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A number of substituted o-aminobenzohydrols, containing various substituents on the a-carbon and in the rings, were 
prepared and diazotized, and the diazonium salts were decomposed in aqueous acid. Substituted fluorenols, formed by ring 
closure, and phenols, formed by simple hydrolysis, were accompanied in most cases by ketones, formed by the 1,3-shift of 
an aryl group. In some cases the ketone was the major recognizable product. The factors determining the distribution of 
products in these reactions are discussed, and it is concluded that the results provide further evidence that aryl cations me 
quite nonselective in their reactions. 

Loss of nitrogen from an aliphatic diazonium ion 
(I) is a strongly exothermic process which character- 

I I1 

istically leads to a variety of products. Substitu- 
tion, elimination, rearrangement, and solvolysis 
reactions are all commonly observed. This multi- 
plicity of reaction paths can be explained on the 
assumption3 that activation energies for the several 
alternative processes are much closer together 
than in other heterolyses, owing to a great compres- 
sion of the energy scale associated with the produc- 
tion of the stable nitrogen molecule. 

The heterolytic decomposition of an aromatic 
diazonium ion (11) requires a greater input of 
energy due to stabilization of the ion by conjuga- 
tion of the positive charge on the diazonium group 
with the aromatic system. There is convincing 
evidence from several sources that the mechanism 
in this case involves formation of a transient aryl 

There are also indications5s6 that such 
cations are highly reactive toward nucleophilic 
centers, and that a wide spectrum of products 
should result in this case as well. However, the 
structure of an aryl cation is such that rearrange- 
ment and elimination reactions of the familiar 
type are not feasible. Decomposition of aromatic 
diazonium salts in acid solution normally leads, 
therefore, to simple substitution by solvent or 
other nucleophiles.8 

( l ) ( a )  Taken largely from the Ph.D. thesis of A. J. 
Sisti, University of Michigan, 1959. (b)  Some of these re- 
sults were presented before the Division of Organic Chemis- 
try, American Chemical Society Meeting, Miami, Fla., 1957; 
Abstracts, p. 70-0. 
(2) Allied Chemical and Dye Corp. Fellow, 1957-58. 
(3) A. Gtreitmieser, Jr . ,  J .  Org. Chem., 22, 861 (1957). 
(4) J. F. Bunnett and R. E. Zahler, Chem. Revs., 49, 273 

(5) E. S. Lewis, J .  Am. Chem. SOC., 80, 1371 (1958). 
(6) D. F. DeTar and D. I. Relyea, J. -4m. Chem. SOC., 76, 

(7) K. R. Brower, J .  Am. Chem. Soc., 82, 4535 (1960). 

(1951). 

1680 (1954). 

Recent observations have indicated that in 
certain cases molecular rearrangement9 and an 
elimination reactionlo (to form a benzyne inter- 
mediate) can be major reaction paths in the de- 
composition of diazonium salts. An investigation 
of the first of these two new reaction paths is the 
subject of this paper. 

The first example of the rearrangement,g shown 
in Equation 1, was the conversion of 9-o-amino- 

v 
I11 IV 

phenylfluorenol (111) to tribenzotropone (IV) I 

It was assumed a t  the timelb that the rearrange- 
ment required the presence of the carbinol function 
to furnish the necessary lability in the skeletal' 
bonds. The correctness of this assumption has since 
been verified by the finding1' that 9-o-aminophenyl- 
fluorene undergoes the diazonium ring closure 
satisfactorily without evidence of rearrangement. 
It also appeared likely that the rearrangement 
would compete with the more familiar reactions 
only when the latter were made difficult, as the 
ring closure might be in 111. It has been reported, 
for example, that o-aminobenzyl alcohol (V) could 

V VI 
(8) The cyclization of suitably substituted diazonium 

salts, which is one of the more useful examples of such 
nucleophilic substitution, has been reviewed [D. F. DeTar, 
Org. Reactions, 9, 409 (1957)J. 

(9)(a) M. Stiles and A. J. Libbev. Jr.. J .  Ora. Chem.. 22. 
1243 (1957). (b) M. Stiles and A. J: Sisti, J .  Or;. Chem.; 24; 
268 (1959). 
(10) M: Stiles and R. G. Miller, J .  Am. Chem. SOC., 82, 

(11) H. Rapoport and G. Smolinsky, J .  Am. C h m .  Soc.. 
3802 (1960). 

