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Abstract - The trichothecanes a r e  a family of plyoxygenated sesquiterpenes 

showing a nunber af in te res t ing  pharmacological propert ies ,  i )  a n t i b i o t i c ,  

ii)antif-1, i i i )  a n t i v i r a l ,  iv )  insec t ic ida l  and v) cytotoxic and cytc- 

s t a t i c  a c t i v i t y ,  the  most comnon eranples being t r ichodemin and v e m c a r o l .  

Recent trichothecanes synthesis  h v e  been reviewed, including our contr i -  

bution i n  the  t o t a l  synthesis  of ~,l~-Epoxy-l4-methaxy-tlichothecene 

using dienyl-~e(C0) complexes. 3 
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The macrocyclic trichothecene esters (verrucarins and roridins derivatives) are secondary 

metabolites of the soil fungi imperfecti which belongs to the order of Maniliales, family 

%berculariaceae, and of numerous species, example Myrothecium, Trichothecium and Fusarium. 

These are the most toxio nan-nitragen natural products !mown, containing only C, H, and 0. 

They are interesting compounds not only for chemical reasons, but also because of the vast 

remarhble biological properties, antibiotic, antifungal, antiviral, inseoticidal, cytotoxic 

and cytastatic activities.'"' lb They are  colourless, crystalline, optically active solids, 

spasingly soluble in water, but soluble in all common organic solvents at room temperature. 

These macrocyclic trichothecene esters are sesquiterpenes characterized by the presence of 

a 12.13-epoxy trichothecene ring system. 

Vemucarin A - A- 0. R ~ =  CH?, R ~ =  OH, R = o 
3 

2'-Dehydro-Ves~ucmin A - R= 0, R = CH 3s Rz'R3 = 0 

V-carin B - R = 0, R -R = 0 ,  R = 0 1 2  3 
Roridin A - R = (CH)OHCH3, R1 =CH3, R2 =OH, R :O 

3 
Roridin D - R =(CH)OHCH~, ~ ~ - 7 1 ~  =o, R 3 EO 

Most macrocyclic trichothecene esters yield the same tricyclic epoxy sesquiterpenoid upon 

base catalysed hydrolysis ( example venucarins and roridins give verrucarol). To date 

approximately 47 naturally occurringderivatives are known. In view of the growing number of 

fungal metabolites which are esters of sespuiterpene alcohols prossessing the same tricyclic 

structure as found in trichodermal (roridin c), trichothecolone, and vemucarol, the name 

"i 
Trichothecane Apotrichothecane 

TRICHOTHECANE with a particular numbering was introduced for the basic skeleton. The comes- 

ponding rearranged skeleton is called APOTRICHOTHECANE. Acoording to this nomenclature, 

verrucarol is to be named 4@-15-dihydro-12,13-epoxy-L??-trichathecene and roridin C 

9 (trichodermol), ~hydroxy-12,13-epoxy-~-trichathecene. 2 
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Trichodermol R = R1 = H 

Wichodermin R = OAc, R = H 1 

Yerrucarol R = H, R1 - OH 

Despite the  a b i l i t y  t o  i s o l a t e  these compounds, the  world's supply is low and insuf f ic ien t  

a t  present f o r  extensive t e s t i n g .  Moreover, r e l i a b l e  a n a l y t i c a l  methods are not ava i lab le  

making it d i f f i c u l t  t o  evaluate cause and e f fec t  r e l a t i o n s h i p  among toxins. This, 

together with t h e i r  complicated s t ruc tures  have made t h e i r  t o t a l  synthesis  a s ign i f ican t  

challenge. The f i r s t  t o t a l  synthesis  towards t h i s  end h a s  been achieved by Colvin. 

Raphael and co-workers i n  1971 with the  synthesis  of (2 )  trichodermol. 3 

11. STRUCTURE ELUCmATIONS 4 

Structure elucidat ion of the macrocyclic trichothecene e s t e r s  has been car r ied  out mainly 

on t h e  common chromophoric part of the  molecule, the  12,13-epoxytrichothecene r i n g  system, 

namely trichodermol ( a l s o  trichodermin) and verrucaral ,  and t h e i r  der ivat ives.  

Wichodermin, the acetylated chramophore of trichodermol contains carbon, hydrogen and 

oxygen only and elementary analysis  and molecular weight determination correspond well  

with the  formula C17H2pII. The probable p a r t i a l  s t ruc tures  from combined n.m.r. evidence 

with the  other  spectroscopic and chemical informations were a s  follows :- 

During t h i s  period, another fungal metabolite of Trichothecium roseum, cal led trichothecolone 

has been assigned the  s t ruc ture  (1) by two d i f f e r e n t  groups, Freeman and co-workers i n  

1959 and Fishman and co-workers i n  1960. 
6 



The s i m i l a r i t y  of the n.m.r. , IR-spectra and many react ions t h a t  proceed analogously makes 

it tempting t o  t r y  t o  cor re la te  a s u i t a b l e  s t ruc ture  f o r  trichodermol with a oorresponding 

derivat ive of trichothecolone. From further  s tudies ,  provided the  s t ruc ture  of trichothe- 

colone (1) is correct ,  trichodermin and trichodermol should be represented a s  (2 )  and 

( 3 ) .  

On the  other hand cer ta in  react ions of trichodermin and its derivat ives were d i f f i c u l t  t o  

in te rpre t  i n  the  l i g h t  of s t m c t u r e e ( 2 )  and (3). Lithium aluminium hydride reduction of 

trichodermol produced a d i d ,  Cl5HZ4O3 (m.'p. 148'~): the n.m.r. spectrum shows the  presence 

of a quaternary methyl group ( s, d 1.47) more than i n  the  spectrum of trichodermol ( 3 ) .  

The AB system ( d, 62 .79  a n d d 3 . 0 ~ )  assigned t o  the methylene group in t h e  four membered 

oxide r i n g  was ahsent i n  the d io l .  Also the  new hydroxy group is t e r t i a r y ,  suggesting t h a t  

cn1-a 
trichodermin contains an epoxide group ( \ I ) .  Because of t h i s  disagreement, s t ruc ture  A 
(2) w a s  discarded as the  iecorrect s t r u c t u r e  f o r  trichodermin. 

X-ray crystallography of the'p-bromobenzaate derivat ive of trichodermol by Abrahamsson and 

Nilsson revealed t h e  presence of an eporide r i n g  and has r igorously establ ished the  

compouod as s t ruc ture  (4a). The s t ruc ture  of trichodermin and trichodermol is thus 

assigned a s  (4b) and (4c). 

(4s)  R = p-bromobenzoyl, Rl * H, RZ = 2H 

(4b) R Ac. , R1 : H , R2 = 2H H H 

(4c) R =R1  = H, Rz ' 2H 

( l i d ) R Z H ,  R 1 ' H , R  = o  2 OR 
OR 

(4e) R = H  , R1 = O H ,  R2 = 2H 
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The structure of vemcarol has been p-oved by Cutawiller and co-workers to be (4e) and 

he has successfully correlated verrucarol and trichademol and unambiguously established 

the location of the primary hydroxy group. 

