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Abstract: d-l-lydroxydimethylacetala I have been ahown to undergo two different reerrengemente involving 
highly selective IJ-shifts under mild conditions. When treated with Ph3P/CC14 in the presence of pyridine, 
I were cleanly transformed via 1,2-aryl shifts into methyl 2-arylpropanoates, an important class of anti- 
inflammatory agentq a pronounced subatituent effect has been observed in this rearrangement. 

Dn the other hand, treatment of I with catalytic amount of Ph3P/l in benzene furnished X-methoxy- 
&aryl propan-2-cneo in excellent yields and culminated in the develop! ment of a new methodology for 
1,2-carbonyl tranapodtion. 

ln the past several years, the chemistry of rearrangement reaction8 involving 1,2-shifts hae remained 

one of the most faeclnating areas of organic rewarch.’ The topic haa been approached moatly from its 

mechanistic aspects, great attention having been focussad m the issue of competitive migratory eptitude2 

(CMA) of atoms or groqs. The ratio of the products arising from 1,2-shifts of various migrants is generally 

considered as a measure of CMA.2 However, from a synthetic point of view, these rearrangements are 

not yet considered useful, as effective control over selective migration cannot be eaelly achleved.2 ln 

view of these observations, if a fine control over 1,2-selective shift of two potential migrants of diverse 

nature can be achieved, it would be of great synthetic potential. 

In general, the reactim of alcohols with triphenylphocphlne in combinatim with CC14/haiogene ie 

found to be a very useful method to obtain the correapondlng alkyl hallder in hi& yields without rearrange-. 

ment.3 In this comectim, it may be noted that these reactions are successfully carried wt with4 or 

wlttxJ organic bases wch ao amines along with Ph3Plhalogen; however, the role of arch an external 

bane in thie traneformatim ie not clearly. understood. Neverthelew, it her been pointed out that me of 

the intermediate% viz. the ylid Ph3P=CC12 formed by the reaction of Ph3P and Ccl4 10 a rtrong base 

and therefore use of an external base ie not recommended.6 L-Hydroxyacetals by virtue of poesensing 

both the masked keto and hy&oxy functimalitles make potential substrates for rearrangement reactions 

of synthetic utility. Therefore, It was interesting to subject the readily acceealble 2-hydroxyprrplophenone 

dimethylacetale I to the above mentioned halogenatlon reactions. After extensive experimentation of 

I with Ph3P/CC14 and PhJP/12 under B variety of conditions, we were surprised to find that an external 

base plays a crucial mle in diverting the course of the reaction, and culminating in two lntereeting rearrange- 

ments which are described below. 

RESU_TS 

Treatment of I wlth Ph3P/CC14 in CH2C12 in presence of pyridine, Instead of affording the co?re8- 

pondlng chlorlrler, etcprlsingly lad to an altogether different type of products, whew qectral data (lR,PMR) 

Indicated the presence of a -CDDCl+ and a asondary methyl group at the banzylic carbon. Thaw struc- 

tural featurer pramnt ln moat of the product8 (vide Infra) stmngly suggested the occurrence of a rearrange- 

ment involving aryl migration. An analyeir of their PMR and mare gectral data coqled with the elemental 

analysla enabled the characterization of the products aa methyl P-arylprqanoates, II (Eqn. 1). These 

etructural assignmanta were confirmed by an alkaline hydrolyrle of the products to the corregmding known 

Z-arylpropanoic acids. A different type of rearrangement occurred in a few cawa leading to l-methoxy, 

I-aryl prcpan-2-meq III (vlde lnfra). 
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Notear (a) Determined by GLC/PMR; (b) Ieoleted ylelde beesd on I cmrrwnedl (c) Resulted in high convereion8 
m%)r (d) The correponding acid8 af II [entry-31 end dshelogeneted II [entry-a] ere well-known entl- 
lnflamma,tory agents, Ibrgrofen and Nqroxen, respectively. 

