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Abstract, (i)-Methyl 3-(3-isocyano-6-oxabicyclo 

^.1.ÔJhex-2-en-5-yl)-2-propenoate 2 was prepared from 3- 

tosyl-2-azabicyclo (2.2.l] hepta-2, 5-diene 14. 14 was 

treated with methyl acetate carbanion in THF to afford the 

£-amino-o(,£-unsaturated ester ,15 which was converted into 

endo-product 1_6 by reduction with NaBH^CN and CF^COOH in 

methanol. Compound ,16 was converted to formamide 17 by 

treatment with Ac^O, HCOOH in pyridine. Epoxidation of 

17 was effected by treatment with m-chloroperoxybenzoic 

acid giving solely the exo-epoxide 1_8 which was treated 

with t-BuOK/t-BuOH in THF to afford the desired diene ester 

19. Epoxidation of JL9 with m-CPBA giving regio-stereo- 

specifically the hydroxy epoxide 20, which was directly 

converted into the isocyanide 2_1 by treatment of 20 with 

methanesulfonyl chloride and Et^N in CH^Cl^ followed by 

the addition of phosgene. Elimination of the mesylate 21 

was effected by treatment with t-BuOK in THF-toluene (1:6) 

to yield the unstable Ot ,£-unsaturated isonitrile 2. The 

details of the experimental procedures are described. 
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1 INTRODUCTION 

Two isonitrile acids have been isolated from cultures 

of the fungus Trichoderma hamatum (Bon.) Bain, aggr.^- The 

structures of these two unstable acids were established as 

the relatively stable crystalline methyl esters. One is 

shown by X-ray crystallographic analysis to be methyl 3- 

(3-isocyano-6-oxabicycle (3.1.o}hex-2-en-5-yl) -2-propenoate 

2, the other is probably methyl 3-(3-isocyano-cyclopent- 

2-enylidine) propionate 4^. 

RQgC 

Ns*C 

3 s R « H 

2 : R » Me 4 : R ■ Me 

2 
Alan Taylor and co-workers have reported that 

Trichoderma spp. constitute an important part of the micro¬ 

flora of permanent pasture where poor ruminant growth is a 

problem. Examination of isolates of Trichoderma hamatum 
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3 
(Bon.) Bain. agg. from these pastures showed that 30% 

produced metabolites in cultures that absorbed at 2150 cm"\ 

(on the basis of their strong absorption at ca. 2150 cm 

these metabolites have been considered to be nitriles or 

acetylenes) . Cultures from one such typical isolate (HLX 

1360 + ) produced two acids (20 and 30 mg L ^ respectively) 

which were isolated as the corresponding methyl esters and 

were thought to be responsible for poor ruminant growth in 

permanent pasture. Recently, Jack E. Baldwin and co- 

4 
workers have reported the establishing of the structure 

and biosynthetic origin of the isonitrile — containing 

antibiotic 2 by experiments with C14c] and N - tyrosine 

in cultures of Trichoderma hamatum (Bon.) Bain. agg. The 

experiments they carried out thus far (a) associate the 

Trichoderma isonitrile with metabolism of tyrosine, (b) 

reveal the unexpected involvement of the tyrosine side chain 

in the five-membered carbocyclic ring, (c) unequivocally 

establish the structure and stereochemistry 3 for the 

antibiotic. The acid 1 is composed of a unique y,6- 

epoxy-a,/3-unsatured isonitrile. Herein we report the 

first total synthesis of the racemic methyl-ester 2. 

Accession number to the culture collection held at the 

Atlantic Regional Laboratory 



2 STRATEGY 

As a target for total synthesis, the acid 1 presents 

a major challenge with its unique y, fi-epoxy-a, (3-unsatur ated 

isonitrile. Our planned synthetic strategy, developed 

during extensive model studies, is outlined in scheme I. 

