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The Bowman ketone synthesis was successfully applied to 
N-phthalylaminoacid chlorides. In this manner 1-phthalimido-
4-phenyl-2-butanone [VJ as well as 1-phthalimido-2-octadecanone 
[IV] were formed in the reaction of N-phthalylglycyl chloride with 
correS1POnding substituted · dtbenzyJ. or ditetrahydropyranyl sodio
malonates. The optically active 2-phthalimido-5-phenyl-3-pentanone 
[X] was obtained with N-phthalylalanyl chloride. From 1-phthali
mido-4-phenyl-2-butanone [VJ we prepared 1-benzamido-4-phenyl-
2-butanone [VII] and 1-amino-4-phenylbutane [IX] so that the 
reaction represents a method for the preparation of a-amino ke
tones and related compounds. 

The acylation of diethyl sodiomalonates with N-;phthalylaminoacid chlo
rides was extensively investigated by Gabriel et al.1, and Immend6rfer2• Pascual 
;and Rebollo3 prepared the diethyl phthalylglycyl-benzylmalonate4 from phtha
lylglycyl chloride and sodiobenzylmalonate, but their attempts to hydrolize 
this compound to 1-amino-4-phenyl-2-butanone failed. The reaction was also 
-applied by Baker, Querry, Schaub, and Williams5 in their work on an anti
malarial alkaloid from Ch'ang Shan roots. 

A general m ethod for the preparation of ketones by acylation of substituted 
malonic esters was described recently in a series of papers by Bowman and 
Fordham6 and by Fonken and Johnson7• These authors made use of dibenzyl, 
<litetrahydropyranyl and di-tert. butyl malonates which could be easily hydro
lyzed and decarboxylated, and the corresponding ketones were obtained in 
high yields. The method was shown to be of great value in the preparation of 
long-chain aliphatic compounds. 

In our work on long-chain amino alcohols of the sphingosine type we 
have been interested in investigating the possibility of preparing some a-amino
ketones as model compounds using natural a-aminoacids as starting material. 
The reaction of N-phthalylaminoacid chlorides [II] with substituted dibenzyl 
and ditetrahydropyranyl-malonates [I] was investigated. The formation of 
phthalimido ketones has been effected and so a further evidence of the gene
rality of the reaction has been given. When using L-alanine as the amino acid 
·component, an optically active product was 'obtained. Since the asymmetric 
·centre is not attacked during the r eaction, an inversion in configuration is 
not exp ected, and the described m ethod seems to be of importance for stereo
·.{;hemical studies. The described reaction offers very likely a new possibility 
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for the determination of the absolute configuration of some natural amin0> 
compounds. This possibility is under investigation in our laboratories. 

In this paper we describe the acylation of sodiobenzyl malonate and sodio-· 
pentadecyl malonate with N-phthalylglycyl chloride. The method used is 
essentially that of Bowman which was applied to the corresponding ditetra-· 
hydropyranyl malonates. In one case the dibenzyl benzylmalonate was used'. 
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and the intermediary crystalline 1-phthalimido-3,3-dicarbobenzyloxy-4-phenyI-
2-butanone [Illa, R 3 = H] was debenzylated catalytically. Decarboxylation 
yielded the desired 1-phthalimido-4-phenyl-2-butanone [V] . This compound was 
first prepared from 1-chloro-4-phenyl-2-butanone and potassium phthalimide 
by Henze and Shown8• Starting from [V] a series of related compounds was 
prepared. For further studies it became necessary to d evise a method for-
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removing the phthalimido group. Henze and Shown eliminated it by hydrolysis 
of the intermediary formed phthalamic acid. We tried to remove the phthalyl 
group by direct hydrolysis with hydrochloric acid as well as by hydrazinolysis 
of the corresponding ketal [VI], but in both cases undefined products were · 
obtained. Finally, the phthalyl group was removed by heating the ketone [V] 
with hydriodic acid in glacial acetic acid. The crystalline hydriodide thus 
obtained was converted without further characterization into the benzoyl deri- · 
vative [VII] according to the method of Gabriel9• These reactions offer the · 
possibility of preparing the corresponding rx-amino alcohol and the rx, ~-diamine 
by lithium aluminum hydride reduction of [VII] or of its oxime and subsequent: 
hydrogenolysis of the benzyl group. 

