
NOTES J. Org. Chem., Vol. 38, No. 4, 1973 815 

Experimental Section 
NaBH4 Reduction of 2,3-Dimethyl-5,6-bis (acetoxymethy1)-l,4- 

benzoquinone.-Quinone 1 (0.5 g, 1.8 mmol) was suspended in 
20 ml of methanol and chilled in an ice bath. NaBH4 (0.065 g, 
1.8 mmol) was added in small portions to the suspension with 
stirring. The clear yellow solution was stirred a t  ice-cold tem- 
perature for another 30 min after the addition of NaBH4. The 
methanol was evaporated to dryness under reduced pressure and 
room temperature to give a yellow powder. Water (20 ml) was 
added and the mixture was extracted three times with ether (30 
ml). Ether extracts were combined, dried, and evaporated to 
dryness. The yellow powder was chromatographed on a column 
of silica gel (50 g) using EtOAc and petroleum ether (bp 38-47') 
(1:4, v /v)  as eluent; two major yellow fractions were obtained. 
The first fraction yielded 50 mg of long needles (from HzO), mp 
l l O o ,  and was identified as duroquinone (4) (lit.4 mp 111') by 
ir, nmr, and mixture melting point. The second fraction yielded 
75 mg of dimer 5: mp 155.5-157.5'; ir (KBr) 1635, 1665, and 
1675 cm-I (-C=O); mass spectrum m/e 324 (?II+); uv 
259 nm (e 27,000), 265 (24,000). 

Anal. Calcd for C20H2004: C, 74.07; H,  6.17. Found: 
C,  73.88; H, 6.31. 

NaBH4 Reduction of 2,3-Dimethyl-5,6-bis(acetoxymethyl)- 1,4- 
benzoquinone in the Presence of Morpho1ine.-Quinone 1 (0.25 
g, 0.9 mmol) and morpholine (0.5 ml) were suspended in 10 ml 
of ice-cold methanol. To the suspension, NaBH4 (0.035 g, 
0.9 mmol) was added in small portions with stirring. After the 
addition, the solution was mixed for an additional 30 min. The 
white precipitate was collected and washed with ice-cold methanol 
to give 60 mg of white crystals. The filtrate was evaporated to 
dryness and the crude product was washed with H2O followed by 
cold methanol to give another 50 mg of white crystals. Com- 
bination and recrystallization of the product from methanol 
yielded 100 mg (377,) of white crystals (6): mp 206' dec; ir 
(KBr) 3450-2'100 (broad and weak, -OH* * .N-) and 1110 cm-' 
(ether); nmr (CDC13) 2.71 (s, 6),  2.54 (m, 8), 3.68 (9, 4) and 
3.75 ppm (m, 8). 

Found: C.64.01: H,8.26: K'.8.28. 
Anal. Calcd for ClaH~sNaO4: C, 64.29; H, 8.33; N,  8.33. 

NaBH4 Reduction of 2 ,3-Dimethyl-5,6-bis(acetoxymethyl)-1,4- 
benzoquinone in the Presence of Aniline.-To quinone 1 (0.15 g, 
0.53 mmol) in 20 ml of methanol was added an excess of aniline 
(0.5 ml). The solution was cooled in an ice bath and NaBH4 
(0.02 g, 0.53 mmol) was added in small portions. The clear 
solution was stirred for 10 min and the formed white precipitate 
was collected and washed with a small amount of methanol. 
Recrystallization from ethanol gave white needles of 7 (0.14 g, 
76y0): mp 171-173" dec; ir (KBr) 3290 (s, NH), 3200-2700 
(-OH. . .IV-), 1602, 1500, 747, and 690 cm-I (monosubstituted 
phenyl); nrnr (DhISO-d,) 2.10 (s, 6) ,  4.25 (broad singlet, 4),  
5.43 (broad singlet, 2), 6.88 (m, lo) ,  8.13 ppm (broad singlet, 3). 

