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MOLECULAR REARRANGERlENT OF DIAZOTIZED 0-AMINOPHENYLCARBINOLS 

Two new reaction paths1 have recently been observed in the decoinposition of diazonium 
salts: in certain instances, inolecular rearrangement (2, 3) ,  and a fraglnentatioil reaction 
yielding a benzyne intermediate (2, 4). 

The first example of the rearrangement involved the conversion of B-o-aminophenyl- 
fluorenol into tribenzotropone (5). i\iIore recently ( 2 ) ,  the scope of the rearrangement mas 
extended to a group of o-aminophenylcarbinols (I),  yielding substituted 9-fluorenols 11, 
Icetones I I1 (resulting from inolecular rearrangement), and phenols (eq. [I]). 

The previous study de~nonstrated the necessity of an o-substituent (only the o-methyl 
substit~ient was studied (I, R1 = CF13)) for the production of ketone 111. These results 
(Table I (a-e)) suggested that the lifetime of the aryl cation formed by the loss of nitrogen 
is very short cornpared 1vit11 the time required for rotational equilibrium within the 
n~olecule (2). The follolving rationale was postulated. 

Structures IV and V represent confor~llations in which the unsubstituted o-position is 
within and without incipient bonding distance to the aryl catio11.2 

Two new o-substituents, chloro and ethyl, were introduced to increase further the scope 
of the rearrangenlent and to ofier more evidence to substantiate the previously postulated 
rationale. 

'For the ~ ~ z o r e  established reactiovs of the I ~ i g l ~ l y  reactive aryl cation, see ref. 1. 
'Structz~res Iv and V are not i?~tended to i n ~ p l y  that the two riugs are coplanar. 
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NOTES 2581 

The aminocarbinols listed in Table 11 were prepared from the correspoildiilg Grignard 
reagents and acetyl anthranil, yielding the amido alcohols (6). The anlido alcohols 11 ere 
subsequently hydroly~ed \I it11 alcoholic potassium hydroxide to the aminocarbinols. 

The amino alcohols Mere dia~otized in aqueous sulfuric acid and the diazonium salts 
were allowed to decompose a t  room temperature. Column chromatography on alumina 
was employed to separate the neutral materials. 

Since all the diazoniuin salt decompositions were carried out in strong acid conditions, 
the heterolytic mechanism is most probably operating ( l ~ ) . ~  The results are presented in 
Table I .  

TABLE I 
Yields of keto~les and fluorenols from d~azotiium salts 

Amirle I 

I R? lt 3 % Icetone I I l*  % lluorenol I I t  

a f  H H H 0 46 
H OCI-I? H 0 

"Yields in parel~tlleses refer to recr~~stal l ized ketone;  those wi t l~ou t  parelltheses refer to  chromato- 
graphed bu t  not recrystallized material. 

t l n  all cases. vielrls a re  based OII  recrvstallized lilaterial. 
tPre~~iously ' r&ported (2). 
$This  reaction, mllich was described previously (3), also gave a 7% yicld of 2-(2,s-dirnethsl-4- 

metl1osrbenzoyl)-2',S/-rlilnetl1yl-~L'-1~ietl1osy~~obe1~~e1~e. 

The lllost significant feature of the results presented i l l  Table I is that  ketone is only 
obtained from the triphenylcarbinol derivatives possessiilg an o-substituent. The effect of 
the three 0-substituents (chloro, methyl, and ethyl) cannot be solely electrical, since 
compound Ib, contaiiliilg the pol\-erful electron-donating p-methoxyl group, yields no 
ketone. I t  nlay be noted that electron-donating substituents in the $-position of the migrat- 
ing aryl group increase the yields of ketone significantly provided an o-substituent is 
present (Id, Ie, Ih, I i ,  and Ik). In  addition, one observes that ketone formation also 
appears to be dependent up011 the electrical properties of the o-substituent (compare Ic 
and I j  with Ig). These electrical effects are not uilexpected since the rearrangement involves 
the migration of an aryl group to an electron-deficient site. 