Spectroscopic methods have thus whenever possible replaced the difficult and time consuming 

degradation studies for struct-1 elucidation. 

The characteristic $ n.m.r. spectra have played a significant role in the structural 

determination of those new trichothecane goup of fungal metabolites isolated. With the 

availability of 13c n.m.r. , an analysis of their n.m.r. could now play an additional role 
for structural elucidation. The application of 13c n.m.r. ( normally together with the 

n.m.r. ) has been illustrated with the structural elucidation of Satratoxin F and G 
1 using these methods, together with other spectroscopic data available. The H n.m.r. 

and 13c n.m.r. of Satratoxin F and G were observed to be quite similar to those of roridin 

E, and assigned as structure shown below, having the tricyclic trichothecane Chromophore. 

Satrataxin 

n.m.r. has also been extensively used today in the studies o f  biosynthetic pzthways. 

The 13c n.m.r. of verrucarol has been assigned by Ch. Tam and co-worker in 1975 lo and 

that of trichothecin and trichodermol by Tim Marten and ca-workers in 1974. 11 



13c n.m.r. of various compounds 

Trichothecin Trichodermol Satratoxin G 

111. CHEMICAL TRANSFORMATIONS lbv4 

A wedominant fea tu re  of t h e  t r i c y o l i c  12.13-epaxytrichothecene and its der iva t ives  is t h e  

f a c t  t h a t  t h e  epcxide under c e r t a i n  circumstances is suscept ible  t o  i n t r m o l e c u l a r  nucleo- 

p h i l i c  a t t ack  accompnied by s k e l e t a l  rearran&.ements i n t o  the apotrichothecane skeleton.  

Base Catalysed Rearrangement- Trichodermol, as well a s  trichothecolone and v e n u c a r o l  a r e  

s t a b l e  t o  hot  d i l u t e  a l h l i  and t h e i r  s t a b i l i t y ,  i n  p a r t  is a t t r i b u t e d  t o  sh ie ld ing  of t h e  

epoxide r i n g  from a nucleophi l ic  a t t a c k  from t h e  r e a r  by ex te rna l  anions. 

I n  con t ras t ,  trichodermane (5) i s m e r i s e s  smoothly an treatment with sodium carbonate 
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by enolieation of the ketone followed by opening of the tetrahydropyrane ring to give the 

rearranged product (6) 

Acid Catalysed Rearrangement - Treatment with dilute sulphuric acid or dilute trifluoroacetic 
acid of trichodermol gives the rearranged triol. C15i$404 (8%). The acid catalysed rearrange- 

ment is initiated by protonation of the epoxide, followed by the internal nucleophilic 

attack of the tetrahydropyran oxygen an the potonated epoxide, leading to the oxonim 

ion (7). The oxonium ion is then cleaved with an external anion, in this case hydroxide to 

give the triol (8a). When dilute hydrocNoric acid is used, the external anion is the 

chloride, giving rise to (8b). 

Rearrangement of Other Trichothecene Derivatives - Treatment of di-O+cetyldihydray-ucarol 

(9) with thionyl chloride in pyridine effects rearrangement to the aptrichathecane deri- 

vative (10) instead of the expected dehydrated product. This rearrangement is assumed to 

C1 
___f 

- -H 

AC Me OAc 



occur v i a  t h e  chlorosulphite. 
8 

Di-0-acetylverrucarol (11) on boi l ing with water a l s o  rearranges t o  give (12). 

ACOH~" I 
Me 

OAc ' Me OAc 

. TOTAL SYNTHESIS 

The t o t a l  synthesis  of the  macrocyclic trichothecene e s t e r s  has been centred on the two 

major chromopbores, trichadermal ( a l s o  trichodermin) and verrucarol  s ince  t h e i r  s t ruc tures  

were revealed i n  19&. The t o t a l  synthesis  of trichodermin and trichodermol was achieved 

i n  1971 by Colvin, Raphael and co-workers. ' The high complexity of the  macrocyclic t r icho-  

thecene e s t e r s  containing an i n t r i c a t e  concentration of ether-ester-olef indlcohal  func- 

t i o n a l i t i e s  (verrucarins and r o r i d i n s  derivat ives)  present very d i f f i c u l t  t a r g e t s  f o r  t h e i r  

t o t a l  synthesis  and t h i s  r a t h e r  formidable challenge has not been met till the  present time. 

The f a i l u r e  i n  a l l  attempts since 1978 t o  synthesize the chromophore verrucarol  i t s e l f  

l i e s  the  major setback. Verrucarol contained the  CY and C-15 hydroxy groups i n  the  t r i c y c l i c  

backbone required f o r  the completion of the macrocyclic r i n g  i n  the  macrocyclic trichathecene 

e s t e r s  t o t a l  synthesis .  A mare sucoessful study towards the t o t a l  syn thes i s  of v e r m c a r a l  has 

been achieved recent ly i n  1980 with the  synthesis  of 13,1bdinor-15-hydroxytrichothec- 

9-ene (76) by Rousch and Ambra l3 containing the required C-15 hydroxy group of the  tri- 

cyc l ic  backbone, but l a c k i w  the  epoxide r i n g  a t  C-12 and the  hydroxy group a t  CY. This 

should hopefully ihsp i re  other research groups t o  synthesize verrucarol i t s e l f .  

The t o t a l  synthesis  of the  t r i c y c l i c  trichathecene backbone can be divided i n t o  two d i f fe ren t  

s t r a t e g i e s  : 1 )  the  method of Colvin, Raphael and co-workers 3'14 i n  which rin@ A and B 

a r e  farmed f i r s t  followed by the construction of r i n g  C ,  t h o u g h  various chemical t ransfor-  

mations and rearrangements, and 2)  the  biomimetic approach i n  which r i n g  A and C are formed 
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f i r s t  followed by r i n g  B fornat ion by cycl ieat ion.  

The first t o t a l  synthesis  of trichodermin was achieved by Calvin, Raphael and co-workers 3 

i n  1971. It was based on the  observation by M.S. Newman and co-worker l5 i n  1945 t h a t  the  c i s  

isomer of a fused b icyc l ic  X-lactone is the thermodynamically favoured one, t h i s  being the 

required stereochemistry f o r  the  r i n g  A and B junction i n  trichodermin. This synthet ic  route  

is i l l u s t r a t e d  i n  Scheme 1 . The key intermediate, ~hydroxy-5,6,9-trimethyl-Z-axabicyclo- 

c4.4.0.3 deca4 .94 i~n-3-y l -ace t ic  lactone (28) was synthesized from t h e  read i ly  ava i lab le  

4-methoxy-l-methylcyc10hexa-l,~iene i n  15 s teps  ( most s teps  being low yielding). Weat-  

ment of (28) with l i thium hydridatri-t-butoxyalmi~te gives two p-oducts, the  keta aldehyde 

(29) and the  c rys ta l l ine  t r i c y c l i c  ketc-alcohol (30). formed i n  low y ie ld  t h o u g h  i n t r a -  

molecular cycl izat ion followed by an i n t e r n a l  a ldo l i sa t ion .  

