398  ( 35 ) , 395 ( 38 ) , 384 

( 38 ) , 379 ( 25 ) , 37 8 ( 2 2 ) , 370 ( 67 ) , 367  ( 23 ) , 354 ( 1 5 ) , 351  ( 1 5 ) , 

34 1  ( 40 ) , 339 ( 22 ) , 337 ( 1 6 ) , m * : 459 � 430 � 370 , 459 � 424 , 

444 � 4 1 4 .  

M e thylation  R eac t i o n  V :  ( s e e  page 85 and page 8 8 ) . Column 

c hromatography o f  t h e  r eac t i o n  produ c t  on  TLC grade s i l i ca gel G ,  

us ing CHC13 as eluant allowe d  fra c t iona t i o n  into two major 

( R f 0 . 6 ,  R f  0 . 45 ) * and two m i nor c omponents  ( Rf 0 . 95 ,  Rf  0 . 95 ) . * 

Component  1 ,  R f  0 . 6 .  D o this tromin ethyl e ther t rime thyl e ther-d 9 

( 7 1 ) : Thi s  c omponent  was i n t ens e orange in  colour . Found : M 

( mass spec troscopy ) , 45 1 . c2 3H1 3o9o9 requires  M ,  451 . NMR 

( CDC13
) - s e e  page 88 . Mas s spec trum , m/e ( % ) : 45 1  ( 1 00 ) ( M+ ) , 

422  ( 24 ) , 4 1 9 ( 1 9 ) , 406 ( 1 9 ) , 405 ( 20 ) , 387 ( 1 6 ) , 376 ( 56 ) , 359  

( 2 3 ) , 343 ( 1 0 ) , 333 ( 52 ) , m * : 451  � 422 � 376 , 45 1  � 4 1 9 ,  

45 1  � 406 , 451  � 405 � 333 . 

Component 2,  Rf 0 . 45 . D o this t romin e thyl e ther t e trame thyl ether  

* R f  values on TLC w i th CHC13 as  eluant 
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... d 1 2  ( 7 5 ) : Thi s  yellow compound was obta ined as a gum , and i s  

the d 1 2- labelled  analogu e o f  the  ether ( 6 9 ) . Found , M ( mass 

spectroscopy ) , 4 6 8 . c24H 1 2D 1 2o9 requires  M,  468 . Mass s p e c trum , 

m/e ( % ) : 4 68 ( 1 00 )  ( N+ ) ,  450 ( 1 9 ) , 4 3 9  ( 88 ) , 434 ( 2 8 ) , 432 ( 23 ) , 

404 ( 35 ) , 403 ( 1 9 ) , 393 ( 26 ) , 3 8 8  ( 1 4 ) , 387 ( 1 8 ) , 386 ( 1 4 ) , 376 

( 60 ) , 360 ( 1 9 ) ,  350 ( 30 ) , 3 4 8  ( 1 4 ) , m * : 468 -7 4 3 9 -7 376 , 

468 � 432 , 468 � 423 . 

M ino r Components , R f  0 . 95 :  This orange gum contained do thi s tro-

min d i e thyl ether e thyl e ther-d6 ( 76 ) , found , M ( mass spec troscop y ) ,  

434 ; c2 2H 1 4D6o9 r equires M ,  434 , and the deoxydo this tromin 

deriva t i v e  ( 77 ) , M 4 1 8 .  Mas s s p e c trum , m/e ( % ) : 4 3 4  ( 1 00 ) ( M+ ) ,  

4 1 8  ( 1 7 )  ( H+ ) , 405 ( 32 ) , 389 ( 2 5 ) , 370 ( 1 3 ) , 359 ( 4 9 ) , 344 ( 1 5 ) , 

343 ( 1 9 ) , 342 ( 2 5 ) , 326 ( 1 5 ) , 3 1 6 ( 2 5 ) , m * : 434 � 405 � 35 9 ,  

434 -7 389 � 343 1 405 � 342 . 

Me thylati o n  Rea c t i o n  VI : ( s e e  page 85 and page 90 ) . The two 

major p roduc ts  from this rea c t i o n  had R f  v alues ( EtOA c : CHC l 3 = 

60 : 40 )  o f  0 . 40 ( ma j o r produc t )  and 0 . 30 ,  and were s eparated  by  

column chromatography on TLC grad e sil i ca gel  G ,  w i th CHCl3 
EtOAc = 1 : 1 .  

Component 1 ,  Rf 0 . 40 ,  Dothis tromin pentamethyl ether ( 7 8 ) : Thi s  

was obtai ned a s  yellow crystals from CHC 13/hexane , m . p . 1 56- 1 7 9° ; 

yellow needles  ex MeOH/H2o , m . p .  1 8 1 - 1 92 ° , [t1]D - 90° ( C 0 . 40 ) . 

Found , M ( mass s p e c tros copy ) , 442 • 1 259 . c 2 3H22o 9 r equires  M ,  

442 · 1 26 2 . Also , 4 1 3 · 1 235 , c2 2H2 1 o 8 = 4 1 3 • 1 235 ; 3 8 1 · 0967 , 

c2 1 H1 7o 7 = 3 8 1 · 0974 ; 367 · 08 1 3 ,  c 2 0H 1 5o 7 = 367 · 08 1 7 ;  35 1 · 0 870 , 

C20H 1 5o 6 = 3 5 1 · 0868 . NMR ( CDC1 3 ) :  7 . 30 ( 1 H ,  s ,  Ar- H ) ,  7 . 2 1 

( 2H ,  s ,  2 xAr- H ) , 6 . 1 1  ( 1 H ,  s ,  a c e tal proton ) , 5 . 1 8  ( 1 H ,  m ,  a c e tal 

pro ton ) , 4 . 04 ,  3 . 95 ,  3 . 92 ( each  3H , s ,  aromat ic - OMe ' s ) , 
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3 . 1 7 ,  3 . 1 0  ( both  3 H , s ,  alipha t i c  -OHe ' s ) , 2 . 66 ( 2H ,  m ,  - C H2 -

CH- ) . NMR ( ac e tone-d6 ) :  7 . 93 ( 0 . 5H ,  s ,  C HC l3 o f  crys tlln . ) ,  

7 . 38 ( 2H ,  s ,  2xAr - H ) , 7 . 08 ( 1 H ,  s ,  Ar-H ) , 6 . 1 6  ( 1 H ,  s ,  ace tal  

proton ) , 5 . 1 8  ( 1 H ,  d ,  a c e tal proton ) , 3 . 95 ( 3H ,  s ,  Ar-OMe ) ,  3 . 88 

( 6H ,  s ,  2xAr-OMe ) ,  3 . 1 4 ,  3 . 04 ( bo th 3H , s ,  alipha t i c  -OMe ' s ) , 

2 . 6 9 ( 2H ,  m ,  -CH2 - C H- ) . Mass spec trum , m/e ( % ) : 442 ( 1 00 )  ( M+ ) ,  

4 2 7  ( 2 8 ) , 425 ( 1 4 ) , 4 1 3  ( 93 ) , 4 1 1 ( 52 ) , 4 1 0  ( 4 1 ) , 397 ( 24 ) , 3 9 5  

( 52 ) , 394 ( 1 9 ) ,  3 8 1  ( 72 ) , 37 9  ( 4 8 ) , 367 ( 52 ) , 36 5 ( 26 ) , 351  ( 3 1 ) ,  

3 4 1  ( 35 ) , 337 ( 1 9 ) , 335 ( 1 3 ) , m * : 442 -7 4 1 3  � 367 . 

