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tered solution, and the residue was extracted with boiling acetone, 
from which on cooling the product crystallized. 
F. 2-Bromo-6-chloro-1-methylnaphthalene (9a). K (1 g) was 

dissolved in t-BuOH (25 ml), and the solution was cooled in ice- 
water. 6a (4 g) was added followed by bromoform (8 g). The solu- 
tion was stirred in the cold for 2 hr and diluted with water. The 
precipitated solid was collected, yield 1 g. 
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Synthetic methods available for the construction of rings 
fused to heterocyclic molecules are limited owing to the 
vulnerability of the heteroatom to the well-established con- 
ditions of carbocyclic chemistry. Acid-mediated cycliza- 
tions of ylidenemalononitriles1)2 to form fused keto amides 
appeared to present a valuable potential for this problem. 
This has now proven successful in the thiophene series. 

The thiophene ylidenemalononitriles (1) were readily ob- 
tained by a Knoevenagel reaction between the correspond- 
ing precursor3 and malononitrile. 

CHLCNh -p /CN mc=o R /C=c\cN 

1 
I 

R 

Treatment of 1 (R = CzH5) and 1 (R = i-C3H7) with po- 
lyphosphoric acid produced the ring-cyclized products 2. 
The structural assignments for 2 were based on spectral 
data. The ir spectrum (KBr) of 2 (R’ = H) has NH absorp- 
tion at  3.00 and 3.15 h, ketone carbonyl a t  5.91 p,  and 

0 
,CONH, 0 

‘CH, S 

2 3 
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amide carbonyl a t  6.02 w ,  while 2 (R’ = CH3) has similar 
peaks at  2.98, 3.14, 5.90, and 6.02 p which is in agreement 
with similar ring systems in the benzene series.6 The NMR 
spectrum (DMSO-&) also supports structure 2 by display- 
ing a simple two-proton thiophene absorption with dou- 
blets a t  6 7.19 (J = 5 Hz) and 7.70 (J = 5 Hz), methine 
(proton cy to amide and ketone carbonyls) absorption at 6 
4.32, vinyl quartet absorption (for 2, R’ = H) at  6 5.75 (J = 
7 Hz), and methyl singlets at 6 1.80 and 1.97 for 2 (R’ = 
CH3) and a methyl doublet a t  6 1.93 (J = 7 Hz) for 2 (R’ = 
H), The above data is clearly in accord with the bicyclic 
systems 2 possessing the exocyclic double bond.7 

On the other hand, when 1 (R = t-C4Hg) was subjected 
to polyphosphoric acid the anticipated endocyclic fused 
system (3) resulted. The structural assignment for 3 was 
based on the ir spectrum (KBr) (nitrile absorption at 4.52 p 

and a carbonyl band at  5.80 w )  and the NMR spectrum 
(DMSO-&) [two-proton thiophene doublets a t  6 7.20 (J = 
5 Hz) and 7.62 (J = 5 Hz) and a nine-proton methyl singlet 
a t  6 1.541. Thus far it has not been possible to hydrolyze the 
nitrile functionality of 3 to the corresponding carboxamido 
group. 

To complete the series, 1 (R = H and CH3) was studied 
under the cyclization conditions and found to yield only 
(by TLC) 4. Confirmation of the product formation was ob- 
tained when products identical (by melting point and TLC) 
with 4 were realized from the reactions of thiophenecarbox- 
aldehyde and methyl 2-thienyl ketone with cyanoacetam- 
ide.1,8 

These results suggest that the fusion of a functionalized 
five-membered ring to a thiophene ring is possible via yli- 
denemalononitriles which possess at least a secondary y 
carb01-1.~ If the y carbon possesses at least one hydrogen the 
exocyclic products (2) are realized as a means of relieving 
the steric strain which would result with the endocyclic iso- 
mer. When the y carbon is quaternary, the endocyclic iso- 
mer (3) is the only structure possible and it forms, but in 
considerably diminished yields compared to 2. 

Experimental Sectionlo 
Preparation of the  Ylidenemalononitriles. A solution of 0.3 

mol of the carbonyl agent: 0.5 mol of malononitrile, 12.0 g of am- 
monium acetate, and 24 ml of glacial acetic acid in 200 ml of tolu- 
ene was refluxed with the aid of a Dean-Stark trap until the 
amount of water collected in the trap remained constant (4-24 hr, 
the sterically hindered ketones requiring the longer reflux time). 
Following the reflux period, the solution was cooled and decanted 
from a malononitrile polymer. The polymeric gum was washed 
with toluene (50 ml) and the combined toluene fractions were 
washed with water (2 X 50 ml), dried over anhydrous magnesium 
sulfate, and concentrated to yield the crude product, whose prop- 
erties are listed in Table I. In the case of 1 (R = i-C3H7) and 1 (R 
= t-CdH,) it was necessary to remove the unreacted ketone (via 
vacuum distillation) from the crude product mixture to realize the 
desired ylidenemalononitrile. 