The reduction of [VJ with lithium aluminum hydride yielded, as expected10, 

l-(N-isoindolinyl-)-4-phenyl-2-butanol [VIII], a viscous semicrystalline oil, 
which was identified by converting it into the crystalline oxalate. An attempt : 
was made to split off the o-xylene from this compound hydrogenolytically. 
Only a minute amount of an oxalate with a nitrogen content between the 
values for neutral and acid oxalate of 1-amino-4-phenyl-2-butanol -was obtai
ned. The reaction was not further investigated, since the benzoylamino ketone 
[VII] seemed to be a more suitable starting material for the preparation of · 
amino alcohols and diamines. 

In the Huang-Minlon modification of the Wolf-Kishner reaction the ketone · 
[VJ was reduced- with simultaneous elimination of the phthalyl group - to the · 
already described 1-amino-4-phenylbutane [IXJ 11 • 

In order to check the suitability of this synthesis in the long-chain series, 
the reaction was extended to pentadecyl malonic acid yielding 1-phthalimido- · 
-2-octadecanone [IV]. 

Finally, the synthesis of phthalimido ketones from optically active amino 
adds has been attempted. N-Phthalyl-L-alanyl chloride [II, R3 = CH3] was 
brought into reaction with ditetrahydropyranyl sodiobenzylmalonate. The 
isolation of the reaction product presented more difficulty and the ketone. 
fraction was separated by means of the Girard reagent. Chromatography of · 
the crude fraction led to an oily substance, which was oximated giving 2- · 
-phthalimido-5-phenyl-3-pentanone oxime ([aJD = + 5.31°). 

We wish to point out that the yields of the phthalimido ketones prepared 
in this way were rather low and in some instances a part of the material was 
lost in trying to find out the best method for isolating the products. No attempt 
has been made to improve the yields since the general application of the · 
reaction was the first aim and most of the experiments were not repeated in . 
the course of this work. 

EXPERIMENT AL* 

The phthalimido acid chlorides were prepared in the usual manner from the · 
corresponding acids, i. e. phthalyJglycine and phthalyiJ.-Lalanine, using thionyL 
chloride. The crude chlorides were purified by distillation in vacuo.** 

* The melting po,ints are uncorrected. 
** We wish to express our thanks to Prof. K . Balenovic of the Department . 

of Chemistry, Faculty of Science, University of Zagreb, for the generous gift of 
L-al:anine, and to Mr. P. MHdner of the Institute for Industrial Research, Zagreb, . 
for a sample of dihydropyrane. 
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1-Phthalimido-3,3-dicaroobenzyloxy-4-phenyl-2-butanone [Illa, R 3 = H] 
A solution of diethyl benzylmalonate (5 g., 0,02 mole) in benzene (30 ml.) was 

added to dry sodium ethox'id.e (.pre.paired according to Bowmain.6 from 0,46 g. of 
· sodium). Formation of the sodium enolate was immediate; when the dissolution 
was completed, benzyl alcohol (4,32 g.) was added, and the mixture distilled through 
an efficient fractionating column until all benzene-ethanol azeotrope was removed. 
Phthalylglycyl chloride (4,48 g., 0,02 mole) in benzene was then added to the 
residual benzene solution of dibenzyl sodiobenzylmalonate and the mixture refluxed-
for 30 minutes. The cooled solution was poured into ice-water (100 ml.) containing 
a trace of sulfuric acid, and the organic layer separated. The aqueous layer was 
-extracted ~ith benzene, and the combined extracts washed with w ater, dr ied with 
anhydrous sodium sulphate, and the solvent evaporated in vacuo. The remaining 
yellow oil was dissolved in dioxane (25 ml.). On addition of 200 ml. of 950/o ethanol 
and scratch:inlg with a .glas'S rod, the product crystallized in col-Orless iprisms (2,4 g., 
·21 ,40/o, m . p . 1000). For analysis the product was crystallized twice from dioxane
ethanol, m. p . 101-1020. 

