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by 

Gordon FoFrame. 

A Summary. 

The g8ffn~ ketonic ester, methyl~-phenyl-I-p- chlorbenzoyl 

propionate, has been prepared and condensed with benzaldehyde 

to form an unsaturated lactone. This ester has also been 

condensed with piperonal to form an analogous product. 

~ethyl d.. -phenyl -ft-p-brombenzoyl propi onate J and methyl 0( -phenyl 

-~-anisoyl propionate, when condensed with benzaldehyde and 

piperonal in a similar manner, formed unsaturated lactones 

of the same type. These unsaturated lac_tones have a tertiary 

hydroxyl group, and are therefore lactols e This hydro~Jl 

group is comparable to that of triphenyl carbinol in 

most respects. The spontaneous closing of the ring on 

acidification is undoubtedly d*e to the increased branching 

of the chain, since the previous condensation products 

of this type that have been studied differ only in 

having one less phenyl grouPQ 
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In a study of certain gamma. ketonic nitriles, acids 

and esters, it has been found essentia1 to deter.mine 

whether the hydrogen in the alpha position to the 

ketone group is more or 1ess active than the hydrogen 

alpha to the other unsaturated linkage. At present it 

is kno,wn (a) in the gamma. ketonic nitrile (I) the 

hydrogen a1pha to the cyano group is the more active, 

shown by the ease with which the nitrile adds to 

llenzaldehyde (II) (1..), and to benzal.acetophenone (Ill J (2): 

(b) in the gamma ketonic acid (IV) the hydrogen alpha to 

the ketone group is more active, shown by its rep1acement 

on bromination (V) (3). 

I 
II 

III 
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C6 R5 Cl H - CH2oCO C6 H5 Br2 06 H5 ~o CHBr-eO~5 

---.- I; 
coon dOOR 

IV. 

C6 H5 rHOH20COQ6H4 

(lOOR 

VI. 

v. 

The ketonic ester (VI) might be expected, a priori, 

to resemble the acid (IV), but it may not of necessity 

do so. Indeed it has been found that it yields an entirely 

unexpected product when condensed in the usual way with 

benzaldehyde. The primary object of this investigation 

has been to determine the structure of the products and 

so to learn how the reactIon has taken place. 

A seareh of the literature has revealed the following 

instances of reactions be tween aromatic aldehydes and 0-

ketonic acids or esters. 

Erdmann (4) obtained ~- benzal levulinic acid (VII) 

by refluxing levulinic acid with benzaldehyde in freshly 

fused sodium acetate. 

C, H2 - CH20 CO CH3 iY'C6H5 

+ 06 H5 CHO~ C
1

H2--C.CO CH3 o 0-0 H 
COO H 

VII. 

On distillation, 3 - acete -~- naphthol (VIII) was formed, 

thus proving its structure. 



/CH~ 

O ~y€O 
-H CH 

/ 2 

I Hoeo 

-3-

CH 
3 ____ --.;) 

- H 0 
2 

VIII. 

Harries (5) later confirmed its structure through 

ozonization, obta.ining benzaldehyde and ~-'( diketo butyric 

acid (IX). 

CH. C H 
tl 6 5 I H2 - C - CO CH3--~) °6 H5 

COO H 

eOCH 

CHo+ol 3 
\ 

CH. COO H. 
2 

IX. 

Erlenmeyer jun. (6) obtained "S-benzal levulinic acid (X) 

by heating levulinic acid with benzaldehyde in the presence 

of aqueous sodium hydroxide. 

Qq. NAOH 

eOOH 
) C H

2
• CH2COCH = CHC6H5 

I 
eOOH 

x. 

Erdmann (7) found that both ~ - and b - benzal levulinic 

acids resulted from the condensation of levulinic acid with 

benzaldehyde, with either aqueous alkalies or minera.l acids, 

as condensing agents. In the presence of aqueous alkali, 

~ - benzal levulinic acid condensed further with benzaldehyde 

to form ft -l) - di benzal levulinic acid (XI). 
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CH C6H 
11 5 

C H - C - CO CH CH C H 
2 3 " 6 5 

COO H 

+ e 6 H 5 eHO -7 f H 2 - e - CO CH = CH C 6 H5 

eOOH 

XI. 

'ii [m - chlorbenza~ levulinic acid (ibid) was also prepared 

in a similar mru1ner. 

Isobutylidene levulinic acid (XII) was prepared by 

the condensation of levulinic acid with isobutyraldenyde in 

the pre sence of a l07":{; solut ion of sodi urn hydroxide (8). 

e H - CH • CO CH 

1

22 3 
+ (CH) CH. CHO~ C H - CH2 .COCH = CH(CH3 )2 

:3 2 I 2 
COCH 

eOOH 

XII. 

Rupe and Speiser (9) obtainedGcinnamal levulinic acid 

(XIII) by heating levulinic acid with cinnamic aldehyde 

to .150° in the presence of a few drops of pyridine. 

C H - CH • CO 
2 2 

eOOH 

CH 
3 

I 
~ 

+ C H CH = CH. OHO 
6 5 

I H2 - CH
2

• CO. CH = CH - CH - CH C6H5 

eOOH 
XIII. 

«,~Dibenzal -p- benzoyl ~ropionic acid (XIV) was formed 

when the methyl ester of - et benzoJ.. -P- benzoyl propionic 

acid was condensed with benzaldehyde in the presence of 
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alcoholic potassium hydroxide solution in the cold (10). 

C HCH:::C -- GB • <.;0 C H 
6 6 6 5 I 2 

tJOO cH 
3 

6 5 1 
+ U H CHO 

uH C H 
11 6 5 
0. CO C H 

6 5 
C H CH = u -
65

1 
eOOH 

XIV. 

Borsche (lIs) obtail~d #-benzal ~-benzoyl propionic 

acid (XV) by condensing the ethyl ester of p-benzoyl 

propionic acid with benzaldehyde in alooholic solution 

(96%) with sodium methylate as the oondensing agent. 

C H - UH • coe H CH 0 H 
2 2 6 5 11 6 6 

+ C H eHO --7 C H - C - coe H 
6 6 ,2 6 5 

COOH 

xv. -
On heating this acid, -3- benzoyl naphthol (XVI) was formed 

wi th loss of wate:r t 
C~ 

0/ a-COC-B6 H , 0 

. _ CH 
/ 2 

HBCO 

thus 

-H 0 
2 

provil~ its structure. 
c~ 

C(. 

C-UOC H 
) I 6 5 

. CH 
O? 

'OH 

XVI. -
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He also condensed the so di urn ssl ts 0 f several Y -

ketonic acids wi th aromatic aldehydes to form ft- '( 
unsaturated lactones. His starting materials were p­
benzoyl propionic acid (XVII~~~- tOlOY~ propionic acid, 

and ~ - aniaal levulinic acid (XVIII). :.i.'he two former were 

prepared by heating benzene or toluene with succinio 

anhydride in the presence of aluminium chloride. 

C H--(; 0 
2 \ 

o 
/ 

c H--C 0 
2 

+0 H ---.....u H-G 

6 6 1 2 

H • ooe H 
265 

COO H 

XVII. 

6- AniBallevul~nic aoid was obtained by the condensation 

of levulinic acid with anisaldehyde in an alcohol medium, 

in the presence of dilute sodium h~roxide solution. 

C H - CH • eOCH 
223 

aOOR 
+ p-UH o. C H eHO --) C H2 -CH2-r- eOCH:: ~HC H OCH 

:3 64 I 64 :3 

COOH 

XVIII. 

l-Benzal -3- phenyl orotonlactone (XIX) was the 

result of the condensation ot the sodium salt of ~- benzoyl 

propionic aaid with benzaldehyde. In this reaction, ae 

in all subsequent reaotions described in this section. 

acetic anhydride was the condensing agent; theY- ketonic 

acids were in the for.m of their sodium salts. 
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C H - CH • UOU H 
2 2 6 5 

-I- C H CHO ~ C H CH = C-CH = C. C6 H5 
6 5 6 5 , I 

G 0 0 Ha CO 0 

XIX. 

From benzoyl propionic acid and anisaldehyde, the 

ana1egous 1- anisa1 -3- phe~l crotonlactone (XX), resulted. 

Cl H2 - CH
2

•G0%H5 

+ p-CH
3

0.C6 H4 CHO---jCH30C6H4 CH = Cl-CH:: C,06H,S 
COO Na 

CO-O 

xx. 
':lith cinnamic aldehyde, benzoyl propionic acid formed 

1- cinnamal -3- phenyl crotonlactone (XXI) 

2 2 6 5 
C

j
, H - CH • C H 

'C 0 0 Na 
+ C6HS CH = CH. CHO ",,------...,Cl

5
CH = CH CH = y.CH i~d!i 

00-0 

XXI • 

. p-Toloyl propionic acid (XXII) combined with benzaldehyde 

to form 1- benzal -3- toloyl-crotonlactone (XXIII). 

C H2 -CH .coe H CH 

I 2 64 3 

+ Cg!f5 CHO 
o 0 0 lIa 

C' H CH C CH C f\ -~> G 5 = J. = I .... SJI4 CH3 XXII. 
CO 0 

XXIII. 

The latter lactone was hydrolysed with sodium methylate to 

form-- benzal -P- toloyl :propionic acid (L""'{IV) • 

.NaOMI) C'oH5 CH = ,C." CH2 ·CQC6 H4 CH
3

• 

COO H 

XXIV. 
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!bis acid was condensed with benzaldehyde in the 

p:re:sence of sodium ethylate in aloohol, to form o{J{J d1benzal 

(J- tolol1 propionic ac14 (XXV). 

C H OH = Q. CH. coe H CH 

+ 6 5 
6 6 / 2 6 4 3 C R CHO 

00011 
i .... . ,-
CHCsHg i. 

U ,_ 
C H CH- C - U. coo H CH. 

6 fi 643 

eOOH 

From p -tolol1 propionio said and an1s~ldehyde, 1-

anisal. -3- tol,yl orotonlaotone (XXVl) was formed. 

CR. CH • COOHH • CH t 2 2 643 

COO Ha 1 +0 R O. C HOBO 
3 6 4 

OH .0. 0 H OB = I. CH = C. C H CH 
3 64 I I 64 3 

00 0 

XXVl. 

With oinnamic aldehyde, the analagoue 1- cinDsmal -3-

tollyl o.oton1actoD&. (XXVll) resulted. 

CH. CH • coe H CH 
2 2 643 

1 +0 11 - CH = CH.-COO 
6 5 

COO Na 
C H CH = CB. CH = C.CH = 0 C B CH 
66 I I 643 

CO 0 
XXVll 
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fhe laotone ring of the latter oompound was opened 

wi th sodium methylate to form the methyl ester .~ o(~ 

o1nnamal-~AtoloYl propionic a01d. From this ester, a 

phenyl hydrazone and a semi oarba.ide were made in aoid 

solution. 

b - Anisal levulinio acid oondensed with benzaldehyde 

to form 1- banzal -4- anisal ange11oalaetone (nnll). 

e H - OH • C 0 CH = OH.. C H OCH 

2 2 1 64 3 

COO Na 

+0 H OHO 
6 6 

C H CH = U - CR = C. CH = CH. C H OOR 
65 I I 64 3 

CO 0 

XXVIII 

With anisaldehyde, 1.4 dianisal angel1oalactone 

(XXIX) resulted. 

CH. CH • C 0 CH • CH. C H OCH I 2 2 64:1 

1 + OH o. a H CHO 
3 6 4 

U 0 0 Ba 

CH • 0 C H CH • C - OH :I C. CB = OH. C H OOH 
3 '4 I I 64 3 

CO 0 

XXIX 

!rhe la ttu lactone was hydrolysed to o(.l,~-dlaniBal 

levul1n1o aaid (XXX) with aqueous sodium carbonate. 

CH • 0.0 H CH = C. CH C 0 OH • CH. CH. OCR 
3 64 I 2 64 3 

eOOH 
nx. -

This acid formel 8 phenyl hydrazone in acid solution. 
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Eorache (lIb) also condensed these same Y-ketonic acids 

with phthalic anhydride in the presence of acetic anhydride. 

The product isolated in each case was a dilactone having 
... -:. 

the struc ture given below. 

HC-C = C--.i.:.f 
C H - OH .CO R 
\ 2 2 

COO Na 
~) I1 , I 

RC" / CO 0"" o c 
o 

R = C H~· p.,CH. C H - p-CH O. C
6 

H4 CH == CH-
G 5' 3 6 4~" 3 

Kohler and Conant (12a) treated methyl 2-phenyl -3-

benzoyl cyclopropane dicarboxylate (XXXI) with magnesium 

methylate to obtain methyl P- benzoyl -¥- phenyl vinyl 

malonate (XXXII); the corresponding dibasic acid (XXXIII) 

obtained on hydrolysis was heated to form fi- be~zal -1-
4 

benzoyl propionic acid (XXXIV). 

