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ABSTRACT 

A nutnber of 1-(2-aminopheny1)-1-(substituted ary1)ethanols were deaminatecl, yielding 
ketones, formed by a molecular rearrangement and, in some instances, azo Icetones formed 
by intramolecular coupling and cleavage. The sensitivities of these two reactions, one charac- 
teristic of the aryl cation and the other of the diazonium group, to relatively small changes 
in the electrical nature of the migrating group were determined. 

The  products of decomposition of the aromatic diazoniuill ion (I)  may be classified a s  
resulting frorn the aryl cation (11) (produced by the irreversible loss of nitrogen from I) ,  

or from the diazonium group functioning as  an  electrophile. The  available data  in the  
literature indicate that  the aryl cation (11) is a highly reactive, non-selective moiety (1, 2). 
Thus,  the heterolytic acid-catalyzed decomposition of diazonium salts nornlally leads t o  
substitution by solvent or other nucleophiles (3, 4),  bu t  in certain instances nlolecular 
rearrangement (2) and elimination, yielding benzyne intermediate (2, 5, G ) ,  have been 
observed. 

The  well-linolvn coupling reaction of aromatic diazonium ions yielding azo compounds 
illustrates the electrophilic property of the diazoniuin group. Other reactions indicating 
this property have been discussed elsewhere (7, 4 (p. 424 ff.)). 

Recently, an interesting intramolecular coupling and cleavage of a diazotized anline 
was reported (8). Namely, when l-o-aminophei~yl-l-(2,j-dii1~etl~yl-4-11~ethoxyphen~~l)- 
ethanol (111, R1 = R4 = CH3, Rg = OCH3) was treated with nitrous acid, in addition to  
phenol and the expected rearrangement product (2) (IV), an 18% yield of azo ketone (V) 

was isolated (eq. I). T h e  interinolecular application of the aforementioned reaction led 
to  an excellent synthesis of aldehydes and lietones (9, 10, 11). 

lTaken i n  part f ron~ the Pk.D. thesis of Robert L. Colzen, Adelplti College, 1963; presented at A?rzerican 
Chemical Society Meeting, New York,  N .  Y., Septenzber 9-13, 1963. 

2Present address: Jackson Laboratory, Organic Clzemicals Departmeltt, E . I .  d z ~  Pont de Nenzours alzd Cont- 
puny ,  Inc., P.O. Box 525, Il'rln~ington 99, Delaware. 
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COHEN A N D  SISTI: o-AMIKOPHEXYLCARBI?jOLS 1380 

The present paper deals with a study of the factors (steric and (or) electrical) which 
pronlote the novel rearrangement of the anisyl group yielding azo ketone. It  is also of 
interest to note that compounds of type I11 afford an excellent opportunity to study 
simultaneously the reactivity and selectivity of the aryl cation (11) and the diazoniu~n 
group (I) with minor changes in the electrical nature of the migrating group (eq. 1). 

RESULTS 

The ainino alcohols listed in Table I were prepared by treatment of the appropriately 
substituted o-aminobenzophenones with methylmagnesi~~i~i iodide. The o-aminobenzo- 
phenones were prepared by conventional Friedel-Crafts acylations. Each compound was 
diazotized in acidic aqueous dioxane and the resulting diazonium salts were decomposed 
a t  room temperature. Three products were isolated: alkali-soluble material presumably 
phenol, lcetones resulting from molecular rearrangement, and azo ketones (when produced) 
resulting froin intramolecular coupling and cleavage. The two ketones were separated 
chromatographically on an alumina-packed column. 

The results of the diazotization of various 1-(2-a1ninophenyl)-1-(substituted aryl)- 
ethanols (111), yielding ketone (IV) and azo ketone (V), are given in Table I1 (eq. I ) .  No 
fluorenol resulting froin ring closure (2) could be isolated. The ketones (IV and V) were 
identified by infrared spectra and elemental analysis. Structure determinations were not 
carried out since lcetones (2) and the azo lcetone previously isolated (8) fro111 si~nilar 
reactions were synthesized unequivocally. 

