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~-Phrriyl-4-h~droxc).cluinoIincs may bc obtained clirc,ct.ly from ethyl henzoylacetate and arylamines using polyphosphoric 
ncid. Under ccrt:iin conditions a mixture of benzoylacetanilide and p-arglaminocinnamate (or anil) is obhined. It, is also 
hhown that, while thc p-nr>,l,zminocinnamates give the espcJrtrd 4-hydroxyquinolines on cyclization when heated with poly- 
i~tiosphnric acid, the benzoylncet,anilides tend to give mixtures of the isomeric 2-hydroxy- and 4-hydroxyquinolines. 

-4s relatively small quantities of polyphosphoric 
acid (PPh) in the von Pechmann reaction mere 
found to give satisfactory yields of hydroxy- 
voumarinsl it was decided to investigate the effect 
of this reagent in the synthesis of 2-hydroxy- and 4- 
hydroxyquinolines by the Conrad-LimpachZ and 
linorr3 reactions from the respective acetanilides 
I and the p-:iryl3niinocrotoiiates or cinnamates 
(mils) 11 obtained from the corresponding P-keto 
ester and arylamine. 

The synthesis of 2-phenyl-4-hydroxyquinolines 
from ethyl benzoylscetate in this way has not heen 
s u c c e ~ s f u l ~ ~ ~  because of the difficulty in obtaining 
the intermediate a-arylaminocinnamate or anil. 

Although a direct synthesis of 2-alkyl- or ?-aryl- 
4-hydroxyquinolines from @-keto esters and aryl- 
amines has as yet not heen reported, such a method 
for the synthesis of ~-phe11yl-4-liydroxyquinolillei; 
has now been obtained by heating an excess of et,hyl 
beiizoylacetate and arylamine with polyphosphoric 
acid a t  lSOo ,  the yields varying from 50 to 70%, 
traces of the isomeric 4-phenyl-2-hydroxyquinoIiiies 
being formed. 

The ester and the amine on heating for one hour a t  
1.20' in the absence of polyphosphoric acid, gave the 
expected benzoylacetanilide as  well as a small 
amount of the P-arylaminocinnamate. I n  the 
presence of polyphosphoric arid a t  the same tem- 
perature, the yield of 0-arylaminocinnamate was 
increased to  approximately 20% with a conse- 
quent decrease i n  the yield of benzoylacetanilide. 
This method of preparing the cinnamate is much 
more rapid than any other described in the litera- 
t i ~ r e . ~ . ~  

Very good yields of 2-phenyl-4-hydroxy quinolines 
and of 4-phenyl-2-hydroxyquinolines were obtained 
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when the respective arylaminociniiamates and 
benzoylacetanilides were cyclized by heating the 
former with equal weights of polyphosphoric acid 
and the latter with ten times the weight of poly- 
phosphoric acid. 

In the case of some anilides, however, low yields 
of the phenylhydroxyquinoline were obtained due 
t o  the decomposition of the benzoylacetanilide by 
the polyphosphoric acid. X similar observation 
was noted by StephensonR who used a very large 
excess of polyphosphoric acid. 

When benzoylacetanilides were heated under 
similar conditions but using an equal weight of poly- 
phosphoric acid, a small quantity of the 4-phenyl-2- 
hydroxyquinolone was obtained together with 
about a 20% yield of the isomeric 2-phenyl-4-hy- 
droxyquinoline. 

This would seem to be the first time that a mix- 
ture of the two isomeric hydroxyquinolines has been 
obtained in this reaction. The formation of the 
isomeric phenylhydroxyquinolilles from a benzoyl- 
acetanilide may be explained on the assumption 
that  the anilide undergoes a Fries type rearrange- 
ment under the influence of the polyphosphoric 
acid, into the o-amino-w-benzoylacetophenone IIT 
which on dehydration would give the 4-hydroxy- 
quinoline: 