Another striking feature of Table I is that for a giaelz o-substituent the yield of fluorello1 
remains unaltered when electron-donating 9-substituents are introduced (Ig-Ii, Ic-If, and 
Ij-Ik). These data are consistent with the rationale previously postulated, based upon a 
very short lifetime for the aryl cation, the total number of free o-positions, and the relative 
populations of co~lforlnations IV and V. One additional observation, ho~\~ever ,  can be 
made. If the same relative populatioil of conformations IV and V is assumed for R1 = C1, 
CHB, and CI-12CI-13, the lo~ver yield of fluorenol for o-chloro versus o-methyl and o-ethyl 
(Ig versus Ic and Ij) may be ascribed to an adverse electrical effect. 

The evidence presently available indicates that ketone formation resulting from the aryl 
cation is directly related to the total nuiliber of substituted o-positions and the electrical 
property of the o-substituent. 

3Recently a n  iolt-diradical has  been postulated as the i?rteril~ediate (7). 
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ESPI<RIh~IEN'l'=\I,~' 

r\r),l halides \\-ere prep;~red as  folio\\-5: o-clilorol~ro~nol)e~ize~ie (3), b.p. 197-200" (rcportcd ( 8 )  b.p. I!)!)- 
'LOO0) ;  4-bron~o-9-clilorotoluerie (!)), I1.p. 75" a t  2 mnl (reported (!)) 11.11. 115-116" a t  25 m m ) ;  ::-chloro-4- 
iodoa~iisole (101, b.p. $13-97" a t  0.7 nlm (rcported (11) 11.p. 127-l:N0 a t  6 m m ) ;  o-iodoethylbenzene (12), 
b.p. 56" a t  0.7 Inni (rcported (12) b.p. 92-95' a t  13 m m ) ;  3-ctliyl-4-iocloanisole, b.p. 125-126" a t  5.5 111111 
(reported (10) b.p. 120-125" a t  5 n ~ m ) .  

Syntlrcsis o j  rlcelnrnido r l l ~ ~ l ~ o l . ~  
1\11 of the acetar~iido alcohols \\.ere prepared by the rcaction of the appropriate arylmng~~esium halide with 

acetyl ;~nthrariil (13). 111 each case a threefold excess of Grigllard reagent \\,as used. 'l'he ethereal solution of 
the Grignard reagent \\.as cooled in an ice b;~tlt clurilig the addition of a benzene s o l u t i o ~ ~  of acetyl nnthranil. 
7 .  

1 he reztctions were L ~ C I I  co~nplcted by rellusi~lg thc so l~~ t ions  for 3 It follo\ved by stirring a t  room telnperature 
overnight. 'l'he reaction n i i r t ~ ~ r e  mas then hydrolyzed \\,it11 all ani rno~~ium chloride solution, and the organic 
Inyer was sepnmicd ;t11d \v;tslied wiih 6 ilf sodium hydroxide followed by water. ;\fier the ether Inyer was 
dried over ca l c i t~~n  sulfate ancl the solvent renioved, the residue was crystallized, and recrystallized from 
benzene. 'l'he yields ranged from 18 LO 32Cjo. Three acetamido alcohols were characterized; the others were 
direcily hydrolyzed to the atiiino alcohols listed ill Table I I. 

l'he follo\\fing acetanlido alcohols \\,ere characterized. 
2-.-\cetaminophe1i~~1di-(2-chlorophenyl)c:trl,inol had m.p. 188-IS<)". 
r\nal. Calcd. for C.'IH17C12XO?: C, 65.20; I1,4.4-1; Y, 3.63. I:oi~~id: C, 65.14; I-1,455; S, 3.69. 
'L-i\cetamir1ophe1~y1di-('2-chloro-4-meiliylp1ier~yl)cnrbinol had 1n.p. 171-172". 
r\~ial. Calcd. for C?&I?,CI?NOy: C, 66.68; 1-1, 5.10; I, :;.:3S. 1;ound: C, 66.57; 11, 5.20; S, 3.40. 
2-:\cetaminophe1iyldi-(2-ethylphen)-l)carl1inol had n1.p. 1S1-I 86". 
r\lial. Calcd. for C?jI-I?iSOr: C, 80,:iD; I-I, 7.2:); S, S.75. 1;ound: C, SL).:::3; 1-1, 7.23; S, 3.66. 