DISCUSSION 

Inspection of the results presented in Table I1 reveals that azo ketone (V) was produced 
only by those amines which contain alkylated anisole rings (IIIf-IIIi). Significant amounts 
were produced from the diazotization of anlines which bore two allcyl substituents in the 
anisole nucleus (compare IIIe and IIIf with IIIg-IIIi). The effect of the ortlzo-substituent 
(R1) in promoting azo ketone forination cannot be primarily steric in nature (compare 
IIIg and 111; with I I I j  and IIIk). Specifically it should be noted that the azo coupling 
of the electrophilic diazonium group is particularly sensitive to the electrical changes in 
the migrating anisyl group (compare IIIg, IIIh, and I I I i  with IIIe and IIIf, and with 
I I I j  and IIIk). A rationalization for the results is best presented by assunling that  the 
transition state for intramolecular azo coupling resembles the intermediate presented 
in equation 2. AIaximum stabilization for the transition state is furnished by the p-meth- 
ox~, l  group, however, this substituent is not sufficient to yield a significant amount of 
coupling product. If the inductive stabilizing effect of the 1-methyl and 2- or 4-methyl 
groups are added, the rate of intran~olecular azo coupling is fast enough to produce 
reasonable yields of the azo ketone. This interpretation of the results is in complete 
agreement with previously reported studies (12). The rate of coupling of p-nitrobenzene- 
diazonium sulphate with various alkylated anisoles increased in the following order: 
m-methylanisole, 2,3-dimethylanisole, 2,5-dimethylanisole, and 3,5-dimeth~.lanisole (ani- 
sole and o-methylanisole do not couple a t  all). Competitive coupling studies of phenols 
and substituted phenols with 9-nitrobenzenediazonium sulphate revealed that chlorine 
and bromine deactivate whether ortho or meta to  the coupling position (coupling occurs 
para to -OCH3 or -OH group). Thus, the methyl, chloro, and broillo groups, .ivhich are 
sterically similar, whether ortlco or meta to the coupling site exert effects consistent with 
their respective inductive electrical properties. A rationale for nligration is therefore 
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TABLE I 

Amino alcohols 

Calc. Foui~d 
Yield,* 

M.p. 7% C H N C 1-1 N 

1- (2-Amino-4,5-dimetI1ylphenyl)-l- (2-chlorophen~~1)- 
ethanol (1116) 

1-(2-Amino-4,5-di1nethylphenyl)-l-(2-bro~~~ophe1~yl)- 
ethanol (IIId) 

l-(2-Aminophenyl)-l-(2-n1etliyl-4-methos~plie11yl)- 
ethanol (IIIf) 

1-(2-Aminophenyl)-1-(2,3-di1~~ethyl-4-n~etl~ox~~phe1i~~l)- 
ethanol (IIIh) 

1-(2-~n1ino~he~l)-1-(5-methyl-2-eth~1-4- 
methoxyphenyl)ethanol (IIIi)  

1-(2-Aminophe1~yl)-l-(2-chloro-5-methyl-4- 
~nethoxyphenyl)etha~lol (IIIj)  

1-(2-A1~iinophen~l)-1-(2-bromo-5-1neth~~l-4- 
t1iethosyphenyl)ethanol (IIIk) 

2-Aminophenyldi-(2,5-dimethyl-4-methoxypl~e11~~l)- 
carbinolt (VI) 

*Yields refer to  reactions of substituted o-an~inobenzoplienones rr'ith methylmagnesium iodide. 
tPrepared from methyl anthranilate and the Grignard reagent from 2,5-dimetl1yl-4-metl1oxyiodobenzene. 
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envisaged as an intran~olecular electrophilic attack by the diazonium group upon the 
anisyl group (eq. 2). 

In a previously reported result ( 2 ) ,  azo ketone was not isolated when amino alcohol VI 
was deaminated. Further substantiation of the selectivity and sensitivity of the electro- 

philic diazonium group to relatively minor electrical changes was obtained upon diazotiza- 
tion of the amino alcohol (VII) which resulted in the isolation of a 7% yield of azo ketone 
(VIII) (eq. 3).* 