M.(OCH3 ) 2 
-~--~) C6H5 CH = C - eaceR 

I 5 
HC. (COCCH3 ) 2 

XXXI. XXXII. 

CJI CH;; 0 -COCdi5 
5 I 1 

CH
2

• COO H t-( ____ _ a H CH = C - CoCd! 
651 5 

He boo H)2 

XXXIV. XXXIII. 

The structure of (XXXIV) was confirmed by a synthesis 
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following the directions of Eorsche. (lOQ. cit.) • 

The same authors (12b) obtained a lactone (L~) analegous 

to those synthesized by Borsche by treating the cyclopropane 

diacid (XXXVI) with phosphorus pentachloride in chloroform 

soluti on. 

c~ JCHe COC6 H5 

'" ---')~ Br (CH 0) CH-CH = C CH -C.C6H 
. C (C OOH ) 3 6 3 , I 5 

2 CO-- 0 

XXXVI. xxxv. 
Its stru.oture was proved by a synthesis from;8- benzoyl 

propionic acid and -3- brom anisic aldehyde in the presence 

of acetic anhydride. 

B't! OCHO 
CH. CH • COgH 

OH
3

0 , . + t 2 2 '. 5 Ba-
. C OONa ----~) 

CH O. 
3 

CH' = C-CH = C. C H5 
I I 6 
CO 0 

This lactone was hydrolysed by strong bases to «­

(3,4- Bromomethoxy-benzal) - ~- benzoyl propionic acid 

(iL:CVII) • 

--~) / 2 6 
Lactone BJ"'OCH = C. CH .COO" H5 

CH
3

0 C'OOR 

XXXVII. 

Kohler, Hill and Bigelow (13) obtained ~- (3-nitro­

benz) -~- phenyl crotonlactone (XXXVIII) on heating 2-

(3-nitrophenyl) -3- benzoyl cyclopropane diacid (XXXIX) 

to 185°. 



- :J.2 -

NO .C6H CH OHcoCH 
o 

2 4 '"" / 6 5 
C(COOH)2 136) NO! C 11 OB • O-OH = c. c6

H 
6 4 , t 6 

00 0 

XXXIX XXXVIII 

Its structure was proved by a synthesis from benzoyl 

propionic aoid and mats n1tro benzaldehyde. 

CH. CH • coe 11 + NO C H ORO ~ NO .0 H CH = C - CH = C. 0 H 
2 2 65 264 264 i I 65 

00 0 
COO Ba 

This lactone goes over very easily to,oC.-(m .. n4tro benzal) 

~~ benzoyl propionio acid. (XL) 

NO • 0 H OH = C. CH • a 0 C H 
2 64 I 2 65 

eOOH 

(n) 

An add1tional pyrolysis product of the above mentioned 

cyclopropane diao1d. was ~.[3-nitroJ benzal 1- benzoll pro­

pionio acid (XL1). 
CH~ H NO 

NO • CH. CH - OH~OC6H 11 6 4 2 
2 6 4 ~ I 5 t.o 0 11 - C - coe H 

C. (co 2H ) --~)' 2 6 5 
2 COO H 

XLl -
Its struoture was proved by synthesis from mets 

nltrobenzaldehyde and the methyl ester of benzoyl pro­
i~ acid 

pio~, in absolute aloohol in the presence of sodium 

ethylate as condensing agent. 

ii. NO. C H CID + CH. CH • ooe H 
264 I 2 2 65 

COO CH ) 
3 

C\C 6 H 4 NO 2 m. 

OH. C.COC H 
I 2 6 5 
COOR 
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Thiele and his co-workers have shown that Y- ketonic 

acids having the ~- position unsubstituted, lose" water 

easily in the presence of a dehydrating agent such as acetic 

anhydride, to form unsaturated lactones. Two series of 

unsaturated y- 1actones are known, depending on the 

position of the double bond within the lactone ring. One 

is {3--Y' , and the other ,~-~ unsaturated. 

RK C --CH = C.R RC = CH - CH.R . , I I 
CO 0 CO 0 

P-y unsaturated. c:J..-(3 unsaturated. 

~niele and Sulzberger (l4) found that when acetic 

anhydride acted on benzoyl propionic acid, the 13- Yunsaturated 

phenyl crotonlactone (XLII) was formed. 

C " H - CH • coe H5 - H 0 
I 2 2 6 2 " 
60~ ------~7 

CH - CH = C 
I 2 I 
CO 0 

XLII. 

The isomeric oI..-@ unsaturated lactone (XLIII") was obtained in 

the following Llanner. The dibromide of cinnamic aldehyde 

cyanhydrin was heated with a mixture of acetic and 

sulphuric acids and water for some hours to form phenyl 

bromhydroxybutyrolactone (XLIV). The acetate (XLV) of this 

hydroxy compound was obtained by treatment with acetic 

anhydride and a trace of sulphuric acid. This acetate, 

in the presence of zinc dust and copper sulphate, was reduced 

to~~ unsaturated phenyl crotonlactone. 



110 -CH - CHBr - UHBr C6H5 ACOH) HOIH -CH Br -fH.C6H5 
OH H2S04 CO 0 

XLIV. 

Zn dust 
( CB3.COO. :: - CHBr -rH C6

H
5 

XLIII. XLV. -
On oxidation with potassium permanganate in water 

solution, the corresponding dlhydroxy saturated lactone 

(XLVI) was formed, which was further oxidized to the tri 

hydroxy acid (XLVII). Its struoture was thus pr.oved. 

HOCR -CHOH -CH C6H6 

I I :j 

Dm 0) 
4 co .;a 0 

lKMn 0 

4 XLVI. 

CHOH -CHOH -CHOR. C H 

1

65 

COOR 
XLVII. 

Both unsaturated lactones were hydrolysed by alooholio 

potassium hydroxide to benzoyl propionic aCid. 
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The #-Yunsaturated lactones were found to be oon~ 

verted to the oi... -~form., by treating wi th such alkaline 

reagents 8S wfmonia, methyl- , diethyl - tr1met~yl - t 

triethyl-amines, and piperidinejnautral reaoting amines such as 

aniline ani pyridina did not effect this rearrangement. 

i 1hlele t Tisohbeln, and Los sow (15) obtained t - b 

lli1saturated angellcalaotone (XLVIII) by heating levulinio 

aoid with acetic anhydride at 1300 for some hours. 

eOOH 

AC 0 
2 

1300 

) 

XLVII!. 

An intermediate product, acetyl levulinic acid, was obtained 

in this reaction, but a discussion of it is reserved 

for a. later section. On oxidation of this unsaturated 

laotone, ~-hydroxy levulinic acid (XLVIX) was obtained. 

the course of the oxidation is represented: 

o 

L. -

CH 
I 

CH -0HOH -0 
) I 2 I'OH ~IH2·GHOH.COCH3 

CO 0 eaOH 

XLV IX. 

The hydroxy:lactone was !lot obtained; if fanned, 1 t must 

have gone over easily to the ketonic acid. 

~ ... ,B-wlsaturated angelica1aotone was prepared from the 

isomerie,B.LBubstan0e, by treatnlent with triethyl amine. 
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On cond ensation of ,8.'(unsatura ted angelicalactone, 

with anlsaldehyde in the presence of diethyl amine (ibid) 

the corresponding anisal lactone (LI) was formed. 

CH - CH = C -I a I 
co 0 

PCH3 ·O. C6 \CH = r -CH "" ,-CH3 

GO 0 

LI. -
This condensation also took place with aniline and 

ammonium acetate as condensing agents, but the yields 

were smaller. On hydrolysis with aqueous sodium carbonate 

this substance yielded o(-anisal levulinic aoid {LII}. 

CH3• a C6H4CH - C - CH = C. CH3 

I I ----7 CILO C H CH = C - OHaoCO.CH-
co 0 -~ 6 4 I Q 

eaaH 

LII. ---
When the (9·lf'unsatura ted lactone was condensed wi th ben-

zaldehyde in the presence of diethylamine, the analagoQs 

benzal angelicalactone (LIII) was not isolated, but after 

hydrolysis with sodium carbonate,o<.- benzal levulinie 

acid (LIV) was obtained. 

co---- o 
6

H
5

CH 
"" I - CH = 1 -CHZ 

co --- 0 

~ LIII. 

C6~OH = 1 -eHaoeO CH
3 

COOH 
T,T" _ 
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When~-benzal levulinic acid was treated with acetic 

anhydride and a trace of sulphuric acid, a yellow lactone 

was obtained, to which the structure (LV) was ascribed by the 

authors, although this has not been proved. 

C6
H5 CH = le - CH2·CO.CHZ 

00011 ___ ~') G6H5CH = I -CH"" /. CH3 

CO 0 

LV. 

No condensation occurred when the ~~~unsaturated angelioa­

lactone was treated with aldehydes in the presence of a 

non-rearranging base such as aniline; when an "alkaline reacting 

" base such as diethyl or triethyl amine, was used as the 

condensing agent~, anisal angelicalactone was obtained, with 

anisaldehyde. 

Thiele and straus (16a) treated ~- phenyl -$- benzo~l 

propionic acid with acetic anhydride and a trace of sul­

phuric acid, to obtain ~-r unsaturated diphenyl crotonlactone 

(LVI). 

C H2 -

I 
GOOR 

C6H5 
I rr2- C = ,. CE!l5 

00----- 0 

LVI. 
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The isomeric «-!- unsaturated diphenyl oroton1actone 

(LVII) was obtained by heating the (J-"Y substance wi th 

piperidine. 
C"6H5 , 

C H - C = c. C 6 H5 

I 2 

co---- o 
LVII. 

Erlenmeyer and Lux (17) have proved the structure 

of the latter by its formation from diphenyl hydroxybuty-

rolactone by loss of water. 
C6

H5 
06 H I 

HOeR - CH - CH C H l 5 
, I 

6 5 -H 0 CH =- C - CH. C6
H5 

2 , I 
ce 0 ') co 0 

The P-l unsaturated lactone was condensed with benzal­

dehyde in the presence of aniline to form benzal diphenyl 

crotonlactone (LVIII). 
C6H 
, 5 

C'H--
2 

C = c. C6H5 

co----- o 

~6H5 
+a6H5aHO~ C

6
H5CH = I-a = ,. C6 H5 

co--- 0 

LVIII. 

The latter sUbstance was hydrolysed \/i th alcoholic 

potassium hydroxide to ~-benzal-(J-phenYl .. (J- benzoyl propionic 

acid. (LVIX). 

y6
H5 

CH = C-- 0 = C. C6H5 

1 
co 0 COOH 

LVIX. 
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When this unsaturated acid was treated with aoetic anhydride 

in the presence of a little sulphuric acid it formed an 

acetate of an isomeric cyclic form (LX). 

?6H5 
C6H5 CH =- C - CH.CO. 

I 
eOOH 

f6 H5 ~COCH;, 

,-CH - f· C6 H5 

CO 0 

LX. 

The methyl ester was formed thru the silver salt, and ~ould 

not be made by ~.fluxing the acid in alcohol in the presence 

of a mine ral acid. 

The ~ Q unsaturated diphenyl crotonlactone was further 

treated with bromine and gave the saturated dibromide 

(LXI);this on heating to 700 lost hydrobr.omic acid with the 

formation of the unsatu.rated monobromide (LXII)'. The latter 

on treatment with silver acetate in absolute ether yielded 

the acetate derivative (LXIII) and on reflu.xing in methyl 

alcohol, the ether 
C6H5 

(LXIV) • 

, 
C H2 C =. a -
I I 

C
6 

H 
5 + Br 

2 
00----- 0 

~6H5 ~CH3 
C H = C - c. C H 

1

65 

00---- 0 

LXIV. 

reflux 
( 

MeOH 

C6
H5 

I 
CH

2 
C Br- e Br. C

6 

I f 
CO 0 

70
0 LX!. 

-HBr 

C6 H5 , 
a H = C e Br. a H 

I I 
6 

CO 0 1 ~goAc LXII. 

H 
5 

5 
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76H5 ~COCH3 
CH=C---C-C H 

I I 65 
CO 0 

LXIII 

~-~ unsaturated benzyl phenyl crotonlactone (LXV) was 

prepared by fhie1e and straus (16b), by treating the 

dibromide of diphenyl pentenic acid with sodium carbonate 

solut ion. 

C6H5 (H - CH = CH, CH
2

• C6H5 

eOOH 

C6
H51 H - CH Br - CH. Br. CH

2
• C6H5 

COOH 

1 Na
2

C0
3 

a'l. 

C6H5' I = CH - ,H. CH2• C6
H5 

CO---O 

LXV. 

This was hydrolysed with alcoholic potassium hydroxide 

toct-phenyl -(d- phenacetyl propionic acid (LXVI) 

C6 H5 C = CH. - CH. CH • C H 

I I 
2 6 5 C H - CH. CH • CO. CH C H5 ) 6 5 I 2 2 6 

CO 0 
eOOH 

LXVI • 
. 

ilhen this ~ketonic acid was trea.ted wi th exee ss acetic 

anhydride in the presence of a trace of sulphuric aCid, an 
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aoetate (LXVII) was formed. 

CH. CH - CH .cO CH • C H ?COCH~ 
6 5 I 2 2 6 5 

). CH. CH - CH • C. CH • C H 
coo11~ 6 5 I 2 I 2 6 5 

CO 0 

LXVII 

The unsaturated lactone, C6H5jH - CH2- I = CH. C6H5 ' 

CO 0 

was also formed in much smaller quantity. 

Some keto and aldehyde acids have the property of reacting 

in either of two forms (a) as the open chain keto form, (b) 

as the closed chain hydro~ lactone form. For example, 

levulinic acid, the simplest ~ketonic acid, re-acts in both forms 

given below • 
OH 
I 

(a) C H - C H .CO CH Ib) C H2 - CH2 - C - CH
3 

I 
2 2 3 

and I I 
COOH CO 0 

Open chain keto form Hydroxy lactone. 

