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2,3-Dimethyl- 5,6-bis(acetoxymethyl) - 1,4- benzoqui- 
none (1)  has been shown by this laboratory to  be a po- 
tent inhibitor of (a) the biosynthesis of DXA and RNA 
and (b) the growth of adenocarcinoma 755 ascites cells. 
It was hypothesizedl that  the action mechanism of 
this series of benzoquinone derivatives involved bio- 
reduction in vivo in a manner analogous to  mitomycin 
C by an NADPH-dependent quinone reductase en- 
zyme2 3 to corresponding dihydroquinones which gen- 
erated reactive intermediates, o-quinone methides. 
Further postulation visualized that such active species 
might function as inhibitors of neoplastic growth by the 
alkylation of DNA, RNA, or other biological systems. 
In the present report, chemical evidence is presented 
to substantiate the formation of intermediate 3 from 
compound 1 upon sodium borohydride reduction. 

Compound 1 xas  subjected to reduction with 1 niolar 
equiv of XaBH4 in methanol a t  ice-cold temperature. 
Two major yellow products were obtained after column 
chromatography on silica gel. The first compound was 
identified as duroquinone4 (4) by nmr, ir, and mixture 
melting point with authentic sample. The second com- 
pound (5) had a parent ion peak at m/e 324 in the mass 
spectra and good elemental analysis based on the cal- 
culation of (C10H1002)2, indicating that compound 5 
was a dimer of 3 (CloHloOz). Dimerization or trimeri- 
zation were the most common reactions of o-quinone 
methides in the absence of other trapping reagents.5 
The structures of the dimer and trimer mere in general 
a product of a Diels-Alder reaction of the 0-quinone 
methides. There are relatively large numbers of possi- 
ble dimer adducts which could be derived from the 
active intermediate 3; however, only compound 5 
(3’,4’-dihydro-3,4,6’,7’-tetramethyl-6-methylenespiro- 
[S-cyclohexene-1,2’( 1 ’H)-naphthalene]-2,5,5’, S’- t e t r a- 
done) best fits both nmr (Table I) and ir data. Char- 
acteristic benzoquinone peaks (KBr) around 1635 
cm-I and a,P-unsaturated keto groups a t  1665 and 
1675 cm-I wcre observed in their  spectrum. 

I n  IH nmr spectra, the two most downfield signals 
(j.21 and 6.09 ppm) are assigned to the two olefinic 
protons. No coupling between these two protons was 
observed in either 60- or 100-lIHz spectra, since the 
geminal coupling constant of olefinic protons is gen- 
erally very small. The signal a t  lower field (6.09 
ppm) is assigned to the proton (H,) cis to the lieto 
group of the ring, and arises from the anisotropic de- 
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TABLE Ia 

Chemical shift, 

1.89 (t, 2) 
Protons ppm Coupling constants, Hz 

J3’4’ = 7 Haf 
3,4,6’,7’- 2.01 (s, 6), 

H4f 2.37 (m, 2) J 4 v  = 7 ,  J4.1, = 2 . 5  
He 2.65 (m, 1) J,, = 19, Je4)  = 2 . 5  
H, 3.32 (m, 1) J,, = 19, = 2 5 

H X  6.09 (s, 1) 
Q Chemical shifts and coupling constants from spectra of about 

Tetramethyl 2.06 (s, 6) 

HY 5.21 (s, 1) 

10% solutions in CDCla. 

shielding effect of the The most upfield 
signals (1.87 ppm) appear as a triplet ( J  = 7.0 He) 
and integrate for two protons. Based on the splitting 
pattern and the coupling constant, this triplet is ap- 
parently part of the spectrum of an AzB2 system and 
therefore is assigned as either the Car or CP protons. 
The other part of the system is complicated by coupling 
with other protons to give nine peaks centered around 
2.37 ppm. The splitting pattern of Ha and He indi- 
cates a large geminal coupling ( J  = 19 Ha) between 
H, and He and a long-range coupling ( J  = 2 .5  Hz) 
with either C3’ or C4r protons. The coupling between 
the C1, and Cat protons can occur only when the system 
assumes a w configuration, with the coupling protons 
approximately coplanar and linked by a zig-zag ~ a t h . ~ , ~  
The magnitude of this long-range coupling over four 
bonds ( 4 J ~ ~ )  is generally small and is often seen only 
in the broadening of a proton signal. Since only the 
He proton can assume the required w configuration with 
the Cat protons, and long-range coupling is observed 
with both C1t protons, this coupling is probably de- 
rived from the homoallylicB long-range coupling between 
the C1p and C4t protons. Therefore, the triplet signal 
a t  1.57 ppin is unambiguously assigned as CY and the 
multiplets a t  2.37 ppm assigned as C4f. A closely re- 
lated example of five-bond coupling between the pro- 
tons of Cz and C5 of 1,2,5,6-tetrahydropyridine has 
been reported.lO Using high-resolution nmr and de- 
coupling techniques the coupling constant JZ,b of 1,2,5,6- 
tetrahydropyridine was found to be 3 Hz, which is close 
to the value J1t4t = 2.5 Hz observed for C1t and Cq 
protons of dimer 5.  