Further inspection of Table I1 reveals that  the yields of ketone (IV), produced by 
migration of the aryl group to an electron-deficient carbon (2) (aryl cation), were essen- 
tially constant (I1 If-I I Ik). These constant yields are significant since in those cases in 
which negligible amounts of azo ketone were produced (IIIf, j ,  and k), the increased por- 
tion of the reaction via aryl cation gave mainly phenol. Thus, the aryl cation is relatively 
insensitive to these electrical changes in the migrating group. Since it has been demon- 
strated that  the lifetiine of the aryl cation is very short (13) these results are not completely 
unexpected. However, they strongly support the nlechanism previously offered for the 
forillation of ketone (2). Thus, the electron-donor group (-OCHJ in the para-position 
of the migrating group assists rearrangement provided an ortlzo-substituent is present 
(compare IIIc, d, and e with IIIf-k). This electrical assistance is to be expected in this 
type of rearrangement. Provided the p-methoxyl group is present, the yield of ketone is 
related to the number of free ortho-positions (IIIf-k). When the p-inethoxyl group is 
absent the effect of an o-substituent upon ketone forination appears to be electrical 
(IIIa-IIId). The rate of lcetone formation, therefore, appears largely determined by the 
ilu~llber of free ortko-positions, and the ground state electron density, of the migrating 

* 2 , 5 - ~ i ~ 1 1 e l l ~ ~ l - ~ - r n e t l ~ o x ~ - 2 ' - ( 2 , 5 - d ~ o e  (27%) a d  l , ~ - d i n ~ e t l ~ y l - 3 - t ~ 1 e t I ~ o ~ y -  
1 ) - ( 2 , 5 - d i t 1 z e t 1 ~ ~ ~ l - ~ e l 1 ~ o . ~ ~ ~ p 1 ~ e i 1 y l ) - 9 - z o r e 1 1 o l  (15.5%) were also isolated. 
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COHEN A N D  SISTI: o-AMINOPHENYLCARBINOLS 1393 

aryl group. As previously presented ( 2 ) ,  the following reaction path is in accord with the 
data (eq. 4). 

EXPERIMENTAL 

Synthesis of o-Anzinobenzoplzenones 
The following lcetones were synthesized by the method of Kranzlein (14): 2'-chloro-4,5-dimethyl-2- 

aminobenzophenone, m.p. 121.5-123" (reported (14), 120") ; 2'-bromo-4,5-dimelhyl-2-aminobenzophenoze, m.p. 
111-112.5"; yield, 617,, crystallized fro111 95% ethanol. Anal. Calc. for C l sHl~BrN0:  C, 59.22; H ,  4.64; 
N, 4.61. Found: C,  59.26; H ,  4.62; N ,  4.53. 

2-Amin0-4't11elkosy-2'-nzethylbenzophenone 
This was prepared according to the procedure of Sternbach el al. (15) by treating the Grig~lard reagent 

prepared froin 4-iodo-3-methylanisole (16) with acetyl anthranil (17); yield, 17a/,; m.p. GO-6l0, crystallized 
from aqueous ethanol. Anal. Calc. for ClsH151\'O?: C, 74.66; H, 6.26; N, 5.81. FOLIII~: C, 74.53; H ,  6.34; 
N, 5.69. 

The following series of substituted benzophenones were prepared according to  the procedure of Lothrup 
(18): 2,3-dimethyl-4-methoxy-2'-aminobe1zopheno11e, m.p. 147-149" (reported (18), 144-145"); 2-elhyl-4- 
nzethosy-5-methyl-2'-a~izitzobenzopI~e~~o~ze, m.p. 116-118"; yield 49Y0, crystallized from 95y0 ethanol. Anal. 
Calc. for C17H1qS02: C, 75.81; H ,  7.11; N, 5.20. Found: C, 75.67; H, 7.16; N ,  5.33. 

2-Cl~loro-~-nietAosy-5-ntethyl-2'-aminobe~zzopl~enowe 
2-Chloro-4-methos~~-5-111ethyl-2'-ami11obenzophe101e, m.p. 124-126"; yield, 29a/,, crystallized from abso- 

lute ethanol. Anal. Calc. for C;jHl,ClNO?: C, 65.34; H ,  5.12; N ,  5.08. Found: C, 65.20; H,  5.20; N, 5.15. 