High temperature 

by-product. 



CH(OE~)~ 

Mq ACOH, MT CHO 1 Cornforth Ox idap  - mo3/ m i d i n e  
AcONa 

ke \OH 2. Jones Oxidation 
Me Me Me 

H H 

MT + 

R = H  R - OAc a f t e r  acetylation. 

Me 
OR 

e 

(29)  
1. ph$CH?~r-/ base 46% 

2. MCPBA 50% 

3. A C ~ O /  pyridine 7% 

OAC 

Epoxidation intermediate. 

A r  : m-C1-C H - 6 4 
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The t r i c y c l i c  Keto alcohol (Y) can be read i ly  converted i n t o  trichodermin in three  s teps  

i )  conversion of t h e  t r i c y c l i c  ketone i n t o  the corresponding methylene compound by 

reac t ion  with methylenetriphenylphospharane which causes de-acetylation followed by i i )  

epoxidation of t h i s  methylene funct ion and f i n a l l y  iii) re-acetylation. The desired reg ia  

and stereo-selectivity of epoxidatian was achieved with t h e  a i d  af the  secondary hydroxy 

group gresent in (30) which-is d i rec ted  precisely towards the  double bond of the  methylene 

c o u p  and is thus idea l ly  placed t o  form a hydrogen bonding 'anchor' f o r  t h e  e lec t rophi l i a  

peroxy acid.  The 9,104ouble bond is l e f t  untouched using the  a p p q r i a t e  condition (meta- 

chloroperbenzoic acid,  d i s c d i m  hydrogen phosphate buffer). 

The key i n t e r n a l  a ldo l i sa t ion  s t e p  t o  es tab l i sh  t h e  C-4 and C-5 bond in much l e s s  than 10% 

yie ld  of the t r i c y c l i c  trichothecene skeleton (30) makes it c l e a r  that f u r t h e r  work on tri- 

chothecene synthesis  should be undertaken. 

A var ie ty  of synthesis  t h a t  followed u t i l i s e d  rou tes  p a r a l l e l  t o  the one developed by Colvin, 

Raphael and co-workers i n  1973. l4 Various admnced intermediates i n  t h e  t o t a l  synthesis  

of trichodermin by Colvin, Raphael and co-workers i n  1971 and 1973 l4 became the  t a r g e t  

of synthesis  themselves s ince  they are produced i n  law y ie ld  and involved numerous s t e p .  

Welch and Wang i n  1972 l6 aimed a t  the  synthesis  of the  intermediate (19) used i n  the  

trichodermin synthesis  by Colvin, Raphael and ca-workers. This intermediate (19) is 

e a s i l y  synthesized from t h e  read i ly  avai lable  1-OxOZ,54imethylcyclahexane (31) i n  y ie ld  

higher than 6%. Reduction of the  ketone i n  compound (32) by l i thium diisopropylbutyl a lu-  

minim hydride followed by ac id  catalysed Cyclieation gave the  required intermediate 

(19). 



The lactonieation poceeds by an allylic carbonium ion intermediate in which the cyclieation 

is highly cegio and stereo-selective to give the desired cis-fused &lactone (19) . 
D.J. Goldsmith and co-workers in 1973 l7 synthesized the cis ketol (37) and proposed it as 

a synthetically useful intermediate towards trichothecene synthesis. The desired stereo- 

selective introduction of the cis angdar methyl in the diketone (36) was accomplished 

using lithium dimethylcuprate. 

Yasuo Fujimota and co-workers in 1974 reported the stereaselective total synthesis of 

(i)-12,13-epoxytrichotec--9-ene, isolated from the metabolite of Trichothecium roseum by 

Nceoe and Machida . l9 The cis-fused pyrane derivative (39). containing ring A and B of tri- 

chothecene was formed *om the keto ester (38) with orotonaldehyde, which was subsequently 

converted into (40). Al!qlation af (40) with ally1 bromide did not provide the expected 

C-alkylation product in this case, but gave an unexpected O-alkylation product (41). 

Claisen type rearrangement of (41) was accomplished by heating to give (42). The keto- 

aldehyde monohydrate (43) was cyclised with sodium methoxide to give a diastereomerio 

mixture of the tricyclic ketol (a) in yield of 9%. This rearrangement to form the C-2 and 

C-3 band between the B and C ring of the tricyclic trichotheoene skeleton is very much higher 

Crotonaldehyde 1. MCPBA, AcOEt 

2. hb 

(38) 
Me 

yielding than in Colvin, Raphael and co-workers rearrangement of (28) to form the C - 4  and 
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(42) R1 = CH2CHWH2, R2 = CH 
H H 

3 

N ~ O M ~ /  MeOH 
OH 1. ( c ~ H ~ o ) ~ P * M ~ I -  PI 

[R-OH-+ R-I] , 

3. Wittig Me 

(&) 
4. MCPBA 

(45) 

C-5 bond. (44) was finally converted into ( i ) -epoxyt r icho thec~-ene  in reasonable yield. 

The tricyclic trichothecene skeleton synthesis branched at this point into the biogenetic 

approach involving the construction of ring A and C first, followed by a subsequent SNZ* 

intramolecular cyclieation to form ring B. This approach has been inspired by Y-kawa and 

co-workers in 1973 20 who reported the photoaddition reaction between 3-methylcyclohexenone 

and 2-hydroxy-3-meth~lcyclopentenone for the synthesis of trichodiene (101). 

The head to head phatocyclaaddition reaction between 3-methylcyclahexenone and 2-hydroxy- 

3-methylcyclapentenone gave (46), with three other products in very low yield. followed by 

retro-aldol clea~ge of the cyclablltane ring yielded the desired vicinal dimethyl compound 

(47), which could be converted into the required trichodiene (101). 



The next total synthesis towards the tricyclic trichothecene metabolites utilising the 

photocycloaddition reaction of Yamakawa and co-workers 20 has been extensively studied by 

Kamibwa and co-worker with the synthesis of 13-nartrichotec-9(10)-ene in 1974 and 

lZ,l>spoxy-t~ichotec -+-em in 1976," its first successful biomimetic synthesis. Both these 

synthesis began with the (2 + 2) photocycloaddition of 'I-methylcyclahex-3-en-1-one ethylene 

ketal (48) and 3-methylcyclopent-2-en-1-one (49) to give the required crystalline adduct 

(3) in 16$ yield followed by conversion into the common enedione intermediate (51) . The 
success in the formation of the cyclic ether ring B for the tricyclic trichothecene skeleton 

is highly dependent an the stelgospecific cyclization that results as a Consequence of 

fevo-ble orbital werlap during the sddition ( see intermediate) between the 'K-orbital of 

the -C=C- bond and the p-orbital of the oxygen. 