A survey of the compounds showing this behaviour is 

present ed here. 

As evidence in favour of the open chain form of levulinic 

acid E. Fischer (18) prepared a phenyl hydrazone with phenyl 

hydrazine acetate. Muller (19) formed an ox~e with 

hydroxylamine in sodium carbonate solution. A semi oarbQZone 

(20) resulted by the action of semi carbazide in the presence 

of potassiwn acetate. The formation of these derivatives 
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was taken to indioate the presence of a free carbonyl 

group. Conrad (21) obt~1ned the ethyl ester by re­
in a1cohol 

fluxing levulin1c aoidAin the presence of sulphuric 

aCid. A silver salt was obtained by Grote, Kehrer, 

and Tollens (22), and this on treatment with methyl 
~ 

iodide yeilded the methyl ester. 
--C_ 
In favor of the hydroxy laotone form Cb), Bredt 

(23) obtained a chloride (LXVlll) when an excess ot 

aoetyl chlor ide reacted wi th levulinlc acid in the cold. 

QH 
CH - CH - 9. - DH3 
J 2 2:1 
00---0 

Cl 
I 

+ CH .co Cl-~) CH--CH - C -

:; 112 2 1 
cO~'----- 0 

LXVlll 

When this chloride was treated with silver acetate 

CH 
3 

in absolute ether, 
. Cl 

"acetyl levulinic aeii" (LXIX) resulted. 

--, 
CH - CH - C • CH 

1_ 2 2 1 
00---0 

0.0 
3 + L~CiI3COOAs-c' 1 

> CH - CH • C • 
~ 112 2 J 

00---0 

LXIX 

o CH 
3 

CH 
3 

On treatment of 18vulin1c acid with acetic anhydride 

(ibid) at room temperature, the same crystallinm aoetyl 

levulinic acid was formed. As mentioned previously, 

Thiei& Tischbein, and Lossow (loc. cit) later obtained this 

compound in the same manner. 
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Dibrom muoic ani-d,; (.~ exhibits the same kind 

of tautomerism. 

B. :&layer (24) obtained an 01ly chloride (LXXl) 

when this acid was treated with thionyl chloride at 

50° • 

O)~ = c. ~~ • C H 0 

t .Cl 
COOK + S 0 Cl--~) c. Bl1' • C :Br • C • H 

2 J I 
co 0 

Lyn 

When this ohloride (oil) was refiued.for an hour in 

methyl alcohol, a methyl ether, or pseudo methyl ester . 

(LXXll) resulted. 

01 
l. 

C]Ji- =U:Bt -C-H 
~ ~ 
00------------ 0 

o 0 H 
1 3 

+ CH OH ~ Q:Br = cBr - a - H 
3 -I r 

00------0 

LXXIl 

Ita structure was proved by a metho.yl determination, 

and by its failure to form an exis •• 

Hial (258) obtained a bromide by heating the acid 

wi th bromine in the preseno,e 0 f water to 15.0 
• On re-

fluxing in ethyl aloohol, the pseudo ethyl ester was ob­

tained. 

Hill and Cornelison (26b) later formed an oXime 
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of dibrom mucic acid by refluxing with hydroxylamine in 

alkaline solution. oimonis (26) proved the presence of the 

aldehydic function by treatment of the acid with primary 

anines to form anils. ~'lith aniline this aoid readily 

formed anil d1brom mucic acid (LXXIII). 

C Br = C. Br.CBO 

I ._ + C H vtl' __ ~~ C Br -_ C. 'Or CH = N. C H 6 5· .DI.D. 2 7 D I " 6 5 OOOH 

COOH 
LXXIII 

Another y ... aldehydie aCid. ol../oI... ,_ ... trimethyl P-
formyl propionio aoid (LXXIV) was founl by Blaise and 

Courtot (27) to exist in the hydroxy lactone form. This 

acid was obtained by heating O<,o{,.{3-trimethyl -fd- Y -

dibrom butYJIic acid to form a p-?r unsaturated lactone 

(LXXV) which was hydrolysed with alkali to give the desired 

product. 

to 

C 11 
3 

CR CB 
I 3 I 3 

- ~-- c. Br - eR Br 220
0 

I 
2 ) 

COOIl 

oB CH 
I 3 I 3 

OH
3

• C -- c. Br. CR
2 

CO------- 0 

This saturated lactone was heated fUrther with quinoline 

form the ~ ~ unsaturated lactone. 
OH CR CH CH 
I 3 I 3 ~ 3 1 3 

CH - C C == OH CH - c- CH--ORO 
3 I I KOH 3 I ) > 

CO 0 COO. 

LXXV. LXXIV. 
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This acid dld not dissolve in alkali carbonate 

solutlon, nor decolor1se Sohlffl s reagent, thuB in­

dicating the absence of a free asrbo21l group, and aldehyde 

function. fhe presence of s hydroxyl group was proved by the 

formation of an aoetate with aeetic anhydride, and of a 

p.enyl unathane with phanylisocyanate. The presence of a 

lactone ohain was indicated by molecular volume measure-

menta. It must then have the closed chain structure. 

Refluxed in alcohol in the presenoe of a little Bulphurio 

80id the pseudo aster UH OB OCR was formed 
13 I· 3 I 3 

CH-O - CH-CH 

" I t co 0 

!fbe lactone: ring was eas1ly broken however, for the 

substance formed an oxime, semi oarbazon&, and phenyl hy­

drazone, wi th sui table reagents in alkaline solution. 

The structure of the acid was proved by oxidation 

with chromio acid to form trlmethyl suocinic aaid. 
CH tilt CH CH 
r 3 , 31 3 I 3 

OH-O-OH-CHO 0, CH Q- CR-GOOR 
~ I --~7 3) 

eOOH eOOH 

The sana authors (1bid) found that "(keto 0(,0(-, 

dimethyl - P - phenyl bu tyrio acid (LXXVI) had analagouB 

properties. It was 0 btaine~d by heat ing cA,d. - dimethyl 
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(J .. phenYl, -;J - '0 - , dibrom butyrio acid (LXXVII) 

with loss of hydrogen bromide to form o.:no(-{i unsaturated 

laotone, which on alkali hydrolysis, gave the desired pro-

duct. u H ~6H5 I 3 
CH3 C - o Br - CH Br -2HB&~ CH 

I 
2 220 3 

eOOH 

LXXVII. 
yH3 y6H5 ¥H 

CH3-~---CH---r-H ~<------~ 

co 0 

CH
3 C6

HS 
I I . 

CH - C C H - CHO 
3 

I 
COOH 

LXXVI. 

It formed a phenyl u.rethane wi th phenyliaoeyanate, and an 

aoetate with aoetic anhydride; with hydroxylamine it gave an 

oxime, and with semi oarbaz1de~La, semi carbazone. On 

oxidation with chromic acid, it gave dimethyl phenyl suooinic 

acid. 

~here is some evidence that naphthaldehydic aoid (LXXVIII) 

exists in the form of the hydroxy laotone. This substanoe 

was obtained by Graebe and Gfeller (28) in almost quanti-
o tative yield by heating acenaphthequinone to 150 with 

aq. potaSSium hydroxide. 

co 
CO 

COO H 

CHO 

LXXVIII. 

°8r~o HOR 
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Alkali carbonates dissolved this substance in the 

cold. }lith one mole of phenyl hydrazine in heutral 

alcoholic solution, it formed either a hydrazone (LXXIX) 

or a hydroxynaphthalid (~X). 

8 eoo H 
C H .NH- NH BeooH 

CHO + 6 5 2 
) 

or 

(. .. Hydrazone LXXIX 

c~ 
o 

/ 
C H. NH. NH. C H 

6 5 

LXXX. 

'Jith two moles of phenyl hydrazine, a substance 024 H2 ON4 , 
. 0 

was formed, to which the authors gave the structure: 

- CH - N H NH. C H 
\ 6 5 o 

/ 
C = N. NH. C H 

6 5 

In sodium carbonate solution, naphthaldehydic acid formed an 

oxime (T,XXXI) with one mole of hydroxylamine. This oxime 

was unstable, and easily lost water to form the anhydride (LL~XII). 

8 c 
HO +N H

2
0H 

eOOH ____ -.) g CH=NOH 

COO H 

1- ~~I 

8 CH =N 
~ I 

cOr-O 
.. . ilLXXII 
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'Ji th two equi valents of hydroxy-lamine, a compound, 

C12~003N2' of unknown structure, resulted. 

Naphthaldehydic acid was heated with acetio anhydride 

at 1800 for three hours to form an acetate (LXXXIII). 

gCRO + (C R .CO) 0 gc if OCOCH3 

.. . eOOR :3 2» ; 0 

CO 

LXXXIII 

Zink (29a) condensed naphthaldehydic acid with 

acetophenone in the presence of sodium hydroxide to obtain 

naphthalid methyl phenyl ketone (IuXXXIV). 

B
eHoH 
1\ 

o 
/ 

CO 

+ OH .oo.e H 
365 

) 

CH.CH .CO C
6

H 
\ 2 . 5 

CD 
o 

LXXXIV. 

~it~ acetone (ibid) an analagous product resulted. 

+ C H .CO. CH 
3 3 

) 

The same author (29b) obtained the same ester by 

refluxing naphthaldehydic acid in methyl alcohol in the 

presence of a little sulphuric acid, and by treating the 

silver salt of th~ acid with methyl iodide. 
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CHO 

OOH 
/ 3 

CH CH OH 
3 

) 
\ 
o 

/ 

CO 

or g CHO 

, . GOOCH
3 

LXXXVI LXXXV. 

He was unable to prove whether it was the true ester 

(LXXXV) or the pseudo ester (LXJCCVI). 

Kon, stevenson, and Thorpe (30) have found a further 

example of this kind of tavtomerism in the SUbstance whose 

structure is represented below. 

CH~ /CH3 
C - CH- eOOH 
1 2 
CO 

00/ 

(a) (b) 

structure (a) was proved by the formation of a quin-

oxaline when treated with O. phenylene diamine, which is 

the normal behaviour of a 1:2 diketone. 

~j"lhen refluxed wit h acetyl chloride J anacetate (LXXXVII) 

resulted, proving the presence of (b). 

CH .COOl '> 
3 

LXXXVII. 

Rothstein and Shoppe (31) have investigated O('-keto- /J P ¥ 0-t') I , 

tetramethyl glutaric acid, and found evidence of the two 

tantomeric forms: 



CO.- COOH 
I l" CH3 

C. COOH 
I 
CH

3 

Ca) 
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(b) 

~Vhen titrated with baryta solution, this acid behaved 

as the monobasic compound (b); when boIled wi th N/lO 

baryta solution however, the lactone ring opened to form 

(a) to the extent of· 95%, as indi ca ted by ti tration. 

On refluxlng in acetic anhydride for an hour, an 

acetate (LXXXVIII) of (b) was formed. 

(b) A coo,. C 0 C H3 
2 > 

y~OOH 

CH3 Y" CH3 ? 
CH3 ~ CO 

CH
3 

LXXXVIII. 
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Qudrat-1-.Xhuda (328) states on rather unsatisfactory 

evidence, that .£-carboxy - Y- acetyl- pip-dimethyl bu tyrlc 

acid (,LxxXIX) exists under some conditions in the hy-
-

droxy lactone for.m (XC) 

/CH2 0 CO- CH3 

(CH), • C 
- 2 'OH (COOH) 

2 

LXXXIX 

OH , 
OB2 - C-CH;) 

/ " C 0 
'OH COl , 

COOH 

(XC) 

This acid was prepared by the oondensation of 

mesityl oxide with oyanacetamide in the presenae o~ 

sodium ethylate. The rasulting 6- hydroxy -2- keto 

-3- oyano 4,4;6, trimethyl piperidine (XOI)was hydroly­

sed with potassium hydroxide to the desired acid. 

XCI -
On heating this acid to 140°, a monobasio acid 

(aCII), and a meutral substance to which the dilactone 

struoture (XCIII) was asoribed, were formed. 

CH .COCH 
Acid 140o(CH) ~ 2 3 __ ~) 32\ 

CH
2

.800 H. + 

XCII. 

o - a.CH -0 
I 3 
CR2 
I 
C (CHr.l) 
[ v 2 

CO- CH--- CO 

XCIII. 
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The monobasic acid was assumed to be derived 

from the open chainform, while the dilactone was a 

derivative from the hydroxy lactone stnlcture. 

The same author, (32b) obtained both the keto and hy­

droxl~-laotone forms of5 - aoetyl-l,1,2,- trimethyl 

0yclopentane 2- carboxylic acid (XCIV). This aoid 

was prepared from allo-methyl hydrogen oamphorate (XCV) 

as indica.ted below. 

C H .CH- COO H 

2 I 
r (CHa )2 

CH2 -y - COO CHa 

CH3 

XCV. -

C H - CH - CO C 1 
2 I I (CHa )2' 

CH - C - COO CH 
2 I 3 

ORa 

! Zni'C~ I 

C H C H - CO CR 
2 I 3 I (CHa '2 

0112 T COO CHa 

CH 
3 

This ester on hydrolysis with alcoholic potassium 

hydroxide formed the desired aoid which exists in the 

two fonns. 

c H2 - rH - co OHa 

r (CHa )2 

o Ha - u - COO R 
I 

eRa 
XCIV. 