2-Bromo-~-1t~ethosy-5-n1elhyl-2'-aminobenzophet~o~ze 
2-Bro1no-4-1~~ethoxy-5-n1ethyl-T-a1~~inobe11zophenone, 111.p. 139-141"; yield, 227,, crystallized from 957, 

ethanol. .Anal. Calc. for CljHIIBrSOz: C, 56.26; H ,  4.41; N ,  4.37. Found: C, 56.21; H ,  4.25; N, 4.52. 
The following anisoles were prepared by treating the correspo~~ding phenols with methyl iodide for 5 hours 

in refluxing alcoholic potassium hydroxide: 2,3-dimethylanisole, b.p. 195-198" a t  760 n1n1 (reported (19), 
199" a t  760 m u ) ,  yield, 7370; 5-ethyl-2-methylanisole, b.p. 77-80" a t  4.3 mm (reported (20), 96" a t  16 mm), 
yield 817,; 5-chloro-2-methylanisole, b.p. 204-207" a t  760 111111 (reported (21), 206-308" a t  760 mm), yield, 
64%; 5-bromo-2-methylanisole, b.p. 75" a t  1.4 mrn (reported (22), 108" a t  15 mm), yield, 837,. 2,3-Dimethyl- 
phenol was a commercial product, the other phenols were prepared by the  neth hods described: 5-ethyl-2- 
n~ethylphenol, b.p. 89' a t  2.5 rnm (reported (23), 224" a t  760 I I I ~ ) ;  5-chloro-2-lnethylphenol, m.p. 70-75" 
(reported (31), b.p. 225" a t  760 mm); 5-bro~no-2-methylphenol, 111.p. 78-80'' (reported (24), 78"). 

Synthesis of Anzino Alcohols 
A11 of the amino alcohols listed in Table I mere prepared from the appropriately substituted o-amino- 

benzophenone and ~i~ethylmagnesiu~u iodide, except compound VII which was prepared by treating the 
Grignard reagent of 4-ioclo-2,s-dimethylanisole with methyl anthranilate. 4-Iodo-2,5-din1elhylanisole \\,as 
prepared from 2,5-dimethylanisole by the procedure of 0l;i and Sato (25), m.p. 46-48", yield, 607;. Anal. 
Calc. for CqHIIOI: C, 41.25; H ,  4.20. Found: C, 41.35; H ,  4.36. 

I n  each instance the ethereal sol~ltion of the Grignard reagent was cooled in an  ice bath during addition of 
the carbonyl compound. The reactions were completed by refluxing for approximately 24 hours, with the 
exception of the preparation of VII in which case the reaction mixture was stirred overnight a t  room tem- 
perature. Hydrolysis n-as effected with aqueous ammonium chloride. All amino alcohols were crystallized 
from benzene- petroleum ether with the exception of I I I h  which was crystallized from 95% ethanol. 

Diazotzsallo?zs 
The amino alcohols (5-20 mmoles) were dissolved in a mini~num quantity of p-dinsane and added to  

100-200 1111 of 5-107, sulphuric acid solut~on. The resulting solution or suspension was diarotired with 
stirring by the dropwise addition of an excess of sodium nitrite d~ssolved in 10 ml of \\later. The solution \ \as 
allowed to stand froin hour to 3 hours a t  0-10'; it aras then permitted to uarlll to room temperature and 
stand o\rernight. The cleconlposition \\as completed by warming to 40-50°. The rcactlon mixt~ire was es- 
tracted three times ni th  ether, and the combined ether extracts \\ashcd, first with trio 100-nll portions of 
57, aqueous sodium hydroxide, and thcn with water, to remove phenol~c material, which \Ifas not further 
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characterized. The neutral ether solution was dried over calciun~ sulphate, the solvent relnoved under 
vacuum, and the residue in each case treated as described below. 

Prodzicls fronz IIIc 
The residue was dissolved in 15% benzene- petroleunl ether and placed on the colu~nn. Elutio11 with 

45% benzene - petroleum ether yielded 0.063 g (1.34%) of oil, v 1692 cm-I (chloroform). The ketone was 
completely converted to its 2,4-dinitrophenylhydrazone. There was obtained 0.062 g of hydrazone, m.p. 
235-236". This was equivalent to 0.036 g (0.8%) of 2-(2-cl~lorophe~~yl)-4,5-dimethylaceto~enoze. i11lal. Calc. 
for C??H1,C1N404: C, 60.21; H,  4.36; N, 12.77. Found: C, 60.10; H ,  4.41; N, 12.69. Further elution of the 
column produced only highly colored oils. 