The synthesis of the polyorygenated sesquiterpenes, trichadermol (also trichademin) and the 

analogues described so far have several setbacks, mainly the low yield of certain key steps 

and the lack of total stereocontrol, an important criterion for modern synthesis. It is 

thus still a challenge for the synthetic chemist to find s convenient and high yielding 

preparation of these sesquiterpenes. An alternative source af these sesquiterpenes is 

required for a more thorough study of their mode of hiological actions in which so little is 

known today, 
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Pearson in 1980 23 used retrasynthetic analysis towards the problem of trichothecene 

synthesis, which involved the disconnection as indicated in scheme 2 . The apprcach using 
this scheme would require a reversal of polarity at the j(-position of the ampriate 

cyclohexenone and this exactly corresponds to the well horn behavior of trioarbonyliron 

derivatives of the 2-meth~x~c~olohexadienylium cation (52). Methyl-2-cyclopentane-car- 

boxylate (57) has been used as the cyclopentane synthon for ring C in the tricyclic 

trichothecene Skeletollr Reaction of (52) and (53) gave rise to a diastereoisomeric mixtures 

of tricarbony~methyl 1-(2-5~~-methoxy-l-methylcyclahexa-2,~4ienyl)-2-oxocyclapentane- 

carboxylate] iron (9) and (55), which contain the A and C ring of the tricyclic trichothecene 

skeleton. This synthetic strategy could offer a very flexible %pproach for the synthesis of 

a wide variety of trichothecene analogues by using different substituted cyclopentane 

synthons as nucleophiles. 

Using the method of Pearson 23 we have achieved the total synthesis of 12,U-epoxy- 

14-methoxytrichothecene (62) in this laboatory in a reg.io and stereoselective manner. 24'25 

Sodium borohydride reduction of (9) and the undesired isomer (55) gave the hydroxy ester 

(56) and (57) respectively, as single epimere in 10% yield. Treatment of (57) with 

4-toluenesulphonic acid in dichloramethme at room temperature resulted in its conversion 

into an equimolar mixture of (56) and (57). In boiling dichloromethana, the required 

(56) becomes pedominant (70-79). Thus we are able to obtain (56) in yield in excess of 

8C% from the salt (52). Conversion of (56) into the alkene (58), and stereospecifically into 

the protected epoxy alcohol (59) was readily achieved in high yield as shorn. 26 Removal 

of the iron moiety and en01 ether hydrolysis gave the enone (60) which w a s  converted into 

(61), now an advanced intermediate possessing the trichathecane ring system. m h e r  

elaboration of this compound into the final product, 12.13-epoxy-14-methoxytrichothecene 

was achieved using standard methods : i) methylation of the ketone using methyl lithium, 

ii) oxidation of the secondary alcohol, iii) dehydration of the tertiary alcohol, iv) 

Wittig reaction us- methyltriphenylphosphanium bromide and v) epoxidation. 



F ( ~ 0 ) ~  
Fe(C0l3 

M e  O H  M~o\"- $ 1. NaH , Me1 
2. Me NO - 

~ ~ ( a c a c ) ~  3. Oxalic acid) 

CH OH Me H 
3 (59) 

Me+ OMe 

A convenient and high yielding preparation of (f)-trichodermol was reported recently by 

Still and co-workers 27 in 1980 along a biamimetic line of approach. Regio and stereocontrol 
28 

are observed throughout the synthesis. Herz-Favorskii ring oontraction of (63) proceeded 

regiaspecifically to give the crystalline cyclopentanonecarboxylic ester (611). The C-4 

hydroxy group was then introduced stereospecifically by epoxidation followed by dissolving 

metal reduction to give the trio1 (65), which was then finally converted into (66). Anionic 

fragmentation thenproceeds cleanly by deprotonation with sodium hydride to yield (67). 

Stereoselective trans-hydroxylation of C-2 and C-12 olefin in (67) required for trichodermol 
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t synthesis  was achieved w i n g  a hydroxyl directed epoxidatian ( BuOOH, ~ ~ ( a c a c ) ~ )  of (67) 

t a  give the  k-epoxide (68). Acid catalysed glycol  formation gave the  expected inversion a t  

C-2 with d i r e c t  formation of the  bridged t r i c y c l i c  intermediate (69). having a l l  the  required 

stereochemistry and func t iona l i ty  f o r  t r a m f o r m t i o n  i n t o  t r ichodemol.  It should be noted 

t h a t  (70) undergoes reg iose lec t ive  dehydration using phosphoryl owchloride t o  give a 

7 : l  mixture of olef ins ,  t h e  major isomer being reqvired f o r  the  synthesis  of t r ichodemol 

( 4 ~ ) .  

i+ 
- 

(65) X = OH, R=R1: H 

Me 
(63) Me (64) 

Me (66) x = H , R -- mco, R =ns 1 

- Mm POCl 

Me*ocom 

~/PY.-) 

COPh 
Me 

The polyowgenated sesquiterpene, verrucarol ,  has not been t o t a l l y  ignored by chemist and is 

a g r e a t  synthet ic  challenge ye t  t o  be met. Attempts towards the  synthesis  of verrucasol 

began t o  appear i n  1978. A l l  syn the t ic  approaches during t h i s  period followed routes  

p x a l l e l  t o  those of Calvin's, flaphael's and co-worker5 t r i chodemol  synthesis.  14 

The syn the t ic  attempt t o  v e m c a r o l  4. Raphael and co-workers i n  1978 is i l l u s t r a t e d  i n  

scheme 2 



  he only difference between the  synthet ic  approach towards verrucarol  campred t o  t r icho-  

dermol is the  presence of the  hydroxymethylene function a t  C-5 i n  (72) instead of the usual 

methyl group. (72) is converted i n t o  t h e  advanced intermediate (73) through (74). It was 

predicted that s l d o l  cycl ieat ion t o  e s t a b l i s h  the  C-4 and C-5 bond t o  give the  t r i c y c l i c  

intermediate f a r  verrucarol synthesis  should proceed smoothly a s  before i n  the  trichodermol 

synthesis .  

Before t h e  f i n a l  attempt towards verrucarol  synthesis  had been achieved by Raphael and co- 

workersz9, various independent research g r o u p  became ac t ive ly  involved i n  the  synthesis  

of various advanced intermediates. 

"sir@ a.Diels-Alder react ion,  Barry B. Snider and co-worker i n  1978 30 synthesized the  

intermediate (72) i n  a much higher y ie ld  the  previously achieved. 