The methyl ester 2 might be prepared by the dehydration of 

alcohol 5. Under acidic conditions, the compound ji, 

which had isonitrile in its structure, would be converted 

back to formamide. Thus it was not feasible to attempt 

dehydration of alcohol under acidic conditions. Rather 

we might prefer the base elimination of a good leaving 

group (e.g. Mesylate, Tosylate etc.) to form the un¬ 

saturated double bond. We expected that the desired 

precursor for compound !3 might be hydroxy formamide <6. 

Compound 6, might in turn be constructed by the regio - 

and stereospecific cis epoxidation of compound 7* It has 

been known that the rate of epoxidation reaction is faster 

with the hydroxy compounds and also it has been suggested5 

that hydrogen bonding causes association of the reactants 

in an orientation favorable for cis epoxidation. This 

strategy was appealing and thus initial work was directed 

toward the synthesis of the intermediate 2* 

3 
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NHCHO 

7 

Scheme I 
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The chemistry of compound 8 was known to us through 

the other projects going on at that time in our group. As 

shown in scheme II» we thought that if the bicyclic 

compound 8_ could be cleaved by base to five-membered ring 

compound 9_» it would help us in the synthesis of the inter¬ 

mediate 7_. Thus compound 7 might be prepared by the 

base cleavage of the bicyclic compound 10. Of course» 

the success of such a route would depend upon the ability 

of the bicyclic system to be cleaved to the five-membered 

ring compound. 

8 

Scheme II 

As a test of this strategy» we chose to attempt the 

synthesis of compound 10. In scheme III» 1£ might be 

prepared by exo-epoxidation of intermediate 11. It was 

known that with conformationally rigid cyclic olefins the 

reagent usually approaches from the less hindered side of 

the double bond. Thus epoxidation of intermediate 11 
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should give solely exo-epoxide 10. 11 could be constructed 

by formylation of compound 12 which in turn is prepared 

by the reduction of unsaturated ester 13. Tosyl-imine 

14 » which when treated with methyl acetate carbanion gives 

compound 13. Compound 14 was known to be synthesized by 

Diels-Alder Reaction of tosyl-cyanide with the cyclopenta- 

diene**. This strategy was appealing and as a matter of 

fact the actual synthesis was very close to this strategy, 

although we encountered some problems in the actual 

synthesis. We disclose herein the results of our 

synthetic efforts. 

7 10 
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Scheme III 



3 RESULTS 

3.1. Synthesis of the bicyclic compound 18 

Treatment of 3-tosyl-2-azabicyclo |2.2. Î] hepta-2f 

6 5-diene 14 with 2 equivalents of methyl acetate carbanion 

in THF — 78 *C r « t • ) afforded the $ — amino— fit»* -unsaturated 

ester 15 in 81% yield. Special attention had to be paid 

to the reaction conditions. Two equivalents of methyl 

acetate carbanion were needed to make the reaction go to 

completion. And also if we worked up the reaction 

mixture just after the 2 equivalents of methyl acetate 

carbanion were added at -78SC the reaction wouldn't go 

to completion. In order to have the best yield for this 

reaction we had to let the reaction mixture warm up from 

-78 C°to r.t. and let it sit at r.t. for 10 minutes after 

methyl acetate carbanion was added at -78 "c. 

Reduction of 15 with NaBH^CN and CF3C00H in methanol at 

room temperature gave exclusively the endo-product 16. As 

8 
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we know that NaBH^CN could not reduce the unsaturated 

double bonds of the ester 15, CFjCOOH was added so that 

the dr^-unsaturated double bond was moved and the protonated 

inline was formed in acidic condition. Protonated imine 

was now easily be reduced by NaBH^CN. The reduction 

occurred at the less hindered side (exo-side). Thus the 

endo-product 1_6 was exclusively formed. (Scheme IV) 

CH2C02Me 

16 

Scheme IV; Reduction of Compound 15 
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Formylation of the compound 16 was done by treating 

the compound lj[ with acetic-f orm'ic anhydride formed in situ 

by treating with excess pyridine, ACjO an<^ HCOOH at r»t. 

Formamide JL7 was formed in 80% overall yield from 15. 