C omponent 2 ,  Rf 0 . 3, d o this tromin te trame thyl ether  ( 7 9 ) : Found , 

M ( mass spec tro s c opy ) ,  428 · 1 099 . c 22H 2 0o 9 requi r e s  M ,  42 8 · 1 1 07 . 

A lso , 399 · 1 07 2 ,  c 2 1 H 1 9o 8 = 399 · 1 07 9 ; 3 4 1 · 0 65 9 , c 1 8H 1 3o7 = 

3 4 1 · 06 6 1 . NMR ( CDCl 3 ) :  7 . 1 7 ( 2H ,  s ,  2xA r-H ) , 7 . 1 6 ( HI ,  s ,  Ar- H ) ,  

6 . 04 ( 1 H ,  s ,  ace tal proton ) , 5 . 1 9  ( 1 H ,  d ,  ac etal proton ) , 3 . 9 8 , 

3 . 92 ,  3 . 89 ( each 3 H , s ,  aroma t i c  -OMe ' s ) , 3 . 62 ( 1 H ,  s ,  b enzyli c  

-O H ) , 3 . 1 1  ( 3H ,  s ,  al i phat i c  -OM e ) , 2 . 6 1 ( 2H , m ,  - C H2-CH- ) . Mass  

spec trum , m/e ( % ) : 42 8 ( 32 )  ( M+ ) ,  4 1 0  ( 1 0 ) , 4 1 3  ( 7 ) , 3 9 9  ( 38 ) , 

397 ( 9 ) , 395 ( 6 ) , 383 ( 5 ) , 3 8 1  ( 8 ) , 379 ( 1 0 ) , 37 8 ( 8 ) , 367 ( 7 ) , 

353 ( 9 ) , 34 1 ( 1 00 ) , 327 ( 1 0 ) , 3 1 1 ( 6 ) , m * :  428 -7 399 � 34 1 . 

DOTHISTROMIN HEAVY ATOM DERIVAT I VES 

Dothis tromin p- b romob enzyl e ther ( 80 ) : R e d  pi gme n t  heated i n  

excess mol ten p-bromob enzyl alcohol a t  80- 1 00° C for 6 hr , f o l l ow-

ed by r emoval o f  the p- bromobenzyl alcohol by dis t i llation  under  

vacuo , gav e the  e ther  ( 80 ) . Thi s  p-bromobenzyl e ther was r em ark-

ably i ns olub l e  in the usual solvents used  for the red pigm e n t  

a n d  i t s  derivati v e s , a n d  t h e  amorphous r e d  powder c ould  no t b e  

i n duc e d  t o  crystal l is e .  Found : M ( mass s p e c tros copy ) , 540 . 
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c2 5H1 7o 9Br r equires  M ,  540 . Mass s p e c t rum , m/e ( % ) : 542 ( 62 )  

( M+2+ ) ,  540 ( 62 )  ( M+ ) ,  5 1 3 ( 32 ) , 5 1 1 ( 32 ) , 497 ( 5 ) , 495 ( 5 ) , 

354 ( 9 ) , 325 ( 20 ) , 299 ( 1 00 ) , m * : 542 � 5 1 3 ,  540 � 5 1 1 . 

D o this tromin C hloroac e tate ( 3 1 ) :  s e e  page 91 . Treatment o f  r e d  

p i gment w i th mol t e n  CH2ClCOOH for 4 hr , follow e d  by  removal o f  

t h e  excess C H2ClCOOH b y  d i s t i llat i o n  under vacuo and pur i fi c a t i o n  

by  prep . TLC ( EtOAc CHC1
3 

= 60 : 40 ) , gav e ( 8 1 )  as an amorphous 

red powder . Found , rl ( mass spec tros c op y )  448 .  c20H 1 3o 1 0C l  

r equires M ,  448 . Mass spec trum , m/e ( % ) : 450 ( 22 )  ( M+2 + ) ,  448 

( 58 )  ( M+ ) ,  354 ( 46 ) , 336 ( 6 ) , 325 ( 1 00 ) , 309 ( 32 ) , 308 ( 35 ) , 299 

( 63 ) , 2 98  ( 2 1 ) ,  2 97 ( 2 1 ) ,  283 ( 1 0 ) , 272  ( 1 1 ) ,  1 62 . 5  ( 5 ) , 1 54 . 5 

( 9 ) , m * : 448 � 354 -7 336 . 

Dothis trom i n  chloroace tate te tra- a c e ta t e  ( 82 ) : A c e tylat i o n  o f  

the chloroac e ta t e  ( 8 1 ) ( 1 50 mg ) wi th A c 20/pyri dine  ( 9 : 1 )  f o r  3 hr , 

followed by  i s o lation  o f  the produ c t  and puri fi cat i o n  by  prep . 

TLC , allowed i s o lation  o f  a yellow gum whi ch  gave smal l , pal e 

yellow crys tals  ( 1 26 mg)  o f  ( 82 )  ( s olvated  with 1 mol e cule  o f  

0 toluene/mole cule  - s e e  NMR ) from toluene , m . p .  1 2 1 - 1 24 C .  

Found , M ( mass sp e c troscopy ) , 6 1 6 · 0608 . c2 8H2 1 o 1 4cl  requ i r e s  M ,  

6 1 6 · 0620 . NMR ( CDC13 ) ,  s e e  page 92 . Mass spe c t rum , m/e ( % ) : 

6 1 8 ( 1 ) ( M+2+ ) ,  6 1 6  ( 3 )  ( M+ ) ,  576 ( 4 ) , 574 ( 9 ) , 534 ( 36 ) , 532  

( 1 00 ) , 492  ( 24 ) , 490 ( 59 ) , 438  ( 2 4 ) , 430 ( 1 1 ) ,  397  ( 1 1 ) ,  396 ( 1 1 ) , 

378 ( 9 ) ' 354 ( 76 ) ' 336 ( 88 ) ' 325 ( 64 ) ' 309 ( 4 1 ) ' 308 ( 77 ) ' 307 

( 2 1 ) ,  299 ( 2 1 ) , 298  ( 2 1 ) ,  297 ( 30 ) , m * : 574 � 532 � 490 . 