A t  the  same time P o s t  and co-worker i n  1978 published a synthet ic  s t r a t e g y  towards 

vermcarins  with the synthesis  of the  intermediate (75). lacking t h e  methyl group a t  C Y .  

Extensive s tud ies  have been made t o  methylate the C-4 posi t ion without success. 

But t h e  intermediate (74) of Raphael and co-workers 29 d i d  not undergo the  analogous 

transformation a s  i n  t h e  synthesis  of trichodermol. Variation of the  reduction process gave 

no t r a c e  of t h e  required t r i o y c l i c  product required f o r  fu r ther  transformation i n t o  verrucarol.  

A l l  t he  attempts toward verrucarol t o t a l  synthesis  so  far have thus f a i l e d .  No a l t e r n a t i v e  

approach f o r  the  transformation of (74) i n t o  vermcaro l  has yet  been found. A more 

successful study towards the  t o t a l  synthesis  of verrucarol  has recen t ly  been achieved 

with the synthesis  of U,l4-dinor-15-hydro~trichotec-9-ene by Rousch and Ambra i n  1980. 13 
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It should be noted that this strategy reverted back to the biomimetic approach ( scheme 4 ) .  

It should also be noted that this molecule (76) lacks the functionalities at C Y  and C-12. 

required in vemcarol, and necessary for its biological activities. The introduction 

of the C - 4  and C-12 functionalities using this synthetic strategy will be difficult to 

achieve for the total synthesis of verrucaral. 

Scheme ij 
1. MCPBA 
2.. KOBut, HC02Bu 

t 

n 
1. SH SH 

2. DHP, H' 

4. NES 
KOH 

HO 

1. MeLi 

2. HC1 > (76) 

d Me 
A more novel synthesis into the tricyclic nucleus of verrucarol has been achieved by White 

and co-workers in 1 9 ~ 1 . ~ ~  The crucial steps in this synthesis required a photochemical 

cycloaddition of acetylene to (77) and a rearrangement of the cyclobutenyl carbind formed 

(78b) to give the cyclopentenol as the key step in the construction of ring C to give (79). 

Stereocontrolled synthesis of (79) makes it a potentially useful intermediate for the synthesis 

of fmcti-liaed %richotheconoid system, including verrncarol, acirpenol derivatives and 

anguidine. 



There remains a need for the development of more general synthetic methodology which would 

provide sufficient flexibility to he applied to a wide range of trichothecane structures 

or their analogues. 

Stanley , Miller and co-workers in 1981 33 converted 2-methylbut-3-yn-2-01 (80) into the 

lactone (84) and (85) using a Diels-Alder reaction with either (81) or (82). The fused 

structures (@+) and (85) have reactive functionalities in the heterocyclic ring and should 

allow a number of approaches to selected trichothecin by the addition of ring C and the 

C-12, C-13 epoxide ring in turn. No total synthesis has yet been reported using this methodo- 

logy. Also, nucleophilic addition to the formyl group of the intermediate (83) should give 

rise to a variety of different substitution patterns at the C-5 center of trichothecane 

structure. But the carbonyl group was found to be too hindered for any reaction of nucleo- 

philes to occur, reducing the synthetic flexibility of possible trichothecane analogues. 

H C 1. Ac 0 
2 

2. CH 
3 \ 

HO-C - C s C H  3. AcOH I -* 

H C / 4. NaCl Hzc OAc 

(80) 

cn. 

Impressive gains in the synthetic methodology relating ta the tricyclic backbone have been 

illustrated, but by contrast there have been very few reports concerning the components of 

the macrocyclic ribbon. This is due to the unsuccessful synthetic approaches towards the 

total synthesis of vemcaral which prevented further progress in the total synthesis of 

the macrocyclic trichothecene esters. 

The inability to synthesize vemcarol itself has not stopped chemists from developing 

appropriate methodology for the formation of the macrocyclic ribbon using vemcarol from 

nsturallyoccurringsources. This macrocyclic ribbon with the intricate concentration of 
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ether-ester-olefinalcohol functianalities connected to the C-4 and C-15 hydroxy group are 

found to elicit profound biological effects an3 variation of these macrocyclic rings could 

provide an interest% biological study . 
The first prtial synthesis of a macrocyclic trichothecene esters from the sesquiterpne 

alcohol, venucarol, was carried out by Tam and co-worker in 1978 34 with the synthesis 

of tetrahydrovemcarin J . There are two prepzrative methods for the advanced intermediate 

(90), containing the two requisite side chains. Both these methods were based on the finding 

that the secondary hydroxy group of C-4 proved to be more reactive then the primary hydroxy 

group in verrucarol. Protection of verrucarol as the 4-0-acetyl derivative and condensation 

of the primary hydroxy group with (Z)-3-methyl-5-(tetrahydro-2-pyranyl)oxy-2-pentenic acid 

(87b) using N'NV-carbonylidiimidaeol (CDI) with 1,5-DiazabicycloY.3.0-"on-5-ene (DEN) as 

catalyst gave an isomeric mixture of E/Z (89) at the 2'. 3' double bond. Deacetylation, 

followed by condensation of the C-4 secondary hydroxy group with adipic acid-mono(p-broma- 

phenacyl ester) (88) gives the required advance isomeric E/Z intermediate (90). 

The second method involved the direct condensation of (88) with the nore reactive secondary 

hydroxy group in verrucarol using CDI and DBN as catalyst to give (91). Further condensation 

of (87b) with (91) gave the advanced~/Z intermediate (90). In this case no protection and 

deprotection will be required. 

(90) was then converted into E/Z (93) which can be lactanized with di-(2-m?.idyl)displphide 

and triphenylphosphine to give the required tetrahydrovemcarin J of the E configuration, 

(94). as sb.own in the n.m.r. . 



(so) R1= THP, R2 = p-BrC6H4COCH2- 

The discovery of the role played by the trichovemins (104) and (105) in the bios~thesis of 

the macrocyclic trichothecenes (see 26) suggests another viable synthetic route for the 

conversion of verrucarol to the higNy biolagically active macrocyclic trichathecenes using 

trichwerrins- 35136 Synthetic methodology using this hiomimetic approach is now slowly 

Me 

nm4/ 2 OH Me3SiCH2CCQMe 

/ Dioxane 
COOMe 

95% CHO %&i 

Ac 
1. NaOMe, MeOH 
2. TsC1. m.. 

AcO followed by Ac20 
OH 

3. NaI, 4. "Bu ~xd 
3 CHO 

emerging . Reid and co-worker j7 in 1981 synthesized the C-$ octadienic ester of the 

trichovemins from D-glucose. 