The epoxidation of 17 with m-CPBA took place from the less 

hindered side, giving solely the exo-epoxide JJ8 (67%) At 

this point we have arrived at our desired intermediate 18. 

m-CPBA » 

18 
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3^2^ Double base cleavage of bicyclic compound 18 

As a test of our strategy we wanted to see if this 

bicyclic intermediate ,18, would be cleaved by base to the 

five-membered cyclic system. We had tried using LDA as 

a base. But the yield was bad and sometimes the reaction 

hardly went. When we tried treating the bicyclic inter¬ 

mediate 1£ with 0.5 equivalent of t-BuOK/t-BuOH in THF 

at room temperature, double cleavage of the bicyclic system 

and the epoxide occurred to give the desired diene ester 19 

in 53% yield. (Scheme V) 

18 19 

Scheme V 
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2^3^ Synthesis of isonitrile mesylate 21 

The success of the double cleavage of the bicyclic 

system and the epoxide affording the desired diene ester 1_9 

gave us a big step forward to the total synthesis of our 

final desired product isonitrile methyl-ester _2_. Regio 

and stereospecific epoxidation of JJ> was realized by using 

m-CPBA to give the hydroxy epoxide .20 (68%). It was known 

that the rate of reaction is faster with the allylic hydroxy 

compounds and it had been suggested that hydrogen bonding 

caused association of the reactants in an orientation 

5 
favorable for cis-epoxidation . Thus the epoxide was 

introduced from the same side as the hydroxy group. 

Now at this point we had to consider which leaving group 

we should construct from the alcohol so that we might have 
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successful base elimination of that leaving group to form 

the double bond. And also we had to find the best way 

to convert the formamide to isocyanide. We had tried 

constructing many different kinds of leaving groups such as 

tate (-O-^-CH^), benzoate (-0-^-^), Benzenesulfonylate 

-0-), mesylate (-0-^- 

ace 

mesylate ( 

formamide to isocyanide by using triphenyl phosphine, 

CH^) and we had tried converting 

carbon tetrachloride, and triethylamine in ClCH^CH^Cl. 

The results were not satisfactory and finally we came to a 

one-pot conversion of the hydroxy formamide 2JÏ into the 

mesylate-isocyanide .21, with the best yield. It was 

effected by treatment of 2J)_ with ' MsCl and Et^N (excess) 

in CH^Clg followed by addition of phosgene (89%). 

20 21 
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 Elimination of the mesylate 21 

Now the final step of the total synthesis of the 

desired isonitrile methyl ester 2 was the elimination of 

the mesylate. We tried many different kinds of base under 

different reaction conditions (DBU in Benzene 80°C; t-BuOK/ 

t-BuOH r.t.; DBU in DMSO; DBN in DMSO r.t.; NaoMe in THF 

r.t. powdered t-BuOK in dry ether r.t. etc ). None 

of these gave satisfactory results. Base elimination of 

the mesylate 21 might be difficult here due to the fact 

that the mesylate was cis to the ^-hydrogen which was 

supposed to be pulled off to effect the elimination. 

Due to this fact we tried to change our scheme of synthesis. 

We went back to the hydroxy epoxide 20. and ^J9.. We tried 

to invert the stereo-chemistry of the hydroxy group of 

those two compounds so that we could effect base trans 

elimination later on. To see whether this scheme works or 

not, we had tried using benzoic acid, triphenyl phosphine 

7 
and diethyl azodicarboxylate r.t. But neither-of these 

gave us successful results. (Scheme VI) 

MeOjC 

OCO2H / 4>3P 

Et02C-N=N-C02Et 

P- 
/ 

Me02C 

~NHCHO 
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Ph3P 
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-O-C-N-N-C' 
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MeO^C 

» 

o-5U 

—NHCHO 

Me02C 
J 

Scheme VI 

As we failed to invert the stereochemistry of the 

hydroxy group, then we put our attention to a pyrolytic 

elimination in which a cis^-hydrogen was required to 

effect the elimination. Thus we tried to convert the 

hydroxy epoxide 22 to the xanthate compound by using carbon 

disulfide, methyl iodide and potassium hydride in THF r.t. 
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3 
Çt-C-S-Me 

"N^C 

Although we could successfully prepare the xanthate 

compound, we failed to have the pyrolytic elimination to 

get our desired product. We did not try harder in this 

approach since we thought the desired compound might be un¬ 

stable under harsher conditions (e.g. high temperature). 