One of the interesting arylamines studied was p -  
nitroaniline. Attempt3 to prepare the corresponding 
P-arylaminocinnamnte by previous investigator. 
n-ere unsuccessful and the preparation of 2-phenyl- 
6-nitro-4-hydroxyquinoline by the Conrad-Limparli 
method has not been reported. I n  come preliminary 
experiments carried out, it  n-as shon-n that n.heii 
p-nitroaniline and ethyl brnzoylacetnte were heated 
with polyphosphoric acid a t  160" for twenty mill- 
Utes 2-phenyl-6-nitro-4hydroxyquinoline was iso- 
lated. Other nitroarylamines are being inves t iga td  

( 8 )  E. F. >I. Stephenson, J .  Chem. Soc 2557 (lCJ5tij 



The reaction of srylamiiier with other 8-keto 
esters arid with 1,:E-diketoiies in the presence of 
p~lyphosplioric acid is also being studied, the re- 
sults of which will be published later. 

EXPERIMENTAL 

Benzoylacetanilidcs and p-ar!/Zaiiz1'tzocinrtuii/ntes. (a) Hen/- 
ing without poli/phosphorir arid. ;\ inis t i i r r  of thrx :tryliiiiiinc~ 
(0.02 mole) and (,thy1 henxo~-laret:~tc~ (0.02 mole) \vas stirred 
and heated a t  140-145° for 1 hr. diiring which period rflor- 
vescence occurred. After cooling, thf. inist,iire w a s  n.arnietl 
wit,h 10% sodium hydroxide and filtered. The alkaline fil- 
trate on acidification with acetic acid yiclded the benzoyl- 
acetanilide which was crystallized from dilutc ethaiiol. The 
residue, a gummy-like material, after n-ashing with water and 
triturating with hydrochloric acid to remove un- 
changed amine, tyas dissolved in warm ethanol. On cooling, 
t,he crude p-arylaminocinnamate separated and was re- 
crystallized from dilute ethanol (charcoal). All the benzoyl- 
acetanilides gave a piirple coloration with alcoholic frrric 
chloride, 

( b )  Heating with polyphosphoric a,cid. A niixturci of thca 
arylamine (0.02 mole), ethyl lxxv,oylac,etate (0.02 niole j 
and polyphosphoric ac,id (1-2 p.) was stirred and httatcd a t  
140' for 1 hr. The product was treated as in (a ) .  

Thr  results :irr summarized in Table I. 

With- 
JVith out 
PP.4 PPA 

Arylamine Prod- Yield, Yield, L1.P. 
R, It, uct r- I @  I Obs. Lit. 

H H  I 19 1 63 0 
II= 9 (1 :3 3 

CHj H I 32 0 65 0 
I1 16 0 1 0 

H CHS I 9 9  7 1 5  
11 14 5 trace 

H OCH, ID 11 3 75  5 
I1 12 1 1 0 

H C1 I 22 2 70 :3 
I1 11:) 1 0  

CH, CH, I 11 65 3 1  fi 
IIC 25 0 9 0 

H NO2 I 38.0 

107-108 
71-72 

138-1.71) 
101-102 
131-132 
69-70 

121 
11:3-114 
15i-I58 
1 1 I -1 1 3 
188-157 
87 5- 
88 5 

175-180 

107-10fi6 
92-93' 

138-1 39 
91)-1007 

1 3 1- 132' 
71-72' 

1 27-128' 
11 1-1 13' 
151-156' 
107-108' 
1 5 i  

179-180' 

a Calcd. for C1;HI7O2S: C, 76.38; H, 6.45; Found: C, 
i6.00; H, 6.52. ' Calcd. for Cl6HiaO:$N: C, 71.36; H, 5.6; 
Found: C, 71.24; H, 5.61. Calcd. for C1,H,1O?N: C, 77.25; 
H, 7.17:  Foiind: C, '76.82; H, '7.15. 