The molecular model of dimer 5 indicated a serious 
steric interaction between Hy and C1t and C3t protons. 
Therefore, the most stable conformation of the mole- 
cule presumably is the one in which the ethylene group 
occupies an equatorial position a t  CY. In  this con- 
formation, the He proton, which is trans to the ethylene 
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group, assumes a w configuration with the equatorial 
CV proton required for a four-bond long-range coupling. 
Consequently the He proton appeared as a relatively 
poorly resolved sextet, which contrasts with the sharply 
resolved sextet of the Ha proton. The downfield shift 
of the Ha proton can be explained by a steric compres- 
sion effect caused by the overcrowding a t  the axial 
position. l1 

The mechanism of the formation of the observed 
products 4 and 5 can best be explained by the initial 
reduction of compound 1 with ?XaBH4 to the corre- 
sponding dihydrobenzoquinone 2, which then decom- 
posed to generate 3.  Further reduction or dimeriza- 
tion of 3 produced the observed products 4 and 5 .  
The formation of a similar dimer, spirodi-o-xylylene, 
from o-xylylene has been documented. l2  To provide 
additional evidence for the existence of 3, the reduc- 
tion of 1 with NaBH4 was carried out in the presence of 
morpholine or aniline. The expected adducts 6 or 7, 
respectively, precipitated from the reaction mixture in 
5-10 min after the addition of nTaBH4. 4 similar re- 
action mechanism which involved quinone methide as 
the intermediate was suggested t o  account for the for- 
mation of 2,5-bis(morpholinomethyl)-1,4-dihydrobenzo- 
quinone by treatment of 2,5-dihydroxy-a,af-p-xylylene 
bisisothiuronium dihydrochloride with morph01ine.l~ 
However, an alternative mechanism which involves 
amination of quinone 1 followed by XaBH4 reduction 
to  give adducts 6 or 7 must be considered. Further 
experiments, therefore, were carried out in which benzo- 
quinone l was treated with either morpholine or aniline 
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in the absence of NaBH4 under ice-cold temperature. 
S o  appreciable reaction occurred over 2 hr with these 
reaction conditions, as monitored by thin layer chro- 
matography. This finding tends to  eliminate the possi- 
bility of an amination-reduction mechanism, and fur- 
ther substantiated a mechanism involving the genera- 
tion of o-quinone methide (3) as the active intermediate. 

Attempts to trap intermediate 3 in a similar manner 
with N-phenylmaleimide failed to give the desired 
adduct 8. Instead, compounds 4 and 5 m r e  isolated. 
In  view of the numerous examples of the susceptibility 
of imides to XaBH, reduction,14 the failure to  trap 
intermediate 3 with N-phenylmaleimide may be due 
to the rapid reductive destruction of the trapping agent. 
However, identical results \+-ere obtained using o- 
nitrostyrene, which mould be expected to  be stable 
under the reduction conditions employed. Thesc 
findings do not necessarily disprove the existence of 
intermediate 3, but rather that  i t  is a better dienophile 
than trapping agents in the competitive Diels-Alder 
reaction.'j 

In  summary, evidence was obtained to  indicate that 
the reactive intermediate 2,3-dimethyl-5,6-bis(methy- 
lene)-1,4-benzoquinone (3) was formed from 2,3-di- 
methyl-5,6-bis(acetoxymethyl)-l,4-benzoquinone (1) 
upon NaBH4 reduction. To the best of our knowledge, 
this is the first report of evidence supporting the ex- 
istence of bis(o-quinone methide). The capability of 
intermediate 3 to alkylate aniline or morpholine sug- 
gested a similar potential to alkylate biological ma- 
terials in vivo, if 3 could be generated enzymatically 
in vivo. 
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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 at  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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la, R = NHCOCH:, 
b,R-OH 
C, R OCH2CH3 

2 

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 a t  
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- 
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