OH 
r 

o H2=----r -O~Ha 
C (CB) 0 
I 3 2 / 

OH
2
-.-C CO 

I 

eRa 
XCVI. 
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(XCIV) was a crystalline solid which easily "formed 

a semi carbazone: (XCVI) was an oil which wi th semi 

carbazide formed an isomeric substance of indefinite 

crystalline structure, which the authors represented as 

(XCVII). 
C H yH

3 , 3 
C H- CH C- OH CH- CH C -NH.NH.CONH 

2 I \ 2 , 
'" C (CH3 ) 0 NH .NH • CONK C (CH

3
)2 0 

I 2 f 
2 2> I I 

C H
2
- C C 0 CH- C C 0 

I 2 \ 
CH

Z CH 
0 

XCVII~. 

Both the keto' and hydroxy lactone substances on 

treatment with acetic anhydride, formed the unsaturated 

lactone (XCVIII). 

CH
2 

C. C, CH~ 
I 

C (CH
3

) 2 0 

I / 
CH -'- C CO 

2 I 
CRa 

XCVIII. 

Barat-- {33} obtained a substance (XCIX) to which he 

assigned a hydroxy lactone structure, by the hydrolysis 

of the condensation product (C) of benzal acetophenone with 

cyanacetamide. 

C
6

R
5

CH = CH. CO C6~ + C H (CN) CO NH 
2 2 

1 OH 
- • C6H5 ·CH CH .c R. 

I 2 

I 
ON. CH CO. N H 

C. 

2 



-34-

On h~rolysis with hydroohloric acid, the substance (XCIX) 

resulted. 
OH OR 
I I 

U6H5°t-CH2-ioC6H5 _-_°_0_
2
---+) 

C6HoeCH.CR2-- C. C6H5 

I j 
HOOC CH- 00- 0 CH2CO~O 

XCIX. Cl. -
This acid on heating lost carbon dioxide to fonn a 

monobasic aoid to which Barat also assigned the 

hydroxy lactone structure (Cl), because of its insol­

ubility in sodium carbonate solution. It formed an 

oxime, and behaved as a monobasic acid on titration, so 

that the author concluded that the open chain keto form 

was in equilibrium with the cyolic lactol (hydroxy laotone). 
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AN OUTLINE OF THE 'liOR!{ 

Since our problem was concerned with a sUbstance 

having three phenyl groups, it:was felt advisable to 

"tag" them so tha t they co uld be followed through in 

degradation reactions, used to prove structure. Accordingly, 

the work was started with methyl ~-phenyl -~- [p-chlorbenzoy~ 

~ropionate (CII) and most of the reactions were determined 

with substances derived from this. The aldehyde group 

introduced Vias tftagged tf when necessary by a methylene 

dioxy group (use of piperonal). In all, six homologous 

lactols have been studied. 

l.Iethyl c(-phenyl -(l- [p- chlorbenzoyl] propionate (CII) 

was readily prepared by the following series of reactions. 

Benzaldehyde and p-chloracetophenone (CIII) were condensed 

in alkaline solution to form benzal p_ chloracetophenone 

(CIV); to this hydrogen cyhnide was added to form ~-phenyl 

-p- [p~ chlorbenzoy~ propionitrile (CV); on hydrolysis with 

sulph.uric acid, o{-phenyl -jl-[p-chlorbenzoy1] propionic 

acid (CVI) resulted, which on esterification in methyl 

alcohol yielded the required ester. 

C
6

H5CHO .... CH
3 

.CO.C6H
4

Cl 

CIII. 

).. C6H CH - CH. CO C
6

H Cl 
7 5 - 4 

C6H5CH -CH .CO C H Cl H2S04 I 264 < 
COOH 

J, ill· 
C6H5 .CH -CH .CO C H

4
Cl 

I 2 6 
COO CH 

3 
CII. -

CIV. 

IHCN 

C H .CH -CH .CO 
65

1 
2 

cn 
CV. 

C H Cl 
6 4 
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This ester readily condenses with benzaldehyde in 

absolute methyl alcohol in the presence of sodium methyl-

ate, to form a crystalline substance of empirical formula 

C2 3 H 0 Cl. Since it is insoluble in sodium bicarbonate 
17 3 

solution, but dissolves readily in caustic alkali solution, 

a lactone structure is indicated; this is confirmed by the 

fact that the ester group disappears in the reaction, because 

the methyl and ethyl esters yield the same product. Seven 

possible formulas (CVIr - eXII]) may then be considered. 



on Ct !;. 
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C6 H5 CHOH CSH5CH-O 
I I I 

CoHse-COOR _~) CoHsC --C 0 

thru 

I 
CH2 -,COC 6 H4 C: 

lthru 
.enol 

CVIlI. 

thru 
enol 

I 
CH2 -COC 6 H4 Cl 

eVIl 

C6 H5 CH-CHCOC 6 H4 Cl 
-~> I , 

OC-O- CHC 6 H5 

CIX. 

C6Hf~OH C6H5~HOH 

C6H5IH--~ CGH4C1 ______ ~) C6H5y=c--yHC 6 li4 Cl 

OC 0 OC-O 

CXo eXI. 

CHC 6 li5 CH2 C6lis 
It QH I OH 

C6 H5 CH- C - C C6 H4 C:L C6 Hs O=C C C6 H4 Cl 

ob 6 -~> ob 6 
eXlla CXlllo 
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structure (CVII) is a(J- lactone and should therefore 

readily lose carbon dioxide on pyrolysis. No evolution of 

carbon dioxide occurs on heating our substance, so that 

(CVII) is eliminated. The sUbstance readily decolorizes 

permanganate solution in the cold, indicating unsaturation; 

this excludes (crx). It is not affected by ozone, making 

(CXIl) very improbable, since all known benzal derivatives 

yield benzaldehyde as one product on ozonization. In the 

Grignatd "machine" the substance shows the presence -o~ 

one active hydrogen, and adds two methyl groups. The 

acceptance of any one of the structures (CVIII, CX, or 

eXI) involves proof of the presence of a secondary hydro~l 

group. 3ut attempts to prepare derivatives with phenyl 

isocyanate, benzoyl chloride, p-nitrobenzoyl chloride, 

and 3:5 dinitrobenzoyl chloride, were all unsuccessful, and 

in each case the product was recovered unchanged. frhese 

structures are then improbable. 

O~idation reactions have proved the most useful 

in ascertaining the structure of our compound. \Vith 

potaSSium permanganate the only products isolated were 

benzoic and p-chlorbenzoic acids, even on keeping the 

conditions as mild as possible. Chromic acid Oxidation 

was more successful, and the principal product was found to 

be benzyl p- «hlorphenyl diketone (CXIV), which with 0- phenyl­

ene diamine forms 2-benzyl -3- p-chlorp~enyl ~uinoxaline 

(CXV), and agrees in all its properties with the known 

compound ( 34 ) 
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CXIV. 

exv. 

To distinguish between the two unsubstituted phenyl groups 

present in our substance, it was necessary to ntag" one 

of these; this was done by condensing the methyl ester 

with piperonal to obtain an analagous lactone. When 

oxidized with chromic acid in the same manner, piperonyl -

p- chlorphenyl diketone (CXVI) was obtained. 

C H 0 .C H .CH .CO. CO. C H Cl 
2 2 632 6 4 

CXVI. 

It is thus proved that the ppenyl group in our substance 

appearing in the diketone was the one contributed by 

benzaldehyde • 

. structure (eXIII) is the only one that agrees with 

these facts; therefore it is necessary to prove the 

presence of a tertiary hydroxyl group; this was done by 

reactions with acetyl and thlonyl chlorides to obtain the 

crystalline chloride (CXVII). 

CH2 :C6H5 OH I ~. I 

C
6

H
5

·C C C.C
6

H Cl - ·4 

I I ~ o c 0 

CH2B6H 
I 5 Cl 

I 

C6
H5/ = c---rC6H4Cl 

o C 0 

aXVII. 



The chloride reacts with silver acetate in absolute ether 

to form an acetate (CXVIII) • '.7ith acetic anhydride in 

the presence of a little sulphuric acid, the lactol forms 

the same acetate. It is hydrolysed by alcoholic ammonia 

to the original lactol. 

CR2.C If Cl 
165 I 

C H C = C C .C H Cl 
6 51 I 6 4 

CH3 ·COO 
CO 0 YH2 ·C6H5 7COCHt 

CH2 eC
6

H
5 OH ~ HR OH I , 

C6H5'1~ C I,C6H4Cl 

C H
5

eC= C "C6H4Cl 
4 

6 I AC 20 

CO---- 0 

/ eXVIII. 
CO 0 

On refluxi~g the chloride in methyl alcohol it forms the 

methyl ether (Cxr:c); the latter is unaffected by alcoholie 

ammonia, but is hydrolysed by alcoholic potassium hydroxide 

to the lactol. 

1H2·C6H5 ql C,H2 ·C6H5 OCH 
I 3 

cl! 0 = O----C.O H Cl 
6 5 I I 6 4 -e-H3-o-H~) C6

H5'f :C ,.C6H4Cl 

CO 0 
CO 0 

KOHl 
CXIX. 

C H .C
6

H 
I 2 5 

C H .C a C----
65 1 

Co------

This behaviour is analegous to that of triphenyl chlor 

methane. 
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'[{hen lactols dissolve in alkalies, they form the sodium 

salts of the tautomeric open chain acid. 1 H2 ,C6H5 9H C H
2

eC6H5 I C H C = C c.c H Cl 
6 51 I 6 4 

co----- 0 

NaOR C6H5C = C --- CO.C H Cl ) I 6 4 

COO Na 

',Z[hen silver ni trate is added to such a solution, the si lver 

salt (CXX) precipitates. On refluxing the latter with excess 

methyl iodide in absolute ether, the open chain ester (Cxxt) is 

formed. 

1 H2 eC6R5 
C6

H5C = C CO.C
6

H4Cl 

I 
coo Ag 

ell. 

1 H2 ·C6H5 

CH I C H C - C CO.C6H4Cl 
3) 6 51 

coo C~ 

aXXI. 

This open chain ester is a perfectly stable crystalline 

compound. On hydrolysing with alcoholic potassium hydroxide 

and acidifYing, the lactol is formed • 
. 
On refluxing the lactol with excess hydroxylamine in 

aoid alcoholic solution the oxime CCXXII) results. 

C H2 eC6H5 OH 
I I 

C6H5C, = C ---"C6H4Cl ? H2 ,C6H5 

NH2 0H C H
5

.O = C --- e .C
6

H Cl 
CO 0 ---..;..;~ .... ) 6 I 11 4 

eOOH NOH 

eXIII. 

All this evidence, taken as a whole,excludes all structures 

except that of the lactol, (OXIlI). 
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This is not an isolated example, since so far six 

lactols have been prepared and described in this disser­

tation all of which give the same types of reactions; 

also homologues have been made by other investigators 

in this laboratory. 

The steps in the mechanism of this reaction are 

probably as follows: (a) an aldol condensation to form a 

benza~ derivative with loss of water, combination taking 

place on carbon atom (I); (b) a 1:3 shift of hydrogen; 

(c) .:hydrolysis of the ester to the aCid; (d) ring closure 

on acidification. 

2 I 

C6H5CH - CH2 ·CO C6H
4

Cl 

I 
COO CH3 

YH2 ·C6H5 
C H C = C - CO.C6H Cl 

6 5, 4 

COO H 

~6H5· 
HydrolysEs 

< 
enI. 
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It is not possible to state whether (b) or (c) takes 

place first. Hoping to determine whether or not the open 

chain ester (CXXI) was formed as an intermediate product 

in the condensation, the reaction was carried out in 

alcohol that had been very carefully dried over magnesium 

methylate; the same lactol resulted. It seems extremely 

probable therefore, that the water liberated in reaction 

(a), in the strongly alkaline solution, hydrolyses the 

ester to the acid. The condensation could not be 

brought about by the use of piperidine or diethylamine. 

The 1:3 shift of hydrogen (b) has been shown to 

take pla.ce in the rearrangements of certain (1- 0 to d.-I 
unsaturated 1actones under the influence of bases, as 

reported by Thiele and his co-workers (loc. cit.) 

Four other homologous lactols have been prepared and 

studied: (CXXIII) from methyl o(-phenyl - [,9- p-brombenzOYl] 

propionate and benzaldehyde; (CXXIV) from the same ester 

and piperonal; (Cxx.v) from methylo(-phenyl - (3 - anisoyl 

propionate and benzaldehyde; (CXXVI), from this ester and 

piperonal. 

- C H .CO 
2 

C
6

H4Br-p CH2 ·C6H5 , 9H 

+C6H5CHO C6H5C = C C -C6H4Br 

~, I 
OC 0 

ellIII. 
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C H2·C6H302CH2 OH 
f I 

C H 0 .C
6

H CHO C
6

H
5

.C = C C.C
6

H4 Br 
+ §2 3 _~) I I 

C6H
5

.CH - CH .CO C H .OCH3-p I 2 6 4 

COOCH
3 

+ CH20 .C H GHO 
263 

) 

oc 0 

CXXIV. 

