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f 0.06. From the standpoint of medicinal chemistry, 
the acylcyanamide group would seem to be of partic- 
ular interest. Its substitution for the carboxyl func- 
tion in amino acids and peptides would introduce a 
group capable of undergoing nucleophilic addition 
reactions while still retaining the inner salt structure of 
the natural substance. 

fied with 50 ml. of concentrated hydrochloric acid, and the color- 
less precipitate was collected and dried at room temperature. 
The yield of crude product, m.p. 155-160", was 15.4 g. (80%). 
Recrystallization from acetone-petroleum ether gave pale yellow 
crystals which changed to an amorphous orange mass at 184-185". 

Anal .  Calcd. for C18H14Nn02S2: C, 56.53; H ,  3.69; N, 14.65; 
S, 16.77. Found: C,56.67; H,3.79; 3, 14.20; S, 16.62. 

Experhentala 

o-(Methy1thio)benzoyl Cyanamide (111). Method A. From I. 
-To 1.8 g. (0.01 mole) of I4 was added 10 ml. (0.025 mole) of 
10% sodium hydroxide, and the mixture was heated on the steam 
bath for several minutes to effect complete solution. I t  was 
then cooled to room temperature and 2 ml. (0.04 mole) of methyl 
iodide in 7 ml. of dimethylformamide was added. After 15 min. 
the solution was added dropwise to excess dilute hydrochloric 
acid. The precipitate was collected, washed with water, and 
dried under vacuum a t  room temperature. The yield was 1.5 g. 
(78%), m.p. 117-118". Recrystallization from chloroform 
raisedthe melting point to 118.5-119'; A::::il 4.35 (s), 5.80 (s), 
6.25 (m).  

Anal .  Calcd. for C10H10N202S: C, 56.23; H ,  4.19; N, 14.57; 
S, 16.68. Found: C, 56.53; H,3.95; N,  14.18; S, 16.87. 

Determination of PK,.~-TO 25 ml. of 95% ethanol was added 
0.1925 g. (1.00 mmole) of I11 and 70 ml. of carbon dioxide-free 
distilled water. The titration was carried out under nitrogen 
with carbon dioxide-free 0.100 N potassium hydroxide, and the 
pH was measured a t  every 0.1 equivalent by a Radiometer 
PHM4C pH meter equipped with a type GK 2021-C combined 
electrode. The pK, calculated a t  0.1 to 0.9 equivalents was 
2.81 i 0.06. 

Method B. From o-(Methy1thio)benzoyl Chloride.-To 8 ml. 
of 10% sodium hydroxide (0.02 mole) and 1.0 g. (0.02 mole) of 
cyanamide in an ice bath was added 1.96 g. (0.01 mole) of the 
acid chloride.8 After stirring overnight the pH was 5. The mix- 
ture was made alkaline with 4 ml. of 10% sodium hydroxide, 
filtered, and the filtrate was acidified with dilute hydrochloric 
acid. The precipitate was collected, stirred into 25 ml. of 5y0 
sodium bicarbonate, filtered, and the filtrate dripped into dilute 
ice-cold hydrochloric acid. The precipitate was collected, 
washed with water, and dried under vacuum a t  room tempera- 
ture. The yield was 0.9 g. (47%), m.p. 119-120'. The infrared 
spectra in chloroform were identical for I11 prepared by both 
methods. 

o-(2-Hydroxyethy1thio)benzoyl Cyanamide (IV) .-This was 
prepared by the addition of ethylene oxide to a sblution of I in 
sodium hydroxide prepared as in method A and cooled to 0". 
Work-up of the product was the same as for 111. The crude yield 
was 2.0 g. (go%), m.p. 89-90'. Recrystallization from chloro- 
form raised the melting point to 94-95'; A::::;) 4.35 (m), 5.80 
(a),  6.25 (m) .  A mineral oil mull showed hydroxyl stretching a t  
2.75 k .  

