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ALLYLIC FUNCTIONALIZATION OF a-METHYLMUCONATES: A NEW SYNTHESIS OF
2, 5-DIHYDRO-2, 4-DISUBSTITUTED THIOPHENES, FURANS, AND PYRROLES
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(Received in USA 25 July 1972; received in UK for publiocation 1 September 1972)

In an earlier communication(3), the preparation and dienophilic character of methyl
4-carbomethoxy-2, 5-dihydro-2-thiopheneacetate 2a were demonstrated as part of a new stereo-
specific synthesis of (cis-1, 2-dialkyl) cyclohexanecarboxylic acids and angularly substituted
polycyclic systems. As an alternative preparation of 2a, as well as of its oxygen and nitrogen
analogues (32,_2_c), we have devised a general synthesis involving a novel, internal Michael-type
addition (2). Since the substituents at C-2 and C-4 offer the possibility of further modification,

these preparations of compounds 2a,b,c provide access to the title compounds of generalized
structure 3.
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The starting material chosen for these syntheses of 2 was the known dimethyl trans, trans-
a-methylmuconate la (Z=H)(4, 5). Although a variety of preparations of l1a have been repbrted,
we have found it m-o_st convenient to prepare la via a Wittig reaction of methyl fumaraidehy-
date (6) and a-carbomethoxyethylidene triphenylphosphorane (7)(refluxing benzene for 2.5 hours)
Recrystallized la, mp 54-55°C (from ether-hexane), was isolated in 85% yield; its physical con-
stants and spectral data are consistent with those previously reported (4, 5} for the trans,trans
structure indicated above, the isomer expected from such Wittig reactions (7). Using a modifi-
cation of the procedure previously reported(5), molar quantities of la could reproducibly be
brominated at the allylic methyl in greater than 50% yield (n-bromosuccinimide with benzoyl
peroxide in refluxing chlorobenzene), producing lb, mp 96-98°C (from ether), reported(5)
97-98°C.

Direct nucleophilic substitution of this allylic bromide readily led to desired crystalline
sulfur, oxygen, and nitrogen derivatives (8). Exposure of lb to potassium thiolacetate in dry
dimethylformamide (15 minutes at room temperature, followed by 10 minutes at 65°C) produced
1lc (Z=3Ac) in 67% yield, mp 88.5-89.5°C (from ether-petroleum ether). Similarly, a solu-
tion of sodium formate and 1b in dry dimethylformamide (70°C for three hours) formed formate
ester 1d (Z=OCHO) in 91% yield, mp 70-71°C (from ether-petroleum ether). This formate was
easily hydrolyzed (without cyclization to 2b) by the action of exce.as potassium carbonate in
aqueous tetrahydrofuran (65°C for 3.5 hours). The crystalline alcohol le (Z=OH), isolated in
88% yield, was easily recrystallized from ether, mp 65°C. Finally, as reported (5}, from ib