Dothistromin i o doaceta t e  te tra-ac e ta t e  ( 83 ) : The chloroa c e t a t e  

t e tra-ac e tate  ( 82 )  w a s  r e fluxed i n  ac e t one sat ' d  with Nai , f o r  

6 hr . At  the  e n d  of  t h e  r ea c t i o n  a w h i t e  granular pp t e . had 

formed . The a c e t one was evap t ' d  o f f  under vacuo , and the yellow 
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s o l i d  d i s s o lved in  Et2o a n d  ext ' d  w i t h  H2o .  Evap t ' n  o f  t h e  Et2o 

gave a y e l l ow s o l i d  whi ch y i e l d e d  small irregular s hap ed crys tals 

from toluene , of ( 83 )  ( toluene  s o lvat e ) ,  m . p .  b ehav iour  like  

"liqu i d  crys tals " ,  m . p . range 85- 1 20° . Found , H ( mass spec tre-

s copy ) 708 . c2 8H 2 1 o 1 4 r requ i r e s  M ,  7 0 8 . NMR ( CDC13 ) :  7 . 6 0  ( 1 H ,  

s ,  Ar- H ) , 7 . 36 ( 2 H ,  s ,  2xAr-H ) ,  7 . 20 ( 5H ,  s ,  Ar- H , tolu ene o f  

crys tlln . ) ,  6 . 54 ( 1 H ,  s ,  a c e tal proton ) , 6 . 52 ( 1 H ,  m ,  a c e tal  

proton ) , 3 . 3 1 ( 2H ,  s ,  -OCOCH2 Cl ) , 2 . 90 ( 2 H ,  m ,  - C H2 - CH- ) ,  2 . 45 

( 6H ,  s ,  2xn- 0A c ' s ) ,  2 . 40 ( 3H ,  s ,  1 xn-0Ac ) ,  2 . 36 ( 3H ,  s ,  -CH3 o f  

toluene o f  c rys t lln . ) ,  2 . 0 1  ( 3H ,  s ,  b enzyl i c  -OAc ) .  Mass spec-

trum , m/e ( % ) : 7 0 8  ( 0 . 5 )  ( t-1+ ) ,  6 6 6  ( 2 ) , 6 2 4  ( 1 5 ) , 5 8 2  ( 1 0 ) , 438 

( 38 ) , 396 ( 8 ) , 378 ( 8 ) , 354 ( 37 ) , 336 ( 1 00 ) , 325 ( 30 ) , 308 ( 45 ) , 

297 ( 1 1 ) ,  m * : 7 0 8 -7 666 � 624  -7 582 . 

Dot his trom i n  bromo- e thyl e th e r  ( 8 4 ) : To red  p i gment  in 2-bromo 

e thanol ,  s t i rred , was added a catalyt i c  quantity  of SOC12 . After  

s t i rr i ng for 4 hr , then  s tandi ng o v ernight , the red  so l n .  was 

poure d  into  exc ess  Et2o ,  and the  r esul tant soln . washed w i th aqu . 

NaHco3 , then repeatedly w i th H2o until  free  of  2- bromo e t hano l . 

Evap t ' n  o f  the  Et �O under vacuo , followed by column c hromato graphy c:. 

( TLC grade s i l i c a  gel G ,  EtOAc : C HC13 = 60 : 40 ) , allowed  i s o lation  

o f  the e ther ( 84 ) . Fine  red  c rys tals were  ob tai n e d  from  toluene , 

m . p . 2 30- 2 35° ( phase chanr,e 222-225° ) .  Found , M ( ma s s  s p e c t ros c opy ) 

477 · 98 9 9 . c20H 1 5Bro9 requires  M ,  477 · 9900 . Mass s p e c trum , m/e 

( %) : 4 80 ( 2 7 )  0-1+2+ ) ,  478 ( 27 )  ( M+ ) ,  4 5 1  ( 1 0 ) , 4 4 9  ( 1 0 ) , 340 ( 1 1 ) ,  

325 ( 1 7 ) , .2 9 9  ( 1 00 ) , 283 ( 7 ) , 2 7 2  ( 7 ) , m * : 480 __, 4 5 1  � 299 , 

478 -7 449 � 299 . 

Dothis t romin  bromo- e thyl ether  t e tra-ac e ta t e  ( 85 ) : s e e  page 93 . 

A c etylat ion  o f  the  bromo - e thyl e ther  ( 84 )  w i th re fluxing 
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A c20/Na0A c  for  3 hr , and i s olat i o n  o f  the produc t gave a y e llow

b rown gum ; pur i f i ca t i o n  by prep . TLC ( b enzene : EtOH = 50 : 2 ,  

plate  dev e l o p e d  twi c e ) a n d  c rys tall i s a tion  from CHC13/E t20 gav e 

small yellow p r i sms , m . p .  1 6 8- 1 74° , [� D - 1 03° ( C  0 . 1 2 ) . Found , 

M ( mass s p e c tro s c opy ) 648 · 0305 . c2 8H2 3o 1 3Br requ i r e s  M ,  

6 48 · 0302 . NMR ( CDC13 ) ,  7 . 46 ( 1 H ,  s ,  A r-H ) , 7 . 32  ( 2H ,  s ,  2 xA r- H ) , 

6 . 45  ( 1 H ,  s ,  a c e tal proton ) , 5 . 38 ( 1 H ,  d ,  ace tal proton ) , e a .  3 . 7  

( 2H ,  m ,  -OCH2cH2Br ) , e a .  3 . 1 ( 2H , m ,  -OCH2CH2Br ) ,  2 . 7  ( 2H ,  m ,  

- CH2 - CH- ) ,  2 . 43  ( 6H ,  s ,  2xa- 0Ac ' s ) , 2 . 39 ( 3H ,  s ,  a-OAc ) , 1 . 97 

( 3H ,  s ,  benzyl i c -OAc ) . Mas s s p e c trum , m/e ( % ) : 650 ( 5 )  

( M+2 + ) ,  648 ( 5 )  ( M+ ) ,  606 ( 9 ) , 604 ( 9 ) , 5G4 ( 1 00 ) , 562 ( 1 00 ) , 

522 ( 40 ) , 520  ( 40 ) , 462 ( 23 ) , 460 ( 23 ) , 433 ( 1 0 ) , 431  ( 1 0 ) , 353 

( 63 ) , 325 ( 47 ) , 309 ( 2 8 ) , 308 ( 36 ) , 299 ( 58 ) , 298  ( 23 ) , 2 97 ( 23 ) , 

1 09 ( 53 ) , 1 07 ( 53 ) , m * : 648 -7 606 -7 564 � 522 -7 462 � 353 , 

520 � 460 � 353 . 

