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take place, not important in this catalytic reaction. At this 
stage, it would be worthwhile to refer to the similar co- 
balt-catalyzed reaction of nitric oxide and BH4- with sty- 
rene to give actophenone oxime.34 Nitric oxide also has 
the characteristics of a free radical, and, in spite of the fact 
that it is a good ligand in transition-metal chemistry, no 
catalytic reaction of nitric oxide via migratory insertion 
process was ever known.35 These results support the 
activation of hydrocarbons instead of a small molecule such 
as molecular oxygen or nitric oxide. Since the activation 
of oxygen is not important in the present catalytic oxy- 
genation, the model reactions of cytochrome P-450 by the 
catalysis of Mn(TPP)X3p4 needs further examination as to 
whether or not the activation of molecular oxygen is really 
involved during the course of reaction. Although Mn(0- 
Ac)(TPP) gave epoxide and alcohol from olefin and satu- 

(34) Okamoto, T.; Oka, S. J. Chem. SOC., Chem. Commun., in press. 
(35) McCleverty, J. A. Chem. Rev. 1979, 79, 53-76. 

rated hydrocarbons, respectively, the epoxidation of alkene 
and hydroxylation of alkane could be a reaction of alkenes 
or alkanes with generated hydroperoxide by the catalysis 
of M ~ ( O A C ) ( T P P ) . ~ ~  Porphyrin complexes such as Mn- 
(OAc)(TPP) or Fe(TPP)Cl likewise catalyzed the decom- 
position of 7 in the presence of BH4-, but contrary to 
Co(TPP), Mn(OAc)(TPP) did not show a catalytic effect 
for the reduction of acetophenone, which suggests a unique 
character of Mn(TPP)X. 

It is noteworthy at this point that in the overall catalytic 
oxygenation, cobalt complex catalyzes a t  least three ele- 
mentary reactions, that is, generation of an alkyl cobalt 
complex which subsequently reacts with dioxygen, de- 
composition of hydroperoxide or its derivative, and hy- 
drogenation of ketone. It exemplifies the multifunctional 
behavior of transition-metal species in the redox reaction. 

(36) Ledon, H. J.; Durbut, P.; Varescon, F. J .  Am. Chem. SOC. 1981, 
103, 3601-3603. 
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Two problems have hindered the Gomberg-Bachmann (GB) and Pschorr reactions of arenediazonium cations: 
the instability of the arenediazonium salts and side reactions. Arenediazonium tetrafluoroborate and hexa- 
fluorophosphate salts can be prepared in high yield and purity and can be stored safely. Unfortunately, these 
salts are insoluble in most nonpolar organic solvents. Crown ether complexation or other phase-transfer (pt) 
catalytic methodology can ameliorate this situation, and reactions conducted by the approaches outlined herein 
often afforded coupling or cyclization products in high yield and corresponding purity. The use of crown ethers, 
quaternary ’onium salts, lipophilic carboxylic acid salts, and even the polar cosolvent acetonitrile increase the 
utility of the ptGB reaction dramatically. Sixty examples of couplings are reported along with an assessment 
of selectivities. A number of examples are also presented of phase-transfer-type Pschorr cyclizations. In the 
latter case, the use of potassium superoxide, KOz, is introduced to suppress indazole formation. 

The so-called Gomberg-Bachmann reaction can be 
traced to the report of Mohlau and Berger in 1893l that 
anhydrous benzenediazonium chloride reacts with pyridine 
to afford 18% 2-phenylpyridine along with a smaller 
amount of the 4-isomer. The reaction is generally dated, 
however, from 1924 when Gomberg and Bachmann showed 
that anhydrous arenediazonium compounds were not re- 
quired and that “diazonium salts in aqueous solution, 
under certain conditions, can couple with hydrocarbons 
and many diverse derivatives therefrom...”.2 The advan- 
tage of the Gomberg-Bachmann (GB) approach (eq 1) is 

(1) 

that the ”powerfully explosive” dry diazonium salts did 
not have to be utilized, rather the salt could be formed in 
a normal diazotization reaction and then used directly in 
situ. 

The advent of the phase-transfer method and the ob- 
servation that macrocyclic (crown) polyethers can solubilize 
stable, solid arenediazonium tetrafluor~borates~ have 

Ar‘H/H20 
ArN2+ + HO- - ArAr’ 

(1) Mohlau, R.; Berger, R. Chem. Ber. 1896, 26, 1196. 
(2) Gomberg, M.; Bachmann, W. E. J. Am. Chem. SOC. 1924,46,2339. 

0022-3263/84/1949-1594$01.50/0 

brought the method full circle by allowing one to avoid 
some of the complicating side reactions associated with the 
standard GB reaction. We have previously reported that 
considerably improved yields can be realized in this re- 
action by application of the phase-transfer technique? We 
now report experimental details of these reactions and a 
survey that outlines the scope and utility of this modifi- 
cation. 

Results and Discussion 
Advantages of the Phase-Transfer Method. The 

phase-transfer Gomberg-Bachmann (ptGB) modification 
allows safe, stable arenediazonium tetrafluoroborates to 
be used in aromatic hydrocarbon solvents in the absence 
of water, thus avoiding some of the side reactions that have 
historically complicated this reaction. The ptGB reaction 
is conducted at room temperature by stirring the ArN2+- 
BF, or -PF,- salt in an aromatic hydrocarbon solvent with 
solid KOAc and a phase-transfer catalyst for 1-2 h. Our 
early work involved only crown ethers as catalysts, but 

(3) Gokel, G. W.; Cram, D. J. J. Chem. SOC., Chem. Commun. 1973, 
481. For a recent review, see: Bartsch, R. A. h o g .  Mucrocycl. Polyether 
Chem. 1981,2, 1. 

(4) Korzeniowski, S. H.; Gokel, G. W. Tetrahedron Lett. 1977, 1637. 
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Scheme I 
AcO-  

A, -N~+BF~--  A , - ~ = N - O A C  + BF 4 

A ~ - \ = N - O A C  + A C O - = A I - ~ = ~ V - O '  + Ac10 

A I - h = N - 0 -  + Ar- \2*=(Ar-N=U-)20 

( A r - I = Y - ) 2 0 - A r - h = N - 0  + N2 + A r '  

other systems work as well (see below). 
The ptGB procedure offers a safe, convenient method 

for the preparation of unsymmetrical biarenes and gen- 
erally affords these compounds in higher yields than tra- 
ditional, two-phase procedures. Obviously, an additional 
isolation step is required compared to the more conven- 
tional Gomberg-Bachmann-Hey5 procedure, but recent 
methodology6 makes the aniline-to-diazonium salt con- 
version nearly quantitative and routine for many sub- 
strates. Moreover, the diazotization reaction must be done 
in any case, and the present procedure allows an oppor- 
tunity for careful purification at  this stage if desired. 

Mechanism of the Reaction. Much literature has 
accumulated on the GB reaction mechanism since its 
dis~overy,~ but the scheme proposed by Ruchardt and 
Men8 now seems firmly established (see Scheme I). We 
have obtained no evidence to suggest that the mechanism 
is significantly altered under phase-transfer conditions. 

In the presence of KOAc, a metathetical gegenion ex- 
change takes place (BF4- for AcO-) resulting in formation 
of the transient diazoacetate. I t  is in this step, we believe, 
that crown plays a critical role by complexing both the 
insoluble diazonium and K+ salts and bringing them to- 
gether in the nonpolar solvent. 

Two other aspects of the mechanism seem important. 
The first is that the aryl radical which forms does not 
isomerize: the unpaired electron is attached to the carbon 
that originally bore the amino function. This means that 
a single product results when the arene solvent is sym- 
metrical. The second aspect is that although the reaction 
may involve diazo anhydrides [ (ArNN)20] and nitroxide 
radicals (ArNNO.), ultimately, each ArN2+ salt affords a 
radical, making the theoretical yield 100% rather than 
50%. Note also that according to the Ruchardt mecha- 
nism8 2 equiv of AcO- are required for the reaction. 

Survey of the ptGB Reaction. The results of our 
survey of the ptGB reaction between sixty different are- 
nediazonium saltlarene solvent combinations are recorded 
in Table I. All reactions were conducted by stirring the 
ArN2BF4 salt (6 mmol), KOAc (12 mmol), and 18-crown-6 
catalyst (5 mol %) in the indicated solvent (60 mL) for ca. 
90 min at ambient temperature. After evaporation of the 
solvent and alumina filtration chromatography, the pure 
biarene was obtained. Occasionally, an additional chro- 
matography or short path (Kugelrohr) distillation was 
required. Product distributions were then determined by 
gas-liquid chromatographic analysis. Pure compounds, 
when previously unreported, were obtained by preparative 
GC, sometimes on larger scale reaction mixtures. 

I t  is evident from the data in Table I that the ptGB 
reaction is successful for a wide variety of arenediazonium 
salts and arene solvents. In some cases, the yield im- 
provement using the ptc method over previous literature 

(5) Elks, J.; Haworth, J. W.; Hey, D. H. J.  Chem. SOC. 1940, 1284. 
(6) (a) Roe, A. Org. React. (N.Y.) 1949, 5, 193. (b) Doyle, M. P.; 

(7) Walling, C. H. 'Free Radicals in Solution"; Wdey New York, 1957; 

(8) Ruchardt, C.; Merz, E. Tetrahedron Lett. 1964,2431. Ruchardt, 

Bryker, W. J. J. Org. Chem. 1979, 44, 1572. 

p 519. 

C.; Hassmann, V. Liebigs Ann. Chem. 1980, 908. 
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reports is dramatic (see entries 1, 2, and 6 in Table I, for 
example). I t  is not surprising that when benzene is the 
arene cosolvent, a single product is formed and yields are 
good. They range from ca. 40% for the ortho-substituted 
(which often give poorer yields than their para-substituted 
counterparts) salts to as high as 80% for several examples. 
Note that a very poor yield (2%) is obtained from 2- 
methylbenzenediazonium tetrafluoroborate (entry 42). 
This is due to indazole formation (74%, see below). The 
yield of the desired biarene may be increased to 30% in 
this case by substituting K2C03 for KOAc (see below). 

Reactions with p-xylene (entries 38, 58) and mesitylene 
(entries 27, 39) also afforded single products due to the 
solvents' symmetry. No product was detected that might 
have resulted from abstraction of benzylic hydrogen. We 
did note, however, that coupling of 4-methyl salt 13 with 
toluene (entry 45, Table I) resulted in a biarene product 
mixture contaminated by 2% of bibenzyl. 