Prodzicts fronz IIId 
The residue was dissolved in 20% benzene- ~etroleum ether.  laced on a column, and eluted with 1:l . - 

benzene - petroleum ether. There was obtained 0.066 g (1.4%) bf oil, v 1690 cm-l'(chloroform). I t  was 
completely converted to its 2,4-dinitrophenylhydrazone, which after purification, yielded 0.104 g of hydra- 
zone, 111.p. 231-234' (decomp.). This was equivaleilt to 0.065 g (1.4%) of 2-(2-bronzophenyl)-~,5-di~1ze~/~ylacelo- 
phenone. Anal. Calc. for C??Hl,BrN404: C, 54.67; H,  3.96; N, 11.59. Found: C, 55.46; H ,  4.29; N, 11.98. 
Further elution of the colunln produced only highly colored oils. 

Prodzicts fronz IIIf 
The residue was dissolved in 30y0 benzene - petroleum ether, placed on a column, and eluted \vith the 

same solvent. There was obtained 0.845 g (177,) of light yellow oil, v 1687 cm-I (chloroform). The oil was 
completely converted to  its 2,4-dinitrophenylhydrazone yielding 1.13 g of hydrazone, m.p. 150-152.5", 
equivalent to  0.655 g (13.4%) of 2-(2-n~ethyl-4-nre~/zoxypl~enyl)acetophenone. Anal. Calc. for C??H?ON~OS: 
C, 62.85; H,  4.79; N, 13.33. Found: C, 62.64; H, 4.85; N, 13.20. 

Elution of the column with chloroform gave a red oil which crystallized from aqueous ethanol to yield 
0.095 g (1.7%) of red needles, m.p. 71-72.5', v 1685 cnl-I (chloroform). On the basis of previous worl; (8) 
i t  was assigned the structure of 2-acetyl-2'-nzetl~yl-~'-ti1et/zoxyazobetzzene. Anal. Calc. for CIGH1~x?0? :  C, 71.62; 
H, 6.01; N, 10.44. Found: C, 71.78; 11, 6.19; N, 10.73. 

Prodzicts fronz 1111~ 
The residue was dissolved in 1: 1 benzene - petroleum ether, placed on a columtl, and eluted with petro- 

leum ether. There was obtained 0.862 g (18.47,) of an oil, v 1685 cnl-l (chloroform). The oil was crystallized 
from benzene - petroleum ether yielding 0.560 g (12y0) of 2-(2,S-di~i1etl1.yl-4-~i~et/zoxypl1e~~y1)acetopl~etzotze, 
n1.p. 60.5-61.5". Anal. Calc. for C17H180?: C, 80.29; H, 7.13. Found: C, 80.17; H, 7.28. The 2,4-dinitro- 
phenylhydrazo~le melted a t  163-165'. Anal. Calc. for C ~ ~ H ? J V . ~ O S :  C, 63.58; H, 5.11; N, 12.90. Found: 
C, 63.39; I-I, 5.03; N, 13.00. 

Elution of the column with 1:l  benzene - petroleum ether gave a red oil which crystallized from ethanol 
to  yield 0.808 g (15.6%) of 2-acetyl-2',S'-dinzethyl-4'-t~zet/zoxyazobe?~zene, m.p. 13P135', v 1687 cm-' (chloro- 
form). Anal. Calc. for C1,HlaN:02: C, 72.32; H, 6.43; N, 9.92. Found: C, 71.96; H, 6.32; S, 9.80. 

Prodzicts fro1n IIIi 
The residue was dissolved in petroleunl ether, absorbed on the column, and eluted \vith 10% bbezene - 

petrole~um ether. There was obtained 0.622 g (14.2y0) of 2-(5-~netl~yl-2-ethyl-4-met/~oxyplzet~yl)acetop/1enone, 
m.p. 68-TO0, v 1683 cm-I (chloroforn~), which was crystallized froill petroleum ether. Anal. Calc. for 
C1aH2002: C, 80.56; H ,  7.51. Found: C, 80.53; H, 7.59. The 2,4-dinitrophenylhydrazone melted a t  lT0-171.5°. 
Anal. Calc. for Cz4H?.iN405: C, 64.27; H, 5.39; N, 12.50. Fou~ld:  C,  64.07; 13, 5.38; N, 12.38. 