A peruse1 of the result8 (Table) reveals that the aryl migration ie strongly influenced by the polar 

effect8 of the aryl subetituenta. Electron-releasing methyl, 58obutyl, methoxyl and phenyl Abstituents 

(,ef~t.riee 2-5) have led exclusively to atilmigrated product; II, the unsubstltuted I (R=H) yielded II along 

with III. The aryl migration was suppressed with the introduction of an electron-withdrawing substituent 

(entry-6) and wa8 completely absent in the cyano case (entry-7). Regerdlng the other type of products 

observed in certain case8 (entries 1,6 and 7) the typical spectral features (IR, PMR) for the CH3C0 and 

Ar-CH-OCH3 grolpe suggested the structure III and again, a complete spectral analysis and elemental 

conposition data provlded support to this structural aeeignmant. 

It is to be enphesized that ihe eelective aryl migration occurring in high yields in the. cane of I 

with electron-releasing aryl subetituents leading to II, constitutes a now methodology for the 8yntheSi8 

of 2-arylpropanoic acid8, an important class of non-staroldal antiinflammatory agent8.7 It is interesting 

to note thet the reaction of I with Ph3P/12 In the presence of pyrldine led to the same types of products 

de8cribed above. However, as the Ph3P/CC14 reaction was cleaner, this reaction was remrtad to for 

the study. It is, also noteworthy that the reaction of I with Ph3P/CC14 in the ab8ence of pyridine gave 

a mixture of the correapmding chloride8 and 2-chloro proplophenmes, the latter obviously arising from 

the hydrolysis of the correqmding chloroacatale by hydrochloric acid liberated in situ.’ -- 

Rearrangsmant of*- Lundar HI cataIy8h1 [Reerrensansnt-el 

On treetment of I with equlmolar amount8 of Ph3P/12. the reaction mixture turned highly acidica 

end gave rise to a mixture of produCtS. Intereetingly enough, with the adventitiau m of catalytic amount 
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of iodine, the reaction followed en entirely different course and led to the exclusive formation of III 

(Eqn. 2). It is neceeenry to polnt out that anprislngly, Ph3P wao almwt quuntitatively recovered suggesting 

that the reaction ia cetnlyzed by HI liberated in situ by the reection of I with Ph,P/$.’ A cereful analyris 

of the expdimentel condltiona revealed that only a catalytic amount of l-U generated as mentianed above 

wea adequate for an efficient and clean transformation of I to III in hlgh yielde (Table). Furthermore, 

this technique of liberating HI in situ wa8 found to be much superior when compared with the results _- 

obtained on addition of aqueous HI 65%) externally to the reaction mixture9 in that the other competing 

reactions such as dimerization 
10 

and hydrolyeie of the acetal to the parent ketone 
11 

were completely 

elimlneted. 

Plausible Pathway: To understand the probable course of this rearrangement, it can reasonably be 

assumed that the reaction of Ph3P/CCl4 with the hydroxyl group in I’leads to the corresponding phofphonium 

salt IA (Scheme 1) a8 the intermediateq’ instead of the normal Arbuzov reaction of this salt leading 

to the alkyl halide, an intramolecular l,P-aryl migration preferentially occur8 resulting in the formation 

of II with the concurrent loss of triphenylphorphlne oxide. 
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UW of pyridine eppeara to be responsible for directing the course of the reection in favour of the 

observed rearrangement (Eqn. 1). A likely explanation for this may bb found in the relative ease of the 

Arbuzov reaction under two different circumstances. In the absence of pyridine, the regction medium 

becomea sufficiently acidic due to the liberation of HCI and d-ketophoaphonium salts are formed a8 a 

result of the hytiolyria of the acetal group. In suchobketaptxqhonium aal& the Arbuzov reaction involving 

a bimolecular nurleaphilic attack (9~ pathway) ie expected to be greatly accelerated due to the&keto 

Socpi 
12 

whereer in the presence of pyridine, thia accelerating effect of the keto grolp vanihes a8 the 

acetal grog remeinr very much intact. In such a circumstance, the intramolecular aryl participation 
13 

assume8 competitive irrportance leading to observed rearranged products, II. 