C!/clization ~--ar~~lniirinocirina.iimles to 2-phenyl-4-hy- 
drox?/qzbinoliriea with polyphosphorzc acid. The arvlamino- 
cinnaniate (0.5 g.) and polyphosphoric acid (0.5 g . )  were 

(9) G. H. Broivn, J. Figueras, K. J. Geldhill, C. J. Kibler, 
S. M. McCrossen, S. h l .  Parmerter, P. \I-. Vittutn, and -4. 
\Vpiarhitrger, .J, A m .  C h m  Snc., 79, 2919 (1957) .  
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stirred and heated a t  1'70" for 15 min. and the solution, after 
effervescence had ceased, \vas traitt,etl with 10Ijh sodium hy- 
droxide to dissolve the 2-phenyl-4-hydroxyquinoline pro- 
duced. The alkaline solution, aftcr trcatnient with charcoal, 
when acidified with acetic acid dcposited the almost pure 
quinoline in 80-907, yield. Using an excess of polyphosphoric 
acid----e.g., Ti.0 g.-did not produce R noticeably better yield. 
The purc cotiiporind \viis oi)t,aiiiod l)y rr.nrynt,allizat ion from 
dilute ethanol. The isomeric 4-ph~!ri~l- 'L-liytIros~~~~ii11~li1ic 
\ x i s  not found in  t,hv rraction prodiict. 

The following quinolinca wsre ol~tained by cyclizing t,he 
corresponding :~rylanlinoc.i~~natnates: 3-pheriyl-4-h\-droxy- 
quinoline (m.p 254'; lit." 253-253'1; 2-phen~.l-4-hydrosy- 
8-~liethylquinoline (m.1). 226-227'; lit. 1" 2224-225'); 2- 
phenyl-4-hydrox~~-6-methylquinolirie (11i.p. 296-297"; lit.Io 
294-295'): 2-pheii~l-4-hydros~--6-chloroq~iinoli1~e (1n.p. ?&l- 
852"; lit.'" 350-351'). 

C~/clization of benzoylacetanilides with polyphosphoric acid 
into ( a )  4-phenyl-Z-hydroxyq~Linolines. A mixture of the ani- 
lide (0.5 g.) and polyphosphoric acid (5.0 g.) was st#irred and 
heated a t  140-150" for 15-20 min. The product was then 
treated with 10% sodium hydroxide to remove any alkali- 
soluble impurities and t,he residue of crude 4-phenyl-2- 
hydroxyquinolines crystallized from dilute ethanol. 

The following quinolines ivere obtained by cyclizing t'he 
corrcqwndiiig hrnzoylacetanilides: 4-phenyl-2-hydrosy- 
quinoline (n1.p. 257-258'; lit.6 25:3-256'): 4-phenyl-2-hy- 
drox~--0-11iethylquinoline (m.p. 243-244"; lit.11 238');  4 
phenyl-2-hydroxy-8-methylquinolinr in1.p. 221-222' : lit.6 
216-217'); 4 - p h c n y l - 2 - h y d r o s ~ - ~ , ~ - d i t ~ ~ r t ~ h ~ ~ l q ~ ~ i n o ~ i 1 i ~ ~  (n1.p. 

dnal. Calcd. for CliIllsON: C, 81.91; H ,  6.07. Found: C, 
8'2.60; H, 6.22. 

Little, if any, 4-phenyl-2-hydroxyquinolines resulted from 
benzoylaceto-p-chlorottnilide) ixlnzoylaceto-p-anisidide, and 
benzoylaceto-p-nitroanilidr, the anilides in these casrs under- 
going decomposition. 

(b)  2 - P h e n ? ~ l - & - h y d r o x y q u i ~ o ~ ~ ~ e , ~ .  A mixt,urc of the pure 
anilide (0.5 g.)*and polyphosphoric acid (1.0 g.) was heated 
and stirred for 20 min. at, 140". The resulting yellow viscous 
mass was warmed with 107% sodium hydroxide and the alka- 
line solution separated from a giiinmy residue which on suit- 
able treatment yielded a small amount of the 4-pheny1-2- 
hydroxyquinoline. The alkaline solution on acidification with 
acetic acid precipitated the crude 2-phenyl-4-hydroxyquino- 
line in about 20% yield. The crude product wits purified by 
redissolving in alkali, treating with charcoal and then acidify- 
ing. A mixed melting point of the recryst,allizeti material 
(dilute ethanol) with an authentic specimen of the 2-phenyl- 
4-hydroxyquinoline showed no depression, but a distinct 
depressiori was obtained with the 4-phenyl-2-hydroxyquino- 
line. 

