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Abstract-The orrho Claisen rearrangement of dissymmetrical, I,ediaryloxy-rrcurr-2-buttacs has been 
studied. Degradativc evidence was provided to determine the migratory aptitude of the aryl moieties. 
An or&o substituent on the aryl ring induced greater ease of migration. fura chloro and para mcthyi 
functions induced nearly equal migrato~ aptitude. 

IN A recent communication’ on the orrho Ctaisen rearrangement of symmetrical 
1,4diaryIoxy-~u~-2-buteue~ it was reported that 1,4-diaryloxy-rruns-2-butenes 
underwent only a single Claisen r~~angement as shown below : 

A 3 

The butenyl ether (B) did not tautomerize under the experimental seditions, 
pr~lud~g thereby a second Ciaisen migration. Encouraged by this observation, we 
have investigated the behaviour of 16 different dissymmetrical ethers with a view 
to determine their relative migratory aptitudes. 

Synthesis of the dissymmetrical l+diaryloxy-trots-2-butenes was achieved by a 
bimolecular dispiacement of an 1-aryioxy~-chloro-ttans-2-butme with a different 

Ar = . . b.p. “C/mm Yield 

1. Phenoxy 130/S t 
2. o-Methy1phcn0xy 1 10/%X * 

3. o-Chlorophcnoxy 165/12 51 Thisstudy 
4. m-Methylphtooxy 138/S 48 ‘l-his study 
5. pChlorophenoxy 158/4 45 Thisstudy 
6. pMethylphenoxy MO/4 43 Thisstudy 

* B. W. fforrow and H. E. Zaugg, I, Am. Chem. Sot. 79,1754 (1957). 

’ R S Thyawjan, K. K. Balasubmmanian andR. Bhima &so, Tertphadrcn 23 3205 (1967J 
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phenol in the presence of alkali. Two such monoethers were already known in the 
literature and four more were synthesized. These are listed in Table 1. 

In order to ensure that no SN; displacement had occurred during introduction 
of the second aryl moiety, the 1 +chlorophenoxy)4+methylphenoxy)nans-2- 
butene was prepared starting from either mono aryl ether as illustrated below : 

I 

As identical derivatives were obtained from either starting material it was clearly 
established that the ethers were truly dissymmetrical 1,4diaryloxy-trans-2-butenes. 
The NMR spectra of the ethers corroborated these conclusions by showing only 
three types of protons, oiz. the 0-methylene protons, the vinyl protons and the 
aromatic ring protons. The ethers are listed in Table 2. 

TAEUJ 2. DISWMMETRICAL I.~-DuRYLoxY-~~~-~-~I~N~~ 

B.p. 

“C/ttUll 

h4.p. 

“C 

1. Phcoyl 
II. Phetlyl 

III. Phcnyl 
IV. Phcoyl 
V. Phcoyl 

VI. o-Methylphenyl 
VII. o-Methylphcnyl 

VIII. m-Methylphcttyl 
IX. m-Methylphenyl 
X. p-Methylphcnyl 

XI. pMethylphcnyl 
XII. p-Methylphcnyl 

XIII. p-C%lorophcnyl 
XIV. pChloropknyl 
XV. p-Chlorophcnyl 

XVI. j+Chlorophcnyl 

oChlorophcnyl 160/W 
p-Methylphenyl 72 
p-ChIorophenyl 69 
p-Nitrophcoyl 102 
j%Naphthyl 112 
m-Methylphenyl 148/07 
p-Methylphcnyl 72 
p-Methylphenyl 18Op9 
pChlorophcrtyl 18O/lQ 
o-Chlorophcnyl 65 
o-Methoxyphenyl 76 
p-Nitrophcnyl II0 
o_Methoxypheoyl 81 
p-Nitrophenyl II3 
pMethylpheayl I04 
p-Naphthyl 100 

As in the earlier study, ’ the ethers were subjected to ChGen rearrangement in 
rdluxing diethylaniline. Although the ethers were liquids or solids of low, m.p., 
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rearrangement without solvent caused considerable decomposition and reversal to 
the starting phenols. 

In every instance, the product was a high boiling liquid obtainable in good yields 
(55-82 %). However, most of the products proved to be inseparable mixtures. To an 
extent, this was anticipated because of the close similarity in chemical properties 
between the prodocts arising by the two different modes of rearrangement. In 
addition, one has complications arising from concomitant ring closure of the products 
to benzopyran or benzofuran derivatives. The b.p. of the products and relative yields 
are listed in Table 3. 

Starting compound 
uide carlicr Table 

ROdUCl 
B.p. 