A variety of synthetic analogues of the trichothecanes which possess an aromatic ring have 

been reported by Anderson and co-workers. 38139 They were prepared by routes pxallel to 



HETEROCYCLES, Vol 19, No 9, 1982 

tbt developed along the biomimetic approaches. 6,9-Bisnormethyl-8-methoxy-12,13-epoxy- 

6,8,10-trichothetriene (98) was synthesized by Anderson and co-worker 38 using the retro- 

synthetic analysis preeenked in scheme 3. Reaction of sodium p-methoxyphenoxide with 3-chloro- 

cyclopentene gave 3-(p-methoxy-pheny1oxy)cyclopentene (95) which undergoes Claisen rearrange- 

ment to give 2-(3' -cyclopntenyl)Y-methomhenol  (96). 

Protection of the phenol and isomerization of the cyclopentene double bondwereachieved by 

treatment with potassium t-butoxide in dimsthyl sulphoxide and water to give the requisite 

intermediate, 2-(1'-cyclopenteny1)-1-bemyloxy-4-met benzene (97). (97) was transfmed 

into the aromatic trichothecane (98) using the route presented in scheme 9 . 
A further synthetic analogue of the aromatic trichathecane with a functionalised C-4 

isomerisation 

Me 
(0.;) 

Me0 

position, 1 5 , 1 6 4 i n o r ~ c e t o x y - 8 - m e t h o x ~ i - 6 , 8 , 1 0 - t r i ~ h o t h e c a t r i  12.13-epoxide (100) 

was achieved by the same authors in 1980. 39 (100) w a s  prepared from 20(-(2-acetoxy- 

5-methaxyphenyl)-Y)-methyl-3~~et0xy~y~10pentanone (99) in three step, hrmnination, DBN 

induced cyclization, and spiroepoxidation. This analogue (100) has a closer resemblance to 

the nat-llyoccmingtrichothecanes. 



The authors also reported that these A-ring aromatic trichothecane analogues possess 

significant in vivo antileukemic activity.This should inspire other chemists to synthesise 

mqe trichothecane analogues. 

OCCH 
d 

The biosynthetic pathway has been investigated by the feeding experiments of some likely 

3 14c and H labelled precmors to growing culture of Myrothecium. 

Acetate, the simplest two carbon unit was found t o  be incorporated into the trichothecsne 

toxins, and the distribution of radioactivity suggested that 12 acetate units make up 

venucarin A and of these, 6 acetate units are located in the vcrrucurol skeleta; and 3 

each in the verrucarinolactone and cis, trans muconic acid which made up the mscrocyclic 

ribbon. 

The acetate units that make up the trichothecane skeleta were first transformed into 

CH COOH 
3 FH3 

HOOC 

'-LF 
Verrucarino- 

lactone. 

Muconic acid 

Mevalonic acid 

14 mevalonates. Studies with medium containing (2- c)-mevalonate revealed that 3 molecules of 

mevalonate were incorporated into trichothecin to form the initially labelled trans,trans 

farnesol, confirming the sesquiterpene nature of the trichothecane skeleta. 
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The role of fmesyl pyrophosphate as a precurjor of the trichothecene nucleus was confirmed 

14 by incorporating (2- C)-farnesyl pyrophosphate into the trichothecene nucleus. 41 

Bi~g~netically, the trichothecene ring system arises by the cyclization of farnesyl 

pyrophosphate, followed by two 1,2-methyl shifts and a 1.5-hydrogen shift to give the 

intermediate trichodiene (101). 42 

It has been proposed by Muller and Tamm 43 that the formation of trichothecene from 

trichodiene thenproceeds through trichodiol (102), an epoxide intermediate. The recent 

detection of baccharin strongly favours this epoxide intemediate. 



The biosynthetic sequence between trichodiene and trichothecene is still unclear, but the 

postulation of Muller and T m  43 I?as been favoured. 41 ader to have a better understanding , 
the ready availability of labelled trichodiene for feeding experiments is needed. This should 

help to elucidate the complete biosynthetic sequence of trichothecene. 

Recently, the stereoselective total synthesis of (f)-trichadiene (101), the advance bio- 

synthetic intermediate of trichothecene has been achiwed by Welch and co-workers in 1980, 44 

as illustrated by the scheme below. 

H l . C a , N H  HMPA 
3' 1. ~aN(si~e ) 

2' '. 3'H2Cr04 M ,,.... 
3 2 

COOMe H3cq> 4'~~2~ 2  ' 
2.  H+ + 
3. DBU, xylene, 

Me Me Me 

COOMe 1. anhy. HC1. 
collidine 

2.DBU , A 

3 
MB 

de Me 

The biosynthetic pathway of the macrocyclic trichothecene has now slowly been uncovered. 

J-is and co-workers 35136 in 1981 reported the isolation of a series of new trichothecenes, 

namely trichodermadiene (103) and trichoverrin A (104) and B (105) which are unique in that 

they possess all the necessary elernents to be nvtcmcyclio and yet are non-macrocyclic. 
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These compounds will help to shed more light on the biosynthetic pthway tow&s macro- 

cyclic trichothecene esters. Trichovenins A (104) and B (105) appear as likely candidates 

for precursors to roridin E and/or isororidin E since ring closure and dehydration of tri- 

choverrins A and/or B would lead to these compounds. Experimental studies by incubation of 

lOOmg each oftrichwenins Aand B with a rest- culture of M. vemcaria was found to 

give 12mg of vemcarin A, 5mg of vemcmin B and an appreciable amount of roridin A 

and isororidin E, plus recoveredtrichwerrins.These experiments strongly suggest that 

trichoverrins lie along the biosynthetic pathway to the macrocyclic trichothecene esters. 

VI. MODE OF ACIION AND BIOLCGICAL PROPERTm. 45 

The first indication that memberj of this class of compounds, the macrocyclic trichothecene 

esters might possess some utility as antitumor agents came from the reports of m i  and 

co-workers in 1962 46 on the activity of vemcarins and roridins in muse tumor cell 

tissue culture experiments. Since these initial reports, a majority of trichothecenes have 

been reported to possess cytotoxic activity in tissue culture. As a group, trichothecenes 

exhibit a.very broad spectm of activities, including radiomimetic (cytotoxic and cytosbtic), 

dermatological, phytotoxic, insecticidal and hematological effects. 

The mechanism of action of the trichothecenes appeared to be the effect on the synthesis of 

macromolecules (mainly pcoteins) in both culture cells and cell free system. 47 Cn  the 

basis of their effect on protein synthesis and their structure, the compounds were divided 

into two broad classes by Ueno and co-workers in 1973 48 : those having multiple hydroxy 

function as class A, example, T-2 toxin (106), HT-2 toxin (lo?), neosolaniol (108) and 

awidine (109) ; and those bearingan8-keto function as class B, example, nivalenol (110). 



fusarenon-X (ill), and t r ichothecin.  The class A compoundsare more patent  i n  e f fec t ing  protein 

synthesis,  cytatoxic and polysomal breakupcompredto the  c lass  B compounds i n  whole c e l l  

preparations. This i l l u s t r a t e  the  importance of the  t ransport  system involved, which favours 

the  c lass  A compounds. 