~H2·C6H5 qH 
C

6
H5C

l 
= C C,.C6H40CH3 

-~} 

00-----0 

CXXVI. 
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EXPER!MEN TAL 

A. Preparation of starting Materials 

The '( - ketonic esters required for this work were 

prepared by the following series of reactions. A suitably 

substituted aoetophenone (aXXVIl) was condensed with 

benzaldehyde in alkaline solution to form a benzal aceto­

phenone (CXXVIII); to this h~rogen oyanide was added, 

to form a phenyl benzoyl propionltrile (CXXIX); on hydrolysis 

with s~phuric acid, the oorresponding phenyl benzoyl pro­

pionic acid (CXXX) resulted, which on esterification in 

methyl alcohol, yielded the required ester., methyl phenyl 

benzoyl propionate (VI). 

anVIl. 

eOOH cxxx. 

l~eoR 
06R6' iR• CRa• co C6R4X 

GOO CH 
3 

VI. -

1. Unsaturated Ketones. 

') °6115 CH = CH. CO C6H~ 

~ON CXXVIII. 

CN CXXIX. 

X{ = Cl t .Br, and • OCR • 
3 

(a) Benzal p. chloracetophenone. (CXXVIIJ, X = Cl). 

To 1~3 g. of benzaldehyde in a 1-1. flask, was added 183 g. 

of p. chloraoetophenone. An equal volume, 360 0.0., of ethyl 



-46-

alcohol (95%) was added, and then 78 o.c. of a 10% 

solution of sodium hydroxide. The reaction started almost 

immediately, and the flask was cooled under the tap. In 

a few minutes the contents of the flask went semi-solid, and 

a little more alcohol was added. Intermittent shaking waa 

continued for one and one-half hours. The substance wae 

filtered, washed first with dilute alcohol, and then with 

water until free from alkali. Ij melted at 96°. The yield 

of air dried product was 267 g., which is 93.~~ of the 

theoretieal. 

Benzal p~ bromacetophenone (uXXVIII, X = Br) and 

bensal p - =ethoxy acetophenone (CXXVIII, X = - OCR3 ) were 

obtained through the courtes1 of Dr. 71.E. Barker. 

2. Bitr11es. 

(a) c/..- Phenyl - p - [p_ chlorbenzoYl] Propionitrl1e 

(.CUIZ, X = Cl). 

i'he method described below is that of Kohler and Shohan (35). 

In a three neek flask provided with a stirrer, thermometer, 

and a dropping ful~el, were placed 200 ,. of benzal p -

chloracetophenone and 2845 o.c. of ethyl alcohol (95~) to 

which 87 g. of glacial acetic acid had been added. l~a 

contents were warmed to 350 with constant stirring, and 8 

solution of 128 g. of potassium cyanide in 354 o.c. of water 

was added over a period of fifteen minutes. The temperature 

was kept at 360 with continual stirring for eight hours. 
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After standing some hours in an ice-box the nitrile 

separated. It was filtered, washed with a small volume 

of 50% aloohol, and with water until free from cyanide. 
o 

It melted at 121. The yield Cif a.ir-dried product was 

193 g. whioh ie 86.~ of the theoretical. 

In this preparation i t was found essential to have 

the acidity indioated. In three attempted preparations, 

hydrogen cyanide failed to add, because the alcohol 

used was that reoovered from previous HeN additions and 

which oonsequently contained a oonsiderable quantity of 

hydrocyanic acid. 

l b) 0( -Phenyl - p - [p- brombenzOY1] Propioni trUe 

(CXXIX, X = Br l. 

By a similar method 54 g. of this nitrile was oBtained 

from 60 g. of benzal p-bromacetophenone, a yield of 83.&~ • 

It was recrystallized from methyl aloohol to constant m.p. 

1240 in rectangular plates. 

Anal. ualcd. for C H 0 N Br: Br, 25.5 
16 12 

ffound : Br, 25.3 

( 0) c,{-Phenyl - {i - anisoyl Eropioni trile (CXXIX, X = OGRa ). 
This preparation differed from those above in that the 

temperature was raised to 500 - 55°, since hydrogen 

cyanide did not add at a lower temperature. ~rom 40 g. of 

benzal p- methoxy acetophenone, 28.5 g. of the nitrile was 

obtained. which is 64.&% of the theoratiaal yield. After 
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repeated crystal11zatlons from methyl aloohol it was 

in the form of slender white needles which melted oon­

stantly at 62°. It was very soluble in hot methyl 

alcohol, but only sparingly so in cold aloohol. 

Anal. Calcd. for 017 HIS 02N : 0, 77.0; H, 5.7 

Found : e, 76.6; E, 5.8 

3. Esters. 

(a) Methyl c(-Phenyl - p - [p .. chlorbenzoyl] 

Propionate (VI, X = Cl). 

This ester was prepared in two ways. 

(I). Method of Kohler and ~hohan (loe. cit.) 

One hundred and seventy-six grams of o(..phenyl - p-
p- ohlorbenzoyl propionitrile was added to 433 0.0. of 

absolute methyl alcohol. Hydrogen ohloride, dried by 

bubbling through su.lphurio aoid, was passed in until 

the alcohol was saturated. On standing for one week 

a mass of orystals separated, oonsisting ~ostly of the 

aster, but contaminated with a high melting nitrogen 

oontaining oompound. After several orystal11zat1ons from 

methyl alcohol the ester was obtained pure in a yield of 

about 75%. It melted at 111°. 

All the l(-ketonic esters peepared, showed about the 

same solubility in methyl alcohol; in cold alcohol they 

were moderately soluble, and were very soluble in hot 

methyl alcohol. 

( II) Method of Lapworth and li8chsler (36). 

The nitrile was first hydrolysed to the aoid which 
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was then esterified in methyl alcohol. 

One hundred and twenty-eight grams of the nitrile 

was dissolved in 291 c.c. of sulphuric aoid (s.g. 1.84) 

and 267 o.c. of water at the temperature of the water­

bath. Stirring and heating at this temperature were 

continued for three hours. After cooking, the mixture 

was poured into a large volume of water and was filtered. 

The yield of air dried product was 160 g. For esterif-

ioation, further purifioation was found unnecessary 

and the crude acid was used. 

One hundred grams of the crude aoid was dissolved in 

1266 c.c. of methyl alcohol to which 27.2 o.e. of sul­

phuric acid (e.g. 1.84) had been added, and was heated 

on the water-batp. Refluxing was continued for three 

hours. On cooling, the ester separated in small plate­

like orystals, and a further quantity Was obtained on 

distilling the mother liquor to small volume. It 

melted at 110°, and weighed 88.0 g., whioh is 92.0.% 

of the theoretical yield ton nitrile). 

The ethyl ester was prepared by refluxing for four 

hours 10 g. of the crude acid in 100 g. of ethyl alcohol 

to which 5.0 g. of cone. sulphuric acid had been added. 

A yield of 9.2 g. of this ester was obtained, and on 

repeated orystallizations from methyl alcohol, it melted 

oonstantly at 63°. 

Anal. Caled. for 018 H 0 01: Cl, 11.2 
17 3 

Found : Cl, 11.5 
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(b) Methyl o(-Phenyl --(3- [PM brombenZOy~ Propionate 

(VI, X = Br). 

Following the method of Kohler and Shohan. 30.5 g. of 

this ester was obtained from 51 g. of 0/..- phenyl -1-
p - brombenzoyl propionltrile, a yield of 54.1~. Evap­

oration of the mother liquor to small volume yielded a 

considerable quantity of untractable dark aolored gum. 

The ester was recrystallized from methyl alcohol to con­

stant m.p. 129°, and was in the form of small four sided 

pIa. tea. 

Anal. Caled. for C17 BID 03 Br: Br, 23.0 

Found: Br, 22.9 

(c) Methyl 01.- Phenyl - (}- anisoyl Propionate. (VI, X =OC~). 

Following the method of Lapworth and Weohsler, 23.1 g. 

of 01.. - phenyl - ft - anieoyl propionic acid was obtained 

from 24.5 g. of the corresponding nitrile, a yield of 

87.6~ of the theoretical. On repeated c1Jstalllzations 

from methyl alcohol, it was obtained as small soales melt-

ing oOllstantly at 150°. 

ualod. for Cln HO: Mol. wt., 284. 
, 16 4 

Found (by titration): Mol. wt., 275. 

From 22.0 g. of this acid 18.0 g. of the methyl ester 

were obtained, a yield of 77.~~. It was reorysta11ized 

from methyl alcohol to constant m.p. 97°, in well defined 
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dense prisms. 

Anal. Calod. for C HO: et 72.5 ; Ht 6.0 
18 18 4 

Found :~C, 72.3 ; H, 6.9 

B. Condensation of the ~Bters with Aldehydes. 

CXXXI. 

x = 01. Br, and CB30. 

1. (VI, X = Cl) with Bensaldehyde. 

To 106 o. c. of benzaldehyde (U.S.P. ) dissolved in 

212 0.0. of absolute methyl aloohol were added 160 g. ot 

me~hyl o(-phenyl -1- [p - chlorbenzo;Vl] propionate t and 

the sodium methylate from 212 o.c. of absolute methyl 

alooho1 and 12.6 g. of sodium. The mixture was refluxed 

on the water-bath for two hours. After cooling, the 

solution was acidified with dilute acetic acid. and the 

alcohol and excess benzaldehyde were removed by steam 

distillation. An oil usually remained, although in 

one preparation the product was orystalline. The 011 

was dissolved in ether, and on spontaneous evapora~1on 

a crystalline product remained. This was dissolved in a 
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small volume of boiling methyl alcohol, which on 
o 

cooling deposited very fine crystals melting at .130 • 

The yield of crude product - from the ether solution -

was 153 g.t which WQS 76.9% of the theoretical. A 

sample of constant m.p. 1320, in small prisms, was 

obtained by several crystallizations from an ether 

petroleum ether mixture. 

Anal. Ualod. for C R 0 Cl: e, 73.4; Ht 4.5; Cl, 9.4 
2,3 1'1 3 

Found : 0, 73.6; H, 4.6; Cl, 9.3 

It was very soluble in ether and acetone, moderately in 

aloohol and benzene, and almost insoluble in petroleum 

ether. 

In a similar manner, the ethyl ester yielded the 

same produot in 82% yield. A mixed melting point with 

the product from the methyl ester was not depressed. 

fhe lactol dissolved instantly in dilute sodium 

hydroxide solution, and precipitated unchanged on aoid­

ification. In cold sodium carbonate solution it dissolved 

slightly if finely ground; in hot carbonate solution it 

went into solution quite readily, and repreoipitated 

unchanged on acidification. It was insoluble in 

sodium bicarbonate solution. In concentrated s~lphurio 

acid, it formed a deep magenta colored solution, and 

preoipitated unchanged on dilution. 

In the Grignard "machine" (37) this substanoe showed 

the presence of one active hydrogen, and the addition of 



-53-

two methyl groups. The active hydrogen determination 

was carried out by measuring the volume ot methane 

evolved by a weighed sample of the substance.jin 

reacting with a known volume of standardized methyl 

magnesium iodide in amyl ether. Addition of the Grignard 

reagent to the substance was calculated by determining 

the excess of the reagent, (not reacted with the 

sample) by adding water. The experimental data follow. 
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1 0.0. of Grignard reagent = 0.0002716 moles (from previous 

standardization). 

Weight of substance = 0.2670 g. 

Temp. of Reaction Flask 23° 

Bar. Pr. 761 mm. 

Gas ReadinSB 

Sample water 

Grignard Reagent (Bllrette Readings;) Water Added. 

1.0 

29.0 

29.0 

32.3 

9.41 

0.62 

The following ratios were then caloulated: 

Ca) Moles of methane evolved by sample 
Moles of substance 

Cb) Moles of Gr1gnard reaoted with substanoe 
Moles of substanoe 

1.1 

These results were interpreted to mean the presenoe of one 

aotive hydrogen, and the addition of two groups. 

For·purpose of oomparison, similar determinations 

were made on the #- Q unsaturated diphenyl crotonlactone 

(CXXXII) and 011 coumarin (CXXXIII). 

CXXXII. CXXXIII. 

3.0 

2.0 
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For CXXXII, the value 0.34 was found for ratio (a); and 

1.5 for ratio (b). This was taken to indicate the 

absenoe of active hydrogen, and the addition of one or two 

groups. 

For coumarin, the value 0.23 was found for (a) and 

0.78 for (b). Absence of active hydrogen and the addition 

of one group was thus indicated. 

2. (VI, X = Cl) with Piperonal. 

This condensation was carried out in a similar manner, 

using 37 g. of piperonal dissolved in 53 c.c. of absolute 

methyl alcohol, 40 g. of methyl 0(- phenyl -.f-
p-chlorbenzoyl propionate, and 3.2 g. of sodium in 

53 c.c. of absolute methyl alcohol. After acidification 

and steam distillation, an oil remained. This was 

dissolved in ether and extracted with a saturated sodium 

bisulphite solution to remove the excess piperonal. After 

filtering and washing with water, the ether solution on 

spontaneous evaporation deposited 40.4 g. of product in 

very fine needles, a yield of 72.7%. On repeated crys­

tal~izations from benzene it melted constantly at 174°. 

Anal. Ca1ed. for C24 H17 05 Cl: Cl, 8.4 

Found: Cl, 8.3 

3. (VI, X = Br) with Benzaldehyde. 

In an identical manner, 15 g. of methylo(-phenyl 
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-!_p- brombenzoyl propionate was condensed with 9 o.c. 

of benzaldehyde to form 12.4 g. of the lactol, a y1.eld 

of 68.1%. It was recrystallized several times from methyl 

alcohol to constant m.p. 155°, in microscopic prisms. 