80, 2910 (1958); 82, 934 (1960). 
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TABLE I 
YIELDS OF KETONES AND FLUORENOLS FROM DIAZONIUM SALTS 

Amine VI1 
Ri R2 Ra RI Q/O Ketone (1x1” 91, Fluorenol IVIIIP 

. __ . -  . ,  I ”  ~I - - 
(a) C“, H H H 0 46 
(b) 4-CHjOCsHd H CHzO H 0 48 
( C) 2-CHsCsHd CH3 H H 16.5 (15) 19 
(4 2,4-(CHs)2CiH3 CHa CHI H 21.0 (16.6) 19 
(e) 2,5-(CH&C& CH: H CHa 11.4 (10) 21 
( f )  2-CHa-4-CHaOCUHs CH: CHIO H 28.6 (22.6) 21 

(i) CHs H CHsO H 4.4c 0 
(j) CHI CH3 CHS H 10,c 11 0 
(k)d CH, CHa CHaO CHa 16 (13) 0 

(R) CHs H H H 3 . V  26 
(h) C2Hi H H H 2.V 23 

Yields in parentheses refer to recrystallized ketone; those without parentheses to chromatographed but not recrystallized 
material. In all cases yields are based on recrystallized material. Yield of 2,4dinitrophenylhydrazone isolated. This 
reartion, which was described previously [ref. (9b)], also gave an 18% yield of 2-acetyl-2’,5’-dimethy1-4’-methoxyazo~1enzene. 

TABLE I1 
AMINO AmoHoLs 

2-Aminophenyldi( 4-methoxypheny1)carbinol (VIIb) 
2-Arninophenyldi(Z-methylphenyl) carbinol (VIIc) 
2-Aminophenyldi( 2,drdimethylphenyl) carbinol (VTId) 
2-Aminophenyldi( 2,5-dimethylphenyl) carbinol (VIIe) 
2-Aminophenyldi(2-methyl-4-methoxyphenyl) carbinol (VIIf) 
2-Amino-~-2’,4’-trimethglbenzohydrol (VIIj) 
2-Aminophen~ldi(2-methoxyphenyl)carbinol (XIa) 
a-Aminophenyldi( 2-ethoxyphenyl) carbinol (XIb) 

be converted quantitatively to saligenin (VI) 
upon diazotization,’* and a number of substituted 
o-aminobenzyl alcohols were diazotized under 
Sandmeyer conditions without anomalous results.% 

In  order to investigate the scope of the rear- 
rangement, a group of o-aminophenylcarbinols were 
synthesized and their reactions with nitrous acid 
were studied. 

RESULTS 

The aminocarbinols listed in Table I were pre- 
pared by conventional methods. Each compound 
was diazotized in aqueous sulfuric acid and the 
resulting diazonium salt was allowed to decompose 
a t  room t>emperatiire. In  general, three different 
products could be recognized : (1) phenolic material, 
soluble in alkali, but not otherwise characterized; 
(2) substituted 9-fluorenols (VIII) in each case 
crystallized and characterized ; and (3) ketones 
(IX) resulting from molecular rearrangement. 
Column chromatography on alumina served to 
separate cleanlv the neutral products (VIII and 
IX). It is readily apparent from the results in the 
table that the molecular rearrangement is an im- 
portant reaction path for relatively simple com- 
pounds. 

(12) A. Reissert and K. CrIimer, Ber., 61, 2555 (1928). 
(13)(a) F. Mayer, W. Schafer, and J. Rosenbach, Arch. 

Pharm., 267, 571 (1929). 

98-99 
117-118 
181-182 

155-156 
123-124 
177-179 
117-118 

126-128 

50 75.19 6.31 4.18 75.37 
28 83.12 6.98 4.62 82.75 
40 83.33 7.60 4.23 83.57 
34 83.33 7.60 4.23 83.25 
42 76.00 6.93 3.85 75.98 
56 79.61 7.94 5.80 79.53 
51 75.19 6.31 4.18 75.11 
55 76.00 6.93 3.85 76.18 

6.50 4.02 
6.67 4.60 
7.42 4.18 
7.40 4.20 
7.01 3.75 
7.90 5.70 
6.45 4.25 
6.71 3.84 

R 4  ?4 

VI1 

+ phenols + 
C=O 

The ketones (IX) were all new compounds ex- 
cept o-phenylacetophenone (IXg) which was iden- 
tified by comparison with an authentic specimen.1Sb 
The structure of o-phenylpropiophenone ( I n )  
was confirmed by synthesis, using the same method. 
2-Methyl-2’-o-tolylbenzophenone (IXc) was pre- 
pared from 2-methpl-2’-iodobiphenyl by conversion 
to the Grignard reagent and treatment with o- 
toluyl chloride. The product wan identical with 
that obtained from the diazonium salt. Independent 
syntheses of the other ketones listed in Table I 
were not accomplished, although the following de- 
gradative scheme served to confirm the structure 
of IXf and, by implication, of the other ketones 
in the Table. 