Erotein synthesis takes place i n  th ree  d i f e n e n t  phases, i )  i n i t i a t i o n ,  i i )  elongation, i i i )  

termination. Trichathecenes can e f fec t  any one af these phases of protein synthesis .  On t h i s  

basis ,  the trichothecenes can be f u r t h e r  divided i n t o  three c lasses  , i )  i n i t i a t i o n  inh ib i to rs  

o r  the  I-type, example nivalenol,  T-2 toxin and vermcar in  A ; i i )  elongation inh ib i to rs  o r  

the  E-type, example trichodermon and t r ichothecin ; and i i i )  termination inh ib i to rs  o r  the  

T-type, example trichodemone and bepitrichodermol. 

The s t r u c t u r a l  a c t i v i t y  re la t ionsh ip  f o r  the  I-type and E-type a c t i v i t i e s  were defined by 

Wei and McLaunghin. 49 Subst i tut ion of the &&position by an acylated alcohol is necessary 

f o r  E-type ac t iv i ty .  Subst i tut ion a t  C-15 an the  d-face by an acylated alcohol exh ib i t  I- 

type a c t i v i t y .  There i s  no c lea r  cu t  divis ion between I-type and E-type a c t i v i t y .  It has 

been demonstrated by various groups 50s51 t h a t  the  expess ion  of E-type .or I-type a c t i v i t y  

is dependent upon the  concentration a t  which t h e  compound is given. 

It has a l so  been establ ished t h a t  ce r ta in  trichothecenes, especial ly  anguidine showed sig- 

ni f ican t  a c t i v i t y  on L-1210 and P-388 leukemia in mice. Anguidine has been extensively studied 

f o r  its antileukwmic a c t i v i t y  and is current ly under c l i n i c a l  t r i a l .  

Structure Activi ty  Relationship - The 12,13-epoxide function i n  the  chromophore of t r ichothe-  

cenes is e s s e n t i a l  f o r  a c t i v i t y .  Removal of the  epoxide r ing  by reduction using l i thium 

aluminium hydride lb has led  t o  a complete l o s s  of a c t i v i t y .  Also it is evident t h a t  conver- 

s ion  of the  9.10-double bond t o  an epoxide r e s u l t s  i n  g rea t ly  enhanced a c t i v i t y .  Similar ly , 
a great  increase i n  a c t i v i t y  was a l s o  seen on the introduction of an 8-hydroxy function. 

However, the increase i n  a c t i v i t y  is accampzniedby a l o s s  in potency. 

Variation i n  the macrocyblic ribban of the  trichothecene macrocyclic e s t e r s  occurs f o r  most 

par t  a t  the  2 ' ,  3', 4' and 7' positions. The presence of a double band between the  2' and 

3' pasitionsconfers a g rea te r  potency and a c t i v i t y  then when the  2' posi t ion is bdroxyla ted .  

Acetylation of the  2'-hydraxyl group resu l t s .  i n  a s l i g h t  increase of potency. 

A systematic study using one a r  more of the  naturallyoccurringtrichathecanea and t h e  

macrocyclic trichathecene e s t e r s  a s  a s t a r t i n g  point and varying the  subs t i tu t ion  p t t t e r n  

a t  a l l a c c e s s i b l e  positionsshould be carr ied out and would pobably  he most useful  i n  

establ ishing the  s t ruc ture  a c t i v i t y  relat ionship; .  This could lead t o  an optimal drug f o r  
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use against  neoplast ic  diseases  i n  man. 

% 

T-2 tox in  (106) OH 

HT-2 toxin (107) OH 

Neosolaniol (108) OH 

Anguidine (109) OH 

Nivalenol (110) OH 

barenon-X (111) OH 

lkichothecin H 

R2 

OAc 

OH 

OAc 

OAc 

OH 

OAc 

ocot 

I 

R 
3 

OAc 

OAc 

0P.c 

OAc 

OF 

OH 

H 

Acknowledgement: I would l i k e  t o  thank Barbara 

Scrupski f o r  her  help i n  German t rans la t ion  

and t h e  Cancer Research Campign f o r  f i n a n c i a l  

support. I would a l s o  l i k e  t o  thank Dr.A. J. 

Pearson who introduced me t o  trichothecenes 

and stimulated my i n t e r e s t  i n  t h i s  area. 



References 

l a .  J.R.Bamburg and F. M. Strong , 'Microbial Toxin' , Algae and Rmgul Toxin Volume V I I ,  

Academic weas, New York, 1971, p.207. 

l b .  Ch. T m ,  Fortsch. Chem. Ocg. Naturst., 1974, 25 63. 

2. W .  0.  Godtfredsen, J .  F. Grove, and Ch. T m ,  Helv. Chim. Acta, 1967, 1666. 

3. E. W. Colvin, J .  S.  Robert4and R .  A .  Raphael, Chem. Corn., 1971, 858. 

4. W .  0. Godtfredsen, and S. Vangedal, Acta Chem. Scand., 1965, 22, lo&? 

5. G .  6 .  Freeman, J. E. G i l l ,  and W .  S. Waring, J. Chem. Soc.(Cl, 1959, 1105. 

6 .  J. Fishman, E. A. R. Jones, G. Lowe, and M .  C.  Whitting, J .  Chem, Sac. (C), 1960, 3948. 

7. S. Abrahamson, and B. Nilsson, Proc. Chem. Soc., 1964, 188. 

8. J.  Cutzwiller,  8. Mauli, H. P. Sigg, and Ch. Tamm, Helv. Chim. Acta, 1964, 32, 2234. 

9. R. M .  Eppley, E. P. Mazsala, M. E. Stack, and P. A .  Dreifuss, J. Ocg. Chem., 1980,& 

2522. 

10. Ch. Tamm, and W. Brei tenstein,  Helv. Chim. Acta, 1 9 7 5 , E  1172. 

11. M. S i v e m ,  T. Marten, and J .  R. Hanson, J. Chem. Soc. Perk. I, 1974, 1033. 

12. Ch. Tarn, 'Progress i n  the  Chemistry of Ocganic Natural Products, Vol. 31, Springer- 

Verlw,  Wein, New York, 1974. 