Anal. Calcd. for C H 0 Br: Br, 18.9 
23 17 3 

Found : Br, 18.7 

4. (VI, X = Br) with Piperonal. 

Following the same procedure, 11.0 g. of this ester 

with 8.8 g. of piperonal gave 13.0 g. of the lactol, a 

yield of 88.4%. On repeated crystallizations from benzene 

it melted constantly at 171°, in fine needles. 

Anal. Caled. for 024 H17 0
5 

Br: Br, 17.2 

Found: Br, 17.6 

5. (VI, X = OCH3 ) with Benza1denyde. 

se·ven grams of methylo(-phenyl - ~ - anisoyl propionate 

was condensed with 4.9 c.c. of benzaldehyde to form 8.0 g. 

of the lactol, a yield of 91.9%. After several crystalliz-

ations from methyl alcohol, it i.7as in the form of small 

dense six-sided plates, melting at 119°. 

Anal. Calcd. for 024 H20 04 : e, 77.4 ; H, 5.4 

Found : C, 77.7 ; H, 5.4 
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6. (11, X = OCH
3

) with Piperonal. 

~even grams of the same methyl ester with 6.6 g. of 

pipe~onalt yielded 9.0 g. of the laoto1, which was 91.~ 

of the theoretioal. Reorystallized several times from 

methyl alcohol it was in the form of very fine needles 

mel ting at 1620
• 

Anal. Ca1od. for C H °6 • e, 72.1 • H, 4.8 
25 20 • t 

Found • e, 72.2 • H. 4.7 • , 

c. Oxidation Reaotions. 

(l). iJi th Potassium Permanganate. 

Five grams of the laoto1 (eDaI, R = C
6

HS' X = Cl) was 

dissolved in 150 c.c. of acetone (distilled over permanganate 

and potassium hydroxide), and 8.8 g. of finely ground 

potassium permanganate was slowly added. Oxidation started 

easily and the solution became quite warm. .inal1y a little 

ethyl aloohol was added to destroy the slight excess of 

permanganate. The manganese dioxide was filtered, and was 

extraoted with dilute sodium hydroxide solution. The 

alkaline solution was acidified with hydroohloric acid. 

and allowed to stand a minute or two. A preoipitate 
o 

weighing 2.1 g., melting at 210 , was filtered, and identi-

fied as p- chlorbenzoio acid by a mixed melting pOint. ~he 

acid filtrate was extraoted with ether, which on spontaneous 

evaporation deposited 1.4 g. of white solid melting at 118°; 
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it was identified as benzoic aaid by a mixed melting 

pOint. 

The acetone solution was allowed to evaporate 

spontaneously. 'J:he residue was taken up in ether and 

shaken for ten minutes wi th a small volume of saturated 

sodium bisulphite solution; no addition product formed. 

The washed ether solution was extracted with dilute 

sodium oarbonate solution, and allowed to evaporate 

spontaneously. The residue weighed 0.7 g., and was 

identified as p- ohlorbenzoio acid by a mixed melting 

point. The total weight of benzoic and p- ohlorbenzoic 

aoids was 4.2 g. 

fhe oxidation was repeated three times, using one­

half the weight of permanganate used above, and keeping 

the tempeaature below 20°. However the only products 

isolated were benzoic and p- ohlorbenzoic acids. 

(2) With chromic Acid 

Ca) Lactol (CXXXI, R= 06H5 X = Cl) 

Twenty grams of this lactol was dissolved in 160 o.c. 

of glacial acetic acid in a small three neck flask provided 

with a stirrer and a thermometer. Six grams ot finely 

ground chromic acid dissolved in acetic aaid was slowly 

added. the temperature being kept below 30°. In about 

one hour the color change from brown to green was complete, 

and the solution was poured into water. As filtration was 

difficult. the water solution was extracted with ether. 
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The ether solution was washed twioe with water to remove 

the acetic aoid, and finally was twice extracted with 

sodium carbonate solution. On acidification of the 

latter and extraotion of the acid filtrate with ether, 

3.0 g. of benzoic and p- chlorbenzoic acids were obtained. 

The ether solution ot the oxidation produots deposited 

on spontaneous evaporation, a residue of a yellow oil 

weighing 10.6 g. It orystallized completely in two hours. 

It was quite soluble in methyl alcohol, in which it 

was dissolved, and after a trace of high meltil~ sub­

stance was filtered, was reorystallized to constant 
o 

m.p 103 from this solvent, and was identical with benzyl-

p .. chlorphenyl diketone described by Jorlander ( loc. cit) 

Anal. 0alcd. for 
°15 ~l °2 

Cl • e, 69.6 • H, 4.2 • , 

Found • e, 69.6 • ·H, 4.2 • t 

Dissolved in ethyl aloOhol it gave a deep reddish violet 

coloration with alcoholic ferric chloride. 

One-half a gram was refiuxed for ten minutes in 15 o.c. 

of methyl alcohol with 0.5 g. of 0- phenylene diamine. 

On pouring into water and reorysta1liz1ng from a small 

volume of ethyl alcohol, 2- benzyl -3- p-chlorphenyl 
o 

qu1noxa1ine, m.p. 132 , was obtained, having all the 

pEoperties described by Jorlander. 

Only enough of the high melting substance was obtained 
o 

for one analysis; it melted at 202 , contained halogen, and 

on combustion gave 72.3% C and 4.2% H, corresponding to 
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a compound of empirical formula 022 H17 0a Cl. 

In this oxidation it was found essential to keep the 
o 

temperature below 30 i otherwise oxidation prooeeded 

oompletely to benzoic and p- chlorbenzoic acids. 

(b) Lactol (CXXXI, R = CH2 02 06 Ha - t X ~ Cl). 

A sample of 5.7 g. of this laotol was dissolved in 
acid 

76 a.c. of glacial aoetic, and 2.6 g. of chromic aoid 

in a small volume of acetic acid was slowly added as 

before, with continual stirring and external cooling 

to keep the temperature below 30°. fbe oxidation was 

continued for one hour, when the solution was poured into 

water, and filtered after standing two hours. The filtered 

material was dissolved in a small volume of ether, and 

was extraoted, ae rapidly as pOSSible, three times with 

dilute sodium carbonate solution. Previous to the sodium 

oarbonate extraction the solution was dark brown in 

color, but became light yellow aftar the extraotion; 

when the solution stood for three or four minutes in the 

presence of oarbonate, the brown color again appeared, 

caused evidently by the decomposi tion of the diketone. 

After washing with water and spontaneous evaporation, the 

ether solution deposited 2.0 g. of piperonyl p- ohlorphenyl 

dikBtone as a yellow sOlid; this was reorystallized to a 

oonstant though iniefi:lli te m. p. 161
0 

- 1650 
t a.nd was in 

the form of fine light yellow needles fe.ted together. 

Dissolved in hot ethyl alcohol it gave a deep reddish 
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brown color with alcoholic ferric chloride, the oolor 

disappearing however in a few minutes. 

Anal. ualod. for 016 HIl 0, Cl Cl, 11.7 

Found : Cl, 11.6 

All the subsjituted phenyl piperony1 diketones 

described in this section, were found to be very sensitive 

substances, being very easily decomposed in alkaline solution. 

The addition of a mild base, 8~ch as 0- phenylene diamine, 

turned the solution dark brown, and in two cases no 

orystalline material could be isolated following this 

On refluxing for twenty minutes 0.8 of the yellow 

d1ketone in 15 o.c. of methyl alcohol, with 0.6 g. of 

0- phenylene diamine, 2- piperonYl -3- Py chlorphenyl 

quinoxaline, in slender white needles separated on 

cooling. The solution turned quite dark on the addition 

of the diamine, some decomposition evidently being 

caused by the alkaline solution. The qu1noxaline was 

dissolved in ether, extracted twice with sodium carbonate 

solution, and finally crystallized from methyl alcohol 

to oonstant m.p. 161°. 

Anal. ualcd. for 022 HIS 02 Ha Cl : Cl, 9.5 

Found : Cl, 9.8 

(c) Lactol (CXXXI), R = C6H6 , X = Br). 

In a similar manner 3.0 g. of this lactol was oxidized 

with 1.5 g. of chromic acid in 75 o.c. of glacial acetic 
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acid at 26°. After pouring into water, extraction of the 

latter with ether, and subsequent extra.ction with sodiunl 

carbonate, 1.8 g. of yellow oil was obtained, whioh 

crystallized oomplete1y in one hour. On repeated 

crystallizations from methyl alcohol it was in the form 
o of light yellow plates which melted constantly at 122. 

i~/ith .. alcohollc ferric chloride tit gave a deep reddish 

brown color. -lihen 1.0 g. of this diketone in 10 0.0. 

of methyl aloohol was refluxed with 0.5 g. of 0- pheny1-

ene diamine, 2- benzyl -3- p- bromphenyl quinoxaline 

separated even while hot, and was filtered on cooling. 

After several crystallizations from methyl alcohol, it 

was obtained in the form of slender whi te needles, whioh 

melted constantly at 143°. 

Anal. Oalod. for 021 H
l5 

N2 Dr : Br, 21.3 

Found : Br, 21.4 

Cd) Lactol (CXXXI, R = C6H3 CH2 02' X = Br). 

Two and one-tenth grams of this product was similarly 

oxidized with 1.0 g. of chromic acid. The ether extract 

of the water solution was extraoted three times as 

rapidly as possible with dilute sodium carbonate solution. 

On drying over anhydrous sodium sulphate, and spontaneous 

evaporation, 0.8 g. of yellow oil remained. It partially 

orystallized in some days, and melted indefinitely at 
o 0 

160 - 160. Insuffioient orystalline material was obtained 

for analysis. With alooholic ferric chloride it gave a 
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very deep reddish brown color. On refluxing in methyl 

alcohol with excess -0- phenylene diamine, the solution 

of the yellow oil turned very dark, and no crystalline 

material was isolated. The alkaline diamine evidently 

caused decompoBi tion of the diketone. 

(e) Lactol (CXXX!) R = 06 H6 ' X = 0 C H3 ). 

By the same method, 1.3 g. of this lactol was 

oxidized with 1.0 g. of c·hromio acid. The ether solu­

tion deposited 0.9 g. of yellow oil, which partially 

crystallized in some days, and was indentical with ben­

zyl p- methoxy-phenyl diketone described by Jorlander 

(loc. eit) After washing with ether, it melted at 96°. 

when refluxed for five minutes with 0.5 g. of 0-

phenylene diamine, 2 benzyl -3- p- methoxy phenyl quin-

oxaline preoipitated in Slender white needles on 

cooling. After three orystal1izations from methyl 

alcohol, this substance melted at 138°, and was 

81~11ar in all respeots to the compound obtained 

by ~orlander (loo. cit.). 

(f) Laotol (CXXXI), R = 06 Ha. CHB• 02 • X = 0 C Ha 

On oxidation 0 f 2.1 g. of this substance with 1.5 g. 

of chromic aOid, 0.9 g. of yellow oil was obtained. 

It failed to crystallize even on long standing, and 

when refluxed wi th a small quantity of 0- phenylene 

diamine in methyl alcohol, the solution turned very dark 

in color, and no crystalline material could be isolated. 
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3. Ozonization of Lactol (CXXXI, R = 06 H6 X = Cl) 

One ani two-tenths grams of the lactol was dissolved 

in 15 0.0. of oarbon tetrachloride (dried over oalcium 

chloride and freshly distilled). A 4% ozone mixture was 

bubbled through the solution for four hours. The 

solution turned light yellow in color; no od or of benzal­

dehyde was present. The solvent was allowed to evaporate 

spontaneously, and the residue was dissolved in ether. 

After extraction with sodium carbonate solution. the 

ether solution on spontaneous evaporation deposited the 

lactol in nearly quantitative yield, in unohanged form, 

as determined by a mixed melting point with the original 

ma tarisl. 

D. Regctions of Lactols with Thionyl and Acetyl Chlorides. 

CH2~C6H5 

I Q1 

00----...,...0 

ORa ::01 >- C61\;0, = C ,oC6R4 X 

80012 co 0 

CXXXIV. 

1. Laotol (CXXXI R = C6H5 , X = Cl) 

Fifteen grams of this substance was dissolved in 

excess thionyl chloride. and the solution was warmed 

gently for some mim tes. On spontaneous evaporation 13.7 g. 
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of the solid chloride (CXXXIY, X = Cl) remained. After 

several crystallizations from ether, it formed glistening 

white needles, melting constant~ at 137°. It was 

moderately soluble in boiling ether, sparingly so in cold 

ether. ver,y soluble in benzene and acetone, and insoluble 

in petroleum ether. 

Anal. Caled. for C H 0 Cl: Cl. 18.0 
23 16 2 2 

Found : Cl. 17.8 

When 2.0 g. of the same lactol was added to excess 

acetyl chloride with gentle boiling to dissolve the 

product, the same chloride resulted on spontaneous 

evaporation, in quantitative yield. A mixed melting 

point with the thfnyl chloride product was not depressed. 

2. Lactol (CXXXI, R = C6H5, X = Br) 

Two grams of this substance was dissolved in excess 

boiling acetyl chloride. After heating for some minutes. 

the solution was allowed to evaporate in a hood. The 

crystalline chloride (CXXXI. X~Br), remained, and was 

recrystallized repeatedly from ether to constant m.p. 1320 

in rectangular prisms. It was moderately soluble in 

boiling ether. slightly so in cold ether, very soluble in 
. 

benzene and acetone, and insoluble in petroleum ether. 

