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James Woodyard, were recorded with a Varian A-60 spectropho- 
tometer. The elemental analyses were performed by Galbraith 
Laboratories, Knoxville, Tenn. Melting points were taken on a 
Mel-Temp capillary melting point apparatus and are uncorrected. 
All chromatographic columns were prepared by pouring Merck re- 
agent grade aluminum oxide, previously dried for 2 hr a t  loo', 
onto a column filled with chloroform (reagent grade). The elutant 
from the column was analyzed by thin layer chromatography using 
microslides prepared by the method of Peifer6 from silica gel G 
(according to Stahl), 1:l ether-methanol as developing solvent, 
and iodine vapor for visualization of spots. 

Sealed Tube Reaction between Imidazole and Formalde- 
hyde. A solution of 13.6 g (0.20 mol) of imidazole (Sigma Chemical 
Co.) and 50 g of 37% aqueous formaldehyde solution in sealed 
Pyrex tubes was heated for 15 hr in an oil bath a t  120-130' and 
was then evaporated in vacuo to give 17.8 g of colorless, viscous 
syrup. A drop of crude product treated with picric acid gave a res- 
inous picrate derivative. The syrup was extracted with a hot mix- 
ture of 140 ml of acetone, 15 ml of methanol, and 15 ml of chloro- 
form. After cooling, the supernatant was decanted from an insolu- 
ble syrup. This syrup was dissolved in a small volume of methanol 
and 35 ml of a 1:l mixture of chloroform-acetone was added. After 
cooling overnight at 10' the supernatant was decanted from about 
1.5 g of insoluble syrup. The solvents were evaporated from the 
two extracts, leaving syrupy residues: 10 g of more soluble materi- 
al; 6 g of less soluble material. These two fractions were separately 
chromatographed on alumina. 
1,2-Dihydroxymethylimidazole. The 10 g of more soluble ma- 

terial was dissolved in an acetone-chloroform mixture, placed on a 
15.5 X 4 cm column, and eluted with six 25-ml portions of 3:l chlo- 
roform-acetone, four 24-ml portions of chloroform-acetone mix- 
ture plus 1 ml of methanol, and three fractions with increasing 
amounts of methanol. By digesting the first nine fractions with ac- 
etone a total of 3.25 g of white, crystalline solid was obtained. 
Melting points of the different fractions ranged from 90-115' to 
121-125' but all gave identical ir spectra. A sample for analysis re- 
crystallized twice from acetone melted at 126-127'. The NMR 
spectrum and analysis indicated this material to be 1,2-bis(hy- 
droxymethy1)imidazole. 

Anal. Calcd for C5H8N202: C, 46.87; H,  6.29; N, 21.86. Found: C, 
46.79; H,  6.16; N, 22.03. 

2-Imidazolemethanol was prepared by the method of J o n e ~ ; ~  pu- 
rification by chromatography yielded a white, crystalline solid, mp 
112-112.5' (lit.7 mp 114-115'). The NMR sample of the 1,2-dihy- 
droxymethylimidazole (0.1413 g) was repeatedly digested with 
water to remove deuterium. The final residue (72 mg after one re- 
crystallization from acetone) melted a t  108-109' and gave an ir 
spectrum identical with that of 2-imidazolemethanol. 

The syrupy residues (2.4 g) from recrystallizations of different 
fractions of 1,2-dihydroxymethylimidazole were combined, boiled 
with water, and chromatographed, yielding 0.25 g of imidazole, mp 
91-92' (identified by ir), and 1.5 g of crude 2-imidazolemethanol 
(identified by ir). 
2,4,5-Trihydroxymethylimidazole. After fractions 10-13 were 

extracted from the above chromatography with acetone, the com- 
bined acetone-insoluble residues were dissolved in methanol. 
White, crystalline solid slowly separated from solution and after 
cooling overnight a t  l o o ,  0.2 g of solid, mp 154-155', was separated 
by filtration. After one recrystallization from methanol-acetone, a 
sample for analysis melted at  158-159'. 

Anal. Calcd for C,~H~ON&: C, 45.57; H, 6.37; N, 17.71. Found: 
C, 46.14,45.99; H, 6.52, 6.60; N, 18.26, 18.16. 

A sample (50 mg) for NMR analysis was dissolved in 0.3 ml of 
DzO. Only two adsorptions occurred at 6 4.81 (HOD) and 4.57. The 
integration data showed a ratio of HOD to -CH2 of k1.48. The re- 
covered sample, after boiling with water to remove deuterium, was 
identical in melting point and mixture melting point with the orig- 
inal sample and gave an identical ir spectrum. This indicates this 
material to be 2,4,5-trihydroxymethylimidazole. 