Syrzthesis o j  ilnri?zo illcohols 
The amino alcohols listecl in 'l'able I I were prepared by tlie hydrolysis of the corresponding acetanlido 

>tlcohols. Thc hydrolysis \\?as accomplished by reflusi~lg ihe acetanlido :tlcohols with n 20% :tlcoholic potas- 
siunl hydrosidc solution for 24-30 h. 'l'he misiure \\as then poured into \\!;tier ; t ~ ~ d  extracted with ether, and 
the ether layer was dried over calcium sulfate. ;\ftcr removal of the ether the residue was crystallized from 
benzene - petroleum eilier (b.p. :30-60"). 

Diazotizatio?z.s 
'The a111i11o alcohols were cliazotized in 100-150 ml of 5-10% su l f~~r i c  acid and .5O ml of dioxane a t  0-5" with 

sligliily more i l ia l~  an ccl~~ivalent quantity of s o d i ~ ~ m  nitraie. 'l'he ;tqueous acid (100-150 ml) \vas cooled to 
0-5", and the amino alcohol (8-17 mmoles) dissolved in 50 ml of d i o s a ~ ~ e  \\,as added. 'l'o the cooled solution 
\\,as added the sodium nitrate in 10 1111 of water. 'l'hc solutioli \\as illell ztllowcd to stand a t  0-10" for 1-2 h, 
after which time the soluiior~ \\as permitted to warn1 to room temperature and re11iai11 ovcrniglit. The mixture 
was then \v:trn~ed to 40-50" io compleie ihc clecomposition (0.5-1 11). 'l'he mixture \\as extracted three 
times with ether and tlie eilier extracis \\ere \vashed wit11 5'jo sodi~~i i i  li!.droside to relnove plicnolic material, 
\\~hich \\?as not charactcrizcd further. 'Thc dried cthcr solution \\as the11 evaporated and the residue examined 
as described belo\\~. 

Prodzzcts jro111 Ig 
rl'he neutral rcsidue was dissolved i r ~  7.5:; pciroleunl eilier - l~enzene and adsorbed 011 I3lution 

with inore of ilie salne solve~ii  misiure yielclcd 0.165 g (2.!)'%) of ; ~ I I  oil, Y 1 685 cnl-I (chlorofol-111). The oil 
resisted all attcuipts a t  crystallizaiiol~. 'I'he Icetone, ho\vever, \\.as a s s ig~~ed  the struciure of 2-chloio-2'-(2- 
clzloio/)lrerryl) borzo/~I~e~ronc (1 [ 12). 

Elutiol~ of the roli~rii~i \\,it11 70% be~izc~ic-cl~loroform gave an oil \\~hich was crystallized fro111 benzenc - 
petroleum eiher, ).iclding 0.5:1S g (0.5c;) of 1-clrloio-$1-(2-ch1oiol)lzo~nyl)-!)-$r~ore?zol (I lg), m.p. 1l31-1:32". 

Anal. Calcd. for CI!,I-II?ClrO: C, 69.74; 1~1, :3.70. I;ourld: C, 6!).44; 11, 3.58. 
.4 duplicaie diazotizatio~~ tvith Ig ).ielded esseniictll!. the same resuIis: 3.2% lce io~~e (IIIg) and S.!)!41 

fluorenol ( l lg).  
Pioda~ctsjrorrr Ilr 
The neutral residue \\as dissolved in ec1u;tl volu~ncs of I)enze~ie - pelroleurn elher and adsorbed on a l~ui i i~ ia .  

Elution with tlie same solvent ~ n i s t t ~ r e  yieldcd 0.418 !: (S.Srb) of a yello\v oil, Y 1 677 cm-1 (chloroforn~). 'The 
oil could not be cr!.st:tllized; lio~vever, it \\!as assigned the s t r u c t ~ ~ r e  of 2-cl~loro-/t-n1etl~~~l-2'-(2-clzloro-4- 
irzetl~ylplzeizyl) be~rzo/~lrerro~ze (I I IIz). 

Elution of ihe columl~ \vith benzene gnvc a n  oil which was crystallized from I~euzcue - petroleun~ ether, 
yiclding 0.470 g (9.9::) of 2-chloio-~-r11etl~yl-D-(2-chloio-~-rrrellzyl~~l~etzyl)-D-$r1oi~~~ol (I IIz), m.p. 16:i-164". 

:\rial. Calcd. for C.1lll~Cl.0: C, 71.00; 1-1,4.54. 1;ound: C, 70.33; 1-I,4.74. 