Anal. 10,120 mg. s wbst.: 0,250' ml. N 2 (23°, 750 r:mm .) 
C34H2101N (561 ,56) calc'd N 2,500/o 

found N 2,830/o 

J -Phthalimido-4-phenyl-2-butanone [V] 
Method A : Benzylmalonic acid (19,43 g.) was added in portions with stirring 

.to a solution of dihydropyrane (25,2 g.) in benzene (100 ml.) containing one drop of 
sulfuric acid. Stirring w as continued for 30 minutes. Anhydrous potassium carbo
nate (4 g.) was added to the clear solution, and the stirring continued for additional 
30 minutes. The solution was decanted from inorganic material and the solvent 
and excess of dihydropyrane r emoved by evaporation in vacuo below 300. The 
residual oil was dissolved in b enzene (100 ml.) and added to a stirred suspension 
of sodium powder (2,3 g.) in benzene (200 ml.). Stirring was continued until the 
m etal was dissolved, and a solution of phthalylglycyl chloride (21 g.) in benzene 
(100 ml.) was then slowly added at room temperature. After standing for one hour, 
the mixture was acidified with acetic acid (10 ml.) and r efluxed for 150 minutes. 
Carbon dioxide escaped and the yellow solution became colorless. The cooled 
mixture was washed with water, and a small amount of undissolved phthalylgly
·cine was recovered. After evaporatinig the benzene solution the residual oil (44 g.) 
was dissolved in 950/o ethanol (60 ml.). After standing in the refrigerator, the sepa
rated crystals were filtered, washed with ethanol and dried, m . p. 109-llOO (10 g., 
·36,40/o based on phthalylglycyl chloride). For analysis the product was recrystallized 
from 950/o ethanol m . p. 110,5° (record ed m. p . 106--107°)8• 

Anal. 5,705 mg. subst .: 15,50 mg C02 2,50 mg. H20 
7,815 mg. subst. : 0,333 ml. N 2 (22,50, 753 mm.) 
C18H 150 3N (293,31) calc'd: C 73,70 ; H 5,15; N 4,78°/o 

found : C 74,14; H 4,90; N 4,88°/e 

Method B : The keto ester [Illa , R3= H], (1 ,0 g., 1,78 m Mole), dissolved in ethyl 
acetate (30 ml.) was catalytica lly reduced with 10°/o palladium on l;?aryum sulphate 
catalyst (1,0 g.) at ordin ary pressure and room temperature. After 10 ·hours the 
hydrogenolysis was completed, the catalyst filtered off and the solvent evaporated 
to dryness on the water bath. The residual oil was h eated for 0,5 hour at 100°. 
On cooling the product solidifies (515 m g., 98,60/o). Two r ecrystallizations from 95°io 
ethanoJ gave colorless needles, m . p . 110,5°, i!Ildentical with t he product obtatlned by 
m ethod A. 

0 x ·i m e. Obtained from [VJ and hydroxylamine acetate (10'00/o excess) in abso
Jute ethanol on the steam bath for one hour. On cooling the oxime crystallizes in 
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-0olorless needles, m. p . 139-141°. After two orysta1lJ.izations from 950/o ethanol the 
vxime melted at 140'-141° •. 

Anal. 9,100 mg. subst.: 23,30 mg. C02, 4,10 mg. H 20 
6,915 mg. subst.: 0,568 ml. N 2 (240, 750 mm.) 
C1sH160aN2 (308,32) calc'd: C 70,12; H 5,23; N 9,090/o 

found: C 69,88; H 5,04; N 9,320/o 

Pentadecylmalonic Acid 
To a solution of diethyl sodiomalonate, prepared from diethylmalonate (8 g., 

-0,05 mole) and sodium ethoxide (from 1,15 g. sodium) in benzene (50 ml.), penta
decylbromide (14,55 g., 0,05 mole) in benzene (50 ml.) was added. The mixture was 
refluxed for 12 hours. During the reaction sodium bromide separated. Water (100 
ml.) was added, the mixture acidified with dilute hydrochloric acid, and the organic 
layer separated. After drying, the solution was distilled in vacuo. A small forerun 
(b. p . up to 1300;0,3 mm.) was collected. The residue in the distilling flask was 
'hydrolysed by shaking it with a solution of potassium hydroxide (15 g.) in water 
{12 ml.). After the hydrolysis was completed, water (100 ml.) was added, and the 
clear solution acidified with 5 N hydrochloric acid. The precipitated acid was 
-extracted with ether, the solvent distilled off, and the crude product crystallized 
from benzene. Yield 8,9 g. (830/o), coloirless needles, m. p. 114-115°. · 