Arylation of furan (entries 32,40,46,59) and thiophene 
(entries 9,33,41,60) occurred in generally good yield and 
exclusively at  the 2-position. In contrast, arylation of 
pyridine (entries 10, 13, 16, 34, 47) gave mixtures of all 
three possible products. For example, 4-chloro salt 7 re- 
acted with pyridine to give a biarene mixture (55%) com- 
posed of 58%, 31%, and 11% of the 2-, 3-, and 4-substi- 
tuted products, respectively. I t  should be noted that 
Abramovitch and Sahag have observed similar reactions 
of arenediazonium salts initiated by pyridine at 75 "C. 
Since the latter reaction likely proceeds by a mechanism 
different from Scheme I, it is not clear how relevant their 
results are to our own. 

Selectivity in the ptGB Reaction. Mixtures of 0-, m-, 
and p-biarene isomers result when the aryl radicals react 
with monosubstituted benzene derivatives. The ortho 
isomer predominates in all cases. The formation of mix- 
tures under these conditions diminishes the synthetic value 
of this method, although many widely used arylation re- 
actions also yield product mixtures. Pure products can be 
obtained by careful distillationlo or recrystallization." 

It is interesting that in the cases we have examined, the 
isomer distribution is indifferent to the catalyst used (see 
below and Table 111). This suggests that an aryl radical 
is formed under either phase-transfer or classical condi- 
tions. 

Among the monosubstituted solvents used as coupling 
substrates, methyl benzoate and anisole both afforded high 
ortho selectivities. This selectivity allowed us to prepare 
the interesting, steroid-shaped biarene 33 in 23% overall 
yield after crystallization (eq 2). 

&O. 
N ~ * B F ~ -  K O A C .  18-c-6 (:a 2 5 ' ,  anisole 

3 3  

Catalysts Other Than Crown Ethers. Shortly after 
our preliminary report of the ptGB reaction, Bartsch and 
YangI2 showed that the reaction could be catalyzed by 
glymes. In addition, our finding that gegenion metathesis 
involving quaternary ammonium sal@ could be used to 
solubilize ArN2+ compounds and the report14 of soap-ac- 

(9) Abramovitch, R. A.; Saha, J. G. Tetrahedron, 1965,21, 3297. 
(10) El'tsov, A. V. Zh. Obshch. Khim. 1964, 34, 2739. 
(11) Simamura, 0.; Inukai, T. Kanazashi, M. Bull. Chem. SOC. Jpn. 

1950, 23, 205. 
(12) Bartsch, R. A.; Yang, I. W. Tetrahedron Lett. 1979, 2503. 
(13) Korzeniowski, S. H.; Blum, L.; Gokel, G. W. Tetrahedron Lett. 

1977, 1871. 

Commun. 1980, 181. 
(14) Ellwood, M.; Griffiths, F.; Gregory, P. J. Chem. SOC., Chem. 
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Table I. Survey of the Phase-Transfer Gomberg-Bachmann Unsymmetrical Biarene Synthesis 
yield, lit.e 1it.f 

entry compd substituentd solvent % % 2c  % 3 c  % 4 c  mp,d "C yield mp,"C 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  
14  
1 5  
16  
17  
1 8  
1 9  
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31  
32 
33 
34 
35 
36 
37 
38  
39  
40 
41  
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
3 
3 
3 
4 
4 
4 
4 
4 
5 
6 
6 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
8 
9 

1 0  
10  
1 0  
10  
1 0  
11 
1 2  
13 
1 3  
13 
13 
1 4  
1 4  
14 
14 
1 5  
1 5  
16 
17  
18 
19 
19 
19 
1 9  

H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
2-F 
2-F 
2-F 
3-F 
3-F 
3-F 
4-F 
4-F 
4-F 
4-F 
4-F 
2-c1 
3-C1 
3-C1 
4-C1 
4-C1 
4-C1 
4-C1 
4 4 1  
4-C1 
4-C1 
4421 
4-C1 
4-C1 
3,441, 
2-Br 
4-Br 
4-Br 
4-Br 
4-Br 
4-Br 
2-Me 
3-Me 
4-Me 
4-Me 
4-Me 
4-Me 
3,4-Me1 
3,4-Me1 
3,4-Me1 
3,4-Me1 

4-Me0 
3,5-Me02 

4-Et 
4-Et 

2-N02 
4-N02 
4-N02 
4-N01 
4-N01 

benzene 
fluorobenzene 
chlorobenzene 
bromobenzene 
iodo b en z en e 
anisole 
benzonitrile 
methyl benzoate 
thiophene 
pyridine 
benzene 
methyl benzoate 
pyridine 
benzene 
methyl benzoate 
pyridine 
benzene 
chlorobenzene 
bromobenzene 
anisole 
benzonitrile 
benzene 
benzene 
anisole 
benzene 
toluene 
mesitylene 
fluoro benzene 
chlorobenzene 
anisole 
benzonitrile 
furan 
thiophene 
pyridine 
benzene 
benzene 
benzene 
p-xylene 
mesitylene 
furan 
thiophene 
benzene 
benzene 
benzene 
toluene 
furan 
pyridine 
benzene 
fluoro benzene 
chlorobenzene 
bromo benzene 
benzene 
chlorobenzene 
benzene 
benzene 
benzene 
benzene 
p-xylene 
furan 
thiophene 

62  
68 
75 
60 

0 
55 
63  
29 
43 
51 
42  

2 
27 
74 
34 
37 
60 
49 
41  
34 
42 
73 
79 
48 
80 
39g 
55 
58 
74 
45 
58 
75 
62 
55 
53 
81 
81 
26 
53 
55  
56 

58 
73 
27' 
74 
50 
50 
45  
55 
60 
50 
45 
80 
50 
38 
85 
44 
30 
38 

2h 

na na na 
59 31  1 0  
85  14 1 
75  25 0 
na na na 
9 1  2 7  
60  14 26 
80 7 1 3  

100  0 na 
78  1 5  7 
na na na 
8 3  8 9 
75  20 5 
na na na 
90 4 6 
6 8  23 9 
na na na 
85 14 1 
68  23 9 
6 9  1 9  1 2  
70 10  20 
na na na 
na na na 
7 5  1 2  1 3  
na na na 
72 1 2  16  

100 0 0  
59 31  10 
6 5  20 15  
74 1 3  8 
5 1  14  35  

100  0 na 
100 0 na 

58 31 11 
na na na 
na na na 
na na na 

100 0 0 
100 0 0 
100 0 na 
100 0 na 

na na na 
na na na 
na na na 
70 16  1 2  

100 0 na 
62  383' 
na na na 

66 21 1 3  
6 3  26 11 
na na na 
58  28 14 
na na na 
na na na 
na na na 
na na na 

100 0 0 
100  0 na 
100  0 na 

53 47j  

69 
73-74 
34 

na 
29 

oil 

26-36.5 
113-114 

42-43 
oil 

73-74 
oil 
oil 

oil 
oil 

oil 
oil 
oil 

26-26.5 

73-73.5 

64-65 
34--34.5 

oil 
oil 

76-77 
29-30 
64-65 
41-41.5 

57-57.5 
113-115 

73-74 
81 -82.5 
51-52 
49-50 

90 

69-72 
85-86 
99-100 

oil 

oil 

oil 

oil 
oil 

oil 
oil 
oil 
oil 
oil 
oil 
oil 

oil 

46-47 

33-34 

89  
61-62 
37-38 

114 
87 

134-1 34.5 
136-137 

225 
nr 
3 3- 
nr 
nr 
1 540 
nr 
nr 
11' 
4 043 
nr 
nr 
nr 
nr 
nr 
nr 
nr 
nr 
nr 
nr 
nr 
385 
27' 
nr 
405 
nr 
nr 
nr 
nr 
nr 
nr 
2g4' 
3349 
3750 
nr 
nr 
445 
nr 
nr 
1 548 
20, 
8 53 

2853 

1953 
3554 
nr 
29 
nr 
nr 
nr 
nr 
nr 
255 
nr 
45" 
605 
nr 

23 

2 243 

2048 

70j 
73.53' 
34 

0i139 
oil39 

2g4' 
3741 

114-11 54' 
42-43' 

73.5)' 
oil' 

nr 
nr 

nr 
oil* 

nr 
nr 
nr 
nr 

34 
oil1 
nr 

26 -2 7 '' 

7437 

775 
29.5-3045 

nr46 
nr 
oil4' 

5845 

74-7548 
8349 
52-53M 
4 9 - 5 0 

nr 

oil39 
905 

nr 
7 2-7 3j2 
8 5-86 48 

100, 
0i153 
oil* 

oil53 

0 i 1 5 5  

46@ 

oil" 

oils 
nr 
nr 
nr 

nr58 
33-34 57 

8g5 
61 -62 59 

3743 
114, 
nr 59 

134-1 3548 
137-138, 

a Substituent on benzenediazonium tetrafluoroborate. 
Product distributions determined by GC analysis. 

Isolated yield of pure biarene based on the diazonium salt. 
Melting point of the major isomer. Best available literature (i.e., 

highest) yields for synthesis of the biarene by a GBH reaction. 
major product (74%) was indazole. ' Product mixture contaminated by 2% bibenzyl. 1 Isomers could not be separated by 
GC. na = not applicable. nr = not reported. 

celerated azo coupling reactions prompted us to attempt 
the ptGB reaction with catalysts other than crown ethers.15 
The results of these studies are recorded in Table 11. 

Generally, crown ether catalysis proved best, but in some 
cases results were only marginally better than with other 

(16) Roeenberg, D. E.; Beadle, J. R.; Koneniowski, S. H.; Gokel, G. W. 

In "C. No bibenzyl detected by GC analysis. The 

catalysts. Aliquat 336 was as effective as crown as were 
Bu4NHS04 and PhCH2NEt3C1, but rates were slow with 
the latter two. The addition of a small amount of aceto- 
nitrile as a cosolvent was as effective as using crown ca- 
talysis, and this modification of the GB reaction is prob- 
ably the best to date.15 

Potassium hexanoate and hexadecanoate are interesting 
reagents for this reaction since they serve two purposes Tetrahedron Lett. 1980, 21, 4141. 
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Table 11. Biarene Syntheses Using Catalysts Other Than Crown Ethersa 
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yield, % eqttiv of 
substituent catalyst mol % b  KOAc 1.5 h C  24 hd 

4-CH30 18-C-6 Y 2 80d  80 
2 4 9  60 
2 54 87 5 

5 2 79 7 1  
4-CH30 K +  -O,C(CH,),CH, 200 0 75 68 
4-CH30 K+ -O,C(CH,),,CH, 200 0 53 67 

4-CH30 CH,CN 10 1 1 2  66 
2-Br 18-C-6 5 2 81 
2-Br (n-C,H,),NHSO, 5 2 51 

2-c1 (n-C,H,),NHSO, 5 2 60d 
2421 K +  -O,C(CH,),CH, 200 0 23 26 
2-c1 K+-O,C(CH,),,CH, 200 0 44 4 2  
2421 2 30 

mol % of additive relative to arenediazonidm hompound. 