Anal. Calcdfor C22H24?J202: C, 75.85; H, 6.90; N, 8.05. 
Found: 

Registry No. -1, 37439-56-8; 3, 37439-57-9; 5 ,  
37439-58-0; 6 ,  37439-59-1 ; 7, 37439-60-4; NaBHd, 
16940-66-2 ; morpholine, 110-91-8; aniline, 62-53-3. 
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4-Acetamido-4-hydroxy-2-butenoic acid y-lactone 
(la) is a mycotoxin produced on laboratory media by 
(1) Agricultural Research Service, U. S. Department of Agriculture. 

a strain of Fusarium tricinctum originally isolated from 
tall fescue hay (Festuca arundinaceae Schreb.).2 Gan- 
grene in tails of cattle receiving l a  provided circum- 
stantial evidence implicating i t  in the problem of tall 
fescue toxicity.ar4 

Our current interest in the biological activity of l a  
prompted us to examine more closely two earlier re- 
ports concerning the hydrolysis products of this myco- 
toxin. White5 found that acid hydrolysis of l a  gave 
a 2301, yield of malealdehydic acid (cis-P-formylacrylic 
acid, lb)  as the major four-carbon fragment isolated; 
alkaline hydrolysis also gave lb ,  no yield being reported. 
Burkhardt, et u Z . , ~  found that alkaline hydrolysis of l a  
yielded a mixture of l b  and fumaraldehydic acid (trans- 
@-formylacrylic acid, 2). However, their results were 
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not unambiguous since the melting point given for cis 
acid Ib  (127') is the same as reported by Schroeter, 
et aLJ7 for trans acid 2. Our investigation shows that, 
whereas acid hydrolysis of l a  does indeed give l b  as 
the major product, 2 predominates under alkaline con- 
ditions. Hydrolysis products were identified by direct 
comparison with unequivocally characterized samples 
of l b  and2. 

Compound l b  had been prepared earlier7 by acid 
hydrolysis of the corresponding ethyl pseudo ester IC, 
which was obtained by photosensitized oxygenation of 
furfural in ethanol.8 We prepared l b  more directly, 
albeit in lower yield (25%)) by carrying out the photo- 
oxygenation of furfural in aqueous ethanol (1 : 1). 
The ethanol required to maintain the eosin sensitizer 
in solution leads to formation of some IC. The ir 
spectrum of l b  exhibits a pair of carbonyl bands at  
1790 and 1760 cm-I characteristic of an a#-unsaturated 
lactone of this type.2 That l b  exists as the cyclic 
pseudoacid and not as an open-chain aldehydic acid 
as its name implies was confirmed by the nmr spec- 
trum (Table I), which shows no aldehyde proton. The 
three ring protons of l b  exhibit an ABX pattern with 
the cis-vinyl proton coupling constant of 5.7 Hz in 
close agreement with that for la6 and cis-p-acetyl- 
acrylic acid. 

Compound 2 had been prepared previously by acid 
treatment of either l b  or IC in 25 and 46y0 yields, re- 

(2) 6 .  G. Yates, H. L. Tookey, J. J. Ellis, and H. J. Burkhardt, Phyto-  
chemzstru, 7, 139 (1968). 
(3) M. D. Grove, S. G. Yates, W .  H. Tallent, J. J. Ellis, I .  A .  Wolff, N. R. 
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TABLE I 
YMR DATA OF MALEALDEHYDIC AND FUMARALDEHYDIC ACIDS 

Compd HA €1 B Hx J.413 Jax Jsx 
lb" 6.25 6.20 7.41 1 . 2  1 . 2  5 . 7  
2b 6.91  6 .72  9.77 15.8 0.4  7 . 8  
a I n  acetone-&. I n  DMSO-~G.  