(13)(b) E. Campaigne and B. Reid, 1. Am. Chem. Soc., 68, 
1663 (1946). 
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Treatment of ketone IXf with sodium amide in 
refluxing benzene produced a solid neutral product 
(X). The structure of X was established by syn- 
thesis from cyclohexanone and 3-methyl4bromo- 

.. 

OCH, 
IXf 

anisole as indicated in Equation 2. This structure 
for X confirms the structure assigned to IXf and 

CH30 

indicates that the 1,3-shift of the aryl group in the 
rearrangement does not involve any isomerization 
within the migrating group. 

Because of the increased yields of ketone ob- 
served when an ortho-methyl substituent was 
present in the migrating phenyl group, attempts 
were made to  include other ortho-substituents. 
In  the case of 0-alkoxy substituents, the diazonium 
salts (XI) decomposed in an entirely different fash- 
ion to  give xanthenols (Equation 3). We were unable 

R 
I 
0 

HO + ROH 
(3) 

YTa. R =  CH3 
b. K =  c&, 

to prepare amino alcohols containing o-chlorophenyl 
groups. 

No fluorenols could be isolated from aminocarbi- 
nols VIIi, VIIj, and VIIk; only highly colored oils 
were eluted from the column following removal of 
the ketonic material, and no pertinent structural 
information was obtained from them. It appears 
likely that the oils were derived from dehydration 
products (dibenzofulvenes) of the 9-alkyl-9-fluor- 
enol derivatives. 

In  the case of aminocarbinol VIIi one additional 
product was isolated in very low yield (ca. 0.3%), 
but its formation is highly significant. Conversion 
of the crude ketonic fraction to 2,4-dinitrophenyl- 
hydrazones followed by chromatography, furnished 
the 2,4dinitrophenylhydrazone of the expected 
ketone (IXi) and the 2,4-dinitrophenylhydrazone 

of p-methoxyacetophenone. Formation of this 
product indicates loss of a CeH4 fragment during 
the reaction. A rational representation (Equation 4) 
gains considerable support from subsequent work 

H L O  k H 3  

which has shownlO that the diazonium group is an  
excellent leaving group in benzyne formation. 

All of the diazonium salt decompositions reported 
here were carried out in strong acid, conditions 
under which the heterolytic mechanism is known 
to predominate.6 As a further indication that free 
radical chain reactions are not involved, the yields 
of ketone and fluorenol from compound VIIf were 
not significantly altered when the reaction was 
carried out in the presence of copper powder. 

DISCUSSION 

The most striking feature of Table I is the effect 
of ortho- substituents. Comparing the first six 
compounds (VIIa-VIIf), which are triphenyl- 
carbinol derivatives, one notes that no rearrange- 
ment occurred except when an ortho- substituent 
was present. Ortho- substitution is also an important 
factor in the rearrangement of the diarylalkyl- 
carbinol derivatives (VIIg-VIIk), although some 
ketone is formed in these cases even when an ortho- 
substituent is lacking. The effect of the ortho- 
methyl groups is not principally electrical in 
nature as can be seen from the fact that VIIb, with 
a much more powerful election-donor group in the 
para-position, does not rearrange. 

Electron-donor groups in the para- position of the 
migrating group apparently facilitate rearrange- 
ment, provided the required ortho- substituent is 
present. Thus a para-methyl (VIId and VIIj) 
and a para - methoxyl (VIIf and VIIk) increase 
the yield of ketone significantly. These electrical 
effects are to be expected in a rearrangement which 
involves migration of the aryl group to a positive 
center. For some reason a meta-methyl substituent 
(compare VIIc and VIIe) appears to decrease 
slightly the yield of ketone. 

A feature of the data in Table I which may hold 
considerable significance for the reaction mech- 
anism is the direct proportionality between the 
yield of fluorenol and the number of free ortho- 
positions for ring closure. The yield of substituted 
fluorenol from the eight compounds (VIIa-VIIh) 
was near 50y0 for compounds containing four 
free ortho- positions, and 19-26% for those with 
two. It apparently made no difference that the two 
free positions were sometimes in the same ring 
(VIIg and VIIh) and sometimes in different rings 
(VIIc-f). In  fact, if one divides the yield of fluorenol 
for each of the eight compounds by the number of 
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free ortho- positions, the result is 11.0 rt 1.0% for 
the whole group. In  particular it should be noted 
that increases in the yield of ketone through intro- 
duction of electron-donor para- substituents (Vc, 
Vd, and Vf) has no effect on the yield of fluorenol. 