Treatment of Ylidenemalononitriles (1) with Polyphospho- 
ric Acid. After 200 g of polyphosphoric acid was warmed to the 
temperature required for reaction, 2.0 g of 1 was added slowly 
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Table I 
Properties of Thiophene Ylidenemalononitriles 

R 

Purification Ir (~cN), 
Registry no. R Yield, 96 Mp, OC methoda* Anal. calcd (found), % cm-1 Proton NMR. 6 ppm 

C, 59.98 (60.15) 2220 7.38 (t, 4-H) " " A H, 2.52 (2.77) 7.85 (m, =CH, 3-H and 5-H) 28162-32-5 Hf 86 95-96 

10432-44-7 CH, 77 85 C, 62.05 (62.23) 2215 2.74 (s, CH,) 
H, 3.47 (3.56) 7.26 (t, 4-H) s, c 

7.83 (d of d, 5-H) 
8.03 (d of d, 3-H) 

1.35 (t, CH,) 
" 63'82 (63'77) 2220 3.04 (9, CH,) H, 4.26 (4.30) 7.36 (t. 4-H) 

A 54688-90-3 C2HS 44 31 

7.98 (dof d, 5-H) 
8.18 (d of d, 3-H) 

C, 65.32 (65.18) 2220 1.34 (d, 2 CH,) 
H, 4.98 (5.12) 

7.08 (t, 4-H) . 
7.70 (d, 3-H and 5-H) 

3.50 (sp, CH) E 54688-91-4 i-C,H, 25 56 

C, 66.63 (66.43) 2230 1.36 (s, 3 CH,) 
H, 5.59 (5.46) 7.00 (m, 4-H and 3-H or 5-H) 54688-92-5 t-CdH, 14 103-104 A 

7.45 (d of d, 3-H o r  5-H) 
a S = sublimation in vacuo; C = chloroform-hexane; A = aqueous ethanol; E = 95% ethanol. All ylidenemalononitriles reported herein 

are colorless. c All spectra were recorded in CDC13. Chemical shifts are in parts per million from internal Mersi. d Multiplicity indicated 
paranthetically by the following abbreviations: s, singlet; d, doublet; t, triplet; sp, septuplet; m, multiplet. e Assignments based on spectral 
integrations. f K.  Friedricb and W. Ertel [German Patent 1,936,047; Chem Abstr., 74,76197 (1971)l report this compound but make no men- 
tion of its properties. 

Table I1 
Products from Acid Treatment of Thiophene Ylidenemalononitriles 

~ 

Purification 
Compd Yield, % MP, OC methoda Anal. ca l cd  (found), 96 RegistIy no. 

54738-97-5 2 (R' = H)b 58 2 10-2 1 1 E C, 57.95 (58.04) 
H, 4.38 (4.24) 

C, 59.73 (59.52) 
H, 4.98 (5.12) 2 (R' = CH3)b 59 22 1-223 E 54688-93-6 

54688-94-7 3= 33 142-144 A C, 66.33 (65.96) 
H, 5.10 (5.39) 

54688-95-8 4 (R = H)d'f 93 166 D C, 53.92 (53.80) 
H, 3.39 (3.51) 

C, 56.23 (55.97) 
H, 4.19 (4.11) 54688-96-9 4 (R = CH3)e'g 86 150-1 5 1 C 

a E = 95% ethanol; A = aqueous ethanol; D = dimethyl sulfoxide-water; C = chloroform-hexane. b Colorless crystals. c Red crystals. 
Light gray crystals. e Tan crystals. f lH NMR (dimethyl sulfoxide-&) 6 4.50 (br, NHz), 7.24 (t, 4-H), 7.89 (m, 3-H and 5-H), 8.39 (s, =CH). 

g lH NMR (dimethyl sulfoxide-&) 6 2.58 (s, CH3), 7.23 (t, 4-H), 8.00 (m, 3-H and 5-H); no NHz could be discerned. 

under mechanical stirring. The resulting mixture was heated at  
85-95" for 3 hr (R = H), 85" for 2 hr  (R = CH3), 50' for 2 hr (R = 
CzHs), 90" for :3 hr (R = i-C3H7), and 90° for 6 hr (R = f-CdHg) 
and then cooled and poured over 500 ml of ice water with vigorous 
stirring. After standing overnight the aqueous solution was filtered 
and the isolated product was air dried and purified to yield the 
products summarized in Table 11. 