Thus we came back to the idea of using base elimination. 

We tried harder to get the best reaction conditions to 

effect this elimination. It was known that weakly 

ionizing solvents promote syn elimination when the leaving 

group is uncharged. This is probably caused by ion 

Q 

pairing, which is greatest in nonpolar solven.ts . Ion 

pairing can cause syn elimination with a neutral leaving 

group by means of the transition state shown in G. 

H 

G 
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Thus we tried to attempt the base syn elimination in some 

weakly ionizing solvents. Finally we found that using 

5 equivalents of powdered t-BuOK in THF-toluene (1:6) 

o 
at -78 C eliminated the mesylate XS affording the unstable 

^(,^-unsaturated isonitrile 2 with the most satisfactory 

9 
yield (53%). The synthetic isonitrile ester 2 was 

identical in TLC behavior and spectral (1H NMR, 13C NMR, 

and MS) properties with the natural product. 

21 2 
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3. 5. SUMMARY 

16: X ■ H 

17: X - CHO 
18 

1) 

2) 

MsCl-Et N 

coci2 
» 

21 2 



4 EXPERIMENTAL SECTION 

1 13 H NMR spectra and C NMR spectra were measured at 

90 MHz on a JEOL FX - 900 Chemical shifts are reported 

in ppm relative to internal Me^Si. Infrared spectra 

were measured on a Beckman Model 4230 infrared spectro¬ 

photometer and were calibrated with the 1601 cm ^ absorption 

of polystyrene. Mass spectra were measured at 70eV on a 

Finnigan 3300 instrument. Melting points were recorded 

on Fisher - Johns hot-stage melting point apparatus and 

are uncorrected. Solvents were purified before use : 

ether, THF were distilled from sodium benzophenone. 

CH CO.Me was distilled from CaH_. Analytical thin-layer 

chromatography (TLC) was done on pre-coated TLC plates 

silica gel 60 F-254 (E.M. Merck). Preparative thin-layer 

chromatography (TLC) was done on silica gel 60 PF - 254 

(E.M. Merck). Column chromatography was carried out by 

using silica gel 0.032-0.063 mm (ICN Pharmaceuticals,Inc.), 

or by alumina . 

fl-Amino-Oi, fl-unsaturated Ester 15. To a stirred 

solution of 3.18 mL of diisopropylamine (22.7 mmole) in 

10 mL of dry THF at 0*C under Argon was added 9.87 mL of 

19 
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2.05N n-Butyllithiura (20.3 mmole). The solution was 

o 
cooled to -78 C. 1.6 mL of methyl acetate (20.3 mmole) 

was added to the solution and was stirred for 10 minutes 

o 
at -78 C. A solution of 2 g of Tosylimine (8.1 mmole) 

in 10 mL of dry THF was added. The solution was then 

allowed to warm to r.t. slowly. Twenty minutes later, 

excess reagent was quenched by the addition of 2 mL of 

saturated NaCl solution. The resulting solution was 

poured into a separatory funnel containing 25 mL of ether 

and 25 mL of saturated aqueous NaCl solution. The aqueous 

phase was extracted with two additional 25-mL portions 

of ether. The combined extracts were dried over MgSO^, 

filtered, and then concentrated in vacuo to give a yellow 

crude product. The crude product was purified by chromato¬ 

graphy on 50 g of silica gel by using. 2:1 - ether : hexane 

as eluant affording the fi-amino-C(, j3-unsaturated ester ,1^5 

which was crystallized from 1:1 - ether : hexane. 1.08g (81%); 

mp 79-81*C; 1H NMR (CDC13) 1.7 - 2.1 (2H,m),3.53 (lH,m), 

3.64 (3H,s), 4.51 (lH,m), 5.02 (lH,s), 6.51. (2H, m), 

6.82 (1H, br s). 