A n a l .  Calcd. for CloHloX202S: C, 54.03; H ,  4.53; S, 14.43. 
Found: C,53.85; H ,  4.62; S, 14.32. 

1 ,Z-Bis[o-( N-cyanocarboxamido)phenylthio] ethane (V) .-To a 
500-ml; three-neck flask equipped with sealed stirrer, condenser, 
addition funnel, and gas inlet tube was placed 18 g. (0.10 mole) of 
I anu 150 ml. of dry dimethylformamide. To the stirred mixture 
at 19O under dry nitrogen was added 10 g. of a 55% sodium hy- 
dride-mineral oil dispersion (0.23 mole). After about 15 min. the 
temperature began to rise and gas evolution occurred. The 
temperature rose to 35" despite the surrounding ice bath. After 
35 min. from the start, of the reaction 9 ml. (0.1 mole) of ethylene 
bromide was added slowly through the funnel. The temperature 
was kept at 30-40" over the 5-min. addition period. After the 
temperature had dropped to 20", the reaction mixture was poured 
into 500 ml. of ice-water and extracted with two 200-rnl. of ether 
and 100 ml. of petroleum ether. The aqueous phase was acidi- 
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In  continuation of our research on orientation in 
Friedel-Crafts acylations of variously substituted bi- 
phenyls, l we have investigated the reactivity of 2,2'- 
dimethoxybiphenyl, a compound obtainable in 88% 
yield from commercial 2,2'-dihydroxybiphenyl with 
dimethyl sulfate and aqueous sodium hydroxide, an 
easy preparation that is in sharp contrast to the diffi- 
culties encountered in the dimethylation of 1,8-di- 
hydroxynaphthalene.2 Further, derivatives of 2,2'- 
djmethoxybiphenyl would supply a convenient route to 
dibenzofuran compounds, provided that a satisfactory 
cyclization method could be evolved. 

It was found that 2,2'-dimethoxybiphenyl underwent 
monoacetylation under standard conditions for Frie- 
del-Crafts reactions, to give good yield of a ketone, 
which was 5-acetyl-2,2'-dimethoxybiphenyl (I), as it 

b C H 3  C0-R 

I,R= CH3 III,R= CH, 
IV, R = C,H, 11, R = C,H, 

could be readily converted by prolonged heating with 
anhydrous pyridine hydrochloride into 2-acetyldibenzo- 
furan (111). Propionylation gave 5-propionyl-2,2'- 
dimethoxybiphenyl (11), which was likewise converted 
to 2-propionyldibenzofuran (IV), with excellent yields; 
these two acyldibenzofurans previously had been 
prepared directly from dibenzofuran.3 The cyclization 
of 2,2'-dihydroxybiphenyl and its derivatives had 
generally been accomplished by more drastic proce- 
dures such as using zinc ~ h l o r i d e , ~  or hydriodic or 
a t  high te!mperatures,'j although in one exceptional case 
it had occurred during a very mild reaction, when 2,3- 
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dimethoxydibenzofuran was obtained by heating the 
diazo derivative of 2',4,5-trimeth0xy-2-nitrobiphenyl.~ 
5-Alkyl-2,2'-dimethoxybiphenyls (prepared by Wolff- 

Kishner reduction of 5-acyl-2,2'-dirnethoxybiphenylsl 
using the Huang-Minlon techniques) likewise readily 
underwent Friedel-Crafts acylations, to give 5'-acyl- 
5-alkyl-2,2'-dimethoxybiphenyls (V), which also could 

R' CH30 

Q-Q - - - Ri@J-JJco-R 
OCH3 CO-R 

V VI 

be cyclized to 2-acyl-7-alkyldibenzofurans (VI). This 
route might be useful for the preparation of unsym- 
metrical 2,7-disubstituted dibenzofurans. 