The eeme phoqhonium anlt IA repmsible for the formatim of II, may be imagined to lead to the 

prdducts III &hema-2). While the aryl migration may Iced to II, a competitive 1,2-rnethoxyl migratlon, 
14 

followad by a 1,2-hydride shift can reuult in the carbocatim B, the’precurwr of III. 
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It may be pointed out that the tren6formation of I to II end III constitute fine sx~pl06 of 6elmtive 

1,2-migrations, controlled by the nature of the aryl aubstituents. It can be recalled that the electron- 

releacling 6ubrtituento in the phenyl rlng have led to the product6 II, erlring from exclusive 6ryl migration. 

Both Pry1 and methoxyl migrstion6 heve occurred In the ca6e of un6ubrtltuted and chloro-6ub6tituted 1. 

In the CBW of the highly electron-wlthdrawing cyeno-subetituted I, methoxyl migratlm becomes the exclusive 

pathway. 

RaPrargemsntb 

It should be emphasized that wlth almost quantitative recovery of triphenylphoghlne and ~6.6 of 

catalytic amount6 of iodlne, thi6 reaction get6 catalyzed by HI. 

SCHEME - 3 
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IC 

Formatlm of Ill in this reaction may probably be ascribed to a rearrangement (Scheme-3) involvlng 

acid-catalyzed lo66 of methanol 
15 

from I and eubsequent 1,2-hydride shift leading to the carbocatim, 

IC, the likely precursor of III. This overall mechanietlc scheme appeers to be reminiscent of the well- 

known pinacol rearrangement. It mey be noted here that thie reaction, unlike the previous one (vide Supra) 

I6 free from polar effect6 of the eryl 6ubrtituentr and offers q in high yields. 

1,2-Carbonyl traneposltim I6 an extremely ueeful operation practi6ed in synthetic organic +emietry 

and many method6 Bpe available in literature for this tranclformation. 
16 

Particularly, the traneformatim 

of propicphmmes Into 1-aryl-2prqanonee he6 attracted considerable attention; for eXan@e, Corey, 
17 

Paquette, l8 Lar6al19 and Shone” heve devised different methodologies toward6 this goal. In view of 

thle, it ‘may be pointed out that our methodology achieve6 this transformation In a relatively sin@e and 

convenient mamer. 

In conclu6lm, s-hydroxyacetals I have been shown to be excellent probe6 to check the occurrence 

of selective l,P-shift6l and we continue to explore the eynthetic potential of these reaction6 in other 

area6. 

All m.ps and b.p6 ere uncorrected. All 6olvent extract6 

over Na2S04 

were finally we6hed with brine before drying 

IR spectra were recorded a6 Smears or Nujol mull6 (solids) m a Perkln-Elmer Infrecord model 137E. 

PMR were taken in CDC13 eolutlm on a Varian FT-BOA Instrument using TMS 86 Internal etandard. Ma66 

spectra were recorded m a CEC ma66 spectrometer, model 21-1106, wing an ionization potential of 70eV. 

GLC analyses were carried out on e Hewlett Peckard-700 machine using a column, 180 cm x 0.6 cm pecked 

with 2040 FFAP (Cerbowax-2OM treated with terphthallc acid). 

The mlvento ueed In the pre6ent etudy were purlfled by standard procedure& Aldrich-made Ftyiala: 

triphenylphoqhine and freshly 6ubllmed Iodine were employed. Pyridlk wilr refluxed over KC3-l pellet6 

and dirtilled before uoe. The starting 2-hydroxypropiophenone dlmethylaceKal6, I, were prepared from 

the corresponding 2-chlor~roplophenones by a reported methodi2’ thew hydroxyaiietal6 gave 66tirfactory 

elWm?ntary analyrlr end cpectrel data. 
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Genapl pfom&mm for the r-t reactima: 

RearranqementA: To a premixed solution of I (5 mmol), Ph3P (7.5 mmol), pyridlne (10 mmol) in 

CH2Cl2 (IO ml), dropwise addition of CC14 (25 mmol) was made at room temperature, while stirring. 