4-CH30 2 4 

4-CH30 PhCH,N(C,H, ),C1 P 
4-CH30 (n-C,H,),fiHSO, 
4-CH30 (C,H,,-C,,H, ),NCH,Cl e 

4-CH30 CI4,CN 5 2 68 76 

2421 18-C-6 5 i 73 

The arenediazonium salt was stirred in benzene a t  ambient temperature for the indicated time period in the presence of 
the specified additives. 
unless otherwise specified, 

Yield determined by GC analysis 
Yield is for isolated, pure material. e Trade name Aliquat 336. 

Table 111. Comparison 8$ Isomer Distributiona with 
Different Catalysts in the CQupling Reaction between 

4-Chlorobepzenediazoniuli-~ 
Tetrafluoroboratb ahd Chlorobenzene 

catalyst % 2  % 3  % 4  

none 65 16 19 
18-C-6d + KOAce 65 20 15  
BTEACd,f + KOAce 67 19 1 4  
TBABd,g + KOAce 69 18 13 
potassium hexanoatee 65 18 17  
5% CH,CN + KUAee 63 1 7  20 

a Yields determined by GC analysis. Estimated 
accuracy is * 3%. 
wise specified, Reaction time 24 h. 5 mol % relative 
to ArN,BF,. e 2 equiv. f BTEAC = PhCH,NEt,Cl. 

Reaction time 90 min unless other- 

TBAB = Bu,NHSO, . 

in the reaction. First, each presumably acts as a pt agent 
by forming a soluble diazoester, ArNNOCOR. This can 
then react with another acid salt, M+-OCOR, to give 
ArNNO-, which reacts with ArN2+ to afford ArNNONNAr 
(see line 2 of Scheme I). 

The reaction of 4-chlorobenzenediazonium tetrafluoro- 
borate with chlorobehene was surveyed by using different 
catalysts to see if selectivity was altered. The results are 
summarized in Table 111 and show that the selectivity is 
not, within experimental error, affecked by this variable. 

Nature of the Arene Solvent. Since these reactions 
involve, a t  least in their early stag@, reactions of ionic 
species, it  seemed reasonable to expect that solvent po- 
larity16 or Lewis b&sicity" would play some role in the 
reaction rate. We therefore allowed 4-ClC6H4N2BF4 to 
react with benzene, thio hene, chlotobenzene, anisole, or 

usual conditions (see Experimental Section). The extent 
of these reactions respectively are 5 % , 7%,  3$%, 72 % , and 
100%. These values were determined as extent of reaction 
= (yield without catalyst/yield with catalyst) X 100%. 

Phase-Transfer Diazonium Ion Ring-Closure Re- 
actions. We hoped to elaborate our success with the ptGB 
reaction into an alternative method for ring cldsure related 
to the Pschorr cyclization.ls Our attempts to cyclize two 

benzonitrile for 90 min a P ambient temperature under the 

(16) Reichardt, C. "Solvent Effects in Organic Chemistry"; Verlag 

(17) Burden, A. G.; Collier, G.; Shorter, J. J. Chem. SOC., Perkin 
Chemie: New York, 1979; p 242. 

Trans. 2 1976, 1627. 

arenes connected by vatious bridges in C12FCCF2Cl (Preon 
113) is summarized in Table IV. The phase-trhnsfer 
method was found to be as useful as the classical methods 
for preparing the fluorenone And plienanthrene riqg sys- 
tems and better than any previously reported cyclization 
conducted under basic, rather than acidic,'*J9 conditibns. 

The reaction is conducted by stirring the akeriedi- 
azonium tetrafluoroborate salt with an initiator like K ~ A c  
in an inert solvent. As noted above, we have used F2@4C- 
CFC12 as solvent for this reaction since the normal wene 
solvents would couple and therefo e be unacceptable. 
Obvious choices like CHC13 and CC1, are precluded he- 
cause of their ability to serve as either hydrogen or chlopine 
atom donors. An example of the intramolecular coualing 
reaction is shown in eq 3. In this example, fluorendne is 

- (3) 

isolated in 73% yield. The copper powder/H2S04 me- 
thod's afforded the same compound in 71% yield, but 
when conducted under basic conditions,20 only 20% 
product was obtained. 

One particular attempted reaction deserves special note. 
We hoped to develop a general synthesis of biphenyl- 
substituted crown @hers by utilizing this macrocyclization. 
I t  was hoped that the presence of qn additional cation (as 
in the form of NaBF4) might template21 the cyclization as 
illustrated in eq 4. Unfortunately, only protode- 
diazoniation occurred.2a 

2 €4- Km;, 25' 

Freon 113,  18-Cd 

38 39 

(18) Pschorr, R. Chem. Ber. 1896,29,496. For more recent discussion, 
see: (a) Saunders, K. H. "Diazo and h o  Chemistry"; Interscience: New 
Yotk, 1961. (b) DeTar, D. F. Org. React. (N.Y.) 1967,9,409. (c )  Leake, 
P. H. Chem. Reu. 1956,56,27. 

(19f DeTar, D. F.; Relyea, D. I. J. Am. Chem. SOC. 1954, 76, 1680. 
(20) Hey, D. H.; Mulley, R. D. J. Chem. SOC. 1952, 2275. 
(21) Gokel, G. W.; Korzeniowski, S. H. "Macrocyclic Polyether 

(22) Korzeniowski, S. H.; Gokel, G. W. Tetrahedron Lett. 1977, 1637. 
Syntlieses"; Springer Verlag: Berlin, 1982; Chapter 2. 
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Table IV. Phase-Transfer-Catalyzed Pschorr-Type Cyclization Reactions 

Freon 113 
18-c-6" 

initiator yield,c lit. 
X (equiv) cyclized product % yield, % other products (yield) 

C ( 0 )  KOAc (2) fluorenone 73  71" 
CH=CH(COOH) KOAc (3)  phenanthrene-9-carboxylic acid 80 8 6 m  
CH,CH, KOAc (2) 9J0-dihydrophenanthrene trace 3231 3-benzylindazole (55%) 
CH,CH, K,CO, (1) 9,lO-dihydrophenanthrene 0 5 a  no reaction 
CH,CH, KO, (1) 9,lO-dihydrophenanthrene 37 5' 
( C H 2 ) 4  KOAc (2) dibenzo[a,c]cyclooctane 0 331 3-( 3-phenylpropy1)indazole (36%) 

0 4560 0 KOAc (2) dibenzofuran 
S KOAc (2) dibenzothiophene 9 406' 

(CH,), KO, (1) dibenzo[a, c]cyclooctane 0 5 =  

O(CH,CH,O), NaOAc (10)  PO 0 

2-29 
O(CH,CH,0)4C(0) NaOAc (10) 

/ 

0 0 

a All reactions were performed in the presence of 5-10 mol % of 18-crown-6 except the last two. If the normal 
cyclized product was not formed, other isolable products are identified. The arene- 
diazonium salt, initiator, and crown catalyst were stirred at  ambient temperature in 1,1,2-trichloro-1,2,2-trifluoroethane 
(Freon 113) until decomposition of the diazonio function was complete. 

Isolated yield of pure material. 

Scheme I1 

58 

In some cases, superoxide (KO,) initiated cyclizations 
were superior to those mediated by KOAc. This is pre- 
sumably because indazole formation is suppressed in these 
cases (see below). 

Indazole Formation: Superoxide and Carbonate as 
Initiators. When coupling of 2-CH3C6H,N2BF, with 
benzene was attempted (see entry 42, Table I), indazole 
formation (74%) predominated over coupling (2%).23 We 
attributed this difficulty to the basicity of KOAc. When 
acetate was replaced in this reaction by trifluoroacetate, 
40% of indazole was obtained, but 13% of the coupling 
product was produced. No indazole was formed when 
CO2- was used as base and 30% of the desired biarene was 
produced. This was something of a surprise since the 
nucleophilicity of carbonate is relatively low and its basicity 

is clearly higher than that for F,CCOO-. The reaction is 
illustrated in (Scheme 11). 

Indazole formation was also a problem in the attempted 
pt Pschorr reaction. I t  occurred to us that superoxide 
might be a useful reagent in this context since it could, in 
principle at least, form a radical directly that would de- 
compose with loss of oxygen and nitrogen to give the de- 
sired aryl radical. The presumed mechanism is illustrated 
in eq 5. Attempted cyclization of 2-diazoniobibenzyl using 

Ar+N=N + -00- - ArNNOO. - Ar. (5) 

KOAc as base afforded 3-benzylindazole in 55% yield. No 
reaction was observed when K&03 was substituted for 
KOAc, but 37 % 9,lO-dihydrophenanthrene was obtained 
when KO2 was used as initiator. Clearly, the Cuo/H+ 
coupling methods24 have advantages in cases where inda- 

(23) Behr, L. C.; Fusco, R.; Jarboe, C. H. 'Pyrazoles, Pyrazolines, 
Pyrazolidines, Indazoles and Condensed Rings"; Wiley. R. H., Ed.: In- 
terscience: New York, 1967; Chapter 10. (24) Abramovitch, R. A. Adu. Free-Radical Chem. 1966, 2, 89. 
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zole formation is a problem, but when acid sensitive groups 
are present, the KOz-initiated coupling procedure may be 
of value. To our knowledge this is the first application of 
superoxide in reactions of this sort, although there has been 
considerable interest in this reagent in recent years.zs 

Summary 
ArNzf BF4 and PF, salts are now available in high yield 

and pur i ty  and are  quite stable. Thei r  lack of solubility 
in common organic solvents has prevented their utilization 
in many synthetic transformations. We have shown above 
that application of phase-transfer conditions to certain of 
these reactions makes them much more useful than they  
have proved to be historically. Phase-transfer conditions 
make the Gomberg-Bachmann reaction a useful method 
for the synthesis of various unsymmetrical biarenes. The 
most selective approach is to couple a substituted arene- 
diazonium salt to a symmetrical arene solvent, but con- 
siderable selectivity is also possible when the arene has 
nonequivalent coupling positions available. 