D o this tromin te t rame thyl e ther ( 88 ) : s e e  page 98 . Found , M 

( mass spec t r o s c opy ) 42 8 · 1 1 08 .  c22H20o9 requires  M ,  42 8 · 1 1 07 . 

Mass  spec trum , m/e ( % ) : 428 ( 38 )  0"1+ ) ,  41 3 ( 1 2 ) , 399 ( 1 3 ) , 396 

( 1 1 ) ,  382 ( 2 1 ) ,  3 8 1  ( 1 6 ) , 380 ( 1 5 ) , 379  ( 1 2 ) , 37 8 ( 1 0 ) , 367 

( 1 00 ) , 365 ( 27 ) , 353 ( 32 ) , 351  ( 26 ) , 339 ( 1 2 ) , 341  ( 1 6 ) , 339  

( 2 9 )  , 3 37 ( 2 1  ) • 

O x i dati on o f  hemi a c e tal ( 88 )  to the lac tone ( 89 ) : The hemi-

a c e tal ( 88 )  ( ..._. 5 m g )  i n  HOAc ( 1 . 0 ml ) , was  treated  wi th Na2cr2o7 

( 1 0  mg ) in  the  s am e  solvent  ( 1 .  0 ml ) ,  for  1 2  hr at  20° . H2o 

( 1 0  ml ) was then added , the aqu . mixture ext ' d  w i th Et2o ( 1 0 m l )  

and EtOAc ( 1 0  ml ) ,  the comb ined extra c t s  dried , f i l tere d ,  

e v ap t ' d  under vacuo  and pur i fied  b y  prep . TLC ( EtOAc : CHC 13 = 

60 : 40 ) , to g i v e  ea . 5 mg  o f  the lac tone  ( 89 ) , as a yel low-
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orange gum . Found : M ( mass  s p e c tro s c opy ) ,  42 8 ' 1 1 08 .  c22H20
o

9 

requires  M ,  1+2 8 • 1 1 07 . Ha s s  spec t rum , m/e CO : 428 ( 38 )  ( M+ ) ,  

4 1 3 ( 1 2 ) , 399 ( 1 3 ) , 396 ( 1 1 ) ,  382 ( 2 1 ) ,  38 1  ( 1 6 ) , 380 ( 1 5 ) , 379 

( 1 2 ) , 378 ( 1 0 ) , 367 ( 1 00 ) , 365 ( 27 ) , 3 53 ( 32 ) , 35 1 ( 26 ) ,  339 

( 1 2 ) , 341 ( 1 6 ) , 339 ( 29 ) , 337 ( 2 1 ) . 



APPENDIX 

Metas teb l e  Ions - D e t e c tion by th0 De focus i ng T e c hnigue 

The co ndi t i o n  for th e ion b e am t o  pass c entrally through 

1 3 1 . 

the e l e c t ro s ta t i c  analys er and moni t o r  s l i t  i n  a double f o c us ing 

mass s p e c t r om e t er is 

Energy of i on beam 
= ESA Vol tage x I oni c Charge 

V 
E = Cons tant 

where V = ion a c c elera t ing voltage , and E = e l e c tr o s ta t i c  

analys er v o l tage . I n  the double f o c us i ng instrument E and V can 

normally be a d j u s t e d  r e l a t i v e  to one another t o  es tab l i s h  t h e  

corr e c t  rat i o  for proper f o cus i ng . Thi s  is so i n  the AEI MS9 

double focus i ng mass s p e c trome t e r  u s e d  for mas s s p e c tros c op y  

dur ing the w o rk o f  t h i s  thes is .  The c i rcui try i s  such that o nc e  

the corre c t  r a t i o  i s  es tabl ished for c entral transmis s i o n  o f  the 

i ons , then any a l t era t i on o f  the ion a c c e l erat i ng v o l tage ( as 

r equi r e d  for mass m easurement by the p e ak matc hing t e c hn i qu e ,  

o r  for changi ng the mass range ) c aus e s  a c orresponding a l t e r a t i o n  

i n  E so tha t  t h e  rat i o  remains the s ame and t h e  trans m i s s i o n  

conditi ons a r e  unal t er e d . 

For me t a s tabl e  trans i ti ons + 
� m2 

+ 
( m1 -m2 )  o c curr i ng in m 1 + 

the fi e l d  fr e e  r e gion p r e c e d i ng t h e  e l e c trostat i c  analys e r , 

the ene rgy of any daugh ter ions + formed is n o t  suffi c i e n t  f o r  m2 

t ransmi s s ion through the e l e c tros t a t i c analys e r , and i n  normal 

operation of the mass s p e c trome t e r  th e s e  ions ar e l o s t  from the 
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independently o f  V i f  require d , it  i s  possible t o  alter  the ESA 

t ransmi s sion . If thi s  is done , and the ratio V/E is raised above 

normal by the f a c t o r  m1 /m2 , the main ion beam i s  defocuse d and 

lost , whilst  only daughter  ions m2
+ formed  from dec ompo sition  

i n  the  field  fre e  region , are  t ransm i t t e d  into  the magn e t i c  

analyser and collec t e d . Thus if  t h e  magnet ic  analyser i s  s e t  

to c o l l e c t  ions o f  ma s s  m2 a t  no rmal V/E , and V i s  t h e n  changed 

c ont i nuously , a s e r i e s  of ions m2
+ will be colle c t e d  at various 

ratios V/E . A- c hange in V t o  a value v1 to bring into focus 

a par t i cular group o f  m2 ions indic a t e s  that  the se ions  arose 

+ + from the metastable transition  m1 � m2 + ( m1 -m2 ) ,  where 

m
1 /m2 = V1 /V . Since V ,  v1 and m1 are known , m2 can be readily 

c alculated . In this  way , a numbe r o f  precursor ions are often  

i dent ified  for  each fragment ion , and it  i s  thus possible t o  

obtain a precursor ion spe c t rum f o r  e a c h  fragment ion in the 

normal mass spe c t rum . 

Referenc e s : 

( 1 )  J . H .  Beynon , R . A .  Saunde rs , and A . E .  Williams , The Mass 

Spe c t ra of Orga ni c  Mol e cule s ,  Elsevier ,  Amst erdam , 1968 . 