Elution of the column with 1:l benzene - petroleum ether gave a red oil which crystallized in red needles 
from 80% aqueous ethanol to  yield 0.799 g (16.570) of 2-acetyl-5'-~i~ethyl-2'-et/zyl-4'-lnet/~ox~~azobe~~zene, 
m.p. 49-51', v 1687 cm-I (chloroform). Anal. Calc. for ClsH2oN?O?: C, 72.95; H, 6.80; K, 9.45. Found: 
C, 73.06; H,  6.69; N, 9.41. 

Prodzbct from IIIj 
The residue was dissolved in 45y0 bbezene - petroleum ether, placed on a column, and eluted with 25% 

benzene - petroleun~ ether. There was obtained 0.704 g (15%) of a light yellow oil. The oil \\.as crystallized 
from ethanol to yield 0.550 g (11.7%) of 2-(2-c~~loro-5-nzet/~yl-~-n~et/1oxypl~enyl)ace~op/ze~zo~~e, 111.p. 114-115', 
v 1697 cnl-I (chloroform). Anal. Calc. for C1GHljC10?: C, 69.94; H, 5.50. Found: C, 69.92; H,  5.52. The 
2,4-dinitrophenylhydrazone melted a t  184-186'. Anal. Calc. for C?.'H1,C1N4O4: C, 58.08; H,  4.21; K, 12.32. 
Found: C, 57.99; 11, 4.15; N, 12.20. Further elutio~l of the column produced only highly colored oils. 

Prodzicls fronz IIIk 
The residue was dissolved in 30% benzene - petroleum ether, placed on a column, and eluted with 40% 

benzene - petroleum ether. There was obtained 0.740 g (15.8%) of an oil. The oil was crystallized from 
benzene - petroleum ether yielding 0.610 g (13.lyO) of 2-(2-b~o~no-5-n1ethyl-~-~t1et~1os~~pI1en~l)~cetoplze~zo~1e, 
m.p. 123-12A0, v 1686 cm-' (chloroform). Anal. Calc. for C16H15BrO?: C, 60.20; H,  4.74. Found: C, 59.98; 
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H, 4.72. The 2,4-dinitrophenylhydrazone melted a t  195-197O. Anal. Calc. for C2?Hl9BrN4O6: C, 52.91; 
H, 3.84; N, 11.22. Found: C, 52.69; H, 3.70; N, 11.18. Further elution of the column produced only highly 
colored oils. 

Prodzlcts frowz V I I  
The residue was dissolved in 1 : l  benzene - petroleum ether, placed on the colunln, and eluted with 

2:l  benzene - petroleum ether. There was obtained 0.714 g (387',) of a light yellow oil, v 1660 cm-I (chloro- 
form). The oil mas crystallized from petroleunl ether yielding 0.502 g (27%) of 2,5-dimethyl-4-metlzoxy- 
2'-(2,b-din1etlzyl-4-~netlzoxyphenyl)beophezone, m.p. 97-99". Anal. Calc. for C?;HZG03: C, 80.18; H, 7.00. 
Found: C, 79.98; H ,  7.07. 

Elution of the column with benzene produced a red oil which crystallized from ethanol to give 0.156 g 
(7.47',) of 2-(2,5-din1etlzyl-~-vzethoxybe~1f:o~~l)-2',5'-ditzetlzyl--met1zoaobzzeze, m.p. 133-13A0, v 1660 cm-I 
(chloroform). Anal. Calc. for C?jH?tN?03: C, 74.60, H ,  6.51; N ,  6.96. Found: C, 74.44; H, 6.58; N ,  6.86. 

Further elution of the column with 2: 1 chloroform-benzene yielded an oil which crystallized from ben- 
zene - petroleum ether to give 0.286 g (15.3%) of i , ~ - d i m e t l z y l - S - t ~ z e t 1 1 0 x y - 9 - ( 2 , 6 - d ~ e n y l ) -  
9-fEzrorenol, 111.p. 231-233', v 3600 cn-I (chloroforn~). Anal. Calc. for C26H?~03: C, 80.18; H ,  7.00. Found: 
C, 80.29; H ,  '7.07. 
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