The present dibenzofuran ring closure could be ex- 
tended to more complex derivatives of 2,2'-dimethoxy- 
biphenyl. Thus, 2-(2,2'-dimethoxy-5-biphenylyl)quin- 

VII, R= H 
VIII, R = CH3 

E, R = H  
X, R =CH3 

oline (VII) and its homolog (VIII), prepared by ther- 
mal decarboxylation of the appropriate cinchoninic 
acids (which were obtained from ketones I and I1 by 
Pfitzinger reactions), were converted to the correspond- 
ing 2-(2-dibenzofuryl) quinolines (IX and X) . 

Experimentalg 

5-Acetyl-2,2'-dimethoxybiphenyl (I) .-To an ice-cooled solu- 
tion of 21.4 g. of 2,2'-dimethoxybiphenyl, m.p. 154-155', in 
250 ml. of anhydrous carbon disulfide, 30.7 g. of finely powdered 
aluminum chloride was added in small portions, and this well- 
stirred mixture was treated dropwise with 8 g. of acetyl chloride, 
left a t  room temperature for 12 hr., and the reaction then ter- 
minated by a brief refluxing on the water bath. After decomposi- 
tion with ice and dilute hydrochloric acid, the reaction product 
was taken up in chloroform; the chloroform solution was washed 
several times with 597, aqueous sodium hydroxide, then with 
water, and dried over calcium chloride. The residue from evapo- 
ration of the solvent yielded, on recrystallization from methanol, 
18 g. of colorless prisms, m.p. 161". 

Anal. Calcd. for C16H1603: C, 75.0; H, 6.3. Found: C,  
74.9; H ,  6.4. 
5-Propionyl-2,2'-dimethoxybiphenyl (11) .-Prepared from 21.4 

g. of 2,2'-dimethoxybiphenyl, 9.2 g. of propionyl chloride, and 
30.7 g. of aluminum chloride, this ketone (19 g.) crysta:lized 
from methanol as shiny colorless prisms, m.p. 168". 

Anal. Calcd. for CnH,aO3: C,  75.5; H ,  6.7. Found: 
C, 75.4; H ,  6.7. 

2-Acetyldibenzofuran (111) .-A mixture of 25 g. of ketone I and 
130 g. of redistilled pyridine hydrochloride was refluxed for 48 
hr., and, after cooling, the mixture was treated with dilute hydro- 
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chloric acid; the product was taken up in benzene, the benzene 
solution dried over calcium chloride, the solvent removed, and 
the residue vacuum fractionated. The portion, b.p. 210-212" 
(15 mm.), crystallized from methanol aa colorless prisms (13 g.), 
m.p. SI", lit.3m.p. 81". 

2-Propionyldibenzofuran (IV), prepared similarly from ketone 
11, crystallized from ethanol as silky colorless needles, m.p. 
1OC-101" (lit.3 m.p. 101.5-102.5"), yield 45%. 
5-Ethyl-2,2'-dimethoxybiphenyl.-A solution of 25.6 g. of 

ketone I and 9.7 g. of 98% hydrazine hydrate in 150 ml. of di- 
ethylene glycol was treated a t  100" with 22.4 g. of potassium 
hydroxide in small portions, and the mixture refluxed for 5 hr.; 
after cooling and dilution with water, the precipitate formed was 
collected, washed with water, dried, and recrystallized from 
cyclohexane, giving shiny colorless needles, m.p. 104", yield 
19.4 g. 

Anal. Calcd. for C16H1802: C, 79.3; H,  7.5. Found: C ,  
79.3; H,  7.5. 

Treatment of 2.4 g. of this compound with 12 g. of pyridine 
hydrochloride, as above, afforded 1.5 g. of 2-ethyldibenzofuran, 
b.p. 168-170" (14 mm.), lit.3 b.p. 168-174' (14 mm.). The 
same reaction, performed with the crude Wolff-Kishner reduc- 
tion product of ketone 11, afforded 2-propyldibenzofuran as a 
pale yellow oil, b.p. 176-178" (14 mm.), yield 65%. 

Anal. Calcd for ClsH140: C, 85.7; H,  6.7. Found: C,  
85.7; H,  6.7. 