( 2 )  M .  Barber and R . M .  Ell io t , Twel fth Annual Conferenc e on  

Ma ss  Spectrome t ry and Allied  Topic s ,  ASTM Comm i t t e e  E- 1 4 ,  

Montreal , Canada , 1964 , p . 1 50 .  
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Counter Current D i s t r ibution 

Counter Curr ent D i s tribution ( abbreviated CCD ) * i s  a s t ep-

w i s e  mul tiple  extrac t i o n  proc edure for frac tionation  of a 

s o lute by d i s tr ibut ing i t  into a number o f  c e lls c ontai ning two 

i mmi s c i bl e  ( or par tially immi s c ibl e )  s olvents . The pro c e s s  can 

be treated mathema tically w i t h  c o ns i d erable p r e c i s i o n , and 

cal culati ons mad e by  u s e  of the b inomial theorem ( Goodal l ,  1 964 ; 

Craig and Crai g ,  1 956 ) . Typ i c a l l y , h i gh numb ers o f  extrac t i ons 

and trans fers  a r e  needed for the  s epara t i on o f  c ompl i cat ed 

s olute  mixtur e s , and an apparatus was d eveloped whereby many 

e xtrac t ions and trans fers are ac c ompl i s h e d  quanti ta t ively  in o ne 

operation . T h i s  apparatus is  known as t he ' ' Craig  count e r  c urr ent 

d i s tribution appara tus · : , after  Craig ( 1 944 ) . An excell ent  

c omprehens i v e  a c c ount of  CCD i s  gi ven b y  Crai g and  Craig ( 1 956 ) .  

* The t e rm counter- current imp l i e s  that the two imm i s c i b l e  
phas es move a c ro s s  o n e  ano ther i n  oppo s i t e  direc ti ons . I t  i s  
now commonly u s e d  i n  c o nnection  wi th C raigs ( 1 94 4 )  apparatus , 
s o  that  i t  i s  not stri c tly accurat e , s i nce  i n  the Crai g 
apparatus only  one  phase  moves ( Goodall , 1 954 ) . 
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The Fluor e s c ence  o f  1 , 4-Dihydroxyanthraquinone  

E l e c troni c a l ly Exc i t ed S ta t es o f  Organi c  Mole cules  

and  Lumine s c e n c e  

Abs o rp t i o n  o f  v i s i b l e  o r  ultrav i o l e t  ligh t  b y  an organi c 

mol e cu l e  in  the  ground s t a t e  raises  t h e  mo lecule  t o  an exc i t ed 

e l e c tr o n i c  s t a t e . *  The s e  exc i t ed s ta t e s  are o f  qu i t e  high 

energy - abs orption  at  200 nm c orresponds to 1 43 . 2 k cal/mo l e ,  

and the  e x c i t e d  m o l e cules are  thus qui t e  lab i l e . The exc i t e d  

s ta t e s  may be  dea c t ivated  b y  radiative  and nonradiative  pro c e ss es , 

and thes e pro c e sses  are  c onv eni ently represented  by a modi f i e d  

Jabl o nski  diagram , s e e  Fig. 1 1  ( Kan , 1 966 ; Turr o , 1 967 ) . 

Deac t i v a t i o n  by radi ation  ( em i s s i on ) : The simp l e s t  process  o f  

dea c t i v a t i o n  i s  a lumines c ent  emiss ion from the exc i t ed  s ingl e t  

s ta t e  t o  the s i ngl e t  ground s ta t e , o f  a light quantum of  the  

s ame , o r  s ubs tantially the same , frequ ency  as  the  quantum whi ch 

produ c e d  the exc i tat i on . This i s  the phenomenon of fluores c e nc e . 

A s e c ond t ype  o f  emi ssion  o c curs  thr ough d e ac t i va t i on by radiat i on 

from the  e xc i t e d  triplet  s ta t e  t o  the s ingl e t  ground s ta t e , and 

is  c al l e d  phosphores c e nce . 

Deac t ivat ion by radiationless  pro c ess e s : Two impo r tant types  o f  

radiati onl ess pro c es s es ar e i nt e rnal c o nv e rs ion - t h e  intra-

mol e cu lar radiat i onl ess i n t e rconvers i o n  be twe en d i f fe rent e l e c tr-

onic  s ta t e s  o f  l i ke mul t i p li c i ty ,  i . e .  s inglet-s ingl e t  or  trip l e t-

* The e l e c t roni c ground s t a t e  o f  mos t  organic mo l e cu l e s  is  a 
s i ngl e t  s ta t e  ( al l  e l e c t rons spin  pai r ed ) , and the  e x c i t e d  
e l e c troni c s tates  a r e  s i ngl e t  and t r i p l e t  stat es . F o r  e v e ry 
exc i te d  s tate  arising from a s ingle e l e c tron promo t i on th e r e  i s  
a s i ngl e t  state  and a t r i pl e t  s tat e ; t h e  tripl e t  s ta t e  i s  always 
o f  l ow e r  energy than i ts c o rr e spond i ng s ingl e t  s t at e . 
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vibrat ional 
cascade 

Energy 

I 

Ground State 

Fig. 1 1  

Modified Jablonski diagram , showing proc e sses wh ich may occur 
on  absorption o f  light  by an organic molecule in the singlet 
electronic ground state . Solid l ines ind icate processes in
volving abso rption or emi ssion of ligh t ,  Wavy lines i ndicate 
nonradiative processe s .  S0 is the ground state , S1 , S2 are 
excited singlet states ,  and T1 , T2 are excited triplet state s .  
( Only electronic and vibrat i o nal levels are shown i n  this dia
gram ) .  
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v er s i on b e tw e e n  s i nglet  and tripl e t  s tates  ( S 1 � T1 , T1� 

S , Fig. 1 1 ) ,  Exc e s s e s  o f  vibrati onal energy whi c h  result  from 0 

the s e  radiati onless pro c es s es are car r i e d  away rap i dly as heat 

b y  c o l l i s i ons with surround ing mol e cules , via  rap i d  v ib rat i onal 

" cas cades " .  Other rad i a t i onl ess  proc e s s es inc lude chemi cal 

reac tions ( wh i c h  i ncludes  1 1 predissociati on " ) , and s ens i t i s a t i o n -

di re c t  e l e c troni c- energy trans f e r  from the exc i t e d mol e cu l e  

( dono r )  t o  a n  a c c ep t o r  mol e cul e .  

Wher eas � , TI * s ta t e s  generally hav e large s ingl e t- tripl e t  

e nergy s epara t i ons , th os e for n ,  � · s tates ar e generally small ; 

also , n ,  � * e x c i ted  s tat es hav e longer l i f e t imes than TI, TI * 

s ta t e s . Bo th these factors  a c c ount for  the fa c t  that inter-

s ys tem crossing o c curs w i th a much gr eater probab i l i ty from an 

n ,  TI *  exc i t e d  s tate than from a TI , �  * s tat e . Thus , if the l owe s t  

exc i t ed s i ngl e t  s tate  i s  n ,  � * , i n t cr s ys t em cross ing is  enhanc ed 

at  the expens e of fluores c ence , usually r emov i ng fluores c enc e as 

a ma j or pa thway for the l o s s  of  exc i tation  energy ( Hercules , 

1 966 ) . 