Intramolecular cyclization is also possible in a phase- 
transfer variant of the Pschorr  reaction. Th i s  affords a 
neutral t o  slightly basic method for ring closure of aryl 
radicals which affords yields similar to those for t h e  best 
CuO/H+-mediated conditions and generally far superior to 
previously published basic conditions. 

Finally, we introduce potassium superoxide, KOz, as a 
useful reagent for the p t  Pschorr and ptGB reactions. In 
the la t te r  case, the reagent is most useful when indazole 
formation reduces coupling yields. 

Experimental Section 
Melting points (uncorrected) were determined (Mel-Temp or 

Thomas Hoover) in open capillaries. Infrared (IR) spectra (in 
cm-’) (Perkin-Elmer Model 281) were recorded on neat samples 
and calibrated a t  1601 cm-’ (polystyrene). Proton NMR spectra 
(in 6) were recorded (Varian Model EM 360) as -10% solutions 
in CDC1, (Me4Si internal standard). 

18-Crown-6 was prepared as previously reported.26 All other 
solvents and reagents were AR grade or better and were used 
without further purification. Preparative chromatography col- 
umns were packed with MCB activated alumina (80-325 mesh, 
chromatographic grade, AX611). 

Arenediazonium Salts. All arenediazonium tetrafluoroborate 
salts in this section were prepared from commercially available 
amines by Roe’s methodh in aqueous HC1 or HBFQ Immediately 
prior to use, the salts were reprecipitated from MezCO with EhO 
and then air-dried. 

Phase-Transfer Synthesis of Unsymmetrical Biarenes. 
General Reaction and Isolation Procedure. KOAc (1.20 g, 
12.2 mmol, 2 equiv) was added a t  ambient temperature to a 
magnetically stirred mixture of ArNzBF4 (6.00 mmol) and 18- 
crown-6 (5 mol %) in 60 mL d the solvent. Stirring was continued 
for 90 min. The red mixture was filtered and the filtrate washed 
with brine and water. The organic layer was dried over Na2S04 
and evaporated, and the residue was chromatographed over 
alumina (30-50 9). Occasionally an additional distillation was 
required to remove colored impurities. When the product was 
an isomer mixture, the major isomer was collected by preparative 
GC (Varian 920, TC detector, 10 f t  X 0.25 in. 10% Carbowax 20M 
on 80-100 mesh NAW Chromosorb P column). Typically ca. 100 
mg of the pure isomer was collected for complete characterization. 

GC Analysis of Biarene Isomer Mixtures. Isomer distri- 
butions (Table I) were determined by using a Varian Model 1420 
gas chromatograph (thermal conductivity detector), 10 f t  X 0.125 
in. 10% Carbowax 20M on 80-100 mesh NAW Chromosorb P 

(25) (a) Valentine, J. S.; Curtis, A. B. J.  Am. Chem. SOC. 1975,97, 224. 
(b) Johnson, R. A.; Nidy, E. G. J .  Org. Chem. 1975, 40, 1680. ( c )  San 
Filippo, J.; Chern, C.-I.; Valentine, J. S. Zbid. 1975, 40, 1678. 

(26) Gokel, G. W.; Cram, D. J.; Liotta, C. L.; Harris, H. ,P.;  Cook, F. 
L. J.  Org. Chem. 1974, 39, 2445. 
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column, flow rate of ca. 2OmLlmin of He, oven temperature 
between 210 OC and 270 “C. Isomers eluted in the order ortho, 
meta, para. Peak areas were determined on a DuPont Model 310 
curve resolver with an estimated accuracy of &3 %. 
2-(2-Fluorophenyl)pyridine (20). Compound 2 (1.28 g, 6 

mmol) was stirred with KOAc (1.20 g, 12 mmol) and 18-crown-6 
(0.08 g, 5 mol %) in pyridine (60 mL) for 90 min as described in 
the general procedure. Column chromatography (10% ether/ 
hexane) afforded a yellow oil (0.29 g, 27%). The product was a 
mixture of isomers (see Table I). A GC prep sample of 20 had 
the following properties: oil; NMR 7.2-7.5 (m, 4 H), 7.8-8.2 (m, 
3 H), 8.80 (d, 1 H, J = 4 Hz); IR 1590, 1210, 755. Anal. Calcd 
for CllHBFN C, 76.29; H, 4.66; N, 8.09. Found C, 76.18; H, 4.30; 
N, 8.29. 
3’-Fluorobiphenyl-2-carboxylic Acid, Methyl Ester (21). 

Compound 3 (1.28 g, 6 mmol) reacted (as above) with methyl 
benzoate (60 mL). After chromatography (10% ether/hexane) 
and distillation (125-130 “C/0.05 torr) 21 and its isomers were 
obtained (0.48 g, 34%). Pure 21 (GC prep) had the following 
properties: oil, NMR 3.57 (s, 3 H), 6.8-7.4 (m, 7 H), 7.7-7.8 (m, 
1 H); IR 1720, 1285, 875, 755. Anal. Calcd for C14HllF02: C, 
69.75; H, 3.90. Found: C, 70.03; H, 3.97. 
2-Bromo-4’-fluorobiphenyl (22). Compound 4 (1.28 g, 6 

mmol) reacted as above with bromobenzene (60 mL). Chroma- 
tography (hexane) afforded an oil (0.64 g, 41%). Pure 22 had the 
following properties: oil; NMR 6.90-7.71 (m, 8 H); IR 1600, 1505, 
1220, 830, 750. Anal. Calcd for C12H8BrF: C, 57.40; H, 3.21. 
Found: C, 57.66; H, 3.22. 
4’-Fluoro-2-methoxybiphenyl(23). Compound 4 (1.28 g, 6 

mmol) reacted (as above) with anisole (60 mL). Chromatography 
afforded a colorless oil (0.42 g, 34%). Pure 23 was isolated by 
GC: oiI; NMR 3.80 (s, 3 H), 6.70-7.52 (m, 8 H); IR 2910, 1230, 
740. Anal. Calcd for C13H11FO: C, 77.21; H, 5.48. Found: C, 
76.95; H, 5.37. 
2’-Cyano-4-fluorobiphenyl(24). Compound 4 (1.28g, 6 mmol) 

reacted (as above) in benzonitrile (60 mL). After distillation 
(120-124 “C/0.05 torr) a mixture of isomers was obtained (0.50 
g, 42%). Pure 24 was isolated by prep GC: mp 64-65 OC; NMR 
6.9+7.82 (m, 8 H); IR 2110, 1475, 830, 765. Anal. Calcd for 
C13HBFN: C, 79.17; H, 4.10; N, 7.10. Found: C, 78.79; H, 3.99; 
N, 6.83. 

3’-Chloro-2-methoxybiphenyl (25). Compound 6 (1.38g, 6 
mmol) reacted (as above) with anisole (60mL). Chromatography 
(hexane) yielded a colorless oil (0.64 g, 48%). Pure 25 was isolated 
by GC: oil; NMR 3.77 (s, 3 H) 6.75-7.40 (m, 8 H); IR 1455, 1230, 
1015,740. Anal. Calcd for C13H11C10: C, 71.40; H, 5.07. Found: 
C, 71.47; H, 5.06. 

4’-Chloro-2-fluorobiphenyl (26). Compound 7 (1.38 g, 6 
mmol) reacted (as above) with fluorobenzene (60 mL). Chro- 
matography (hexane) afforded an oil (0.72 g, 58%). Pure 26 was 
isolated by GC: mp 41-41.5 “C; NMR 6.95-7.77 (m, 8 H, sharp 
peak a t  7.53); IR 1910, 1580, 1210, 810, 750. Anal. Calcd for 
C12HBC1F: C, 69.75; H,  3.90. Found: C, 69.56; H, 3.68. 
4’-Chloro-2-cyanobiphenyl(27). Compound 7 (1.38g, 6 mmol) 

reacted (as above) with benzonitrile (60mL). Distillation (120-127 
“C/0.05 torr) gave a colorless solid (0.76 g, 58%, mp 60-72 “C). 
Pure 27 was isolated by GC: mp 113-115 “C; NMR 7.27-7.90 (m, 
8 H, sharp peak a t  7.53); IR 2210, 1455, 825, 765. Anal. Calcd 
for C13H8ClN: C, 69.75; H, 3.90. Found: C, 69.56; H, 3.68. 

4’-Bromo-2,5-dimethylbiphenyl (28). Compound 10 (1.63 
g, 6 mmol) reacted (as above) with p-xylene (60 mL). Chroma- 
tography (hexane) afforded 28 as a pale yellow oil: 0.41 g, 26%; 
NMR 2.25 (s ,3  H), 2.38 (s, 3 H), 7.05-7.82 (m, 7 H, sharp peaks 
at 7.17, 7.30, 7.53, and 7.67); IR 1490, 1010,830,810. Anal. Calcd 
for C14H13Br: C, 63.41; H, 6.46. Found: C, 63.23; H, 6.52. 

Mixture Including 3,4-Dimethyl-2’-fluorobiphenyl. Com- 
pound 14 (1.34 g, 6 mmol) reacted (as above) with fluorobenzene 
(60 mL). Chromatography (hexane) yielded a colorless oil (0.55 
g, 45%). The isomers were not separable by GC. The isomer 
mixture had the following properties: NMR 2.30 (s, 6H), 6.80-7.53 
(m, 7H); IR 1485, 1220, 760. Anal. Calcd for Cl,H13F: C, 83.97; 
H, 6.54. Found: C, 84.21; H, 6.56. 
2’-Chloro-3,4-dimethylbiphenyl (29). Compound 14 (1.34 

g, 6 mmol) reacted (as above) with chlorobenzene (60 mL). 
Chromatography (hexane) yielded a colorless oil (0.73 g, 55%). 
Pure 29 was collected by GC prep: oil; NMR 2.32 (s, 6 H), 
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7.15-7.32 (m, 7 H); IR 1030,880,820, 750, 660. Anal. Calcd for 
C14H13Ck C, 77.59; H, 6.05. Found C, 77.31; H, 6.04. 
2'-Bromo-3,4-dimethylbiphenyl (30). Compound 14 (1.34 

g, 6 mmol) reacted (as above) with bromobenzene (60mL). 
Chromatography (hexane) afforded a colorless oil (0.79 g, 60%). 
Pure 30 had the following properties: oil; NMR 2.30 (s, 6 H), 
7.08-7.70 (m, 7 H); IR 1460,1020,815,750,740. Anal. Calcd for 
C14H13Br: C, 64.39; H, 5.02. Found: C, 64.65; H, 5.06. 