~'~lf~icionnnbyses zL1eie cczrried or~l by Spang dI~icroa~rnlyticnl Lnbornloiy, A ~ I L  r l i b ~ i ,  .lliclrig~r~r. dlelting points 
(znd boili~zx poi7113 are nol coriecled. 

'.All clzio~nalogra~rzs desriibed I~eie i?~ were condrzcled zoillr. oidinaiy dIerck nlr~irrivo (20 g/g o j  cor~rpor~rrd). 
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Prodncts frori~ li 
The neutral residue was dissolved in equal volumes of benzene - petrole~lrn ether and adsorbed on alumina. 

Elution with benzene yielded 0.301 g (1lyO) of a light-yellow oil, v 1 672 cin-I (chloroform). The oil resisted 
crystallization; however, i t  was assigned the structure of 2-c/~loro-4-~r~et/~oxy-2/-(2-c/zloi.o-4-~i~etltonyp/~enyl) 
benzophenone (I I Ii). 

Elution of the colun~n with equal volu~nes of benzene-chloroform gave, after recrystallization from ben- 
zene - petroleum ether, 0.249 g (8.7%) of 2-ck~oro-4-met~zoxy-9-(8-~/~~oro-~-?r~et~~oxyp~~eny~)-9-~~~o~e?~o~ (II,i), 
n1.p. 191-193'. 

Anal. Calcd. for C?lH16C1?03: C, 65.13; I-I, 4.17. Found: C, 65.20; I-1,428. 
Prodz~cts from Ij 
The neutral residue was dissolved in 35yo benzene - petroleulll ether and adsorbed on alun~irla. Elution 

with petroleum ether yielded 0.803 g (16.9yfl) of a light-yellow oil, v 1685 cm-I (chloroforn~). Recrystalliza- 
tion from petroleum ether yielded 0.616 g (13y0) of 2-ethyl-8'-(2-et/zylp/~enyl) bensophe~zone (IIIj) ,  111.p. 
45-47". 

Anal. Calcd. for C?3H??0: C, 87.86; H ,  7.05. Found: C, 87.76; I-I,7.04. 
Further elution of the coluinn with benzene yielded, after recrystallization from benzeile - petroleum ether, 

1.487 g (31.3y0) of 2-et/zyl-9-(2-ethylpl~enyl)-9-fEuomol (IIj) ,  111.p. 91-93'. 
Anal. Calcd. for C?3H?:O: C, 87.86; 1-I,7.05. Found: C, 87.67; H,  7.11. 
Prodz~cts from Ik  
The neutral material was dissolved in equal volun~es of benzene - petroleum ether and adsorbed on 

alurnina. Elution with the same solvent mixture gave 0.028 g (337,) of a light-yellow oil, v 1665  cln-1 
(chloroform). The oil was crystallized from ethanol, yielding 0.780 g (28%) of B e t k y l - 4 - ~ r z e t / z o x y - R ' - ( ~ - e t ~ ~ y l ~ -  
methoxyplzenyl) benzoplzenone (I I Ik), m.p. 65-67'. 

Anal. Calcd. for C2jH2603: C, 80.18; H ,  7.00. Found: C, 80.23; I-I,7.09. 
Elution of the coIu1n11 with equal volu~nes of benzene-chloroforln yielded, after recrystallization from 

benzene - petroleum ether, 0.804 g (28.4%) of 2-et/zyl-4-nzet/zory-9-(2-ethyl-~-methoxyphenyl)-9-Jzco~enol (Ilk),  
m.p. 153-155". 

Anal. Calcd. for CejI-I:603: C, 80.15; I-I,7.00. Found: C, 80.23; H, 7.09. 
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THE STRUCTURE OF THE MALEIC ANHYDRIDE - ACETYLACETONB ADDUCT 

The reaction of maleic a n h y d r i d e  with acetylacetone was reported by Berner (I) in 
1946 to give rise to a 2: 1 a d d u c t ,  n1.p. 180' (decamp.), C13H120e. S i m i l a r l y ,  ethyl aceto- 
acetate was shown to give rise to an analogous adduct, C141-11401). The s t r u c t u r e s  Ia and 
Ib, respectively, were ass igned  to these a d d u c t s ,  l a r g e l y  on the b a s i s  of their d e g r a d a ~ i o n  

Canadian Journal of Chemistry. Volu~ne 'lL (1966) 
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