Reduction of 15 B-Amino-Ester 16. To a stirred 

solution of 1.08 g of j3-amino-ci!,/3-unsaturated ester ,15. (6.6 

mmol) in 20 mL of MeOH at r.t. was added 415.0 mg of NaBH^CN 
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(6.6 mmol). Small amounts of methyl-orange were added to 

indicate the acidity of the solution. 0.51 ML of trifluro- 

acetic acid (6.6 mmol) was added to the stirred solution at 

r.t. Five minutes later the resulting solution was con¬ 

centrated in vacuo and dissolved in 25 mL of CH^Cl^. The 

solution was poured into a separatory funnel containing 25 mL 

of CI^Clj and 25 mL of saturated aqueous Na^CO^. The 

aqueous phase was extracted with two additional 25 mL 

portions of CHgC^. The combined CH^C^ extracts were 

dried over Na^SO^, filtered, and concentrated in vacuo to 

give the crude endo-product 16 exclusively (1.10 g). In 

practice, this crude product was not purified but taken 

on directly to the next step. 

^-Formamide-ester 17. To a stirred solution of 

1.1 g of crude endo-product 16 (6.6 mmol) in 10.7 mL of 

pyridine (132 mmol) was added 2.5 mL of formic acid (66 mmol) 

at 0®C. 6.3 ML of acetic anhydride (66 mmol) was added 

o 
carefully to the stirred solution at 0 C. The solution 

was allowed to warm to r.t. slowly. Ten minutes later the 

resulting solution was concentrated in vacuo to give a 

yellow crude product. The crude product was purified by 

chromatography in 50 g of silica gel by using 5% acetone 

in ether as eluant affording product 17, 1.02 g (80% overall 

yield from 15). 
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Epoxidation of 17. Exo-epoxide 18. To a 

stirred solution of 1.02 g of -formami de-ester 17 (5.2 mmol) 

in 20 mL of 1, 2-dichloroethane was added 1.8 g of meta- 

chloroperoxybenzoic acid (10.4 mmol) slowly. The stirred 

Q 
mixture was heated at 70 C in an oil bath for 2 hours. Two 

additional 1.4 g-portions of m-CPBA were added within 2 

hours. The mixture then was poured into a separatory 

funnel with 50 mL of CH^Cl^r 50-mL of NaHCO^ and 2 mL of 

Na^SO^. The aqueous phase was extracted with two additional 

25-mL portions of CH^Cl^* The combined extracts were 

dried over Na„S0., filtered, and then was concentrated in 

vacuo to give a yellow crude product 18. The crude product 

was purified by chromatography on 50g of silica gel by using 

ether as eluant affording solely the exo-epoxide 18. 739 mg 

(67% yield) . 

Diene-ester 19. To a stirred solution of 739 mg 

of exo-epoxide 18 (3.5 mmol) in 15 mL of dry THF was added 

1.72 mL of 1.02 N t-BuOK/t-BuOH (1.8 mmol) at 0°C under 

Argon. Ten minutes later, the excess reagent was quenched 

by the careful addition of dry ice. The resulting solution 

was poured into a separatory funnel with 50 mL of ethyl 

acetate and 50 mL of saturated aqueous NaCI solution. The 

aqueous phase was extracted with two additional 25-mL portions 

The combined EtOAc extracts were dried over MgSO^, of EtOAc 
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filtered, and then were concentrated in vacuo to give the 

crude product. The crude product was purified by pre¬ 

parative TLC on a 1.5 mm silica gel plate by using 5% 

MeOH in CH.C1. as eluant affording the desired diene ester 

19. The desired diene ester .19 was crystallized from 

EtOAc. 392 mg (53%)} mp 116-118*C; XH NMR (CDC13 ) 

2.32 (1H, dd, J=8, 15.5 HZ), 3.04 (1H, dd,J=8.5, 15.5 HZ), 

3.78 (3H,s) , 4.20(1H,m), 4.80(1H, br s), 5.82(1H, d,J*15HZ), 

6.12 (lH,s), 6.43 (1H, br s), 7.40 (1H, d, J=15 HZ), 8.20 

(1H, s). 