Fluor e s c e n c e  and mole cular s truc ture ( Jaff� and Orchin , 1 962 ; 

Turro , 1 965 ; Hercul e s , 1 966 ; Kan , 1 966 ; W es t ,  1 967 ) : Most  

o rgan i c  compounds do n o t  fluores c e , quenching o c c urri ng by o n e  

or  m o r e  o f  t h e  various c omp e t i t i v e  deac tivation  pro c esses  

d e s c ri b e d  abov e .  

For p olyatom i c  molecul es , deac t ivation by p r e d i s s o c iation  

i s  o f ten important . Cl earl y , if  the  e l e c tronic  exc i tation  

e nergy of  the po lyatomi c mo l e cule  i s  much  great er than the  bond  
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s tr ength o f  t h e  weake s t  bond l i nkage , then the probab i l i ty o f  

predisso c i at i o n  w i l l  b e  r e la t i v e l y  h igh . Thi s would appear t o  

be  the m a i n  reason f o r  t h e  non- fluor e s c e n c e  of  compounds whose  

absorp t i o n  bands a r e  in  the far  UV - the  high energy ( � 1 50 k c al/  

mole ) o f  exc i t ation exceeds c er t a i n  b ond en ergi es i n  the  mol e cu l e . 

Thus , satu r a t e d  hydrocarb ons , e thers , alc ohols , and a c i ds d o  

not  show U V  fluores c enc e .  

Func t i onal groups which introduce  a long wav e l ength n- � *  

trans i tion  into  the absorption s p e c trum o f  a molecule  tend to  

reduce  the  fluores c enc e e ffi c i en c y  of  that mol e cu l e  t o  z ero 

( Hercul e s , 1 966 ) . In  many aroma t i c  carb onyl c ompounds the lowe s t  

energy e l e c t roni c t rans i t ion i s  o f  n ,  TI *  chara c t e r . Thus , benzo

phenone , a c e toph enone , and  anthraquinone do not show  m e asurab l e  

fluore s c e nc e , b u t  exhib i t  i n t ens e phosphorescenc e . How e v e r , 

aromat i c  al dehydes o r  ke tones c ontaining subs t i tuents  c ap ab l e  o f  

hydrogen-bonding w i t h  the carbonyl oxygen ( e . g .  OH , NH2 ) may 

fluores c e , the hydrogen bond r emov ing the p erturb ing i n fluence  

o f  the  non- b onding ele c trons on  the  o xygen atom . Thus , anthra

quinone is non- fluo r e s c ent , wher e as 1 , 4- d ihydroxyanthraquinone 

fluores c e s  ( s e e  b e l ow ) ; benzo i c  a c i d  is  no t signi fi c antly 

fluo res c e n t , whe reas sal i cyl i c  a c i d  C orthohydroxyb enzo i c  a c i d )  

i s  strongly fluores c en t .  Similar e ff e c t s  o f  hydrogen b ondi ng 

by  solvents  can be  observed  on  a numb er of aromati c a l d e hyde s  

and ketones , and het erocy c l i c  n i t rogen  c ompounds . 

The ma j o r i ty o f  fluorescent  organi c c ompounds c ont ain  c yc l i c  

arrangemen ts o f  conj ugated  chai ns . The conjugat ed  chain  i s  

important a s  a fac tor condu c i v e  t o  fluo r e s c enc e , b e caus e o f  the  

r e latively  low energy o f  exc i ta t i o n  associ ated w i th abs orption  
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bands o f  long wav el ength . 

Compac t  planar r i ng s t ruc tures also  appear to  favour 

fluores c en c e . The c ompac tness induces  a rigi d i ty of the molecule  

as  a whol e ; in  non- r i gi d  s t ruc tures low frequency v i brati ons 

i n c r eas e the  probab i l i ty o f  deac t i va t ing radi ati onless t rans 

i t i ons ( d est , 1 967 ) . Mole cular ri gid i ty c an b e  achieved  in  

vari ous ways , e . g . fus e d  rings , chelat i o n , and adsorp t i o n  on a 

sur fac e .  

Fluo r e s c enc e is  fav o u rabl e  in aroma t i c  and cond ens e d  hydro

c arbons s i nce  th ese  c o mp ounds absorb at  relati v ely  long wave

l ength and hav e v ery r igi d  s tru c tur es . O f  cours e , sub s t i tuents 

i n  the  a c t i v e  chromophore  o f  these  compounds should not  hav e 

w eak b onds wh i ch would b e  sus c ep t i b l e  to predisso c iat i o n .  

The fluores c en c e  of  1 , 4- d i hydroxyanthraguinone : As s ta t e d  abov e , 

anthraqu inone does no t show measurabl e  fluores c enc e ,  whereas 

1 , 4- dihydroxyanthraqu inone does . The explanat i on for thi s  b e 

hav i our  is  a s  fol lows . 

I n  the ground s ta t e , anthraqui no ne dissolved in  al c ohol i s  

s tabl e  and shows no tendency to  reac t .  However i n  the exc i t ed 

s ta t e  anthraquinone rap i dly abs trac ts a hydrogen atom  from the  

a l cohol and is  reduc ed  to 9 , 1 0- d i hydroxyanthracene , oxidis ing 

the  alcohol to  an aldehyd e . This  pho t o  redu c t i o n  o f  anthr a

quinone is  a r api d ,  e f fi c i en t  reaction hav ing a quantum e f f i c i ency  

approaching unity ( Bolland and Coop e r , 1 954 ; Dearman and  Chan , 

1 966 ; Hercul es , 1 966 ) . Anthraquinone has a low i ntens i ty n ,  TI * 

ab sorption band a t  405 nm , and the  anthraquinone molecule  is  

thus first  exc i t ed to the  n ,  TI * s ingl e t  state  c orresponding to  

this  absorp t i o n , whi ch then  c onv erts t o  the n ,  TI * tri p l e t  s ta t e , 

w h i c h  undergoes chemi cal  r e a c tion . 
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a - Hydroxyanthraquino nes o n  the o ther  hand , hav e intense  n. n *  

absorp t i on bands i n  the v i s i b l e  r e gi o n ,  the wav e l ength o f  t h e s e  

bands increas ing w i th t h e  numb er o f  a - hy droxyl groups p r e s e n t  ( s e e  

page  3 3  for d i s cussion  and re ferenc e s ) .  Thes e int ens e  n , n* b ands 

appar ently " bury; '  the low intens i ty n ,  n* carbonyl abs orp t i on band 

e xp e c t ed in  thi s r egion . In the c a s e  of 1 , 4- d ihydroxyanthraquinone , 

this sp e c i es has an upn er wavel ength l i m i t  to i ts long w av e l ength n, n *  

band at 520 nm ( Hor ton and �arlam , 1 94 1 ; S cott , 1 964 ; El Ezaby et  al . ,  