2-Chloro-4'-ethylbiphenyl (31). Compound 15 (1.34 g, 6 
mmol) reacted (as above) with chlorobenzene (60mL). Chro- 
matography (hexane) afforded a mixture of biphenyl isomers (0.60 
g, 45%). Pure 31 was isolated from the mixture as an oil; NMR 
1.20 (t, 3 H, J = 7 Hz), 2.65 (4, 2 H, J = 7 Hz), 7.23 (s, 8 H); IR 
1455,1030,745 cm-'. Anal. Calcd for C14H13Ck C, 77.59 H, 6.05. 
Found: C, 77.45; H, 6.01. 
2,5-Dimbthyl-4'-nitrobiphenyl (32). Compound 19 (1.20 g, 

12 mmol) reacted (as above) with p-xylene (60 mL). Chroma- 
tography (10% ether/hexane) afforded an off-white solid, which 
was recrystallized (95% EtOH) to afford pure 32: (0.60 g, 44%); 
mp 87-88 "C; NMR 2.25,2.38 (s, s, 6 H), 7.03-7.30 (m, 3 H), 7.43, 
7.60 (AB, 24, J = 10 Hz); 8.45, 8.62 (AB, 24, J = 10 Hz); Ik 1595, 
1510, 1350,850. Anal. Calcd for Cl4Hl3NOZ: C, 73.99; H, 5.76; 
N, 6.16. Found C, 73.98, H, 5.80; N, 5.90. 
2'-Methoxy-3,4-(methylenedioxy)biphenyl(33). KOAc (7.50 

g, 0.076 mol) was added in a single portion to a mechapically 
stirred mixture (90 min) of 3,4-(methylenedioxy)benzenediazonium 
tetrafluoroborate1° (11.00 g, 0.036), 18-crown-6 (0.20 g), and anisole 
(300 mL) in a 500-mL flask. After filtration, rotary evaporation, 
and chromatography, the product and ita isomers were obtained 
as a colorless oil (4.51 g, 55%), which was crystallized from 90% 
EtOH. Pure 33 was obtained as white needles, mp 55-56 "C (lit.n 
mp 56-57 "C); NMR 3.73 (e, 3 H),  5.87 (s, 2 H), 6.51-7.13 (m, 7 
HI. 

Catalysts Other  Than  18-Crown-6: Materials. Potassium 
hexanoate and hexadecanoate were prepared by treatment of the 
corresponding carboxylic acids with 20% aqueous KOH in toluene 
followed by azeotropic removal of the water. All other catalysts 
were obtained from commercial sources. 

Catalysts Other  Than 18-Crown-6: Table 11. The arene- 
diazonium salts (0.01 mol) were stirred in benzene (100 mL) a t  
ambient temperature in the presence of the specified additives 
for the indicated time. After filtration, the reaction mixtures were 
concentrated in vacuo and then toluene was added to the residue 
to a volume of 5.00 mL. Yields were obtained by integration of 
GC peaks obtained from injections (equal volumes) of these so- 
lutions and standard (2.0 M) solutions of the biphenyls. 

Effect of 18-Crown-6 Catalyst in  Solvents Other  T h a n  
C6H6: General Reaction Procedure. Reactions run to com- 
pletion were performed as follows: KOAc (0.20 g, 0.4 mmol) was 
added to  a magnetically stirred mixture of I-chlorobenzenedi- 
azonium tetrafluoroborate (0.45 g, 0.2 mmol), 18-crown-6 (0.026 
g, 0.1 mmol), and 20 mL of the appropriate aromatic solvent. After 
being stirred 90 min, the reactions were filtered and the solvent 
was removed by rotary evaporation (except benzonitiile which 
was removed by Kugelrohr distillation) to leave the crude red oil. 
Reactions not run to  completion were conducted in the same 
manner except 18-crown-6 was omitted. 

Effect of 18-Crown-6 Catalyst in  Solvents Other  T h a n  
C&: General Gc Analysis Procedure. Each crude product 
mixture from the above reactions was dissolved in toluene and 
adjusted to a volume of 2.00 mL. Three 5-pL samples of each 
mixture were injected into a Varian Model 1420 gas chromato- 
graph equipped with a 6 ft. X 0.125 in. 5% SE-30 on Chromosorb 
P 80-100 mesh column. The average peak area for the three runs 
was determined. In cases where more than one isomer was 
produced, only the largest peak was measured. Extent of reaction 
was calculated according to the following equation: 
peak area (yield) without catalyst 

X 100 = extent of reaction 
peak area (yield) with catalyst 

Reaction of 4-Chlorobenzenediazonium Tetrafluoroborate 
(7) with Chlorobenzene under  Various Conditions (See 
Table 111). Compound 7 (1.38 g, 6 mmol) and chlorobenzene 

Beadle e t  al. 

(27) Uyeo, S. J .  Chem. SOC. Jpn.  1942, 63, 1268. 

(60 mL) were allowed to react at ambient temperature for 90 min, 
unless otherwise noted, in the presence of the additives specified 
in Table 111. Workup and GC analysis were accomplished as 
described in the general procedure for Table I. 

2-Benzoylbenzenediazonium Tetrafluoroborate (34). A 
500-mL flask was charged with 2-aminobenzophenone (3.28 g, 17 
mmol), 95% EtOH (50 mL), and 48% HBFl (6.50 mL, 46 mmol). 
The yellow solution was stirred vigorously at -5 "C. Ice-cold amyl 
nitrite (2.15 g, 18.4 "01) was added dropwise (some precipitate 
formed). After 30 min, cold EtzO (200 mL) was added and the 
solution was stirred 30 min more. ?he saltz8 was filtered, washed 
with EtzO, and air-dried: yield, 4.47 g, 93%; mp 101.5-102 "C 
dec; IR (mull) 2280, 1660, 1150-lobo, 735, 700. 

Cyclization of 34 to Fluorenone. A 250 mL, three-necked 
flask was charged with 34 (1.68 g, 6 mmol), 18-crown-6 (0.08 g, 
5 mol %), and Freon 113 (100 mL). KOAc (1.27 g, 12 mmol) was 
added in a single portion and stirred a t  ambient temperature for 
12 h. After filtration, no ArN2+ salts remained (C6H5NMez color 
test) and the solvent was evaporated to  leave an oil, which sol- 
idified after chromatography (A1203, Et20/hexanes). The crude 
fluorenone was obtained (0.79 g, 73%) as a yellow solid, mp 83-84 
"C (litz9 mp 83-83.5 "C). 

trans -2-(Diazonium tetraflUoroborate)-a-phenylcinnainic 
Acid (37). trans-2-Nitr~~u-phenylcinnamic acid (35) w& obtained 
(4.55 g, 64%, mp 196-198 "e, lit.18 mp 195-196 "C) by using the 
procedure of Pschorr.18 Compouhd 35 (1.20 g, 4.4 mmol) was 
reduced a t  80 "C with granular Sn (5 g) and concentrated HCl 
(20 mL) to give the corresponding amine hydrochloride (36-HC1), 
mp 218-220 "C (lit.18 mp 218 "C). 

The hydrochloride of 36 (0.30 g, 1.1 mmol) was dissolved in 
95% EtOH (10 mL) and 48% HBFl (3 mL). To the cooled 
mixture (0 "C) was added cold isoamyl nitiite (0.17 g, 1.5 mmol) 
dropwise. After stirring 15 min, EtzO (25 mL) was added and 
the yellow product was collected and then dissolved in MezCO 
with the aid of a little DMF. Slow addition of Et@ yielded 37 
(0.32 g, 88%) as bright yellow plates: mp 87 "C (violent dec!); 
IR (mull) 2290,1700,1100-1000, 770. 

Cyclization of 37. A 250-mL flask was charged with 37 (2.00 
g, 6 mmol), Freon 113 (60 a L ) ,  KOAc (1.27 g, 12 mmol), and 
18-crown-6 (0.16 g, 10 mol %) and the mixture stirred at ambient 
temperature for 24 h. A solution of 10% NaOH (50 mL) was 
added and the aqueous layer washed (2 X25mL EGO) and acid- 
ified with 6 N HC1. Phenanthrene-9-carboxylic acid (1.06 g, 80%) 
crystallized and was recrystallized from 95% EtOH: mp 153-156 
"C. (lit.30 mp 156.5-157 "C). 

Synthesis of 2-(%-Phenylethyl)benzenediazoliium Tetra- 
fluoroborate (38). 2-Nitrostilbene was prepared by LiOMe (1.5g 
Li ia 60 mL of MeOH) mediated Wittig reaction between ben- 
zyltriphenylphosphonium chloride (70.2 g, 0.18 mol) and 2- 
nitrobenzaldehyde (27.3 g, 0.18 mol) in DMF (300 mL) at 90 "C 
for 16 h. After dilution with HzO (600 mL), extraction with EGO 
(2 X 200 mL), and drying (NaZSO4), the solution was evaporated 
and the residue chromatographed (Alz03, 5% EtzO/hexane) to 
give the 2-nitrostilbehe isomer mixture (27.6 g, 68%) as a pale 
yellow oil, which solidified on standing. 

The isomer mixture (1.73 g, 7.7 mmol) was hydrogenated (60 
psi) in the presence of 10% Pd/C (0.1 g) to 2-aininobibenzyl(1.39 
g, 92%) as a colorless solid, mp 31-32 "C (lit.31 mp 33 "C). 

A 250-mL flask was charged with 2-aminobibenzyl (3.02 g, 12 
mmol), 95% EtOk (30 mL), and 48% aqueous HBF4 (7 mL). The 
solution was cooled to -5 "C, and isoamyl nitrite (1.4 g, 12 mmol) 
was added dropwise. After 30 min (the solution turned cloudy), 
cold EtzO (200 mL) was added, and stirring was continued an 
additioaal 30 min. The precipitate was collected by filtration, 
and pure 38 (2.35 g, 66%) was obtained by reprecipitation from 
MezCO: mp 45-47.5 "C (dec); IR (Nujol mull) 2270, 750. 

KOAc-Mediated ptPschorr  Reaction of 38: Synthesis of 
3-Benzylindazole (39). KOAc (1.20 g, 12 mmol) was added to 

(28) Stepemon, E. F. M. "Organic Syntheses"; Wiley: New York, 1955, 

(29) Huntress, E. H.; Hershberg, E. B.; Cliff, I. S. J .  Am. Chem. SOC. 