Anal. Calcd. for 023 Hl 02 Cl Br • Cl, 8.1 • Br, 18.2 • • 6 
Found • Cl, 8.0 • Br. 17.9 • , 

Br and Cl were determined by precipitating both as silver 

halides; the percentage of each was calculated from this 
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weight and from the ratio of their at. wts. 

3. Laetol (CXXX, R = C6H5• X = OC~]. 
Similar treatment of this lactol with both thionyl 

and acetyl chlorides yielded untractable reddish oIls, 

which failed to crystallize even on long standing. 

Refluxlng for two hours with thionyl chloride alSQ yielded 

an oil. 

E. Reactions of the Chlorides. 

1. Chloride (CXXXIV. X = Cl). 

(a) With Silver Acetate. 

CH. 
6 5 

aJ~-.C~H~, 91 CH_.C6H5 -:-z Q iI , ~ , QCOC~ 

c = c--- C .OI!HACl -C6HJ:t.C

j
::C, Cl CC.6,n.A Cl I I .. ..,c~coo Ag .., ... 

00 0 ) oc 0 

00----- 0 

One and two-tenths gramaof this chloride was refluxed 

for one hour with 1 g. of silver acetate in 15 o.c. of 

absolute ether. After filtering the silver chloride and 

excess silver acetate, the ether was evaporated in a hood. 
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The aoetate (CXXXV) remained as a white solid, and was 
o 

recrystallized from n. butyl alcohol to constant ID .• p. 157 • 

It was in the form of shining white rectangular prisms, 

which were difficultly soluble in boiling methyl and ethyl 

alcohols, and quite soluble in boiling n. butyl alcohol. 

Anal. Calcd. for C H 0 Cl : Cl, 8.5 
25 19 4 

Found : Cl, 8.6 

This same acetate resulted by treating the lactol 

with acetic anhydride in the following manner. 

Three grams of the lactol were dissolved in excess 

boiling acetic anhydride to which one drop of cone. 

sulphuric acid had been added. After boiling for two or 

three minutes, the solution was poured into water and 

extracted with ether. On spontaneous evaporation of the 

latter, the acetate remained in quantitative yield. A 

mixed melting point with the acetate obtained above was 

not depressed. 

HYdrolysis: A solution of 0.5 g. of this acetate in 

50 c.c. of methyl alcohol to which 9 c.c. of conc. 

ammonium·hydrexide had been added, was allowed to stand 

overnight at a temperature of 30°. After neutralizing 

with dilute acetic aCid, crystals of the lactol separated, 

melting- at 130°. A mixed melting point with the laetol 

was not depressed. 

(b) With Met~l Alcohol. 
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CH2 ·C6H5 Cl 
I I 

CS
H51 = C I CSH4Cl 

CH OH " :5 

~H2-CSH5 9C1l:3 

CSH5-, = C I 
QC 0 ) 

oc-----o 

IKOH 
!(HX) 

CXXXVI. 

'f~.C6H5 qH 

CS
H5"1 = C---1-CSH4Cl 

OC ----- 0 

Eleven grams of the chloride was reflexed in 75 c.c. ot 

methyl alcohol for two hours. On cooling, the methyl ether 

(OXXXVI) separated in dense white crystals in quantitative 

yield, and was reerystalllzed from methyl alcohol to constant 
o 

m.p. 79 , in rectangular prisms. It was very soluble in 

hot methyl aloohol, and sparingly so in cold alcohol. 

Anal. Calcd. for C H 03 Cl : ORa 0, 7.9 
24 19 

Found • CH' O. 7.6 
• 3 • 

HYdrolysis: One gram of this ether was refluxed for 

fifteen minutes in 10% methyl alooholic potassium hydroxide. 

The potassium salt of the lactol separated, and was analysed 

without purification. 

Anal. Calcd. for Cl H 03 elK • K, 9.4 
23 16 • 

Found • K, 8.8 • 

On aoidification of a water solution of the potassium salt, 

the laotol, melting at 1300
, precipitated. A mixed melting 

point with the original lactol was not depressed. 
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The ether was not affected by ammonium hydroxide. A 

solution or 1.0 g. of the ether in 50 o.c. of methyl 

alcohol containing 9 c.c. of conc. ammonium ~droxide, 

was allowed to stand overnight at 30°. On acidification 

with dilute acetic acid, it preoipitated unehan~d. 

2. Chloride (CXXXIV,X = Br) 

With Methyl Alcohol. 

YH2 - C6
H5 ql 

C6H
5

C, :: G---- 01- C6H4Br 

CRaOH 
OC 0 ,. 

~H2·C6~ qc~ 
06H5.r = c ---,- C6H4Br 

OC 0 

CXXXVlr 

1!~~dificatiOn) 
yHz· C6Hfj 9H 

C = C C - c6H
4

Br 

I I 
00------ 0 

One and one-tenth grams of t his chloride was refluxed in 

15 a.c. of methyl alcohol for two hours. On cooling, the 

e-ther (aXXXVII) separated in quantitative yield, and was 

recrystallized from methyl alcohol to constant m.p_ 75°. 

It was~in the form of small dense rectangular plates. 

difficultly soluble in cold methyl alcohol and moderately 

so in hot alcohol. 

Anal. Calod. for C H 03 Br f CH 30' 7.1 
24 19 

Found: CH30, 7.2 
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On refluxing 0.4 g. of this ether in 10 c.c. of 

10% methyl alcoholic potassiwn hydroxide for fifte'en 

minutes, 0.3 g. of the lactol precipitated after 

acidification with dilute acetic acid. It melted at 

152°, and a .mixed melting point with the original lactol 

was not depressed. 

F. Preparation of the Open Chain" Ester of (CXXXI, R = C6H5,X .. 01). 

crH2 • C6
H

5 OH 

C6
H5 r = C ,. C6H4Cl 

00.:...·-----0 
CXXU 

f
KOH (HX) 

CR .-0 H 
I 2 4,6 5 

C6H
5

.C = C 

I 
C·OOCH 

3 

aXXXIX. 

00 0 H 01 
6 4 

CH2 ·C6H5 . I 
NaOH)C&H5., = C CO. C6H4Cl 

COO Na 

l,AgNOa 
<fH2 ·C6Hij 

CH3 I C6H5 eC = C CO. C6H,Cl 

( I 
COO AB CXXXVIII 

To 15 g. ot the lactol dissolved in sodium hydroxide 

solution, silver nitrate solution was added until no fQrther 

precipitation occurred. The silver salt (CXXXVIII), was 

filtered, washed with water, alcohol, and ether, and dried 
desiccator 

in a vaouum; it weighed 20.5 g. 

Anal. Calcd. for 023 H16 03 Cl .Ag : Ag, 22.3 : 'Ol, 7.4 

Found 
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(The residue on heating was assumed to be AgCl; Cl was 

calc'd from this weight) 

In 75 c.c. of absolute ether, 18.2 g. of this silver 

salt was refluxed with 10 c.c. of methyl iodide for one­

half hour. The silver iodide was filtered, and the ether 

solution allowed to evaporate spontaneously. The residue 

consisted of 7.0 g. of the white crystalline ester (CXXXIX), 

which after several crystallizations from methyl alcohol, 

melted constantly at 87°. It was a perfectly stable 

substance in the form of short white needles, moderately 

soluble in hot alcohol and slightly so in cold alcohol. 

Anal. Calcd. for C
24 

H 0 Cl: Cl, 9.1 
19 3 

Found : Cl, 9.1 

HYdrolysis: One-half a gram of this ester was refluxed 

in 10 c.c. of 10% methyl alcoholic potassium hydrOxide for 

fifteen minutes. After neutralization with acetic acid, 

it was poured into water, filtered, and recrystallized 

from dilute methyl alcohol. It melted at 130°, and a mixed 

melting point with the lactol was not depressed. 

Hoping to obtain the same methyl ester, 2 g. of the 

lactol were refluxed for three· hours in 25 c.c. of methyl 

alcohol containing 1.0 g. of conc. sulphuric acid. On 

pouring into water, and recrystallizing from methyl alcohol, 

the lactol was recovered unchanged, as determined by its 

melting point and a mixed melting point. 

In a further effort to obtain the open chain methyl 
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ester (CXXXIX), the methyl ester (VI, X = Cl) was condensed -
with benzaldehyde in very dry alcohol. The procedure was 

similar to that described elsewhere, except that the methyl 

alcohol used was previously very carefully dried over 

magnesium methylate, and the reaction flask and condenser 

were baked dry at a high temperature preceding the experi­

ment. However the lactol was the only product isolated. 

Using piperidine as the condensing agent, in the 

following manner, no reaction occurred. To 3.0 g. of 

the methyl ester (VI, X = Cl) and 1 c.c. of benzaldehyde -
in 15 o.c. of absolute methyl alcohol, 5 drops of piperi-

dine were added, and the mixture was refluxed for six 

hours. On cooling, the methyl ester (VI) precipitated 

unchanged. 

Dlethyl amine was also found not to effect the 

condensation. To 3.0 g. of the methyl ester (VI) 

and 1 0.0. of benZaldehyde in 15 o.c. of absolute methyl 

alcohol, 5 drops of diethylamine were added, and the 

solution was refluxed for six hours. After cooling, 

the methyl ester (VI) again precipitated unchanged. 

G. Reaction of Lactol (eXIII, X = Cl) with HYdrOxylamine. 

~H2·C6H5 OH 
CH2 .C H I 

C
6

H C =0 C • C6H
4

Cl I 6 5 
51 I C6H5 ., = C 0- C6H4 Cl NH

2
0H 

OC 0 ) 

COOH NOR 

OXL. 
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Three grams (3 mol. equivs.) of hydroxylamine 

hydrochloride was dissolved in 30 c.c. of hot ethyl 

alcohol, and 7.2 g. (5 mol. equivs.) of potassium ace­

tate were added. The precipitated potassium chloride 

was filtered and washed with a little alcohol. In the 

solution 5.5 g. (1 mol. equiv.) of the lactol was dis-

solved, and refluxed on the water-bath for two hours. 

The solution was poured into water, and the oxime 

(CXL) was obtained pure by crystallizing twice from di­

lute methyl and three times from small volumes of hot 

methyl alcohol. It formed short white needles, melting 
o at 160 , moderately soluble in cold alcohol, and very 

soluble in hot alcohol and ether. 

Anal. Calcd. for 023 HlB 03 N Cl: N, 3.6 

Found : N, 3.5 

H. Treatment of the Lactol (C~LXI, R = C6H5 X = Cl) with 

Som~ Aromatic Aeid chlorides and with Phenyl Isoqranate. 

1. with 3.5 Dinitro benzoyl chloride. 

To prepare this acid chloride, 0.9 g. of 3.5 dinitro 

benzoic acid was heated with 1.2 g. of phosphorous penta 

chloride" for a minute or two. The phosphorous o~chloride 

was removed by pressing the cooled semi-solid on a porous 

plate, and the acid ehloride was added to 2.0 g. of the 

1actol in a small test-tube. The tube was heated to 
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the melting point of the mixture, and kept at this 

temperature for halt an hour. On reorystall1z1ng 

from ethyl alcohol. the lectol 1'Ia.8 recovered quan­

titatively unchanged. 

2. With p-nitro benzoyl chloride. 

i~o grams of p .. nitro benzoyl chloride was added 

to 4.0 g. of the lactol in ao g. of pyridine. The 

mixture wa.s warmed to dissolve the components, and 

allowed to stand over night. ~he solution Was poured 

into dilute sulphurie acid, and filtered. 

oipitate w~s dissolved in ether. and extracted with 

sodium carbonate. On spontaneous evaporation of the 

ether, the lacto1 was recovered quantitatively un­

changed. 

3. 'Ni th BenJlo~ ohloride. 

:J:hree -grams of benzoyl chloride was added to a. 
. 

solution ot 4 g. of the lactol in 15 c.c. of ether. 

~hirty a.c. of 10% sodium hydroxide solution (aq. ) 

was added, and shaking was continued for one hour. 

The solium salt of the laotol separated, and was fil-

tered. On dissolving it in water, and acidifioation 

with hydrochloric aoid, the laotol precipitated un­

changed. 

4. With Phenyl Isocyanate. 

Two grams of the lactol was dissolved in 8 O.C. 

of dry benzene, and 1.2 0.0. of freshly prepared phen-
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yl isocyanate was added. The solution was warmed 

gently, tightly stoppered, and allowed to. stand for 

two d$Ys. The solution was allowed to evaporate 

in a hood, and a little water was added to the re­

sidue. After filtration, it was orystallized from 

dilute methyl alaohol, and so 1.9 g. of unahan~d 

lactol was recovered. No traoe of a phenyl urethane 

was found on the closest observation of all filtrates; 

the only other solid was diphenylurea. 
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I. F10w Sheets. 

1. Reactions of Lacto1 ( CXXXI, R= CaRs, ~ Cl ). 

CHaR 
I. 

rOs 

CHaR OH 
I , 

CHsCOCl 
or 

SOC1 2 

C6 H5O=C--- C C6 H4 Cl 
'--- I , 

NaOH 
+ 

AgNOs 

oc 0 

NHaOH 

C6 HsO=C -- COC 6 H4 C1 
I 
COOAg 

KOB 
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2. Reactions of the 6hloride4CXXXIV). 

lCHSOH 

~H2C6H5 yCHa 

CsHsO=C C C6 H4 Cl 
I I 

OC 0 

KOH 

CH2C6HS OH 
I I 

C6 HsC=C --- C C6 H4 C1 
, I 

OC 0 
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Conclusion 

1. The- methyl and ethyl esters of ~- phenyl 

j8-p-a.hlorbeasoll propionio acid condense with 

benzaldehyde in the pres8nce of sodium methylate to 

form the same unsaturated lactone. Thi s condensation 

is not brought about by piperidine or diethylamine. 