The reaction mixture was further stirred at R.T. for 15 hr. and treated with water, extracted with CH2C12 

(10 ml x 3). The organic extract was successively washed with cold dil. HCI (l:l), water and brine, then 

dried over anhydrous Na2S04. The cruda product obtained by the evaporation of the solvent, was chromato- 

graphed over SiO2. Initial eluticn with 95r5 n-hexane:ethylacetate mixture broughtforth the product 

II which was distilled under reduced pressure. Further elutlon yielded almost equlmolar (with respect 

to I) quantity of triphenylphoaphine oxide. 

Hydrolysis of methyl 2-aryl propanoates Ih A mixture of II (10 mmol) and 2N sodium hydroxide 

(25 ml) was stirred at 8O-850 for 3 hr. The reaction mixture was cooled to room temperature and acidified 

with cont. HCI, then extracted with ethylacetate (3 x 30 ml). The organic phase was washed with brine 

and dried over anhyd. Na2S04. Evaporation of the solvent under reduced pressure furnished the corresponding 

2-aryl propanolc acids in SO-90% yields. 

Rearranqement B: To a solution of I (5 mmol) end Ph3P (75 mg) in benzene (10 ml), iodine (65 mg) 

was added at R.T. and the solution was stirred for 15 hr. Benzene was stripped off on water bath and 

the crude product obtained was chromatographed on SlO 2; distillation under reduced pressure afforded 

pure III. 

Characterizetim of pmta 

(a) Methyl 2-aryl propanoates (II)x These compounds were subjected to alkaline hydrolysis as described 

above and the correpondlng P-aryl prcpanolc acids were obtained. 

Physical data of Z-aryl propanolc acids (See Table): Z-Phenyl propanolc acid (R=H), m.p. 16OC (hexane) 

(Lit.22 m.p. 16OC); 2-(4_methylphenyl) propanoic acid (R=CH ), m.p. 38-390 (hexane), (Llt.23 m.p. 36-37OC)l 

2-(4-isobutylphenyl) prcpanolc acid, m.p. 76OC (hexane) (Lit. 
23 

m.p. 75-77OC); 2-(4-methoxyphenyl) propanoic 

acid, (R = OCH3), mg. 57OC (hexane) (Lit.22 56-57OC); 2-(biphanyl) propanolc acid (R = Ph), mg. 146OC 

(Lit.23 mg. 146.5OC), 2-(Cchlorophenyl) prcpanolc acid (R = Cl), m.p. 57OC (hexane) (Lit.24 57-5W’C); 

2-(6-methoxy, 5-chloro-2-nwhthyl) prcpanoic acid, m.p. 151-3°C (acetone-hexane) (Llt.25). 

(b) 1-Methoxy-1-aryl-2-propanonee, IIh 1-Methoxy-lphenyl-2propanone (R=H), b.p. 1200 (bath)/3 mm 

(Lit.26 110-1120/0.8 mm); IR: 1715 and 1105 cm-1; PMR: 2.06 (e, 3H), 3.36 (8, 3H), 4.58 (e, IH) and 7.30 

(a, 5H); Mass: m/e 164 (M+, 4%), 135 (38%) and 121 (100%); CloH1202 requires C 73.14; H 7.37; Found 

C 73.01; H 7.15. 