13. W .  R .  Rousch, and T.  b. Amkra, J. Ocg. Chem.,1980,%,3927. 

14. E. W .  Colvin, S.  Malchenko, and R .  A .  Raphael, J. Chem. Soc. Perk.1. 1973, 1989. 

15. M. S .  Newman, and J .  Vanderwelf, J. Am. Chem. Soc.,1945, $z, 233. 

16. S.  C. Welch, and R. Y .  Wang, Tet .Let ts . ,1972,  1853. 

17. D. J. Goldsmith, A.  J. Lewis, and W .  C .  S t i l l  J r . , T e t . L e t t s . ,  1973, 4807. 

18. Y .  Fujimoto, S. Yokurai, T..,Nakamura, T. Morikawa, and T. Tatsuna, Tet. Letts., 1974, 2523. 

19. Y.  Machida, and S. Nozoe, Tetrahedron, 1972,&5105,5113. 

20. K .  Yamakawa, J .  Kurita, and R. Sakaguchi, Tet .Let ts . ,1973,  3877. 

21. N .  Masuoka, T.  Kamikawa, and T.  Kubata, Chem. Lett.,1974, 751. 

22. N. Masuoka, and T.  K a m i h w i ,  Tet. Letts. ,  1976, 1691. 

23. A .  J .  Pearson, and P. B. Raithby, J. Chem. Soc. Perk.1. 1980, 395. 

24. C. W .  Ong, and A .  J .  Pearson, Tet. Letts,,1980, Wl. 

25. c. w .  Ong, and A.  J .  Pearson, J. Am. Chem. Soc., 1981,2$3-, 6686. 

26. C. W .  Ong, Cer t i f i ca te  of Postgrad. Study, Cambridge University, 1980. 

27. C. W. S t i l l ,  and M. Y. Tsai, J .  Am. Chem. Soc., 1980,222, 36%. 



HETEROCYCLES, Vol 19, No 9, 1982 

28. W .  H a ,  V .  S .  Iyer ,  and M .  G. Nab, J. Or<. Chem., 1975,_40_, 3519. 

29. R. A .  Raphael, E. W .  Colvin, M. Malchenka, and J .  S. Roberts, J .  Chem. Soc. Perk.1 , 
1978, 658. 

30. B. B. Snider, and S.  G. Amin, Synth. Connun., 1978, 117. 

31. B. M .  Trost ,  and J. H.  Rigby, J .  Grg. Chem., 1978, 32, 29%. 

37.. J. D. White, T. Natsui,  and 3. A.  Tho-, .J .  G q .  Chem., 1981,34 3376. 

33. R. A. Banks, P. Stanley, J .  A.  Mil ler ,  M .  .I. Nunn, J .  R. Weekley, and 2. Ullah. 

J.  Chem. Sac. Perk. I, 1981, 1096. 

34. Ch. Tamm, and W .  Brei tenstein,  Helv. C h i m .  Acta, 1978, $, 1975. 

35. B. B. Jasvis, G. Pavanasasivam, J. 0. Midiwo, 6 .  P. Stahly,  and E.  P. Mazzola, 

Tet. Letts.. 1980, 787. 

36. B. B. Jarvis, 6 .  Pavanasasivam, C. E. Holmlund, T. Ik l s iva ,  and G .  P. Stashly, 

J .  Am. Chem. Soc., 1981, 222, 472. 

37. D. B. Tulshian, and B. F. Reid, J. Am. Chem. Soc., 1981,2_03 474. 

38. W. K.  Anderson, 6 .  E.  Lee, and E.  J .  Lo-Voie, J .  Org. Chem., 1977,-k2, 1045. 

39, W .  K .  Anderson, and G. E. Lae, J .  Org. Chem., 1980,_42, 501. 

40. A. H. Rose, 'Secondary Froduct of Metabolism', Economic Microbiology, Vo1.3, Acad. 

Fress Inc. , Lodon, 1979, p. 494-504. 

41. J. A. Haneon, and B. AchilLadalis, '&em. and Ind., 1976, l&3. 

42. D. Arigoni, D. E. Cane, B. Muller, and Ch. Tamm, Helv. Chim. Acta, 1973, 6J 2946. 

43. B. Muller, and Ch. Tamm, Helv. Chim. Acta,, 1975, 58, 483. -- 
44.  S. C. Welch, A.  S. C .  P. Rao, C .  G. Gibbs, and R. Y .  Wax, J. O&q. Chem., 1980,$& 11077. 

45. J .  M. Cassidy, and J. D. Douros, 'Anticancer Agents Based On Netural Product Models, 

Acad. Press Inc., 1980, p. 43. 

46. E. Harri,  W .  Loeffer, H. P. Sigg, H, Stahel in,  C .  S t o l l ,  Ch. Tamm, and D. Weissinger, 

Helv. Chim. Acta, 1962,&, 839. 

47. Y. Ueno, M. Hosoya, Y. Morita, I. Ueno, and T. Tatsuno, J. Biochem. (ToWo), 1968,1$5479. 

48. Y. Uena. M. Nakajima, K .  Sakai,  K .  I s h i l ,  N. Sato, and N. Shimada, J, Biochem.(Tokyol, 

1973.27, 255. 

49. C. Wei and C .  S. Mclaunghin , Biochem. Biophys. Res. Conunun. , 1974. 8%. 

50. L. Liao, A .  P. Grollman, and S.B. Horowits, Biochem. Biaphys. Acta, 1976, *+ 273. 

51. C. J. Carter and M. Cannon, Eur. J .  Biochem. , 1 9 7 8 , j %  103. 



1. I?)-aichodiene and (2)-~azzanene Total Synthesis. 

(Minoru Suda, Tet. Letts., 1982, 427.) 

The sesquiterpene hydrocarbons, bazaanene and trichodiene were synthesi~ed in three 

steps from a substituted ally1 formate a by i) reaction with the corresponding 
phosphonium ylid (I) produced the vinyl ether (III) , ii) Claisen rearrangement t o  

give the aldehyde (IV) of a 1 : 1 mixture of the two diastereomers and, iii) Wolff- 

Kishner reduction produced the desired trichodiene and baesanene as a 1 : 1 mixture. 

- 9 
0 Trichodisne 

f 
8azs%mna 

(101 1 :  I 

2. Vemcarin A Partial Synthesis 

( w. c. Still and H. Ohmizu, J. Org. Chem., 1981,&, 5242. ) 

This is the first partial synthesis of a naturallyoccurringmacrocyclic trichothecane 

ester, verrucarin A, from verrucarol. 

Selective esterifications of verrucarol by the vemcarinic acid and muconic acid 

( V I )  were accomplished by the DCC method. Under appropriate conditions, only the 

primary alcohol was esterified with vemcarinic acid. The more reactive muconic acid 

then reacted cl6anly to the secondary alcohol under the same condition. Ring closure to 

form the macrocyclic 'ribbon' gave the synthetic verrucarin A. 
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Tota l  Synthesis of Racemic Venucarol .  

The f i r s t  t o t a l  synthesis  of cacernic v e m c a r o l  has been achieved by R.H. Schlessinger 

and co-worker r ecen t ly  i n  1982 ( J. Am. Chem. Soc., 1982, 1011, 1116 ). 

The racemic v e m c a r o l  was obtained i n  3 . 4  overa l l  y i e l d  from the  r e a d i l y  ava i l ab le  

ketonic  substance (VII)  i n  seventeen s t eps .  

R e c e i v e d ,  1 6 t h  November, 1981 