The remaining materials from this column were divided into 6.5 
g of an acetone-soluble residue and a small amount of acetone-in- 
soluble syrup residue. 

1-Imidazolemethanol. The above acetone-soluble residue was 
rechromatographed. The first eight fractions, eluted with 3:l chlo- 
roform-acetone, showed only one component on TLC slides with 
the major amounts in fractions 2 and 3. The residue from fractions 
2-4 (identical ir spectra) weighed 5.2 g and was a colorless liquid. 
The NMR spectrum of this material in D2O solution indicates it is 
1-imidazolemethanol. No attempt was made to purify this materi- 
al. Treatment of 0.5 g of this liquid with a saturated alcoholic solu- 

tion of picric acid yielded 0.49 g of crystalline picrate (6), mp 201- 
202'. A sample recrystallized for analysis from absolute alcohol 
melted a t  202-203O. 

Anal. Calcd for C ~ O H ~ N ~ O ~ :  C, 36.71; H, 2.77; N, 21.40. Found: 
C, 36.57; H, 2.64; N, 21.47. 

Fractions 9 and 10 contained 1.35 g of the proposed 1,2-dihy- 
droxymethylimidazole. 

From chromatography of the 6 g of less soluble material from 
the second extraction of the original reaction mixture only 0.3 g of 
1,2-dihydroxymethylimidazole and 0.34 g of 2,4,5-trihydroxym- 
ethylimidazole were obtained and the remainder of the material 
from the column remained unresolved. 

Action of Water on 1-Imidazolemethanol, 1-Imidazolemetha- 
no1 (0.5 g) was digested repeatedly with water. After the final 
evaporation of water, the residue, a syrup (0.3625 g), was dissolved 
in acetone and chromatographed, yielding 0.1834 g of imidazole 
(identified by ir), mp 79-85'. 
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Specifically subst i tuted 3-aryl-1-methylnaphthalenes 
a n d  their  derivatives can b e  synthesized by a convenient 
and productive reaction sequence,2 which, however, is sui t -  
able for 3-aryl substi tution only. A different approach, now 
reported,  was required for t h e  preparation of naphthalenes 
with other  3 substi tuents.  

Since specifically subst i tuted 1-methylindenes could be 
prepared easily from 3-arylbutanoic acids, ring expansion 
t o  t h e  t i t le compounds offered a convenient route. P a r h a m  
and his group3 obtained only 2-chloro-1-methylnaphth- 
alene from a t t empt s  t o  prepare 3-chloro-1-methylnaphth- 
alene by treating 1-methylindene with potassium ter t -  bu-  
toxide a n d  chloroform, and they  doubted t h e  stabil i ty of 
t h e  indene.  other^^-^ showed t h a t  1-methylindene is stable 
unde r  neutral  or mild acidic conditions at room tempera-  
t u re  a n d  t h a t  i t  isomerized rapidly t o  3-methylindene in  
base. W e  confirmed t h e  stabil i ty of 4,6-dichloro-l-methyl- 
indene (6b) at room temperature  under  acidic conditions 
a n d  isomerized i t  t o  5,7-dichloro-3-methylindene (8b) by 
exposure to a small amoun t  of ~ y r i d i n e . ~  

Carried ou t  under  neutral  conditions, e.g., by carbene 
generation from phenyl(tribromomethyl)mercury,lo ring 
expansion yielded t h e  desired S-bromo-l-methylnaphth-  
alenes; e.g., 4,6-dichloro-l-methylindene (6b) gave 3- 
bromo-5,7-dichloro-l-methylnaphthalene (7b) (Scheme I 
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Table I 
3-Substituted 1-Methylnaphthalenes and Precursorsa 

Compd Methodb Yield, 96 Mp or bp,'C (mm) Solvent of crystn Molecular formula 

l b  
2 a  

3 a  

3b 
4 a  
4b 
5a 

6af 
6b 
7 a  
7b 
9a  

C 
d 
d 
A 
A 
B 
B 
e 

C 
C 
E 
E 
F 

85  
97 
88 
87 
83 
74 
86 

100 

80 
90 
40 
55 
16 

105 (0.2) 
77 (0.5) 
90-93 

100-103 
65 (0.07) 
59-61 
78-79 

60 (1) 
65 (0.02) 
56-57 

169-171 
53-54 

MeOH- 

Pe t ro l eum e t h e r  
petroleum e t h e r  

Pe t ro l eum e the r  
Et,O- 

petroleum e t h e r  

MeOH 
Acetone 
MeOH 

a Satisfactory analytical data (*0.4% for C, H, C1, etc.) were reported for all compounds listed in the table. The capital letter refers to 
the general procedure described in the Experimental Section. Prepared by Reformatsky reaction.12 Prepared according to ref 2. e Pre- 
pared by reduction of 4a with LiAlHb.l3 f NMR (CC11) 6 7.12 (3 H, broad m, phenyl), 6.58 (1 H, d of d, J12 = 2 Hz, =CH), 6.40 (1 H, d of d,  
523 = 6 Hz, =CH), 3.33 (1 H,  broad q, J l c ~ 3  = 8 Hz, CHsCH), 1.23 (3 H, d,  J13 = 2 Hz, CH3). 