TABLE 1. Pertinent Spectral Data for Compounds 1

CHCT
A max ! NMR: as é from TMS, solvent CDCl3. J in Hz
EtOH methyl other
A max(log ¢) Ha Hy He Hy esters protons
1a 5.85, 6.23y 2.03 6.05 7.07 7.42 3.69
(z=H) 275mu (4.43) (ama. {imya. (1H)4. of q. (1H)d. of 4. {3H)s.
J=1.5 J=14 J=12,1.5 J=14,12 3.71
{3H)s.
1b 5.87, 6.23u 4.40 6.32 7.31 7.65 3.79
(2=Br) 279mu (4.42) (2H) (IR)d. {1H)a. {(1H)d. of d. (3H)s.
broad s. J-14 J=12 J=14,12 3.83
(3H)s.
ic 5.84, 6.23y 4.01 6.20 7.25 7.75 3.79 2.31
(Z=SAc) 276my (4. 38) (21) (18)4. (in)d. (1H)d. of 4. {6H) (3H)s.
broad s. ~ J=15 J=12 J=15,12 broad s. SCOCH 3
- 5.82, 6.22u 5.15 6.31 7.48 7.72 3.80 8.11
(Z=0CHO) 269mu (4.47) (2m) 4. (i) a. (1n)d. (1H)4a. of 4. (3H)s. (1H)t.
=1 Jel4.5 J=12 J=14.5,12 3.83 J=1
(3H)s. OCHO
le 2.73, 5.85, 6.21u 4.52 6.25 7.27 7.70 3.78 5.35
(Z=0H) 270mu(4.48) (2H) (1H)4&. (18)d. (1H)d. of 4. (3H)s. (1R)s.
broad s. J=15 J=12 J=15,12 3.81 OH
(3H)s.
1f 5.72, 5.82, 6.21u 4.79 6.38 7.43 7.95 3.78 7.78
(2= 2.19my (4.65) (2H)s. (1H)d. (1H)d. (1H)d. of 4. (3H)s. (4H) m.
phthalimido)| 2.22mu(4.36) J=15 J=12 J=15,12 3.81 aromatic
2.30mu (4.33) (3H)s.
2,73mu (4.41)
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and potassium phthalimide in dry dimethylformamide {overnight at room temperature, then 30
minutes at 60°C) the phthalimido derivative 1f was prepared; dilution of the reaction mass with
water produced a copious precipitate (greater than 85% yield) which could be recrystatlized
from ether, mp 132-133°C, reported(5) 134°C. Spectral data for compounds 1 summarized
in Table 1 suggest that for all these structures the disubstituted olefin has maintained a trans
configuration (Jb_d=14 to 15 Hz). However, isomerization of the trisubstituted olefin during
allylic bromination and/or subsequent nucleophilic displacement cannot be ruled out by these
data. That these reactions have occurred without double bond isomerization, at least in the
preparation of lc, was demonstrated conclusively by X-ray crystallographic determination (9)
of 1c as the trans,trans isomer.

_Cyclized structures 2 were readily prepared from ] via an internal 1, 4-addition as in-
dicated in figure 1. Methanolysis of 1c (catalytic sodium methoxide in methanol for one hour
at room temperature)provided, via an intermediate mercaptide whichcyclized as it was formed,
the dihydrothiophene 2a in 71% yield; this material was identical in all respects to that decribed
earlier (3). Similarly, the action of catalytic potassium t-butoxide in t-butanot (one hour at
45'6) cyclized alcohol le to the liquid dihydrofuran 2b {in 90% yield), bp 97-99°C/0.5 mm. The
spectral properties of this heterocyclic diester were consistent with structure 2b and were
appropriately similar to those reported for 2a. Conversion of phthalimido derivative 1fto
the unstable dihydropyrrole 2c was effected in 48% yield by removing the phthaloyl group as
phthalhydrazide (exposure for four hours to one equivalent anhydrous hydrazine in refluxing
methanol-methylene chloride, 4:1); the intermediate primary amine cyclized under these con-
ditions and the oily secondary amine was isolated from the cooled reaction mass by addition
of one equivalent sodium methoxide, removal of the solvent, and extraction of the amorphous
ionic residue with ether. Crude 2c showed spectral properties consistent with its assigned
structure and appropriately similar to 2a. It was readily converted into a stable crystalline
derivative, its N'-phenyl thiourea (from phenyl isothiocyanate in carbon tetrachloride) in high
yield, mp 129-131°C (from ether).

It is not surprising that these invitro cyclizations of appropriately functionalized a-methyl-
muconates produce exclusively five-membered heterocycles 2, ‘rather than six-membered
heterocycles 4 (via 1, 6-conjugate addition). The latter cyclization would have necessitated
intramolecular nucleophilic addition at the &-carbon of a near-planar, conjugated, cisoid
diene ester (see fig. 1); its transition state would thus have required significantly more steric
constraint and steric compression than does that of the observed 1, 4-conj_uga.te addition. How-
ever, it should be noted that 1, 6-addition of this type has been postulated (5) as an intermediate

step in the apparent in vivo conversion of amino acid 5 to nicotinic acid 6 by cultures of Xan-
thomonas pruni.
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Compound 2b has been shown to react effectively and in good yield with butadiene under
conditions similar to thos‘e required for cycloadditions of 2a(3). However, under these same
conditions, no stable adducts of butadiene and 2¢, or its N-formyl derivative (from chloral in

chloroform (10) on _Z_c) could be obtained; and, in fact, the nitrogen heterocycles were them-
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selves destroyed.
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