Regio - and stereospecific epoxidation of 19. 

Hydroxy epoxide 20. To a stirred solution of 392 mg 

of diene ester JJ? (1.9 mmol) in 20 mL of dry CH2C12 was 

added 1.2 g of sodium acetate (14.9 mmol) and 983.2 mg of 

m-CPBA (5.6 mmol). The mixture was stirred at r.t. for 

two hours, the mixture was filtered by the vacuum filtration. 

The filtrate was concentrated in vacuo to give a crude 

product. The crude product was purified by chromatography 

on 50 g of alumina by using 15% MeOH in CH2C12 as eluant 

affording the hydroxy epoxide _20. The desired hydroxy 

epoxide product was crystallized from EtOAc and MeOH. 

286.8 mg (68%); mp 140-141*C;1H NMR (CDC13) 1.98 (1H, dd , 

J=9, 13HZ), 2.52 (1H, dd, J=8, 13HZ), 3.59 (1H, d, J*1HZ), 

3 77 (3H, s), 3.90 (1H, m), 4.15 (1H, dd, J-l, 7HZ), 



24 

6.10 (1H, d, J=15.5HZ), 6.80 (1H, d, J=15.5HZ), 8.07 (lH,s). 

Isocyanide 21. To a stirred solution of 286.8 mg 

of hydroxy epoxide .20 (1.3 mmol) in 10 mL of dry CH^CLj at 

r.t. under argon was added 3.5 mL of triethylamine (25.3 mmol) 

and 0.2 mL of methanesulfonyl chloride (2.6 mmol). The 

solution was stirred at r.t. under Argon for ten minutes. 

Phosgene (3.7 mmol) was then introduced into the solution. 

Ten minutes later the resulting solution was poured into a 

separatory funnel containing 50 mL of ether and 50 mL of 

saturated aqueous NaHCO^ solution. The aqueous phase was 

extracted with two additional 25-mL portions of ether. The 

combined extracts were dried over MgSO^, filtered and then 

was concentrated in vacuo to give a crude product. The 

crude product was purified by chromatography on 50 g of silica 

gel by using 3:1 - ether: hexane as eluant, affording the 

isocyanide 21 which was crystallized from ether. 322.7 mg 

(89%) i mp 123-125 *C; 1H NMR (CDC13) 2.32 (1H, dd,J=9, 13HZ), 

2.82 (1H, dd, J*8, 13HZ), 3.20 (3Hr s), 3.77 ( 3H, s ), 

3.82 (lH,m), 3.85 (1H, d, J*1HZ), 5.16 (1H, dd, J-l , 

7.5HZ), 6.12 (1H, d, J=15.5HZ), 6.74 (1H, d, J=15.5HZ) , 

IR (CH2C12) 2150, 1725, 1370, 1175 CM-1. 
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0^.0-unsatur ated Isonitrile 2. To a stirred 

solution of 323 mg of the isocyanide _2_1 (1.1 mmol) in 10 mL 

of dry CHjCl^ was added 630 mg of t-BuOK (5.6 mmol) in THF- 

0 o 
toluene (1:6) at -78 C. The solution was stirred at -78 C 

under Argon. An hour later, the excess reagent was 

quenched by the addition of dry ice. The resulting solut¬ 

ion was poured into a separatory funnel containing 50 mL of 

ether and 50 mL of saturated aqueous NaCl solution. The 

aqueous phase was extracted with two additional 25-mL port¬ 

ions of ether. The combined extracts were dried over 

MgSO., filtered and then was concentrated in vacuo to give 
4 

a crude product. The crude product was purified by pre¬ 

parative TLC on* a 1.5 mm silica gel plate by using 1:1- 

ether: hexane as eluant, 114 mg (oil, 53%). 
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