These data suggest that the lifetime of the aryl 
cation formed by loss of nitrogen is very short 
compared with the time required for rotational 
equilibrium within the molecule. Thus the prob- 
ability that an unsubstituted ortho- position will 
be within incipient bonding distance of the positive 
center a t  the time of its formation will be, to a first 
approximation, proportional t o  the total number of 
free ortho- positions. If no such free ortho- carbon is 
within this distance, an alternative reaction path, 
such as rearrangement or solvolysis, could intervene 
before the conformation favorable to ring closure 
had been achieved. Similar reasoning was used to 
explain the relatively small effect of substituents 
upon the diazonium ring closure of o-aminobenzo- 
phenones. 

The following reaction scheme is in accord with 
the information currently available. If A and B 
sepresent conformations'4 in which the unsubsti- 
tuted ortho- position is, respectively, within and 

H w -  \ \ Q--& \ 

@Jj Q)-& 
HO R R HO R R 

A 1 

HO R HO R R 
B 

ib 
&Y- 

H-O 
c 

I 
R R t 

HO R 
D 

withnut the incipient bonding distance to the posi- 
tive mn'ter, then the ratio of reaction paths a and 
b will reflect the relative populations of A and B, 
provided that the activation energy for these 
steps is sufficiently small. It also seems possible that 
D may precede C, and that the yields of ketones 
may also vary because of alternative modes of 
breakdown of intermediate D. It should be pointed 
out that B+D+C+ketone does not involve any 
step that could be described mechanistically as 

(14) Structures A and B are not intended to imply that 
the two rings are coplanar. 

a 1,3-shift, being a combination of 1,2-shifts, but 
t'he former designation is conveniently expressive 
of the overall transformation. 

EXPERIMENTAL" 

Synthesis of amino alcohols. All of the amino alcohols in 
Table I1 were prepared by reaction of the appropriate aryl- 
magnesium bromide with methyl anthranilate,'e except 
VIIj, which was prepared from 2-amino-2',4'-dimethyl- 
benzophenone'' and methylmagnesium iodide. In each 
case the ethereal solution of the Grignard reagent was cooled 
in an ice bath during addition of the carbonyl compound. 
The reactions were then completed by stirring for several 
hours a t  room temperature, followed by hydrolysis in am- 
monium chloride solution. Compounds VIIj, VIIc, XIa, and 
Xb were crystallized from benzene-petroleum ether (b.p. 
30-60"); VIId and VIIf were crystallized from benzene- 
ethanol; VIIb was crystallized from ethanol, and VIIe from 
petroleum ether (b.p. 30-60"). 

The following amino alcohols were prepared as described 
previously: 2-amino-a-methylbenzohydrol (VIIg), m.p. 84- 
85 (reported's 84-85"); 2-amino-or-ethylbenzohydrol (VIIh), 
m.p. 99-100" (reported19 102-103"); 2-aminotriphenylcar- 
binol (VIIa), m.p. 119-120" (reported,20 121.5'); 2-amino- 
4'-methoxy-a-methylbenzohydrol (VIIi), m.p. 93-94' (re- 
ported,2' 99 "). The intermediates, 2-aminobenzophenone and 
2-amino-4'-methoxybenzophenone, were prepared by the 
procedure of Simpson.22 

Diazotizations. Unless otherwise indicated below, the 
amino alcohols were diazotized in aqueous 10% sulfuric acid 
at  0-5' with slightly more than an equivalent quantity of 
sodium nitrite. The amino alcohol (8-20 mmoles) was dis- 
solved in 200-250 ml. of the aqueous acid, and the sodium 
nitrite, in 10 ml. of water, was added. The solution was then 
allowed to stand at  0-10" for at least 0.5 hr. before warming 
to room temperature. After a t  least 3 hr. the reaction mix- 
ture, in which an oily layer had separated, was warmed to 50" 
for a few minutes. [It was found that the ratio of products 
from these reactions was not changed significantly by alter- 
ing the temperature (10-50") a t  which the solution was held 
during decomposition of the diazonium salt.] The mixture 
was extracted twice with ether and the ether extracts -sere 
washed with 5% sodium hydroxide to remove phenolic 
material, which was not characterized further. The dried 
ether solution was then evaporated and the residue in each 
case was examined as described below. 