“C/mm 
Yield % 

I XVII 
II XVIII 

111 XIX 
V XX 

VI XXI 
VII XXII 

Vlll XXIII 
IX XXIV 
X xxv 

XI XXVI 
XIII XXVII 
xv xxv111 

XVI XXIX 

158/06 60 
180/l 66 
192/l 82 
(m.p. 122O)* - 

164/06 72 
196/1Q 70 
16op.4 64 
174p5 55 
16op5 62 
190/06 67 
164p4 68 
175fO.7 62 
(m.p. 122”). - 

l This solid WM idcntilkd u fhaphthoL Ethers IV, XII rod XIV did not yield 
characterizable producta from tbc rearrangement. 

All the rearranged products exhibited the following common features: 1, a strong 
OH absorption in the IR; 2, facile formation of a mono-acetate; 3, elements of 
unsaturation by the ready uptake of bromine water and aqueous permanganate; 
4, UV spectra (uide Tables 4 and 5) that showed no enhanced conjugation from the 
starting ether so that the newly created unsaturation was not in conjugation with 
either aryl unit. 

TABLE 4. UV DATA Dl’ DISY MmeTNcAL ElHm 

Stutine 
ether No. 

I 219 (4.29), 274 (3*56), 280 (3%) 
VII 226 (4.33). 28 l(350) 
XI 220 (4.19). 278 (3*33),284 (346) 

XV 226 (4*35), 2go (34) 
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The NMR spectra of al1 the rearranged products also showed characteristic 
signals, eqxcially three sets of multiplets in the retions 4.1, 52 and 62 ppm in the 
ratio 3 : 2 : 1 respectively. These were similar to those obtained in the rearrangement 

TALSLE~.UV DATAoFTIB RmRRAmeyENr PRoDuc!Ts 

OF DiSY MME-lRlCAl. EllWRS 

Product 
No. 

XVfl 220(4.19), 276 (358) 
XXII 220(402), 28Of3.42) 
XXIV 225(4.18), 278 (3.57) 

XXVIII 208'h (4.19). 228 (4.35). 282 (3.61) 

products from the corresponding symmetrical ethers. l The synthetic and degradative 
evidence adduced earlier relating to the rearrangement of symmetrical ethers and 
the ~mbination of chemical and physical evidence presently available indicate 
either of the foflowing two formulations for the r~~angement products: 

The earlier study indicated the facile cleavage of these derivatives either by alkali 
or by anhydrous aI~i~um chloride to the respective phenols. In the present 
instance, cleavage to the phenol would occur only on that aryl ring which did not 
suffer migration. Whereas simple or& ally1 phenols undergo only an isomerization 
to the propenyl derivatives under the action of alkali, the stability of the phenolate 
anion as a leaving group and the enchanced acidity of the benzyl-allylic proton 
favours the smooth f&elimination. 

Such a cleavage was applied to the five cases where elemental analyses and VPC 
analyses of the phenols (or their acetates) guaranteed their purity and homogeneity. 
The resulting phenols were estimated by VPC. The results are summarized in Table 6. 

In the two mixed ethers derived from p-cresol-guiacol and from pchlorophenol- 
guiacol, the guiacoi residue shows preferential migration to the extent of more than 
1O:l. This suggests that a single ortho substituent enhances the rate of migration of 
that aryl moiety in comparison with the puru substituted aryl ring in the competitive 
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TABLE 6. PHSNas OBTAlNED BY CLEAVAGE OF umRRANoBLIENT PuODucn 

starting 
Compound 

Product 
Phenols obtained Relative 

RI Rl ratio R,/Bs 

VI 
X1 

Xl11 
xv 
xv 

XXI 
XVI 

XVII 
XVJII 

acetate of XVIJJ 

O-CXSOI 
/J-CfCsol 
p-Cbloropbenol 
p-Cllloropbenol 
p-Chloropbcnol 

m-Crcsol 

Guiacol 
Guiacol 
pCrcsOl 
pCresol 

1:4 
II:1 
IO:1 
l.l:l 
1.2:1 

Claisen rearrangement. Only recently the same conclusion was indicated by kinetic 
analysis of the rates of re-arrangement of simple aryl ally1 ethers2 Thus product 
analyses in the present study amply bear out the results of the kinetic investigations. 