-----Chemical shifts, 6------ -Coupling constants, Hz- 

spectively.' We found that 2 can be prepared con- 
veniently in 26% yield by treating a crude photo- 
oxygenation mixture containing l b  and IC with sodium 
bicarbonate. No 2 was detected in the mixture by tlc 
before the bicarbonate was added. Likewise, treating 
pure l b  with bicarbonate for 2 days gave an isomeriza- 
tion mixture containing 2 and lb  in the ratio of approxi- 
mately 3 : 2. The three C protons of 2 exhibit an ABX 
pattern with coupling constants near those reported for 
t.,.uns-crotonaldehyde.'O The typically large trans- 
vinyl proton coupling constant of 15.5 Hz in 2 is also 
near that found for tyans-p-acetylacrylic acid.$ 

Since an initial attempt to hydrolyze l a  with 0.1 N 
HC1 at  room temperature resulted in less than 50% 
hydrolysis, the compound was hydrolyzed with reflux- 
ing 2 N HC1 by the method of White.5 Purification 
of the ethyl acetate extractables by adsorption chroma- 
tography gave, as the major product, 28% of crystalline 
lb,  plus less than 2% of 2.  Identity of the hydrolysis 
products from l a  was established by ir, tlc, and melt- 
ing point. 

Alkaline hydrolysis of l a  was carried out a t  room 
temperature with 0.1 N YaOH according to the pro- 
cedure of Burkhardt, et aL6 In view of the ease of 
bicarbonate-induced ring opening and concomitant 
isomerization of 1b to 2, the expected product in this 
reaction was again 2. Indeed, examination of the ether 
extract from the acidified reaction mixture by ir and tlc 
shon-ed 2 as the major product, plus a minor amount 
of lb. Thus, contrary t o  implications of earlier re- 
ports,jS6 formation of 2 from l a  is favored under alkaline 
conditions. Silica gel chromatography of the ether 
extractables afforded a 24% yield of 2,  plus less than 
1.5% lb. The low yield of 2 is not due t o  loss of sig- 
nificant amounts of material on the silica, but rather 
to formation of considerable polymeric material during 
hydrolysis. 

Experimental Section 

Melting points were determined on a Fisher-Johns block and 
are uncorrected. The following spectrometers were used: ir, 
Perkin-Elmer 337 (CHC11); uv, Beckman DK-2A (EtOH); 
nmr, Varian HA-100 with TMS as an internal standard." Thin 
layer chromatograms were run on silica gel G coated plates. 

(lb).-Oxygen was passed into an  ir- 
radiatpd mixture of 100 g of furfural and 2.0 g of eosin (yellowish) 
in 1400 ml of H20-EtOH (1: 1) for 4 days. Light was provided 
by a circular arrangement of 26 20-W cool-white fluorescent 
lamps; wavelengths shorter than 460 nm were filtered out by an 
aqueous solution of 1.25 21 CaC12.1Z After most of the solvent 
wa5 removed, the solution was diluted with HzO and filtered to  
remove eosin. The filtrate was washed with CCla and extracted 
thoroughly with ethyl acetate. After the ethyl acetate extract 
was dried (XazS04), the solvent was removed; the residual oil 
crystallized upon refrigeration. The crystals were washed with 

Malealdehydic Acid 

(10) A. IT. Douglas and J. H. Goldstein, J .  N o l .  Spectrosc . ,  16, 1 (1965). 
(11) Mention of firm names or trade products is for identification only 
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(12) C.  R.  Masson, 1.. Boekelheide, and TT. A. Noyes, Jr., in "Technique 

of Organic Chemistry," Vol. 2,  2nd ed, A .  Weissberger, Ed., Interscience, 
New York, N. Y . ,  1956, p 283. 

benzene and recrystallized from CHCla-benzene to  give 25.8 g 
(25%) of lb:  mp 53-56'; additional recrystallizations raised 
the melting point to 54.5-56.5' (lit.' mp 58-59'); tlc Rf 0.44 
[CHCl$-acetone-acetic acid (85: 10: 5 ) ,  sprayed with 3% ceric 
sulfate in 3 Y HzS04, and heated a t  120'1 ; ir 3580 (OH), 1790, 
1760 (C=O), 1115, 1003 cm-'; uv max 202 nm (E 6870); phenyl- 
hydrazone6 mp 159-161", tlc Rf 0.48 [hexane-ether-acetic 
acid (47 : 50 : 2), 1% vapor] . 