5'-P1opionyl-5-ethyl-2,2'-dimethoxybiphenyl (V, R = R' = 
C2Hs) .-Prepared from 24.4 g. of 5-ethyl-2,2'-dimethoxybiphenyl, 
9.2 g. of propionyl chloride, and 30 g. of aluminum chloride in 
methylene chloride, this ketone (13 9.)  crystallized from cyclo- 
hexane as colorless prisms, m.p. 82'. 

Anal. Calcd. for C19H2203: C, 76.5; H ,  7.4. Found: C,  
76.4; H, 7.3. 

5'-Acetyl-5-propyl-2,2'-dimethoxybiphenyl (V, R = CHI, 
R' = C3H7) crystallized from cyclohexane as colorless prisms, 
m.p. 68", yield 70%. 

Anal. Calcd. for ClgHnOa: C, 76.5; H, 7.4. Found: C,  
76.5; H,  7.3. 

This last ketone, cyclized by heating for 12 hr. with pyridine 
chloride, furnished 2-acetyl-7-propyldibenzofuran in 40Oj, yield, 
as a pale yellow viscous oil, b.p. 237-239' (12 mm.), n Z s ~  1.6224. 

Anal. Calcd. for C17Hle02: C, 80.9; H, 6.4. Found: C,  
81.0; H ,  6.1. 

2-(2,2'-Dirnethoxy-S-biphenylyl)cinchoninic Acid .-A solution 
of 25.6 g. of ketone I and 22 g. of isatin in 120 ml. of ethanol was 
refluxed for 12 hr. with 16.8 g. of potassium hydroxide (dissolved 
in a minimum of water), and the ethanol then distilled on a water 
bath; the residue was dissolved in water, and the aqueous solu- 
tion washed with ether and acidified with acetic acid. The pre- 
cipitate (24 9.) was recrystallized from acetic acid, giving yellow- 
ish needles, m.p. 200". 

Anal. Calcd. for C Z ~ H ~ ~ N O , :  C, 74.8; H ,  5.0; N, 3.6. 
Found: C, 74.6; H ,  4.8; N,  3.5. 

Heating this compound above its melting point and vacuum 
distillation of the residue gave 2-(2,2'-dimethoxy-5-biphenylyl)- 
quinoline (VII) in 9Oy0 yield, crystallizing from benzene as shiny 
colorless prisms, m.p. 112". 

Anal. Calcd. for C&1qN02: C,  80.9; H ,  5.6; N,  4.1. 
Found: C, 81.0; H,  5.5; N ,  4.0. 

Cyclization of this compound with pyridine hydrochloride 
furnished 2-(2-dibenzofuryl)quinoline (IX) aa yellowish prisms 
from ethanol, m.p. 139" (lit.3 m p. 139"), yield 45%. 

2-(2,2'-Dimethoxy-5-biphenylyl)-3-methylcinchoninic Acid .- 
Prepared from 22 g. of isatin, 27 g. of ketone 11, and 16.8 g.  of 
potassium hydroxide, this acid (24 9.) crystallized from acetic 
acid as yellowish needles, m.p. 241". 

Anal. Calcd. for C25H21NO4: C, 75.2; H,  5.3; N ,  3.5. 
Found: C, 75.0; H, 5.5; N ,  3.5. 

Thermal decarboxylation gave 2-(2,2'-dimethoxy-5-biphenyIylj - 
3-methylquinoline (VIII), crystallizing from benzene aa colorless 
needles, m.p. 136", yield 80%. 

Anal. Calcd. for Cz4HZ1N02: C, 81.1; H ,  6.0. Found: 
C, 81.0; H,  6.3. 

Cyclization with pyridine hydrochloride gave 2-(2-dibenzo- 
furyl)-3-methylquinoline (X), crystallizing from ethanol as shiny 
colorless needles, m.p. 110" (lit.3 m.p. llOo), yield 457,. 