Products from VIIa. The neutral product was dissolved in 
equal volumes of benzene and petroleum ether and adsorbed 
on alumina.23 Elution with benzene yielded 9-phenyl-9- 
fluorenol (VIIIa) which was recrystallized from carbon tet- 
rachloride to  furnish 1.5 g. (46%), m.p. 85-88" (reportedz4 
m.p. 85-88'). 

(15) Microanalyses by Spang Microanalytical Labora- 
tory, Ann Arbor, Mich. Melting points and boiling points 
were not corrected for stem exposure. 

(16) M. Heidelberger, Advanced Laboratory Manual  of 
Organic Chemistry, Chemical Catalog Co., Inc., Kew York, 
1923, p. 32. 

(17) L. Chardonnens and A. Wurmuli, Helv. Chim. Acta, 
33, 1338 (1950). 

(18) R. Stoernier and H. Fincke, Ber., 42, 3119 (1909). 
(39) J. C. E. Simpson, J .  Chem. Soc., 673 (1946). 
(20) A. Baeyer, V. Villiger, and H. Bassett, Ber., 37, 3192 

(21) R. Stoermer and 0. Gaus, Ber., 45, 3104 (1912). 
(22) J. C. E. Simpson, C. M. Atkinson, K. Schofield, and 

0. Stephenson, J .  Chem. SOC., 646 (1945). 
(23) All chromatograms described in this paper a c r e  

carried out using ordinary Merck alumina, 30 g. per gram 
of compound, unless otherwise stated. 

(24) A. Kliegl, Ber., 38, 284 (1905). 

(1904). 
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Product from VIIb. The crude product was dissolved in 
40% benzendO% petroleum ether and adsorbed on alu- 
mina. Elution with 1 : 1 benzene: chloroform yielded material 
which was recrystallized from benzene-petroleum ether to 
furnish 1.4 g. (48%) of S-methoxy-9-(p-methoxyphenyl)-Q- 
$uomd (VIIIb), m.p. 118-120'; v 3600 cm.-l (chloroform). 

Anal. Calcd. for CZIHI~O~: C, 79.21: H, 5.71. Found: C, . .  
79.41; H, 5.71. 
Product from VIIc. The crude product was dissolved in 

1 :3 benzene-uetroleum ether and adsorbed on alumina. 
Elution with more of the same solvent mixture furnished 
0.53 g. (17%) of a light yellow oil, v 1665 cm.-' (carbon tet- 
rachloride). Crystallization from petroleum ether gave 
0.475 g. ( 15%) of colorless W-metkvl-b'-( o-toZvZ)benzophenone 
( Ixc) ,m.p.  72-73'. 
Anal. Calcd. for C W H I ~ :  C. 88.07: H. 6.33. Found: C. , ,  _ _  _ _  

88.04; H, 6.38. 
Elution of the column with pure benzene furnished 0.63 

g. of solid which, upon recrystallization from benzene- 
petroleum ether yielded 0.57 g. (18%) of l-methyl-B(o- 
tolyl)-Q-$uorenol (VIIIc), m.p. 114-115'. 

Anal. Calcd. for C21H180: C, 88.07; H, 6.33. Found: C, 
88.16; H,  6.31. 
Product from VIId. The diazotization of this compound 

was accomplished by adding a slight excess of sodium nitrite 
in 10 ml. of water to 4.0 g. (0.012 mole) of the amino alcohol 
dissolved in a mixture of 200 ml. of water, 100 ml. of ethanol, 
and 6 ml. of sulfuric acid. The neutral product from decom- 
position of the diazonium was adsorbed on alumina, and 
eluted with mixtures of benzene and petroleum ether. In 
the 10-30% benzene eluates there was obtained 0.80 g. 
(21%) of a light oil, v 1655 cm.-1 (film). Recrystallization 
from ethanol furnished 0.63 g. (17%) of 8,4-dimethyl-d'- 
(6,4-dimethylphenyZ)benzop~enone, (IXd), m.p. 70.5-71.0", 
Y 1658 cm.-l (chloroform). 
Anal. Calcd. for C23H220: C, 87.85; H, 7.05. Found: C, 

87.89; H, 7.12. 
Elution of the column with 70-100% benzene yielded, 

after recrystallization from petroleum ether, 0.70 g. ( 1 9 ~ o )  of 
1,S-dimethyl-9-(I,~-dimethyZphenyl)$uorenoZ (VIIId), m.p. 
140-141", Y 3600 cm.-l (chloroform). 
Anal. Calcd. for C Z ~ H ~ ~ O :  C, 87.85; H, 7.05. Found: C, 