Anal. 10,320 mg. subst.: 26,04 mg. C02, 10,165 mg. H20 
C1sHa404 (314,45) calc'd: C 68,75; H 10,900/o 

found: C 68,86; H 11,020/o 

1 -Phthalimido-2-octadecanone [IV] 

A solution of ditetrahydropy~anyl pentadecy;lmalonate (from 8,56 g ., 0,04 mole 
-of pentadecylmalonic acid, prepared in the same manner as described for the 
benz.ylmalonate) was added to dry sodium ethoxide (from 0,92 g. , 0,04 g-atom of 
sodium) at room temperature. Phthalylglycyl chloride (8,96 g., 0,04 mole) in dry 
benzene (30 ml.) was then added. After standing at room temperature (2 hours), 
4 drops of acetic acid were added and the mixture refluxed for 2 hours. The cooled 
benzene solution was washed with water, and the solvent · evaporated. The residual 
oil was induced to crystallisation by addition of 950/o ethanol (30 ml.). Thus, 3,9 g. 
-0f a colorless crystalline product, m. p. 80-820 was obtained. Two crystallizations 
from ethanol gave 1,8 g. (10,870/o) of colorless, glistening plates, m. p . 89-900. 

Anal. 9,010 mg. subst.: 25,09 mg. C02, 7,70 mg. H20 
7,095 mg. subst.: 0,216 ml. N 2 (19,40, 748 mm.) 

C26H3903N (413,58) calc'd: C 75,50; H 9,51; N 3,390/o 
found: C 75,99; H 9,56 ; N 3,500/o 

0 x .im e. A solution o.f the ketone [IV] and hydroxy1amine acetate in absolute 
-ethanol was refluxed for 1 hour. From the concentrated reaction mixture colorless 
needles separated, which were crystallized three times from 950/o ethanol, m. p . 
108-1100. 

Anal. 6,900 mg. subst.: 0,375 ml. N 2 (20,5°, 748 mm.) 
C26H4oO:tN2 (428,60) calc'd: N 6,540/o 

found: N 6,220/o 

1-Phthalimido-4-phenyl-2-butanone ketal [VI] 

A mixture of [VJ (500 mg.), ethylene glycol (4 ml.), p-toLuenesulphonic acid (20 
mg.) in toluene (30 ml.) was slowly distilled from a flask provided with a total 
-condensation take-off adapter. During 4 hours 10 ml. of distillate was collected. 
The mixture was cooled, washed successively with 2 N sodium hydrogen carbonate 
:solution and water, the toluene layer dried with anhydrous sodium sulphate and 



12 D. E. SUNKO AND M. PRtOSTENIK 

evaporated to dryness in vacuo. A colorless oil which crystallizes on standing was: 
obtained (540 mg., m. p. 114-1180). The product was recrystallized three times from. 
950/o eth anol. CoJorless crrystais, m. p . 125-125,5° (380 mg.). 

Anal. 9,790 mg. suibst.: 25;50' mg. 002, 5,295 mg. H 20 
6,700 mg. subst.: 0,250 ml. N2 (210, 748 mm.) 
C20H 190 4N (337,36) calc'd: C 71 ,20; H 5,68 ; N 4,15°/e 

found: C 71 ,08; H 6,05 ; N 4,27°/o 

1-Benzamido-4-phenyl-2-butanone [VII] 
To a solution of [VJ (1 ,0 g.) in acetic acid (10 ml.) 3 ml. of h ydriodic acid' 

(d. 1,96) was added, a'lld the mixture heated on a steam bath for 10 hours. The 
solution was evaporated to dryness in vacua, the dark residue dissolved in water 
and exhaustively extracted with chlo•roform, which removed the ;iodine. The aque
ous solution was concentrated in vacua to a sma ll volume, cooled and filtered from 
t he i.nso1uble material . The filtrate was evaporated in vacuo, the yellow solid 
residue dissolved in a small volume of absolute ethanol, and the product precipi
tated with ether. The solvent was decanted, and the crystalline precipitate purified 
by repeating this proc,ess two times. After crystaUization rrom absolute ethanol
petroleum ether, 320 mg. of colorless needles m . p. 120-1230, were obtained. Without 
further purification the hydriodide was benzoyla ted according to Gabriel9. It was 
dissolved in warm acetic acid (1 ,5 ml.) , the solution cooled to 200, anhydrous sodium 
acetate (320 mg.) added, and the ~ixture treated with benzoyl chloride (0,4 ml.) . 
After heating for 10 minutes on the steam bath, the cooled mixture was diluted 
w ith water (15 ml.) . A pink colored oil separated, which solidifies upon standing· 
(290 mg.). Two crystallizations from ethanol-water (3 : 1) w ith addition of charcoal 
gave colorless leaflets, m . p . 86,5-87,50. 