Fumaraldehydic Acid (2).-The reaction was carried out as 
described for lb .  Two-thirds of the solvent was removed, 126 g 
of NaHC03 was added, and the mixture was kept a t  room tem- 
perature for 3 days. Thesolution was acidified to pH 1.5 with 10 
S HC1, washed with CCla, and extracted thoroughly with ethyl 
acetate. The crystalline residue, obtained by drying (Na2S04) 
and removal of the ethyl acetate solvent, was passed through 
600 g of silica gel (70-325 mesh). Elution of the column with 
acetone-CHCls (1 : 4), concentration of the fractions containing 
2 ,  and recrystallization from acetone-CHCls gave 26.8 g (26%) 
of 2: mp 125-126'; additional recrystallizations raised the melt- 
ing point to  126.5-127' (lit.' mp 127'); tlc Rr 0.55 [CHC13- 
acetone-acetic acid (85: 10:5), sprayed with 37, ceric sulfate in 
3 S HzSOa, and heated a t  120'1; ir 3510 (OH), 1740, 1700 
(C=O), 1100, 978 cm-l; uv max 216 nm ( e  11,000); phenyl- 
hydrazone6 mp 159.5-161", mixture melting point with l b  
phenylhydrazone 146-151 ', tlc Rp 0.33 (hexane-ether-acetic 
acid,47:50:2). 

Isomerization of Malealdehydic Acid (lb).-A solution of 1 .O g 
of l b  and 2.1 g of NaHC03 in 20 ml of H2O was kept a t  20" for 
2 days. The solution was acidified to  pH 1 with 4 N HC1 and 
extracted with ethyl acetate. The extract waS dried (NagS04) 
and concentrated, leaving 780 mg of residue. Examination of 
the ir carbonyl region of the residue showed compound 2 and 
starting l b  in approximately a 3: 2 ratio. 

Acid Hydrolysis of 4-Acetamido-4-hydroxy-2-butenoic Acid 
*/-Lactone (la).-A solution of 1.0 g of l a  (obtained by synthe- 
sisa) in 40 ml of 2 S HC1 was refluxed for 3 hr, cooled, and ex- 
tracted with ethyl acetate. The ethyl acetate extract was dried 
(NazSOa), and the solvent was removed. Chromatography of 
the residue on 25 g of silica gel (CHC13 eluent) plus crystalliza- 
tion from CHC13-benzene gave 202 mg (28y0) of l b ,  mp 53.5- 
565'. I r  analysis of the carbonyl region of the mother liquor 
indicatedless than 10 mg (27,) of 2 .  

Alkaline Hydrolysis of 4-Acetamido-4-hydroxy-2-butenoic Acid 
7-Lactone (la).-A solution of 1.0 g of l a  in 78 ml of 0.1 .\j 
NaOH was kept at room temperature for 16 hr. The solution 
was acidified to  pH 1.5 with 1 S HC1 and extracted with ether. 
After the ether extract was dried (NazSOa), the solvent was re- 
moved. The residue (410 mg) was examined by ir and tlc and 
chromatographed on 25 g of silica gel [acetone-CHCls (5:95) 
eluent]. Recrystallization from CHC13 gave 169 mg (24%) of 
2, mp 126.5-127.5'. Subsequent column fractions were com- 
bined and by ir analysis contained less than 9 mg (1.5%) of lb .  

Registry No:-la, 16275-44-8; lb, 14032-66-7 ; 2,  
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In  connection with another study, we had occasion 
to prepare di-teid-butylacetylene (1). Its synthesis 
was first described by Hennion and Banigan,' then 

(1) G. F. Hennion and T. F. Bnnigan, Jr . ,  J .  Amer. Chem. Soc., 68, 1202 
(1946). 