87.81; H, 7.11. 
Product f r o m  VIIe. The neutral product was dissolved in 

30% benzene-7070 petroleum ether (30-60'), placed on a 
column of alumina, and eluted with more of the same solvent 
mixture. There was obtained 0.39 g. (11%) of a yellow oil, 
Y 1662 cm.-l (film), which crystallized from ethanol to  
furnish 0.32 g. (10%) of colorless d,~-dimethyGd'-(2,5-di- 
methylphenyl)benzopheno~e (IXe), m.p. 59-60', Y 1662 cm.-I 
(carbon tetrachloride). 
Bnal. Calcd. for C23H220: C, 87.85; H, 7.05. Found: C, 

87.94; H, 7.22. 
Elution with 1 : 1 chloroform-benzene yielded, after re- 

crystallization from benzene-petroleum ether, 0.70 g. (21 %) 
of 1,4-dimethyZ-9-(2,5-di~nethylphenyl)-9-$uorenoZ (VIIIe), 
1n.p. 158-159". 

Anal. Calcd. for G3H?20: C, 87.85; H, 7.05. Found: C, 
87.60; H, 7.02. 

Product jrom VIIf. The diazotization of this amino alcohol 
(3.0 g., 8.3 mmoles) was carried out in a medium consisting 
of 50 ml. of water, 100 ml. of dioxane, and 2 ml. of sulfuric 
acid, by the addition of a small excess of sodium nitrite in 
10 lnl. of water at room temperature. After 1 hr. at room 
temperature 100 ml. of water was added and the mixture 
allowed to  stand a further 2 hr. before dilution with another 
100-ml. portion of water and warming to 40-50'. The neu- 
tral product was dissolved in benzene, adsorbed on alumina, 
and eluted with more benzene. A light oil [0.82 g., 29%, v 
1645 (film)] was obtained and crystallized from ethanol to 
yield 0.65 g. (23%) of b-methyZ-~-nzethoxy-d'-(~-methyZ-4- 
nzethoxyphenyZ)-benzophenolze (IXf), m.p. 95.5-96.0", v 1650 
cm.-l (chloroform). 

Anal. Calcd. for C2sHa03: C, 79.74; K, 6.40. Found: C, 
79.68; H, 6.38. 

Elution with 1 : 1 chloroform-benzene yielded, after re- 
crystallization from benzene-petroleum ether, 0.60 g. (21%) 
of 1 - methyl - 3 - methoxy - 9 - (2 - methyl - 4 - methoxy- 
phenyl)-9-fluorenol (VLIIf), m.p. 170-171°, v 3450 cm.-1 
(Nujol). 

Anal. Calcd. for C2&2zOa: C, 79.74; H, 6.40. Found: C, 
79.66; H, 6.37. 

When two reactions on amino alcohol VIIf were carried 
out exactly as described above, except that 1.5 g. of copper 
powder was added to  each solution during the decomposi- 
tion of the diazonium salt, the yields of ketone were 24% 
and 21% and of the fluorenol, 20% and 19%. 
Product from VI1 g. When the neutral product was treated 

with benzene-petroleum ether there was obtained 0.80 g. 
(26%) of 9-methyl-9-fluorenol (IXg), m.p. 172-174' (re- 
ported*6 174"). The filtrate was placed on a column of alu- 
mina and eluted with 15% benzene85% petroleum ether. 
The yellow oil eluted, v 1685 cm.-l (film), wm converted to  
its 2,Witrophenylhydrazone (0.225 g., 3.8%), m.p. 
169-170°, alone and when mixed with the dinitrophenyl- 
hydrazone of ephenylacetophenone, prepared by the method 
of Campaigne and Reed.la 
Product f r m  VIIh. The neutral product was dissolved in 

40yo benzene-60% petroleum ether, adsorbed on alumina, 
and eluted with more of the same solvent. The oil, Y 1686 
cm.-l (film), which wm eluted was converted to its 2,4- 
dinitrophenylhydrazone (0.176 g., 2.8%) m.p. 154-155' 
alone and when mixed with the dinitrophenylhydrazone of 
o-phenylpropiophenone. Elution of the column with ben- 
zene yielded 9-ethyl-9-fluorenol, recrystallized from petro- 
leum ether to furnish 0.80 g. (23y0), m.p. 108-110' (re- 
corded,2S m.p. 102'). 
Product from VIIi. The diazotization was carried out by 

addmg a slight excess of sodium nitrite in 20 ml. of water to 
the amino alcohol (6.5 g., 0.027 mole) dissolved in 200 ml. of 
water, 75 ml. dioxane, and 3 g. of sulfuric acid at 0-5". The  
neutral product was dissolved in 40% benzene-60% petro- 
leum ether, adsorbed on alumina, and eluted with l: l ben- 
zene-petroleum ether. The light oik, Y 1670 cm.-' (film) 
eluted was converted to  its 2,4dinitrophenylhydrazone 
(0.46 g., 4.470), m.p. 190-191.5" after purification by chro- 
matography on alumina. The ketone is assigned the struc- 
ture of 8-(~-me6horyphenyl)acetophenone (IXi) . 