The case of the l-@-chlorophenoxy)4-(p-methylphenoxy)fr~rrs-2-butene emphasizes 
this feature even more strongly. The rearranged phenol and its acetate showed 
excellent elemental analyses. The solid acetate showed a single spot on TLC. Never- 
theless, alkali cleavage of both the acetate and the phenol resulted in the formation 
of nearly equal amounts of the two different phenols (uide Table 6). This clearly 
indicated that although the solid crystalline acetate showed a single spot on TLC, 
the product was a mixture involving the migration to nearly equal extent of either 
aryl moiety. Earlier kinetic studies3 showed the following data : 

CC> 

’ I 

k, x IO’/sec 

R = Cl 17u 

R’ 
,’ R = MC 2.08 

EXPERIMENTAL 

l-Aryloxy4~hloro-trans-2-butcnrJ 
General procedure. To trruu-1,4dicbloro-2-butene (I.5 moles) in EtOH (200 ml), in a 2-necked flask 

fitted with an dli&nt stirrer, tbe required phenol (1 mole) was added in the form of potassium aryloxidc 
(prepared by dissolving I mole of phenol and I mole of KOH in 150 ml EtOH) The addition was carried 
out over a period of 5 hr with stirring at room temp. Next day it was filtered, the residue was washad 
well with EtOH, which contained mostly KCl and a little bis ether. 

The ethanolic filtrate was compktely distilled OR. the r&due taken up in ether and the ether soln 
washed with dilute alkali. It was then washed with water and dried (MgSO.) and evaporated. The liquid 

TAFlLx 7. I-AnnoxY4~HtoR~rrmu-2-B~~ 

Analysts % 

No. Ar=... Formula CdC. Found 

C H C H 
3. o-Chloropbenoxy C,,H,eOt& 55.30 460 55.14 448 
4. m-methylpbenoxy CrrH#Ct 67.52 6.14 6737 6.55 
5. pCbloropbenoxy CroHroOG 55.30 460 55.30 4.74 
6. pmatbylpbanoxy CIIHI~OC~ 67.52 6-14 6747 636 

J E N. Marval, B. J. Burreson and T. CramtaR, 1. Org. Chem. S, 1030 (1965) 
’ HLGoaislIrdR.R.J~brasI.AmC~SocY3277(19J). 
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obtained was fractionally distilled fn wcuo. The fust fraction distilling over at 70-90° at 40 mm was 
discarded and consistcd mostly of unrcactcd cxcsss dichlorobuteae. The second fraction distilling over 
at a constant tcmp at 5 mm, was the dcsiral I-aryloxy4chloro-rrans-2-butcne. The pot rosiduc on 
cooling to room tcmp yielded some his ether which was combined with the carlicr ppt and aystallixcd 
from EtOH after eliminating KCl. The yield of mono ctha was about 50% Tables I and 7 summarixc 
tbc properties of the mono etbcrs : 

Repuation of dissynmetrical ethers 
Tk dcsircd phenol (0125 mole) and KOH (@I25 mole) were dissolval in EtOH (50 ml). The soln 

was rcfluxcd with stirring for about I5 min. Then the dcsircd I-aryloxy4chloro-rronr-2-butane (0.1 mok) 
was addcd slowly and refluxing with stirring was continual for about 6 hr. and the mixture left ovcmight. 
It was then filtcrcd. the r&due washed well with water to remove KCI and crystallixcd from either pet. 
ctbcr-bcnznc or EtOH. The ethanolic fdtratc on conanvation furnished some more material. yklds 
wcrc about 65 to 75 ‘A in each cast. 

The ethm thus obtained arc listed in Tables 2 and 8. 

TABLE 8. DWW MMeTelCAL I ,4 DtARYLoXY-Ir(UL(-2-BtJTeNEs 

H Analysis % 
R,-O-CH,-G=C-CH,+R, 

No. H Formula C-MC Found 

R, Rs C H C H 

I. Phcnyl o-Chlorophcnyl 
II. Phcnyl pmcthylphcnyl 

III. Phcnyl pChlorophcnyl 
IV. Pbcnyl pNitrophcnyl 
v. Phcnyl Bmphthyl 

VL o-mctbylpbcnyl m-wthylphcnyl 
VII. o-mcthylphcnyl p=thylphcnyl 

VIII. m-mctbylphcnyl pmthylphcnyl 
IX mmctbylphcnyl pchlorophcnyl 
X. pmcthylphmyl o-Chlorophcnyl 

XI. pmcthylpllcnyl o-mthoxyphcnyl 
XII. pmctbylpbenyl pNitrophcnyl 

XIII. pChloropbcnyl o-mcthoxypbcnyl 
XIV. pChlorophcnyl p_Nitrophcnyl 
XV. pchloropbcnyl p-mcthylphcnyl 

XVI. pChlorophcnyl Bnaphthyl 

6995 5.8 7001 5,27 
8028 7.13 79.70 7.16 
69.95 5.8 69.81 5.74 
67.36 5.3 67.25 5.3 
82.37 6.25 83Q7 6G4 
8056 7.51 8050 762 
8056 7.51 8040 7.19 
8056 7.51 8061 7.34 
70.70 5.89 6993 6a3 
7Q70 589 7M9 568 
76+m 7Q4 7594 687 
68.22 5.72 68a 560 
6690 5.55 66.88 564 
6009 4.38 59.74 448 
7t370 5.89 7@87 590 
73.95 5.20 74.32 5.56 