Scheme I 
OH 0 

1% X = 4-C1 2a, X = 4-C1 
b, X 3,5-C12 

4% X = 6-C1 5a, X = 6-C1 
b, X = 5,7-C1, 

CHJ I 
7 b, X = 5,7432 

CHJ I 

8b, X = 5,7-C12 6a, X 5-C1 
b, X == 4, 6-Q \ I - B ~ O K  

I- 

9a, X = 6-C1 
7a, X = 6-C1 

b, X 5,7-C12 

a n d  Tab le  I), which showed only meta couplings i n  NMR. 
Repetit ion of .the method of P a r h a m  et aL2 with 5-chloro- 
1-methylindene (6aj gave t h e  expected product  f rom t h e  
rearranged indene, 2-bromo-6-chloro-1-methylnaphthalene 
( 9 4 .  

We developed a new method to prepare phenyl(tribr0- 
momethy1)mercury b y  mixing phenylmercuric chloride, S O -  
dium hydride,  and bromoform in benzene a n d  init iating 
the reaction with methanol.  Although the yields by this 
me thod  were somewhat lower t h a n  those reported b y  Sey- 
fer th , l l  i t  is a very convenient procedure. 

Experimental Section 
Melting points were determined with a Thomas-Hoover capil- 

lary melting point apparatus and are uncorrected. Boiling points 
are also uncorrected. NMR spectra were obtained on a Varian 
A-60 spectrometer. Microanalyses were performed by Microanaly- 
sis, Inc., Wilmington, Del. 

A. 3-Arylbutanoic Acids (3). A mixture of 1 (0.2 mol), red 
phosphorus (1 mol), and HI (57%, 240 g) was refluxed for 18 hr and 
then cooled and diluted with an equal volume of water. The aque- 
ous layer was decanted, and the red gum was extracted with dilute 
NaOH. The extract was filtered and acidified. The oil that sepa- 
rated was extracted with EtzO. The ethereal solution was dried 
(NazS04), ether was removed, and the product was crystallized. 
This procedure is based on the work of Spring.14 

B. 3-Methylindanones (4). 3 (0.01 mol) was added, with good 
agitation, to hot (115') polyphosphoric acid (250 9). The reaction 
mixture was stirred at this temperature for 30 min, cooled, and 
poured into ice-water. The product was extracted with ether. The 
ethereal solution was washed with NaHC03 and dried (NaZS04), 
and ether was removed. 

C. 1-Methylindenes (6). 5 (1 mol) was heated to 100' with stir- 
ring. PzOb (5 g) was added quickly in one lot, and the mixture was 
immediately distilled under vacuum. The receiving flask was 
cooled with a Dry Ice-acetone bath, so that the product and water 
were collected together. The distillate was dissolved in ether and 
dried (NazS04) and ether was removed. 

D. Phenyl(tribromomethy1)mercury. NaH (13 g of 56% dis- 
persion in oil, washed with benzene), phenylmercuric chloride (50 
g), bromoform (80 g), and benzene (800 ml) were mixed with rapid 
stirring and cooled in ice-water. The reaction was initiated with 
MeOH (0.5 ml), and the rate was maintained if necessary by addi- 
tional drops of MeOH. After 1 hr the cooling bath was removed. As 
the reaction progressed, the thick white reaction mixture changed 
into a thin gray slurry. The mixture was stirred at  room tempera- 
ture overnight. Benzene was removed from the filtered solution 
using rotary evaporation with a bath temperature of 40" and cool- 
ing the trap in a Dry Ice-acetone bath. The heavy white solid resi- 
due was washed with petroleum ether and dried in air, yield 50 g. 
On melting it decomposed at  about 120' and was sufficiently pure 
for use. 

E. 3-Bromo-1-methylnaphthalenes (7). A mixture of 6 (0.3 
mol), phenyl(tribromomethy1)mercury (0.4 mol), and benzene (600 
ml) was refluxed for 4 hr. The solid dissolved at  first, and then a 
precipitate appeared. Benzene was evaporated from the cooled, fil- 
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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 at  5.91 p,  and 

0 
,CONH, 0 

‘CH, S 

2 3 

4 

amide carbonyl at  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 at  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 at  6 7.20 (J = 
5 Hz) and 7.62 (J = 5 Hz) and a nine-proton methyl singlet 
at  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 