(30) Bachmann, W. E. J.  Am. Chem. SOC. 1934,56, 1366. 
(31) Ibuki, E.; Ozasa, S.; Fujioka, Y.; Okada, M. Yakugaku Zasshi 

coil. voi. m, 475. 

1931,53, 2720. 

1980, 100, 718. 
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a stirred mixture of 38 (1.80 g, 6 mmol), 18-crown-6 (0.08 g, 5 mol 
%), and Freon 113 (60 mL). After stirring vigorously overnight, 
39 (0.69 g, 55%) was isolated by filtration, washing with CHZCl2, 
and recrystallization from petroleum ether, mp 112-113.5 "C (lit.3z 
mp 113-115 "C). 

Attempted K,CO,-Mediated p tPschorr  Reaction of 38. 
K2C0, (0.84 g, 6 mmol) was added to a stirred mixture of 38 (1.80 
g, 6 "01) and 18-crown-6 (0.08 g, 5 mol %) in Freon 113 (60 mL). 
IR analysis of the reaction mixture after 24 h of vigorous stirring 
revealed unreacted diazonium salt. Evaporation of the solvent 
left ca. 200 mg of an uncharacterized dark oil. 

KO,-Mediated Cyclization of 38. Powdered KOz (0.43 g, 6 
mmol), 38 (1.80 g, 6 mmol), and 18-crown-6 (0.16 g, 10 mol %) 
were stirred together for 2 days at ambient temperature in Freon 
113 (60 mL). Gas chromatographic analysis of the product mixture 
after filtration, evaporation, and chromatography (alumina, 
hexane) showed 9,lO-dihydrophenanthrene (40,73%), bibenzyl, 
and another byproduct (27%). Crystallization from MeOH af- 
forded pure 40 I0.40 g, 37%, mp 34-35 "C (lit.31 mp 34.5-35 "C)]. 

Prepara t ion  of 2-(4-Phenylbutyl)benzenediazonium 
Tetrafluoroborate (41). A solution of (3-chloropropeny1)benzene 
(Aldrich, 5.00 g, 33 mmol) and Ph,P (8.66 g, 33 mmol) was stirred 
in refluxing toluene (50 mL). Pure cinnamyltriphenyl- 
phosphonium chloride (42, 11.04 g, 80%) was collected by fil- 
tration: mp 225-226 "C (lit.33 mp 224-226 "C). 

A 100-mL flask was charged with 42 (9.89 g, 24 mmol), 2- 
nitrobenzaldehyde (3.26 g, 24 mmol) and DMF (30 mL) and the 
mixture heated a t  90 "C. A solution of LiOMe (0.17 g of Li 
dissolved in 20 mL of dry MeOH) was added during 10 min and 
the mixture stirred an additional 30 min. After cooling, the 
solution was poured into H 2 0  (300 mL), extracted with EtzO (2 
x 200 mL), dried over NaZSO4, and evaporated to a red oil. 
1-(2-Nitrophenyl)-4-phenylbutadiene (43,4.92 g, 81 %) was isolated 
as yellow needles, mp 88-90 "C, after chromatography (alumina, 
10% Et20/hexane): NMR 6.80-7.13 (m, 4 H); 7.23-8.03 (m, 9 
H); IR (KBr) 1520, 1335, 780. Anal. Calcd for Cl6Hl3NOz: C, 
76.48; H, 5.21; N, 5.37. Found: 76.18; H, 5.16; N, 5.66. 

Hydrogenation of 43 (4.50 g, 18 mmol) over 10% Pd/C (50 psi) 
for 2 h provided 1-(2-aminopheny1)-4-phenylbutane (44) as a 
colorless (4.05 g, 100%). 

A 250-mL flask was charged with 44 (2.70 g, 12 mmol), 95% 
EtOH (3OmL), and 48% aqueous HBF4 (7 mL). The solution was 
cooled to -5 "C, and cold isoamyl nitrite (1.42 g, 12 mmol) was 
added. After 30 min of stirring, E t 2 0  (150 mL) was added and 
precipitated 41 (2.29 g, 85%) was collected: mp 71-73 "C dec; 
IR (mull) 2300, 1470, 1050, 710. 

Attempted KOAc-Mediated Cyclization of 41: Formation 
of 3-(3-Phenylpropyl)indazole. KOAc (0.72 g, 7.4 mmol), 41 
(1.20 g, 3.7 mmol), and 18-crown-6 (0.05 g) were stirred together 
in Freon 113 (50 mL) for 2 days. After filtration, evaporation, 
chromatography (alumina, 1:l ether/hexane), and distillation 
(Kugelrohr, 130 "C, 0.075 torr), 3-(3-phenylpropyl)indazole (0.31 
g, 36%) was obtained as a colorless oil NMR 2.00-3.23 (m, 6 H), 
6.93-7.80 (m, 9 H), 11.5-12.0 (br s, 1 H); IR 3450-3OO0,1620,1495, 
740. Anal. Calcd for CI6Hl6N$ C, 81.32; H, 6.82; N, 11.85. Found: 
C, 81.16; H, 6.99; N, 11.88. 

Attempted KOz-Mediated Cyclization of 41. KOz (0.85 g, 
12 mmol), 41 (1.94 g, 6 mmol), and 18-crown-6 (0.08 g, 5 mol %) 
were stirred overnight in Freon 113 (60 mL). TLC analysis of 
the tarry residue obtained after workup as described above in- 
dicated no cyclization product had formed. 

Synthesis of 2-Phenoxybenzenediazonium Tetrafluoro- 
borate (45). 2-Nitrodiphenyl ethe? (7.82 g, 36 "01) in absolute 
EtOH (30 mL) was hydrogenated (55 psi) in the presence of 10% 
Pd/C for 6 h. 2-Aminodiphenyl ether (46, 6.02 g, 99%) was 
isolated as a light brown oil?, NMR 3.25 (br s, 2 H), 6.75-7.23 
(m, 9 HI. 

A 250-mL flask was charged with 46 (3.70 g, 20 mmol), 95% 
EtOH (30 mL), and 48% aqueous HBF, (7 mL). The solution 
was cooled to  -5 "C and isoamyl nitrite (2.34 g, 20 mmol) was 
added dropwise. After 20 min, EtzO (150 mL) was added and 

(32) Hunziker, F.; Lehner, H.; Schindler, 0.; Schmutz, 0. Pharm. Acta 

(33) McDonald, R. N.; Campbell, T. W. J. Org. Chem. 1959,24,1969. 
(34) Brewster, R. 4.; Groening, T. Org. Synth. 1934, 14, 67. 

Helu. 1963, 38, 539. 
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precipitated 45 (4.94 g, 87%) was collected mp 111-111.5 "C dec; 
IR (mull) 2290, 1290, 1050, 770; NMR [(CD3)&O] 7.10-7.73 (m, 
7 H), 8.07 (t, 1 H), 8.70 (d, 1 H). 

Attempted Cyclization of 45. KOAc (1.20 g, 12 mmol), 45 
(1.73 g, 6 mmol), 18-crown-6 (0.08 g, 5 mol %), and Freon 113 
(60mL) were stirred overnight and then filtered, and the solvent 
was evaporated. TLC analysis (silica, 10% ether/hexane) of the 
tarry residue indicated that no dibenzofuran was present. 

2-Thiophenoxybenzenediazonium Tetrafluoroborate (47). 
1-Chloro-2-nitrobenzene (8.50 g, 54 mmol) was treated with po- 
tassium thiophenoxide (8.02 g, 54 "01) in DMF (70 mL) to afford 
2-nitrophenyl phenyl sulfide (48,11.72 g, 94%); mp 53-54 "C (lit.35 
mp 54.4 "C). 

Compound 48 (5.00 g, 22 mmol) was reduced with tin (6.5 g) 
and concentrated HC1 (30 mL) to  give 2-aminophenyl phenyl 
sulfide hydrochloride (49,2.92 g, 55%): mp 232-233 "C (lit?5 mp 
233.5 "C). 

Compound 49 (2.50 g, 10 mmol) was diazotized in ice-cold EtOH 
(10 mL) with 48% HBF, (4 g) and isoamyl nitrite (1.23 g, 11 mmol) 
to provide a pale yellow solid 2.34 g (78%); IR (mull) 2275,1050 
(br), 750. 

Cyclization of 47. A 250-mL flask was charged with 47 (0.90 
g, 3 mmol), 18-crown-6 (40 mg), and Freon 113 (30 mL) and then 
KOAc (0.60 g, 6 mmol) was added. Stirring was continued for 
24 h, and the solution was filtered, evaporated, and chromato- 
graphed (alumina, hexane) to  afford dibenzo[a,c]thiophene as a 
white solid: 50 mg (9%); mp 98-100 "C (lit.36 mp 99-100 "C). 

Nitration of Bis[2-(2-phenoxyethoxy)ethyl] Ether. A 1-L 
flask was charged with bis[2-(2-phenoxyethoxy)ethyl] ether35 (26 
g, 75 mmol) and AczO (300 mL) and cooled to ca. 10 "C. Nitric 
acid (6.75 g, 75 mmol) was added over 5 min, and the mixture 
was stirred overnight without additional cooling. The solution 
was poured into HzO (600 mL), made basic with solid NaOH, 
extracted with CH,ClZ (2 X 250 mL), dried (NaZSO4), evaporated, 
and chromatographed (alumina, 0-10% ether/hexane, second UV 
active band) to afford (21.4 g, 73%) a mixture of ortho and para 
mononitrated ethers. 

2- [ 2 4  2 4  2 4  Aminophenoxy)et hoxy ]et hoxylet hoxylet hoxy- 
benzene (50). The entire mixture (see above) was hydrogenated 
(60 psi 10% Pd/C, 0.50 g) for 12 h. After Celite filtration, removal 
of the solvent left an oil, which was chromatographed (alumina, 
0-10% ether/hexane, first UV active band) to afford 50 (3.61 g, 
20%) as a colorless oil: NMR 3.50-4.27 (m, 18 H, tall peak a t  
3.67), 6.60-7.47 (m, 9 H); IR 3450,3330,1495, 1105 (br), 740. Anal. 
Calcd for CzJ&NO5: C, 66.46; H, 7.53; N, 3.87. Found C, 66.67; 
H, 7.80; N, 3.62. 