The methyl ester has also been condensed with piperonal 

to form an analogous product. 

2. Methyl o(-phenyl- f- p-brombenzoyl propionate 

am methyl o{'- phenyl- ,8 -8.ni8011 propionate t when con­

densed with benzaldehyde and piperonal in 8 similar 

manner t form unsaturated lactonea of the same type. 

3. These unsaturated lactones have a tertiary 

hydroxyl group, and are t~refore nlaotols". This 

hydroxyl group is comparable to that of triphenyl 

carbinol in most res~ eta. 

4. The spontaneous closing of the ring on 

acidification is undoubtedly due to the increased 

branching of t~e chain, since the previous 

condensation products of this type that have been 

studied differ only in having one less phenyl group. 
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'flie Product from the Condensation of Methyl d..- phenyl- p­
benzoyl Propionate and Benzaldehyde 4" 

When the unsubstituted ~ -ketonic ester, methyl ~­

phe~l-p-benzoyl propionate, was condensed with benzal­

dehyde, a produot was obtained only remotely resembling 

in its chemical properties, the lactols described in 

the previous section. Its structure has not- yet bee-n 

determined, since oxidation reactions used for this 

purpose, yielded only benzoic aOid, and so far, no other 

type of reaotions has given useful results. The pro­

perties of this substance are described below. 

1. The empirical formula, C23H1SOZ' was determined 

by analysis. 

2. The product dissolves readily in caustic al-

kali solution, and preCipitates unchanged on acidifi­

oation. It is insoluble in sodium bi~arbonate solution. 

A lactone strueture Is thus indicated. This is oon­

firmed by the fact that the es~er group disappears in 

the reaction, since the methyl and ethyl esters yield 

the same product. 

3. In the Grignard "machine" it indicated the 

presence of two active hydrogens, and the addition of 
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4. On pyrolysis, it readily loses oarbon dioxide 

to form a product of empirical formula, 022 H
lS 

O. 

This pyrolysis product is unsaturated, and is oxidized 

by potassium permanganate to benzoic acid. In the 

Grignard nmachine" this substance shows the presence 

of one active hydrogen, and the addition of one group. 

It does not form an oxime or a phenyl hydrazone. 

Since the original product loses carbon dioxide 

so readily, a /9-1actone structure is indicated. 

Evidence against this structure is the fact that it 

precipitates unchanged from its solution in caustic al­

kali on acidification; no ~-lactones yet known, exhibit 

this latter behaviour. 

5. It is oxidized to benzoic acid on treatment with 

potassium permanganate in acetone sQlution, but does 

not decolorize.bromine. 

6. It forms an oxime. 

The properties of this lactone are thus quite 

different from those of the lactols described in the 
section 

first of this thesis. In a recent communication, 

Bergmann and Wolff (40) have shown that the introduction 

of a methoxyl group in the para position of the ben­

zoyl group of benzal acetophenone oxide, completely 

alters its reaction with phenyl magnesium bromide. 

It has been shown (41) that benzal acetophenone oxide 
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reacts with phenyl magnesium bromide to form triphenyl 

oarbinol. 

C6
H5 C\, iH 

CO C6H5 

o 

C H Mg Br 
6 5 

) (0 H) COH 
653 

Cleavage of the molecule oeaurs with the formation ot 

benzophenone, which then reacts with the Grignard 

reagent to form triphenyl carbinol. 

In the reaction between benzal p- metho~ aceto­

phenone oxide and phenyl magnesium bromide. no cleavage 

occurs. and two moles of the latter add in the following 

manner: 

With eenzal p- phenyl acetophenone oxide, there are 

indications that both types of reaction occur. 

The introduction of groups in the p- position of 

the benzoyl phenyl group in our laetols, may thus 

account for the difference in properties between the 

Uilsubstituted lactone just discussed, and the lactols 

deseri bed in the first part ot this >ithesi s. 
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A. Experimental 

Methyl 0(.- phenyl - fI- benzoyl propionate was­

prepared in a manner similar to that of the other 

ketonic esters previously described. 

1. Benzal acetophenone. 06H5 OH = CH CO C6H5. 
This compound was prepared acaording to the direc-

tions in "Organic synthee8a" (38). 

From i04 g. of acetophenone and 92 g. of benzaldehyde, 

~ 0 165 g. (9~~ 0~ yield) of benzal acetophenone m.p. 52 , 

was obtained. 

Following the nethod in "Organic Synthes .. n (39) for 

the preparation of this compound, 198 g. of this nitrile 

m.p. 126°. was obtained from 208 g. of benzal aceto­

phenone, a yield of 84.3%. 

3. Methyl ~- phenyl- p7- benzoyl Propionate. 

C6H5 • ?H - CRa• ao C6H5 • 

COOCK
3 

The above nitrile was first hydrolysed to the corres­

ponding acid w~1ch was then esterified in the usual 

manner. The method described below is that of Lapworth 

and Wechs1er (loc. eit). 

One hundred and two grams of d.- phenyl - fJ- benzoyl 

propionitri1e was dissolved in 510 g. of sulphuric 
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acid ( s. g. 1.84) and 255 o.c. of water, at the tem­

perature of the water-bath, and kept at this temperature 

for three hours with mechanical stirring. The resultant 

pasty mass was poured into a large volume of water and 

filtered. The crude acid so obtained was purified by 

dissolving in excess hot dilute sodium hydroxide solution 

and filtering; the acid was reprecipitated in pulverulent 

form by the careful addition of dilute acetic and hydro­

chloric acids. After one crystallization from an ether­

petroleum ether mixture, the acid melted at 153°, and 

weighed 97.0 g., a yield of 88.0%. 

The methyl ester was prepared by refluxlng for three 

hours 91.8 g. of this acid wi th 918 g. of methyl alcohol 

containing 45.9 g. of conc. sulphuric acid. After cooling, 

the oontents were poured into a large bulk of water, and 

filtered. After one crystallization from methyl alcohol, 

the product melted at 103°, and weighed 93.0 g., a yield 

of 96.0%. 

The ethyl ester was prepared in a similar manner 

by refluxing the acid in ethyl alcohol for four hours. 

From 9.2 g. of the aoid, 7.2 g. of this ester, m.p. 41°, 

was obtained, a yield of 71% of the theoretical. 

B. Condensation With Benzaldehyde. 

To 25 0.0. of benzaldehyde (u • S. P.) dissolved in 
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50 c.o. of absolute methyl alcohol, were added 33.5 g. of 

methyl ~ phenyl - 8- benzoyl propionate, and 3.0 g. 

of sodium in 50 c.c. of absolute methyl alcohol. The 

mixture was refluxed on the water-bath for two hours. 

The solution was acidified with acetic acid, and the 

alcohol and excess benzaldehyde were removed by steam 

distillation. The water was decanted from the impure 

crystals remaining, and these were well washed with 

water. After one orystallization from a small volume 

of methyl alcohol, the product melted at 142°, and 

weighed 36.5 g., a yield of 84.8% (calculated as a 

lactone, with loss of the ester group). It was re­

orystallized from an ether-petroleum ether mixture to 

constant m.p.l45 0
, in microscopic plates. It was very 

soluble in most of the organic solvents such as a~coholt 

ether and acetone, moderately so in benzene, and insol­

uble in petroleum ether. 

Anal. Calcd. for 023 H
lS 

03 : e, 80.7 ; H, 5.2 

Found : e, 80.1 ; H, 5.2 

The same product was obtained in 87.3% yield by con­

densing the ethyl ester with benzaldehyde in a similar 

manner, with the use of ethyl alcohol as the solvent. 

A mixed melting point with the product from the methyl 

ester condensation was not depressed. It readily 

dissolved in dilute sodium ~droxide solution, and 

reprecipitated unchanged on acidification. It was in­

soluble in sodium bicarbonate solution. 
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In the Grignard "machine" the produat showed the 

presence of two active hydrogens, and the addition of one 

group. The experimental details are omitted here, since 

the method is described elsewhere in this dissertation. 

A sample evolved two moles of methane with the Grignard 

reagent and reacted with three moles of the latter. 

Condensations of the methyl ester with anisaldehyde, 

and p- chlorbenzaldehyde in a similar mSlmer, yielded 

untraotable oils. 

c. Pyrolysis of the Product 

-co 
2 

On heating the produot 800 above its melting point, 

i t iost Cl arbon di oxide to fo nIl a compound of empiriQsl 

formula, 022 Bla O. The pyrolysis produot was oxidized 

by potassium permanganate to benzoio aCid, three equiv­

alents of the latter being formed. 

(a) Pyrolysis. 

~Iwenty grams of the condensation product were placed 

in a 100 0.0. Claisen flask, the delivery-tube of Which 

was conneoted with a glass tube leading into barium 

hydroxide solution. The flask was hested gradually to 

2300 in a metal bath, at whioh temperature oarbon dioxide 
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was rapidly evolved, oausing a heavy precipitation 

of barium aarbonate. fhe flask was kept at this 

temperature for at-hours, when the evolution ceased. 

The resulting oil was distilled under a pressure of 

18 mm. into three different containers, approximately 

one-third being collected in eaoh. ihe temperature 

remained oonstant at 2700 (± aO ) during the distill-

ation, except toward the end when deoomposition set in. 

The first portion of distillate was olear yellow, 

the seoond slightly darker, while the third was dark 

brown due to composition. The total yield was 16.0 g. 

or 9~ of the theoretioel. 

Anal. Caled. for C22~80 • Ot 88.6 • H, 6.0 • t 

Found • C, 88.2 • H, 6.0 (1st por tion) • , 

0, 88.2 • Ht 5.9 (2nd portion) , 

A little of the oil was dissolved in hot ethyl aloohol 

~nd allowed to stand open for several days. A few crystals 

fQrmed which were used to inoculate a sample of the 011, 

complete crystallization resulting in two weeks. A 

portion was recr,ysta1l1zed from warm methyl alcohol to 
o constant m.p. 48 • 

In the Grignard ifmachine u this produot showed the 

presence of one aotive hydrogen, and the addition of one 

group. Wi th the- Gri gnard reagent i t evolved one mole 0 f 

methane, and reacted with two moles of the reagent. 

Attempts to form an oxime and a phenyl hydrazone 
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in the usual manner were unsuccessful; no orystalline 

material was isolated in either case. 

(b) Oxidation of the Pyrolysis Product. 

Five and eight-tenths grams of the pyrolysis product 

(m.p. 47°) was dissolved in 100 o.c. of acetone(dis-

tilled over KOH and KMn 0, ), and 14.5 g. of finely 

ground potassium permanganate was slowly added. Oxi­

dation started easily and the solution became quite 

warm. A little ethyl alcohol was added to remove the 

slight excess of permanganate. On extraction of the 

precipitated manganese dioxide with sodium hydroxide 

solution, and subsequent acidi£ication, 4.5 g. of 

benzoic acid were obtained, identified by a mixed 

melting point. On spontaneous evaporation, the acetone 

solution deposited a fUrther quantity of 1.5 g. of benzoic 

aoid. The total weight of benzoio acid obtained was 6.0 g., 

whereas the theoretioal weight is 7.1 g. 

D. Oxidation of the Condensation Product. 

1. with Potassium Permanganate. 

In a manner identical with that described elsewhere, 

2.0 g. of the original lactone was oxidized with 2.6 g. 

of potassium permanganate. The only product isolated 

was benzoic acid, of which 1.6 g. was obtained. 

2. ~ith Ohromic Acid. 

Following the method described previously, 6.0 g. 
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of the oondensation product in glacial acetic acid 

was treated with 5.0 g. of chromic acid, for one hour 
o 0 at 25 - 30 with continual stirring. No oxidation 

produot was isolated, and 4.6 ~. of the produot was 

recovered unchanged. This behaviour is in marked contrast 

to that of the other laotones, desoribed in the first 

part of this theSiS. 

E. Reaction with Hydroxylamine. 

An oxime 0 f the product was readily prepared in 

the following manner. 

Three grams of hydroxylamine hydroohloride was 

dissolved in 30 0.0. of hot ethyl aloohol, and 4.6 g. of 

potassium aoetate was added. After filtering the pot­

assium chloride, 5.0 g. of the condensation produot 

was added to the solution, and the mixture was re-
. 

fluxed for two hours. After cooling, the solution 

was poured into water, and the oxime was reorystallized 

o repeatedly from n. butyl alcohol to oonstant m.p. 181 • 

It was obtained as small plates, sparingly soluble in 

hot methyl and ethyl aloohols, quite soluble in ether. 

Anal. Calod. for C23 Rl9 03 N : N, 3.9. 

Found : N, 3.7. 
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Conolusion. 

Methyl ~- phenyl -f?- benzoyl propionate condenses 

with benzaldehyde in the presence of sodium methylate to 

form a laotone of unknown structure. On heating, this 

lactone loses carbon dioxide, mld forms an unsaturated 

substanoe which on oxidation gives benzoic aoid. 
~ 
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