Remmqawnt qfdissynuwtrid butenyl ether 
‘I& rurrangcmcnt of thcsc cthcrs was done in refluxing N,Ndiethylanilinc (5 ml for 1 gm ether) for 

10 to 12 hr and removing the PhNEts in uocuc (5 mm) and distilling the rcsiduc at a still lomr press (@5 
to 10 mm). None of the nitro ctbcn could be rearrant@ to give any charactcrixabk product. Tbc two 
B-naphtboxy ethm V aml XVI afforded only ~naphthol as tbt identifiable product. The IR spectra of 
ail tIk wt prc&cts showed the ptwcna of a OH function (2.8 mp) and a wak bpnd (61 mp) 
fortbcwwlycratuitlmU&m. 

Tabks3and9glvntlxu&hontbe rarrMgean?nt products: 



Studies in Claiscn rearrangement--VI 3539 

TABLE 9. REARRANGEMENT PRODUCTS OF DISSYMMETRICAL FTHERS 

Analysis % 

Starting compound Rodua 
uide earlier Tabk 

CalC. Found 

C H C H 

VI XXI 80.56 7.51 8060 7,87 
VIII XXIII 8056 7.51 8092 7.85 
XV XXVIII 7@71 5.89 71.24 6.16 

Preporation of the acetate derivatives 

The phcnolic product (5 g) was rcfluxed for 6 hr in AC,0 (25 ml) to which pyridine (15 ml) wax addal 
It wax then decomposed with ia piazes, extracted with ether, washed with NaHCO,aq and water. The 
liquid a&tea were distilled In wtyo while the solid aatate was crystallized from pet. ether (M) or 
akohol. The physical constants and analytical data arc lixtcd in Table 10. IR spectra of all the aatatcs 
xhowcd the abscoa of OH peak and the prwcna of tbx aatyl group (5.72 mp). 

TABLZ IO. Acrrr~n DmIvAnVBS OF REARRANOPYBM PRODUCTS OF DlS!iYMMFlRICAL ETHEM 

Ardysis % ’ 

ROdUCt 
Aatnte Ykld % 

I3.p. “C/mm 
No. ti5.p. “C 

Formula WC. Found 

C H C H 

xxv xxx 72 164/@5 CIQHMO,~ 68.98 5.78 69,24 5.82 
XXVI XXXI 80 2oo/lQ G,H,,O. 73.60 679 73.84 697 

XXVIII XXX11 75 85” C,,H,,O,Cl 68.98 5.78 68.63 5.83 

Almmbdm chlori& cleaqe of the reurrangement products 
The wt product (001 mole) wax,dixxolved in dry bcnxc~ (25 ml) and rcfluxcd with anhyd 

AIQ, (002 mok) for 2 hr. The red xoln wax decompoaal with ice and 1 :l HCY aod then extracted with 
*her. TL ether extract wax washed with 20% NaOH4 and the alkaline extract acidilial with dil HCI. 
It yu then extracted with ether, the ether extract waxhed with water and dried (MgSO,). Evaporation 
ol the cthcr xoln ami distillation of the phcnolic product in WCYD afforded the phenols Their identity 
and relative ntia wen dctcrminal by VPC an8lysix. 

Lbse-cntdysd clcrrwge of the rearrqement prudncts 

‘Ibt wt product (001 mole) wu diaolval ia MeOH (50 ml) containing KOH (005 mok) 
~therolnw~coocen~t~Itwu~bcnhatadin~oil~that11~1#)“(inddttemp)for4hr.Tbe 
&aI& mixture wu diluted with water, extracted with bcnxu~c and the bcnzzne soln extractal with 
20% NaOHaq. -Ck combined aIkalinc extracta wzrc &tied with dil HCl IDd extracted with ether. 
Ibe etha atnct wax waxhod free of aci& dried (MgSO,) and cv8pontcd. The crude phcnolic products 
wanuulywdbyVFC 