2-[2-[ 2-(2-Phenoxyethoxy)ethoxy]ethoxy]ethoxybenzene- 
diazonium Tetrafluoroborate (51). A solution of 50 (5.0 g, 14 
mmol) in 48% HBFl (25 mL) was cooled to 0 "C, and a solution 
of NaNO, (0.97 g, 14 mmol) in cold HzO (10 mL) was added over 
10 min. The solution was stirred for 15 min, extracted (CHZClz, 
30 mL), dried (Na2S04), and evaporated to leave a red oil. The 
oil was dissolved in CH2C12 (2 mL) and precipitated by addition 
of Et20. Oily 51 (2.30 g, 36%) had an IR absorption (2250 cm-') 
characteristic of the diazonium group. This material was used 
for the cyclization attempt without further purification. 

Attempted Cyclization of 51. The red oil 51 described above 
(ca. 2 g, 4 mmol) was slurried with powdered NaBF4 (20 g) in 
CHZCl2. The solvent was evaporated in vacuo to leave a powder, 
which was then covered with Freon 113 (150 mL) and stirred 
vigorously. NaOAc (3.5 g, 40 mmol) was added and stirred a t  
ambient temperature for 2 days. After filtration, the solid was 
washed with CHZClz and evaporated in vacuo. TLC analysis 
(silica, 50% ether/hexane) of the tarry residue did not show the 
presence of a potentially isolable polyether compound. 

2 4  2 4  2 4  2 4  Benzy1oxy)et hoxy ]ethoxy lethoxylethanol(52). 
A 1-L flask was charged with THF (250 mL) and tetraethylene 
glycol (97 g, 0.5 mol). Potassium tert-butoxide (56 g, 0.5 mol) 
was added in small portions, and the solution was heated to reflux. 
Benzyl chloride (63.2 g, 0.5 mol) was added during 1 h, and stirring 
was continued at reflux for 12 h. After filtration and evaporation, 
the crude product was distilled through a 10-cm Vigreux column 
to yield pure 52 (49 g, 52%) as a colorless oil: bp 170-174 "C (25 

(35) Mauthner, F. Chem. Ber. 1906, 39, 3597. 
(36) Gilman, H.; Jacoby, A. L. J.  Org. Chem. 1938, 3, 111. 
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torr); NMR 3.10 (br s, 1 H), 3.70 (m, 16 H), 4.55 (s, 2 H), 7.22 
(s, 5 HI. 

2 4  2-[2-[ 2-(Benzyloxy)et hoxy]ethoxy]ethoxy]ethyl 4- 
Toluenesulfonate (53). A 250-mL flask was charged with tosyl 
chloride (19.0 g, 0.10 mol), CH2C12 (100 mL) and pyridine (16 g, 
0.2 mol). A solution of 52 (28.5 g, 0.10 mol) in CH2Clz (50 mL) 
was added during 1 h. After stirring 12 h at ambient temperature, 
water (75 mL) was added. The phases were separated and the 
organic phase was washed with ice-cold 6 N HC1 (2 X 50 mL), 
water (100 mL), and brine (100 mL). After drying (Na2S04), the 
CHzClz was evaporated. Compound 53 was isolated as a pale 
yellow oil: 39 g (89%); NMR 2.41 (s, 3 H), 3.70 (m, 16 H), 4.57 
(s, 2 H), 7.23 (m, 7 H), 7.62 (d, 2 H). 

2 4  2-[ 2-[ 2-( Benzyloxy)ethoxy]ethoxy]ethoxy]ethoxy- 
benzene (54). A 500-mL flask was charged with 53 (22 g, 0.05 
mol) and toluene (250 mL). KOPh (6.6 g, 0.05 mol) was added 
and the mixture stirred a t  reflux for 12 h. After cooling, the 
solution was filtered, washed with brine (100 mL) and HzO (100 
mL), then dried (Na2S04), and evaporated to an oil, which was 
column chromatographed (alumina, 10% ether/hexane) to afford 
54 as an amber oil: 14.6 g (81%); NMR 3.53-4.17 (m, 16 H), 4.53 
(s, 2 H), 6.67-7.27 (m, 10 H); IR 1600, 1250, 1150-1100, 695. 

2 4  2-[2-( 2-Phenoxyet hoxy)et hoxy ]et hoxylethanol (55). 
Compound 54 (5.2 g, 14 mmol) was hydrogenated in absolute 
EtOH (30 mL) at 60 psi for 12 h in the presence of 10% Pd/C 
catalyst (0.10 g) and a few drops of concentrated HCl. The 
mixture was neutralized with solid NaZCO3, filtered through Celite, 
and concentrated in vacuo to an oil, which was distilled (Kugelrohr, 
135 “C, 0.10 torr). Alcohol 55 (3.3 g, 87%) was obtained as a 
colorless oil: NMR 2.77 (br s, 1 H), 3.53-4.23 (m, 16 H), 6.80-7.47 
(m, 5 H). 

2-[ 2-[ 2 4  2-(Nit robenzoyloxy )ethoxy ]ethoxy ]et hoxy ]et h- 
oxybenzene (56). A solution of 2-nitrobenzoyl chloride (1.85 g, 
1.1 mmol) in pyridine (0.25 g, 3 mmol) and CHzClz (20 mL) was 
stirred a t  ambient temperature. A solution of 55 (2.70 mg, 10 
mmol) in CHzC1, (15 mL) was added over 1 h. After 12 h the 
solution was extracted with 3 N HC1 (30 mL), 10% NaOH (30 
mL), water (30 mL), and finally with brine (30 mL). The CHzClz 
was evaporated in vacuo and the residue was chromatographed 
(alumina, 0-10% ether/hexane) to afford 56 as a pale yellow oil: 
3.01 g (72%). 

2424 2-[2-(Aminobenzoyloxy)ethoxy]ethoxy]ethoxy]eth- 
oxybenzene (57). Nitro compound 56 (2.50, 6 mmol) was hy- 
drogenated in absolute EtOH (25 mL) at (50 psi) for 8 h in the 
presence of 10% Pd/C catalyst. After filtration through Celite, 
the solution was concentrated in vacuo to a light brown oil, which 
was Kugelrohr distilled (180-190 OC, 0.20 torr) to yield 57 (2.10 
g, 90%) as a colorless oil: NMR 3.50-3.93 (m, 10 H), 4.07 (m, 
4 H), 4.37 (m, 2 H), 6.33-7.33 (m, 8 H), 7.73 (d, 1 H); IR (neat) 
3490, 1695, 1250, 1150-1050, 760. Anal. Calcd for CZ1Hz7NO6: 
C, 64.76; H, 6.99; N, 3.60. Found: C, 64.51; H, 7.13; N, 3.42. 

2 4  2-[2-[2-(Diazonium tetrafluoroborate)benzoyloxy]eth- 
oxy]ethoxy]ethoxy]ethoxybenzene (58). A solution of 57 (2.3 
g, 5.9 mmol) in 48% HBF4 (15 mL) was cooled to 0 “C, and NaN0, 
(0.48 g, 7 mmol) in HzO (2 mL) was added dropwise. The solution 
was stirred 10 min and then extracted with CHzClz (20 mL). The 
organic layer was dried (Na2SO4) and evaporated to a red oil. The 
oil was dissolved in a small amount of CHzClz and precipitated 
by addition of ether. The oil had an IR absorption (2270 cm-’) 
characteristic of a diazonium cation, and oily 58 was used in the 
next step without further purification. 

Attempted Cyclization of 58. Diazonium compound 58 (1.3 
g, 2.7 mmol) and powdered NaBF4 (ca. 15 g) were slurried with 
CHzC1, (50 mL). The CHzClz was evaporated to leave a powder, 
which was then covered with Freon 113 (150 mL). NaOAc (1.8 
g, 20 mmol) was added and the mixture stirred 24 h. After 
filtration, the solid was rinsed with CH2ClZ and the combined 
organic solutions were evaporated. The residue was chromato- 
graphed (alumina, hexane) to give a small amount of oil, which 
was identified as 2- [ 2-[2-(2-benzoyloxyethoxy)ethoxy]ethoxy] - 
ethoxybenzene by its NMR, IR, and UV spectra: NMR 3.67-3.97 
(m, 12 H), 4.17 (t, 2 H), 4.50 (t, 2 H), 6.83-7.53 (m, 8 H), 8.10 (dd, 
2 H); IR: 1720, 1100 (br), 750, 710; UV A,, 234 nm. 
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(37) Schiemann, G.; Roselius, W. Chem. Ber. 1929, 62, 1805. 
(38) Augood, D. R.; Hey, D. H.; Williams, G. H. J .  Chem. SOC. 1953, 

44. 

Acknowledgment. We t h a n k  the NIH for their  sup-  
por t  of this work through Grants GM-26990, GM-29150, 
and GM-29610. 

Registry No. 1,369-57-3; 2,446-46-8 3,1996-38-9; 4,459-45-0; 
5, 1956-97-4; 6,456-39-3; 7,673-41-6; 8, 405-02-7; 9, 10448-07-4; 
10, 673-40-5; 11, 2093-46-1; 12, 1422-76-0; 13, 459-44-9; 14, 
2192-34-9; 15,52436-73-4; 16,459-64-3; 17,72470-95-2; 18,36533-3; 
19, 456-27-9; 20, 89346-48-5; 20 (3-pyridyl), 89346-49-6; 20 (4- 
pyridyl), 89346-50-9; 21,80254-81-5; 21 (3’-ester), 80254-84-8; 21 
(4’-ester), 80254-86-0; 22, 89346-54-3; 22 (3’-bromo), 10540-35-9; 
22 (4’-bromo), 398-21-0; 23,66175-47-1; 23 (3’-OMe), 10540-43-9; 
23 (4’-OMe), 450-39-5; 24,89346-55-4; 24 (3’-CN), 10540-33-7; 24 
(4’-CN), 10540-31-5; 25,89346-56-5; 25 (3’-OMe), 74447-83-9; 25 
(4’-OMe), 74447-84-0; 26, 72093-45-9; 26 (3’-F), 72093-46-0; 26 
(4’-F), 39822-1; 27,89346-587; 27 (3’-CN), 89346-59-8; 27 (4’-CN), 
57774-36-4; 28,92-66-0; 29,89346-60-1; 29 (3’-Cl), 89346-61-2; 29 

89346-64-5; 31, 58609-44-2; 31 (3’-Cl), 89346-65-6; 31 (4’-Cl), 
(4’-Cl), 66483-39-4; 30,89346-62-3; 30 (3’-Br), 89346-63-4; 30 (4’-Br), 

58609-453; 32,69299-50-9; 33,89346-883; 33 (3’-OMe), 89346-89-4; 
33 (4’-OMe), 89346-90-7; 34, 342-62-1; 34 (amine), 2835-77-0; 35, 

38 (amine), 5697-85-8; 39,4498-74-2; 40,776-35-2; 41,89346-87-2; 