The following quinolines were obtained when t'he corre- 
sponding benzoylacetanilides were t,reated in t.he above man- 
ner: 2-phenyl-4-hydroxyquinoline, 2-phenyl-4-hydroxy-8- 
methylquinoline, 2-phenyl-4-hydroxy-6-methylquinoline, 2- 
phenyl-4-hydroxy-6-chloroquinoline, 2-phenyl-4-hydroxy-6- 
iiiethoxyquinoline (m.p. 306-307'; lit.'% 308-310" 1, 2-phen- 
vl-4-hydroxy-6,8-dimethylquinoline (n1.p. 228"; lit.12 228- 
230'). 

Heating 1.0 g. of benzoylacetanilide with only 0.2 g. of 
polyphosphoric acid did not result in any quinoline being 
formed. No effect was observed when either the 2-hydroxy- 
or 4-hydroxyquinolines were heatcd with polyphosphoric 
acid. 

Z-Phenyl-4-hydroxyq~~inolines jrom arylamines and &keto 
esters w i th  polyphosphoric acid. The mixture of arylamine 
(0.05 mole), p-keto rster (0.05 mole) and polyphosphoric 

(10) B. P. Banndiwala and C. 3f. Desai, J .  Znd. Chem. 
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acid ( 2 0  g.) \v:is st,irrc'd aiid h(bat,ed a t  140-150" for I hr. 
after which thr .  viscous inass was tjrwtjed uit,h 20c,*{ hydro- 
chloric acid to form the sparingly soluble hydrochloride of 
the quinoline which was then warmed with 10% sodium hy- 
tlroxid(~, filtcbrcd from very small quantities of the 4-phenyl- 
2-hydroxyquinoline; the filtrate was treated with charcoal 
;ind then acidified with acetic acid. The 2-phenyl-4-hydroxy- 
(liiinolinw wcrc dcpositcd in 35-400,b yields. However, hy in- 
creasing the, :mioirnt of c s k r  to 0.1 mnk. t h r  \+Ids of t,hc' 
quinolincs incwnsrd to 50-70',;. 

Thr  following quinolinc,s w r e  ol)t:iinect I)! this proc~rdurt,: 
2-ph~~iiyl-~-~iydrn~y(ii i i i ioli i i(~,  2-ghr~iiy1-4-hytIroxy-~j-~~ieth!l- 
cliiinolinc~. L'-plic~11yl-~-h~dros~~-8-mrthylqi1inoli1ie, 2-pheriyl- 
4 - hydras!. - (i - nic.thosycliiiiinline, 2 - phenyl-4- hydroxy-& 
c*hloroquinolincs. 

8-Phen!/l- . / , -h.!lrl i .~~~~/-~-~~ itmq/(ino/i~ F. A niisturv of p - i i i h -  
aniline (4.0 g.), rthql henzoylncetatc, (6  g.),  and polyphos- 
phoric acid (10 g.) \v:is stirred :ind heated a t  160" for 20 min. 
The product, was t,xtractrd with hot,, dilute acetic acid ( to  
rcninve unchanged amine), the residue warmed x-th 10% 
sodium hydroxide, and the alkaline solution filtered off from 
:I dark tarry product and acidified \ d h  acetic acid to yirld 

0.42 g. of n coll)pnund which, after pllrification 1)y dissolvin(l 
iri dilutc sotliiilii hJ.dro.sitlc, trcs:itrnt>nt wii.11 (~hiircoi~l, : I J I ~  

reprecipitating with acetic arid, g a v ~  :t pale-yellow mnor- 
phous powder, m.p. 328-330". 

Anal. Calcd. for C1,,HIO?i203: C, 67.67; H, 3.TG. Found: 
C, 67.96; H, 3.89. 