1 970 ) . Thus , 1 , 4- dihydroxyanthraqu inone  has i ts lowe s t  e xc i t e d  

s i ngl e t  state  (S ) 1 at s i gni f i c antly lower  energy than anthraquino n e , 

and moreover , this  is a n, n * s ta t e  i n  c ontras t to that o f  anthra-

quinone whi c h  is n ,  n * . Fur ther , 1 , 4- di hydroxyanthraquinone also  

has  a compa c t  planar ring s t ructur e  whi c h  should hav e a high  degree  

of  rigidity b e c aus e of  the chelate  r i ngs formed by  s trong i n t ra-

mole cular hydrogen bonding w i th b o t h  c arbonyl groups . In  this  cas e 

then , quenching by  int ernal c onv ers i o n  and pred i s s o c i a t i o n  should b e  

unfavourable , and intersys tem cros s i ng t o  the tripl e t  s ta t e  s hould 

also b e  un favourab l e , wi th the resu l t  that  1 , 4- dihydroxyanthraquin-

one c an r easonably be exp e c t e d  to fluores c e  in sui tab l e  s o lv e n t s . 

In the c a s e  o f  the mono-a- and o t her  di-a- hydroxyanthraqui n-

one s , the upper  wav e length l i m i t  o f  the l o ng wave l ength n, n* abs orp-

t i o n  band o c c ur s  a t  lower wav e l ength ( i . e .  higher e n ergy ) than 1 , 4-

d ihydroxyanthraqu inone . For  e xamp l e , 1 , 5- and 1 , 8-dihydroxyanthra-

quinone hav � limi ts of 437 nm and 457 nm resp e c t i v e l y .  Thus h igher 

energy exci tat i o n  is required  for fluo r e s c enc e to  be possibl e ,  and 

ther e fore  there i s  a greater  chanc e of quenching by i n t eranl con-

v er s i o n  and p r e d i s s o c i at i o n , compare d  t o  1 , 4-dihydroxyanthraquin-

one . However , whi l s t  this would a c c ount for  diminished fluo r es c en c e  

e ffi c i en c y ,  i t  app ears mor e  likely that the  main r e ason f o r  non-
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fluo res c en c e  i n  the  case  o f  these  sp e c i e s could b e  deac t iv a t i o n  by 

a cons i de rably more e f fi c i ent  int e rsys t em cross i ng , from the  s ingl e t  

n , n* l e v e l  t o  the trip l e t  mani f o l d . This can b e s t  b e  s e en by  con-

s i derat i o n  o f  the  e l e c troni c s ta t e  di agrams for the vari ous molecules  

c o n c e rn e d . Although insu ffi c i ent dat a i s  available  in  the l i t e ra-

ture to c ons t ru c t  complete  e n ergy l e v e l  di agrams o f  the lower  

e l e c tronic  s tates o f  the  anthraquinones under d i s c us s i o n , the  type 

o f  diagram , d ep i c ting the r e l a t i v e  qual i tative  o rd e r  o f  the s tates , 

can b e  drawn up , as shown in  Fig. 1 2 .  I f  the as sump t i on is  made that 

mono-a -hydroxy and 1 , 8-dihydroxyant hraquinones hav e n ,  n* s t a t e s  at 

approx .  the same energy levels  as i n  the  parent anthraquinone , *  then 

the tripl e t  n ,  n * s tate  c ould l i e  j us t  b elow  the l ev e l  o f  the s ingl e t  

TI, TI * s tnt e , allow ing hi ghly e ff i c i ent i ntersys tem cross i ng ( S 1 -7 T2 ) . 

Thus , i t  has been  shown that i nt ersys t em c ross ing b e tw e e n  s ta t e s  o f  

. f f  . t ( . 1 * .£.....!>. 3 * 1 * L....l. d1 erent  o r b 1  al charac ter  1 . e .  n , TI  , .,.  TI, TI , o r  n, n " 

3n , TI* ) takes plac e at  a cons i derably  great er  rate  than b e tw e e n  states  

( . 1 * 3 * 1 L...l.. with  the  same orb i tal chara c t er 1 . e .  n , TI  � n , TI , or  TI 1 TI *  � 

3n , n * ) ( s e e  S . K .  Lowe r  and �L A . El-Sa yed , Chem . R ev . , 66 , 1 99 ( 1 966 ) ) .  

This i nt e rs y s t em crossing would  b e  fo llowed  by rap i d  int ernal con-

version  to  the  lowest  lying t r i pl e t  s ta t e , the n, n *  s tat e .  

t This assump tion  i s  no t unreasonab l e , i n  v i ew o f  the  b e hav i our 
o f  these  c ompounds in the i nfrare d  region - see  d i s c us s ion , 
page 6 9 ; thus , e . g . , 1 , 8- d i hydroxyanthraquinone shows a chelated  
and a f r e e  carbo nyl group i n  i ts IR s p e c t rum . 
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S t e r igmatocys t in, the Aflatoxins,  Avers in, and Vers i c olorin  

A number of  c ompounds poss e s s ing a dihydro- o r  t e trahydro

furo @ , 3- b] benzo furan struc tural feature are now known . 'rh e s e  

include  s t erigmatocys t in , t h e  a f l gt oxins , aver s i n  and v e rs i colorin . 

Thes e c ompo unds are all funga l m e tabo l i tes , and the pub l i sh e d  

chemis try o n  them is  v ery new , a ma j o r  p o r tion app e ar i ng over  

the l a s t  few  y ears . 

S t erigmato cys t i n  

S te r i gmat o c ys t in ( ( 99 ) , R 1 = Me ,  R2 = H ) w a s  t h e  first  

known natural produ c t  to contain  the dihydrofuro � , 3- b] benzo

furan r i ng sys t em ( Bullock et  al . ,  1 962 ) . Sev eral o ther 

naturally o c curring der ivat i v e s  of s t erigmatocys t i n  hav e s i n c e  

b e en i s o la t ed :  0-met hyls t e r i gmato cys tin  ( ( 99 ) , R 1 = R2 = Me )  

( Bu rkhar dt and Forgac s ,  1 96 8 ) ; 5-me thoxys terigma t o cys t i n  ( 1 00 )  

( Holker  and Kagal , 1 96 8 ) ; aspertoxin  ( 1 0 1 ) ( Rodri cks e t �. , 

1 968 ; Waiss  et  al . , 1 96 8 ) ; d ihydro-0-m ethylsterigma t o cy s t i n  ( 1 02 ) 

( C ole  e t  al . ,  1 970 ) ; deme t hyl s t e r igmat ocystin ( ( 99 ) , R 1 = R2 = H ) 

( Elsw o r thy et  al . ,  1 970 ) . 