2688-84-8; 46 (nitro derivative), 2216-12-8; 47, 59014-91-4; 48, 

19319-35-8; 36.HC1, 89346-78-1; 37, 89346-67-8; 38, 89346-69-0; 

42, 1530-35-4; 43, 34944-28-0; 44, 76691-98-0; 45, 324-02-7; 46, 

4171-83-9; 49-HC1,6764-13-2; 50,89346-81-6; 51,89346-71-4; 52, 
86259-87-2; 53, 89346-82-7; 54, 89346-83-8; 55, 36366-93-5; 56, 

BTEAC, 56-37-1; TBAB, 32503-27-8; C6&, 71-43-2; PhF, 462-06-6; 
89346-84-9; 57,89346-85-0; 58,89346-73-6; 18-crown-6,17455-13-9; 

PhC1,108-90-7; PhBr, 108-86-1; PhI, 591-50-4; PhOMe, 100-66-3; 
PhCN, 100-47-0; PhCOzMe, 93-58-3; PhMe, 108-88-3; 1,3,5- 
Me&&, 108-67-8; 1,4-Me2C6H4, 106-42-3; PhPh, 92-52-4; 
PhCsH4-2-F, 321-60-8; PhCeH4-3-F, 2367-22-8; PhCsH4-4-F, 
324-74-3; PhC,H4-2-C1, 2051-60-7; PhC6H4-3-C1, 2051-61-8; 
PhC6H4-4-C1, 2051-62-9; PhC6H4-2-Br, 2052-07-5; PhC6H4-3-Br, 
2113-57-7; PhC6H4-2-OMe, 86-26-0; PhC6H4-3-OMe, 2113-56-6; 
PhC6H4-4-OMe, 613-37-6; PhC6H4-2-CN, 24973-49-7; PhC6H4-3- 
CN, 24973-50-0; PhC6H4-4-CN, 2920-38-9; PhC6H4-2-COzMe, 
16605-99-5; PhC6H4-3-CO2Me, 16606-00-1; PhC6H4-4-Co2Me, 
720-75-2; 2-FC6H4C6H4-2’-COzMe, 80254-80-4; 2-FC6H4C6H4-3’- 
C02Me, 80254-83-7; 2-FC6H4C6H4-4’-CO2Me, 80254-85-9; 4- 
FC6H4CsH,-2-C1,80254-76-8; 4-FCsH4CeH4-3-C1, 80254-79-1; 4- 
ClC6H4C&-2’-Me, 89346-57-6; 4-C1C6H4C6H4-3’-Me, 19482-10-1; 

53243-83-7; 4-C1C&C&-2’-Cl, 34883-43-7; 4-ClC6H4C&-3’-C1, 
4-C1C6H4C6H4-4’-Me, 19482-11-2; 4-C1C6H4C6Hz-2’,4’,6’-Me3, 

(39) Zaheer, S. H.; Fasech, S. A. J. Indian Chem. SOC. 1944,21, 27. 
(40) Dunstan, W. J.; Hughes, G. K. J .  Proc. R. SOC. N .  S. W. 1947,80, 

(41) Dannley, R. C.; Gregg, E. C., Jr. J.  Am. Chem. SOC. 1954,76,2997. 
(42) Graebe, C.; Kraft, H. Chem. Ber. 1906,36, 801. 
(43) Haworth, J. W.; Heilbron, I. M.; Hey, D. H. J .  Chem. SOC. 1940, 

(44) Matyushecheva, G. I.; Tolmachev, A. I.; Shulezhko, A. A.; Shu- 

(45) Migita, T.; Morikawa, N.; Simamura, 0. Bull. Chem. SOC. Jpn. 

(46) Bell, H. C.; Kalman, J. R.; Pinhey, J. T.; Sternhell, S. Tetrahe- 

(47) de Craun, T. Red. Trau. Chim. Pays-Bas 1931,50, 776. 
(48) Johnson, A. W. J.  Chem. SOC. 1946, 895. 
(49) Buu-Hoi, N. P.; Hoan, H. Recl. Trau. Chim. Pays-Bas 1950, 69, 

(50) Butterworth, E. C.; Heilbron, I. M.; Hey, D. H. J. Chem. SOC. 

(51) Scarborough, H. Q.; Waters, W. A. J .  Am. Chem. SOC. 1978,100, 

(52) Grisdale, P. J.; Babb, R. E.; Doty, J. D.; Regan, T. H.; Maier, D. 

(53) Gomberg, M.; Pernert, J. C. J .  Am. Chem. SOC. 1926, 48, 1372. 
(54) Ayres, D. C.; Smith, J. R. J .  Chem. SOC. 1968,22, 2737. 
(55) Gilman, H.; Edward, J. T. Can. J. Chem. 1953, 31, 457. 
(56) Rondestevedt, C. S.; Blanchad, H. S. J.  Org. Chem. 1956,21,229. 
(57) Streitwieser, A.; Guibe, F. J.  Am. Chem. SOC. 1978, 100, 4532. 
(58) Stephan, E. A. U S .  Patent No. 4024284 to Eli Lilly and Co. 
(59) Casewit, C.; Roberts, J. D.; Bartsch, R. A. J.  Org. Chem. 1982,47, 

(60) DeTar, D. F.; Sagmanli, S. V. J. Am. Chem. SOC. 1950, 72,965. 
(61) Cullinane, N. M.; Rees, A. G.; Plummer, C. A. J. J. Chem. SOC. 

77. 

349. 

lezhko, L. M.; Yagupol’skii, L. M. Zh. Obsch. Khim. 1976, 46, 162. 

1963, 36, 980. 

dron Lett. 1974,851. 

1805. 

1940, 355. 

4532. 

D.; Williams, J. J .  Organomet. Chem. 1968, 14, 63. 

2875. 

1939, 151. 



J. Org. Chem. 1984, 49, 1603-1607 1603 

2974-90-5; 4-C1C,&C&-2’-OMe, 
53824-23-0; 4-C1C&C&-3’-OMe, 66175-36-8; ~ - C ~ C O H ~ C ~ H ~ -  
4’-OMe, 58970-19-7; 3,4-Clzc6H3Ph, 2974-92-7; 4-BrC6H4C6H3- 
2‘,5’-Mez, 89346-51-0; 4-BrC6H4C6Hz-2’,4’,6’-Me3, 20434-38-2; 
2-MeC6H4Ph, 643-58-3; 3-MeC6H4Ph, 643-93-6; 4-MeC6H4Ph, 
644-08-6; 4-MeC6H4C6H4-2’-Me, 611-61-0; 4-MeC6H4C6H4-3’-Me, 
7383-90-6; 4-MeC6H4C6H4-4’-Me, 613-33-2; Ph(CH2)zPh, 103-29-7; 
3,4-Me2C6H3Ph, 4433-11-8; 3,4-Me2C6H3C6H4-2’-F, 89346-52-1; 
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89346-79-2; 4-0zNC6H4O(CHzCHz0)4Ph, 89346-80-5; HO(CH2C- 

19455-00-6; K+-OZC(CH2)14CH3, 2624-31-9; CHSCN, 75-05-8; 
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584-08-7; thiophene, 110-02-1; pyridine, 110-86-1; furan, 110-00-9; 
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phenylpyridine, 1008-88-4; 4-phenylpyridine, 939-23-1; 2-(3- 
fluorophenyl)pyridine, 58861-54-4; 3-(3-fluorophenyl)pyridine, 
79412-32-1; 4-(3-fluorophenyl)pyridme, 39795-59-0; 2-phenylfuran, 
17221-37-3; 2-(4-~hlorophenyl)thiophene, 40133-23-1; 2-(4- 
chlorophenyl)pyridine, 5969-83-5; 3-(4-~hlorophenyl)pyridine, 
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benzocycloheptadecane, 89346-74-7; 2,5,8,11,14-pentaoxa- 
15,16:17,18-dibenzocyclooctadecan-l-one, 89346-75-8; 2-[2-[2-(2- 
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Treatment of aromatic hydrocarbons with acetone and manganese(II1) acetate gave rise to arylacetones in 
yields ranging from 25% with chlorobenzene to 74% with anisole. Cerium(1V) salts were also successfully used 
as promoters but gave lower yields. The reactions were relatively free of side products except with toluene. Isomer 
distributions, relative rates, and partial rate factors were determined for acetonylation of anisole, toluene, 
chlorobenzene, and fluorobenzene. A Hammett plot of the log of the partial rate factors for the manganese(II1) 
system vs. u-constants gave a slope, p ,  of -2.4 f 0.3. An isotope effect kH/kD = 3.8 was observed for the 
manganese(II1)-promoted reaction with acetone-d6, indicating rate-determining proton loss from acetone. The 
overall mechanism involves formation and attack of acetonyl radicals onto the aromatic hydrocarbon followed 
by subsequent oxidative deprotonation of the resulting u-radical complex. The acetonyl radical exhibits appreciable 
electron-deficient character in its substitution behavior with aromatic hydrocarbons. 

Metal ion promoted oxidative deprotonation methods 
have been used to generate such carbon radicals as the 
~arboxymethyl ,~*~ a ~ e t o n y l ? ~  and nitromethyP8 (eq l).9 

Mn(II1) or 
CH3X - CH2X +H+ 

X = COZH, COCH3, NO2 

When produced in the presence of suitable alkenes, quite 
a number of interesting processes have been report- 
ed,2-5J+12 most resulting from initial attack of the carbon 
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radical onto the r-bond (eq 2). The analogous radical 
RCH=CHR + CH2X - RCHC(R)HCH,X (2) 

generation with aromatic hydrocarbons present has led to 
aromatic substitution (eq 3), the mechanism of which has 

Mn(II1) or 
ArH + CH3X - ArCHzX (3) 

been studied rather extensively for carboxymethylation2 
and nitromethylation.6-8 However, the aromatic aceto- 
nylation has been described only br ie f l~ .~ , ’~  The purpose 
of this work was to more thoroughly study the metal ion 
promoted aromatic acetonylation with an eye toward as- 
sessing the polar properties of the acetonyl radical in- 
volved. 

Experimental Section 
Instrumentation. GC analyses were done on a Hewlett- 

Packard Model 5840A gas chromatograph equipped with a flame 
ionization detector and capillary inlet system (split mode). The 
capillary columns used were (1) 30 m X 0.22 mm sp 2100 glass, 
(2) 10 m X 0.22 mm sp 2100 glass, (3) 10 m X 0.22 mm Carbowax 
20 M fused silica, and (4) 30 m X 0.22 mm bonded SE-30 fused 
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