Anal. 10,005 mg. s uibst.: 28,035 mg. C02, 5,785 mg. H 20 
7,059 mg. subst.: 0,341 ml. N2 (210, 748 mm.) 

C11H1102N (267,31) calc'd: C 76,38 ; H 6,41; N 5,240/o 
found : C 76,47; H 6,47; N 5,270/o 

0 x ti: me·. Prepared in the usual manner with alcoholic hydroxylami.ne acetate· 
solution. After two recrystallizations from benzene it separated in colorless leaflets, 
m. p . 151-1520. 

Anai. 5,900 mg, s:ubst.: 0,501 ml. N2 (2.1°, 747 mm.) 
C11N1s0~2 (282,33~ calc'd: N 9,920/o 

found: N 9,690/o 

1-(N-Isoindolinyl)-4-phenyl-2-butanol [VIII] 
The reaction was carried out in a Soxhlet extractor. In the thimble 3 g .. 

(10,22 mMole) of [VJ was placed, and a solution of lithium aluminium hydride 
(1,5 ,g.) in ether (300 ml.) mailntailned at a moderat e rate of boiling until a ll ·the ketone 
has been dissolved. The excess of hydride was d es:troyed by caJUtious addition of 
water, the ether solution decanted , and the solvent evarpo1rated. Thus, 2,82. g. 
of a thick, brown oil, which partly crystallizes on standing, was obtained. It was 
dissolved '.in a bsohlte ethanol (15 ml.) and added to soJ.utiion o f oxalic a~id (1 ,5 g.)
in ethanol (30 ml.) . After few minutes a crystalline ox a 1 ate was formed . The 
salt was recrystallized three times from ethanol w ith addition of charcoal. Colar-· 
less needles, m . p . 1580 (decomp.). 

Anal. 10,495 mg. s1ubst.: 25,860 mg. C02, 5,770 mg. H 20 
6,405 mg. subst. : 0,216 ml. N2 (20°, 748 mm.) 

!found : C '67,24 ; H 6,15 ; N 3,87 O/o 
C20H 2305N (357,4) calc 'd : C 67,21; H 6,49; N 3,9·2 O/o 
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1-Amino- 4-phenylbutane [IX] 

Diethylene glycol (10 ml.), V (1.,5 g ., 5,12 mMole), hydrazine hydrate (2,5 ml.) 
and ipotass.Lum hydroxide {2 1g.) were heated by means of an, oil bath in a flask 
<equipped with a reflux .condenser at 140° for 1,5 hour. 'r.he 'temperiartJure was then 
raised to 200-240° and mai:nt..a:ined there for two hours. After coOli:ng, the solid, 
:yellow residue ,in the flask was dd1ssolved in wainn water and distilled with srteam. 
'The turbid, strongly alcaJ.ine distillate (60 ml.) was saturated with anhydrous 
:i:otassium carbonate and extracted w1th ether. The combined extracts were dried 
·with 0.IIlhydrous potass.ium cairbonarte, and the solvent evaporarted. There r·emai!ned 
500 mg. of a colorless oil which was dissolved in absolute ethanol and treated 
with an alcoholic solution of oxalic add. The precipitated salt was recrystallized 
:several times from 950/o e<bhano1l. Colorless needLes of 1-amino-4-phenylbutane ox a-
1.a t e, m . p. 142-145° (decomp.) were ·obtained. 