1-Methoxy-I-(p-methylphenyl)-2-propanone: (R = CH3): b.p. 1300 (bath)/3-4 mm; IR: 1720, 1600 and 1100 

cm-‘; PMR: 2.05 (s, 3H), 2.31 (s, 3H), 3.32 (s, 3H), 4.57 (8, IH) and 7.23 (8, 4H); Mesa: m/a 176 (M+, 3.5%)~ 

1.51 (61%), 135 (100%). CllH1402 requires C 74.13; H 7.92; found C 74.26; H 7.51. 

l-Methoxy-l-(4-iaobutylphenyl)-2-propanone: (R = i-C4H9)r b.p. 14fl” (bath)/4 mm; IR: 1718, 1600 and 

1110 cm-‘1 PMR: 0.88 (d, J = 9Hz, 6H), 1.65-2.05 (m, IH), 2.08 (6, 3H), 2.43 (4 J=9Hz, W, 3.32 (s,3H), 

4.58 (s, IH) and 7.05-7.25 (m, 4H); Mass: 220 (M+, 19f& 192 (8%), 177 (loo%), 161 (14%), and 150 (22%). 

C14H2002 requires C 76.32; H 9.15; found C 76.47; H S-89. 

l_Methoxy-l-(4-methoxyphenyl)-2gropenone$ (R= OCH3): b.p. 136O (bath)/4 mm; IR: 1720, 1610, 1125 

and 1105 cm-‘8 PMR: 2.03 (e, 3H), 3.30 (a, 3H), 3.72 (s, 3H), 4.51 (6, 1H) and 6.75-7.35 (m, 4H)i Ma- 

m/e 194 (M+, 4%), 166 (14%), 151 (97%) and 135 (1009G1 CllH1403 requires C 68.02; H 7.2’; found 

C 68.12; H 7.21. 

1_Methoxy_1-(biphenyl)-2-prapanone: (R=Ph)r Thick syrqpy material; IR: 1718, 16tl0, 1490 and 1108 Cm-‘; 

PMR: 2.0~ (s, SH), 3.31 (s, SH), 4.60 (s, 1H) and 7.2-7.6 (m, 9H); Maser m/e 240 (M+, 2%), 197 (100% 

and 181 (42%). C16H16C2 requires C 79.97; H 6.71; found C 80.15; H 6.51. 
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l-Mathoxy-l-(4-chlorop~yl~-2~ropennar (R =Cl): b.p. 126OC (bath)/3 

cm-II 

mmI IR: 1720, 1595 and 1115 

PMR: 2.08 (s, 3H), 3.35 (s, 3i-0, 4.57 (8, IH) end 7.33 (6, 4H); Mawr m/e 200 WI%), 198 bc19b), 157 

(254(3, 156 (7296) and 139 (10096). C,,,H,,O2Cl requires C 60.441 H, 5.58 and CI 17.85; found C 59.94; 
.- - 

H 5.55 and Cl 17.63. 

1 -Mathoxy-l_(4-cyancohanyl)_2oropeMner (R = CN): 

1100 cm”1 PMRr 2.09 (8, 3H), 3.38 (4 M), 4.65 

161 (a%), 146 (100%) and 130 (13%. C1,H1,ND2 

H 5.91 and N 7.03. 

b.p. 135% (bath)/4 mm; IR: 2200, 1710, 1600 and 

(8, IH) and 7.2-7.8 (m, 4H)r Maecu m/a 189 (M+, 29Q 

requires C 69.82; H 5.86, and N 7.49 found C 69.45; 

l-Mathoxy-l-~6-mathoxy-5-chloro-2-neghthyl~-2~ropanona: Thick syrrppy material; IR: 1710, 1600, 1155 

and 1080 cm”I PMR: 2.08 (s, 3H), 3.37 (s, 3H), 3.85 (8, 3H), 4.64 (6, 1H) end 7.2-8.1 (m, 5H)1 Mass m/e 

2SO (M+, 1%); 278 (M+, 196), 260 (SW, 237 (459Q 235 (100%) and 184 (35%): C15H15CI03 requires 

C 64.62; H 5.43; Cl 12.73) found C 64.33; H 5.30; Cl 12.44. 
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