A n d .  Calcd. for C21H~fi40~:  C, 62.06; H, 4.43; N, 13.79. 
Found: C, 61.99; H, 4.35; N, 13.80. 

During chromatographic purification of the preceding 
dinitrophenylhydrazone, there was isolated 0.035 g. (o.3yO) 
of the bright red dinitrophenylhydrazone of p-methoxyaceto- 
phenone, m.p. 223-225" alone and mixed with an authentic 
specimen, which aho exhibited the same infrared spectrum. 
So fluorenol was obtained from this reaction mixture. Fur- 
ther elution of the original column yielded only highly colored 
oils which could not be crystallized. 
Product from VIIj. The diazotization was carried out by 

adding sodium nitrite in 10 ml. of water to the amino alcohol 
(3.7g., 0.015 mole) dissolved in 50 nil. of dioxane, 100 ml. of 
water, and 2 g. of sulfuric acid a t  0-5". The neutral frac- 
tion of the product was dissolved in 1: 1 benzene-petroleum 
ether, adsorbed on alumina, and eluted with more of the 
same mixture. There was obtained 0.395 g. (11%) of an oil, 
Y 1680 cm.-I (film), which was converted to its 2,4-dinitro- 
phenylhydrazone. The dinitrophenylhydrazone was puri- 
fied by chromatography on alumina to yield 0.605 g. (lo%), 
m.p. 149-150". 
Anal. Calcd. for Cz2Ha~N4O4: C, 65.33; H, 4.99; Tu', 13.85. 

Found: C, 65.43; H, 5.04; N, 13.94. 
The ketone is assigned the structure of 8-(8,4-dimethyZ- 

phenyl)-acetophenone (IXj). No fluorenol could be found 
among the products. 

(25) V. Ullman and R. Wurstemberger, Ber., 38, 4107 
(1905). 
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Product from XIa. The neutral product wm dissolved in 
1 : 1 benzene-petroleum ether and adsorbed on alumina. 
Elution with 1: 1 chloroform-benzene yielded 1.1 g. of solid, 
m.p. 162-166'; recrystallization from benzenepetroleum 
ether furnished 0.90 g. (48%) of 9-($-melhozrlphenyl)-9- 
xanthenol, m.p. 166166'. 

Anal. Calcd. for CzoHlsOs: C, 78.91; H, 5.30. Found: C, 
78.97: H. 5.28. 

The product was identical (mixed melting point and in- 
frared spectrum) with the compound prepared in 44% yield 
from xanthone and o-methoxyphenylmagnesium bromide. 

Product from XIb. The neutral product from the decom- 
position of this diazonium salt was crystallized from benzene- 
petroleum ether to furnish 0.80 g. (44%) of &(,%ethoxy 
phenyZ)-9-xanthenoZ, m.p. 185.0-186.5'. 

Anal. Calcd. for CtlH1808: C, 79.21; H, 5.71. Found: C, 
79.20; H, 5.86. 

This product was prepared in 47% yield by the reaction of 
o-ethoxyphenylmagnesium bromide and xanthone. 

o-Phenylpropiophenone (IXh). The synthesis waa an adap- 
tation of one by Campaigne and Reed.lS A Grignard re- 
agent, prepared from 2-iodobiphenyl(28 g., 0.10 mole) and 2.5 
g. (0.10 g.-atom) of magnesium in 75 ml. of ether, waa added 
dropwise to  an ether solution of 26 g. (0.20 mole) of pro- 
pionic anhydride a t  -60'. The mixture was worked up in 
the usual way18 to yield 6.0 g. (28y0) of o-phenylpropio- 
phenone, b.p. 120-121' at 6 111111. The ketone was converted 
to its 2,4dinitrophenylhydra~one, m.p. 154-155', which 
proved identical with that obtained by the decomposition of 
the diazonium salt from VIIh. 

Anal. Calcd. for CZlHl&O,: C, 64.60; H, 4.65; N, 14.35. 
Found: C, 64.75; H, 4.66; N, 14.38. 