Condensation of Thiophenecarboxaldehyde and Methyl 2- 
Thienyl Ketone with Cyanoacetamide. A 100-ml absolute etha- 
nolic solution of 0.2 mol of the alkehyde or ketone, 0.2 mol of cy- 

anoacetamide, 0.5 g of ammonium acetate, and 2.0 g of glacial ace- 
tic acid was refluxed for 6 hr. Upon cooling the cyanoacetamide (4) 
precipitated and was purified by recrystallization (R = H, 93% 
yield; R = CH3,86% yield). These products were identical (by mix- 
ture melting point and TLC in chloroform) with that obtained 
from the polyphosphoric acid treatment of 1 (R = H and CH3) as 
characterized in Table 11. 
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At elevated temperatures, simple sulfolanes (tetrahydro- 
thiophene 1,l-dioxides) are pyrolyzed to sulfur dioxide and 
olefins (eq 1: R, R’, R” = H; R = CH3, R’, R” = H; R’ = 

‘2 RCH=CHR’ + SO, + CH,=CHR” + ... 
(1) 

CH3, R, R” = H; R’, R” = CH3, R = H; R, R” = CH3, R’ = 
H, etc).l We have now examined the stereochemistry of 
this reaction (R, R’ = CH3; R” = H), with a view to detect- 
ing possible concertedness. 

Results 
The requisite sulfones were obtained (eq 2) via 2,3-di- 

methylsulfolene (adduct from 3-methyl-1,3-pentadiene 
plus Catalytic hydrogenation (PtOz) gave an insepa- 
rable mixture of sulfolanes (ca. 95:5) of which the major 
isomer was assigned the cis configuration (1) on the basis of 
steric considerations and subsequent results. Epimeriza- 
tion of this mixture with potassium tert-butylate in tert- 
butyl alcohol (eq 2) gave a new mixture (ca. 10:90), en- 

R’ R” 

1 2 

riched in the trans isomer (2). Isomer ratios were estimated 
by NMR analysis. 

Thermolyses were carried out by injection of the en- 
riched mixtures of 1 and 2 into a hot (>500°) bed of silicon 
carbide chips. The effluent gases were collected in a cold 
trap, and the butenes were subsequently analyzed by GLC. 
The results are summarized in eq 3. 

Q 5 /I/ + /-7 + minor (3) 
CH3 CH3 CH3 unidentified -C*H, 

-so, CH3 CH3 
1 (95% cis) 36 f 6 %  5 3 & 3 %  9 f 6% 
2 (90% trans) 51 f 6% 40&3% 9 i 6% 

In the appropriate control experiments, it  was found that 
from a partial pyrolysis 1 could be recovered unchanged 
(no appreciable epimerization to 2). Furthermore, authen- 
tic cis- 2-butene when passed through the reactor suffered 
less than 2% isomerization to trans-2-butene. In view of the 
substantial crossover in the thermolysis of 1 and 2 it  was 
felt that attempts to refine the experiment by further puri- 
fication of 1 and 2 or by improving the GLC resolution of 
the products were unwarranted. 

Discussion 
It has previously been demonstrated that pericyclic [u2s 

+ 02, + .2,] fragmentation in the strained system 3 (eq 4) 

(4) 

3 

proceeds concertedly by tests of stereospecificity and ki- 
netic f a ~ i l i t y . ~  Although equivalent thermolysis of simple 
sulfolanes requires temperatures more than 200’ higher 
than for 3, it  was considered plausible that 1 and 2 might 
dissociate with retention of methyl group stereochemistry 
in view of the fully synchronous nature of the sulfolene 
reaction.* The experimental results indicate otherwise. 
From either sulfolane (1 or 2) mixtures of 2-butenes were 
obtained (uncorrected trans/& ratios 0.7 E:1.0 Z and 1.0 
E:0.8 2, respectively). We suggest that the results are best 
accommodated by a multistep mechanism, in which diradi- 
cal (or zwitterionic) intermediates exist for appreciable 
lifetimes. I t  is sufficient that internal rotation within such 
an intermediate (4) be competitive with bond scission. In 

4 

spite of our control experiments the possibility cannot rig- 
orously be excluded that fragmentation is in fact concerted, 
but that isomerization occurs subsequently (SO2 catalysis). 
However, it  is difficult to envision such a latter mechanism 
which would not in actuality be available to the incipient 
reaction products in the primary step. 

The low residual stereospecificity is reminiscent of other 
recently reported extrusion  reaction^.^ We would only com- 
ment that  concepts of diradical chemistry should be adjust- 
ed to accommodate what appears to be a pattern of partial 
stereochemical retention. 