On treat,ment with :t ~nixtiirr of phosphorus osychloridv 
and phosphorus pntachloridr thrb h\-droxyqninolinc gavf' 
2-~)heii~I-l-chIorc,-6-nitrorliii~~nli~~(~, pnlr yrlllnw nectllPs. In.]). 
I H8-lti0°. 

(i:j.?(i: H.  3 . l ( i .  Vo\~ncI: (', 
6:<,48: H. :3.0!1. 

. I  t i n [ .  Calctl. for ( ' lsH!,Sd) 
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Pyrolysis of Esters. XIX. Synthesis of Racemic 
and Optically Active 3-Methyl- l -~entenel-~ 
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Racemic 3-methyl-1-pentene was synthesized in threcs ste1)s from sec-butyl hroniide in an over-all yield of 12%) wit'h 
the pyrolysis of a. butyrate as the final step. Opticallj- active d-:3-inet,h!.l-l-peritene, the simplest optically active olefin, with 
[a]: +X3.49", \vas prepared iri foiir steps in :in ovc,r-all yicld of ?Of  ;, from active amyl alcohol, with the Ipmlysis of the 
butyrate as the final strp. 

In an over-all program to determilie the correla- 
tioii between the chemical structure and physical 
properties of polymers, the effect' of asymmetry 
in the side chain of an isotactic polyolefiii has beeti 
of i n t e r e ~ t . ~  For this study rwemic : ~ n d  optically 
active 8-methyl-l-penteirc, the simplest optically 
active olefiii, was desired. Although Schmitt and 
Roord6 had previously prepared d,Z-S-tncthyl-1- 
pentene in five steps from scc-butyl 1)romide air(] 
acetaldehyde iii ;in o ~ w - a l l  yield of I%;,, it ~ ~ 1 s  

thought) that  a three-step syiithesis iiivol\.iirg thv  
pyrolysis of :in ester ivotild he mor(' con\wiiett t .  
I;or t'his reason the Crrignard rcngcii t from raremic 
sec-but'yl bromide ~ i s  treated \I-ith et hyleire oxide 
to give a 28c& yield of d,(-:-:-mcth!-l-n-am!.l alcohol. 
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64. 751 (l!K{2 ) ,  

When this alcohol was esterified with ac'etyl chlo- 
ride and pyridine, ;til 80% yield of d,Z-:bmethyl-n- 
amyl acetate was obtaincd. Hon-ei-er, vapor phase 
chromat,ography revraled that :i T Y T ~  careful and 
tedioiis fractionatioii was required to remove thc 
iiiicahaiigcd alcohol from the ester, since their boiling 
poiiits :w \ w y  close. 1:or this reason the preparatioii 
of tt higher hoiliiig ester was fouiid to he considerably 
mow coir\wiiriit. Thus, irheii the d.l-3-methyl-n- 
amyl :ilcohol \viis cstcrifietl with :L mixture of bu- 
tyric, :inhydride aiid sodium hutgrate, u 78% yield 
of f he corrcspoiitling hiityratc i w s  ohtaiiied in n 
rdativc\ly piiw st:itc by a siinplr distill' 'i t '  1011. 

Pyrolyses of i hr esters were c*:irried out iiiider 
conditioiis that had hec.ii denioirst riitrd not to cause 
reatmtrgc~mcvit of douhle 1)oiids i n  the preparatioii 
of isomere of :womatir h!.droc':ii.},r)irs.' Thus, at 3 0 "  
thc rl.I-:3-mctliyl-n-nniyl a c r t a t e  gave a i2:& yield 
of the racemic 3-nicthyl-1 -pcliitciie. while the cor- 
responding /i-hutyr:itc gn1.r :i 54% yield. As this 
olef i l l  was iiittiided for i iw iir polymeriz:ition, the 
emph:tsis throiighout the synthesis \vas on purity 
of the product, whicah \vas c ~ " ~ n i e n t l y  followed 
with gas-phase c-hroniatography. With the butyrate 
it, \vas much easier to ohtaiii a pure product. 

( 7 )  JY. J. Bailey and R ,  Bnrchy, Jr., J .  .1 tu, f'hena. Soc., 
81,53934(195Q). 