The s ynth e s i s  of  (! ) - dihydro-0-m e thyl sterigmat o cystin  

( Rane e and Roberts , 1 96 9 ) , and  ( ± ) -0-methyl ster i gmato c ys t i n  

( Rane e and Rob e r ts , 1 970 ) , a n d  t h e  c onver s i on o f  s te r i gmato cys t i n  

i n t o  d ihydroaspertoxin  ( Hu t ch i ns o n  and Ho l zap fel , 1 97 1 ) hav e 

b e en r ep o r t ed . Also , an x-ray analys i s  has confirm e d  the s t ruc ture  

for s t erigmat o c ys t i n  ( Tanaka e t  al . ,  1 970 ) . 

S t e r i gmato cys tin  is toxi c and carcinogeni c ( Di ckens e t  al . ,  

1 966 ; Purchase and van der W a t t , 1 968 ; L i l l eho j and C i egl e r , 

1 96 8 ; Abedi  and S c o t t , 1 969 ) . 



The A flatoxins 

The afla t o x ins are highly toxi c and exceedingly carcino

geni c fungal me tabo l i tes produced b y  a number o f  Aspergi llus 

and Peni c ill ium s p e c i es . A c ompr ehens i v e  book has been pub

l ished  on the a fl a t oxins ( Gol dblat t ,  1 969 ) , and s everal r ev i ew s  

hav e appeared ( N ogan , 1 966 ; Hatthew , 1 97 0 ) . ' :O f f i c ial" 

analyti cal me thods for the  de term i nation  of  the aflatoxins , as 

food  myco toxi ns , have b e en propos e d , and work in  this f i e l d  

cont inues to b e  ac t ively  investiga t e d  ( s e e , e . g . Stolo f f , 1 97 1 ) . 

The two maj o r  afla toxins ar e a f latoxin  B1 (( 1 03 ) , R = H ) , 

and aflatoxin G 1 ( ( 1 05 ) , R = H ) ; the s tru ctur es shown for  thes e 

w e r e  propos e d  b y  Asao and BUchi � al . i n  1 963 and confirmed  b y  

the same work e rs i n  1 965 . S i nce  then  a numb er o f  other aflatoxins 

hav e been  i den t i fi e d ;  thes e include  afla toxin �2 ( ( 1 04 ) , R 1 = R2 = 

H ) ; B2a ( ( 1 04 )  ' R 1 = OH , R2 
= H ) ; G2 ( ( 1 06 )  , R 1 = R2 = H ) ; G2a 

( ( 1 06 ) , R1 
= O H ,  R2 = H ) ; i-1

1 ( ( 1 0 3 ) , R = OH) ; and M2 ( ( 1 0 4 )  ' 

R 1 = H ,  R2 = OH ) ( s e e  above r ev i ew s ) ,  and aflatoxi ns GM 1 ( ( 1 05 ) , 

R = OH ) and B3 ( Heathc o t e  and Dutton , 1 96 9 ) . 

The total s ynthe s i s  o f  a flatox i n  B 1 ( BUch i e t  al . ,  1 96 7 ) 

and a flatoxins M 1 and G 1 ( BUchi and � e inreb , 1 969  and 1 97 1 ) 

hav e b e en rep o r t e d . T he s tru c tures o f  a flatoxins B2 and G1 

hav e been  confirmed  by x- ray c rys tallography ( van Soest  and 

P e erdeman , 1 96 4 ; Cheung and S i m ,  1 964 ) ; no  determinati o n  of t h e  

abs o lu t e  configuration was made by  this  m e thod . The abs o lu t e  

c onfigurat i on o f  a flatoxin B1 , and hence  o f  B2 , has been  

d e t ermined ( Br e chblihler  et  al . ,  1 967 ) b y  chemical  d egradat i o n  

to  a n  optically  a c t ive  al iphat i c  a c i d  whose  absolute  s t ereo-

chemistry was know n .  S in c e  the c i r cular di chro ism curve s  o f  

l 
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rt flatoxin  B 1 and G1 are ess ent ially  super imposab l e , and G1 may 

be hydrogenat e d  to G2 , thes e w orkers  proposed thrtt the G s e r i es 

also had the  same abs olute  s t e r e o c hemistry of the hydro furan 

ring s ys t em as  for the B s eri es . 

Av er s i n  

T h e  anthraqu inone  aver s i n  ( ( 1 07 ) , R 1 = R3 = M e , R2 = H ) 

was rep o r t e d  in 1 963 as a me tabo l i t e  o f  a variant s train  of  

A . vers i c olor  ( Bul l o c k  et  al . ,  1 96 3 ) . 'rhe  synthe s i s  of  (.±.) -0-

methylav e r s i n  has j us t  r e c ently  b e en r eported  ( Ho lmwo o d  and 

Roberts , 1 97 1 ) .  

Versi c o l o r i n  

T h e  anthraqu inone p i gments  versi c o lorin A ( ( 1 0 8 ) , R 1 = R2 = 

R3 = H ) , and vers i c olorin B ( ( 1 07 ) , R 1 = R2 = R3 = H ) w ere  

i s olat e d  from � . v ersi color  ( Hamasak i  e t  al . ,  1 965 and 1 96 7 ) . 

V e r s i c o l o r i n  C ,  a third an thra quinone p i gment isolat e d  from the  

same fungus , was shown to b e  a rac em� t e  o f  vers i c o l o r i n  B .  The  

i s o l�ti o n  of  the  anthraqu inone v e rs i conol ( 1 09 )  was reported  

in  1 969 , and i t  was  p ropos e d  t ha t  this  could  b e  a p r e cursor of  

v e rs i c ol o r i n  C ( Hatsuda � al . , 1 96 9 ) . 6-Deoxyv e rs i c ol o r i n  A 

was reported  in  1 970 , and i t  appear s that this  could  b e  t he 

b i ologi cal  p r ecursor  o f  sterigmato c ys t i n  ( Elsworthy e t  al . ,  1 970 ) . 

Fi nally , v ery r e c e ntly , the i so lat i on o f  6 , 8-0-dime thylv ersi

colorin A ( ( 1 08 ) , R 1 = H ,  R2 = R
3 = Me ) has  been  repor t e d  

( Hatsuda e t  al . , 1 97 1 ) .  
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