QMethyl-W'-(W-methylphenyl)benzophenone ( IXc) was pre- 
pared in low yield by a method described by Fuson.*8 The 
Grignard reagent, prepared from 2.0 g. (0.0068 mole) of 2- 
iodoZ-methylbiphenylz' and 1.0 g. (0.041 mole) of magne- 
sium in 25 ml. of ether, was added dropwise to an ether solu- 
tion of 3.0 g. (0.019 mole) of o-toluyl chloride. The reaction 
was worked up in the usual mannerze and the product was 
crystallized from petroleum ether. There was obtained 0.114 
g. (6%) of white crystalline solid, m.p. 71-73', identical 
with that obtained by decomposition of the diazonium salt 
from VIIc. 

Sodium amide cleavage of ketone IXf. Sodium amide, pre- 
pared from 0.3 g. of sodium in 30 ml. of liquid ammonia, 
was freed of ammonia and suspended in 40 ml. of benzene. 
The ketone IXf (0.605 g., 0.00175 mole) wy&8 added and the 
mixture was refluxed for 22 hr. before quenching in ice. An 

(26) R. C .  Fuson, J. Mills, and B. C. McKusick, J. Org. 
Chew', i i , 6 0  (i916j. 

(27) R. G. Shuttleworth, W. S. Rapson, and E. T. Stew- 
art, J .  Chern. SOL, 71 (1944). 

ether extract was washed with water, dried, and evaporated 
to leave an oil. The oil was dissolved in petroleum ether 
(some dark insoluble material was discarded) and adsorbed 
on a column of 30 g. of ordinary alumina. In the 5-10y0 ben- 
zene-95-90% petroleum ether eluate there was obtained 
0.166 g. (48%) of $-methyl-4-methoxybiphenyl, as colorless 
crystals, m.p. 52.5-54.5'. Recrystallization from petroleum 
ether raised the melting point only to 53.0-55.0'; a mixed 
melting point with the material described below was 53.0- 
55.0', and the two samples exhibited the same infrared spec- 
trum. 

1-(~-Methyl-4-me~hoxyphenyZ)-cycZohexanol. 2-Methyl-4- 
tnethoxybromobenzenea (b.p. 94-96' at 6 mm.) was pre- 
pared by methylating the potassium salt of 3-methyI-4- 
bromophenolw with methyl iodide in ethanol solution. 
The halide (30 g., 0.15 mole) was treated with 4.5 g. (0.17 g.- 
atom) of magnesium in 100 ml. of ether. Stirring a t  reflux for 
8 hr. was necessary before the magnesium appeared largely 
reacted. Cyclohexanone was then added to the cooled solu- 
tion and the mixture allowed to stir for an additional hour. 
Hydrolysis with aqueous ammonium chloride, followed by 
ether extraction, led to the isolation of an oil which con- 
tained considerable starting material. Chromatography on 
alumina, using benzene-petroleum ether (30-60') as eluant 
led to the crystalline carbinol, 8.6 g. (39%) m.p. 47-49'. 
Recrystallization from petroleum ether raised the m.p. to 

Anal. Calcd. for CllHzOOz: C, 76.31; H, 9.15. Found: C, 
76.41; H, 9.33. 

$-MethyL4-methozybiphenyl. Two grams (0.0091 mole) of 
1-( 2-methyl4methoxyphenyl) cyclohexanol was refluxed for 
2 hr. with 0.05 g. of ptoluenesulfonic acid in 40 ml. of ben- 
zene. The acid was removed by extraction with aqueous 
sodium bicarbonate, and the dried organic layer was e v a p  
orated to a light oil. The oil, which contained no carbinol 
a8 determined by the infrared spectrum, wae dissolved in 50 
ml. of p-xylene and the solution was refluxed with 0.50 g. of 
lOyo palladium on carbon for 21 hr. The catalyst w-as re- 
moved and the solution was concentrated to  an oil, which 
was dissolved in petroleum ether, adsorbed an 50 g. of ordi- 
nary alumina, and eluted with petroleum ether-benzene to 
furnish 0.462 g. (26%) of colorless crystals, map. 53-55'. 
Recrystallization from petroleum ether raised the m.p. to 
53.5-55.5 ' . 

Anal. Calcd. for ClrH,40: C, 84.80; H, 7.11. Found: C, 
85.14, 85.03; H, 7.22, 7.39. 
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48.5-50.0'. 

(28) N. P. Buu-Hoi, Ann., 556, l(1944).  
(29) R. C. Huston and J. A. Hutchinson, J. Am. Chem. 

Soc., 54, 1504 (1932). 