Anal: 5,590 mg. Sl\libst.: ·0,272 ml. N2 (19,5~, 749 mm.) 
C12H1i{)4N (239,27) cailc'd: N 5,850/o 

found: N 5,600/e 

Pi crate. FrOltn the oxalate w.ith sodium piocate in water. Recrystallized 
:from aqueous ethanol and then from benzene containing a trace of ethanol it 
.separated in yellow needles, m. p. 125-1260 (recorded m. p. 1250) .11 

Anal. 5,4!()5 mg. subst.: 0,694 ml. N2 (23°, 749 mm.) 
C1sH1s0 1N4 (378,34) caJ.c'd: N 14,810/o 

foUIIl.d : N 14,600/o 

:2-Phthalimido-5-phenyl-3-pentanone [X] 
A solution of ditetrahydropyranyl benzylmaLonate (rprepared from 7,77 g., 0,04 

mole of benzylmalonic acid by the method described above) in !benzene (40 ml.) was 
:added to dry sodium ethoxide (from 920 mg. of sodium). The mixture was shaken 
until complete dissolution was effected. N-Phthalyl-L-alanyl chloride12 (9,5 g.) in 
benzene (40 ml.) was slowly added. During the addition the temperature W'1s held 
below .30°. After standing at room temperarbure for 6 hours., the mixtwre was refluxed 
for addition.al 15 hours, cooled, washed w;ith waiter, and the solvent removed in 
vacuo. Thus, 1-6,2 g. of a yellow oil was obtarmed. It could not be indJUced to crys
tall:izartion. 

A part of this product (13,38 g.) was refluxed with Girard T r ·eagent (10 g.) and 
.acetic .acid (15 ,g.) iJrJ. 'absdl.ulte ethanol (135 ml.) for one hQlllr. The so1ution w as 
,cooled and CJJdded to a:n .ice-cold solution of sodium hydroxide (9 g.) iin water (1 1.). 
The non-ikietoni.c inactions ('6,65 1g., 50°/o) w'ere remov.ed by extraction with ether, 
and the aqueous layer .acidtfied with 12 N hydrochloric acid (100 ml.). After stan
ding for one hour irt was. extracted with ·ether, the combined extracts dried. with 
.calcium chlor.1de and evaporarted to dryness. Thus, 5,22 g. (390/o) of crude ketonic 
;Jlr>adtions were obrtained. 

Fo r fwther purificati0111 2,22 g. o f this oil was dissolved :i.n benzene (20 ml.) 
and purified by chromatography . through an alumina coLumn (20 g.). The product 
was eluated with 10 ml. portions of benzene. Fractions 5-16 were combined 
r(500 mg., ipaJ.e yellow oil), and ox:imated w;ith an alcoholic solurtion of hydroxylamine 
acetate. After recrystallization from ethano,1-petroleum ether 2-phthalimido-5-phe-

19 
nyl-3-pentanone ox i me was obtained. Colorless n eedles, m. p. 170-172°, [a] D = 

= + 5,31° (c = 1,32 in chl:ornform). 

Anal. 9,300 mg. subst.: 24,10 mg. C02, 4,60 mg. H20 
6,605 mg. subst.: 0,487 ml. N2 (24°, 756 mm.) 
C19H1sOaN2 (322,35) calc'd: C 70,79; H 5,89; N 8,68°/o 

found: C 701,72; H 5,54; N 3,43°/o 

Acknowledgment. We are indebted to Mrs. M. Munk-Weinert from our micro
;unalytical laboratory for the microanalyses. 
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IZVOD 

0 reakciji klorida u.-ltalimido kiselina sa supstituiranim. 
11.atrlJevim malon-esterima. 

Metoda sa pripremanJe a- amino ketona i srodnih spojeva 

D. Sunko i M . Prostenik 

1. Bowmanova ketonsika sinteza s u spjehom je prosirena na kloride N- ft alil
u- amino kiselina. 

2. Na t a j su nacin priredeni 1-ftalimido-4-fenil-2-butanon [VJ, l-ftalimido- 2-
oktadekanon [IV] i opti&i ~tivn.i 2-ftalimido-5-fenil-3-;pentainon [X] . 

3. Iz 1-ftalimido-4-fenil-2-butanona [VJ pripremljen je 1-benzamido-4-fenil-2-
butanon [VII] i l-amino-4-fe[]Jilbutan [IX], tte iprema tome oip.isana, reakcija pred
stavlja je<ln.UJ metodu za dobivanje a-amino ketona i s;rodnih s;pojeva. 
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