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AN APPLICATION 3F THE MANNICH 
REACTION IN THE PREPARATION 
OF A SUBSTITUTED KETOÖCTALIN 

INTRODUCTI ON 

The Mannich reaction Is, essentially, the condensa- 

tion of aìmonia or a primary or secondary amne with for- 

maldehyde and a compound containing at least one hydrogen 

atom of pronounced activity. It provides an excellent 

method of lengthening a carbon chain by the introduction 

of an aminomethyl or substituted aminomethyl group into a 

molecule. 

The earliest observations of this reaction were made 

by Pollens (l3,l) who isolated a tertiary amine from 

arnlilonium chloride, formaldehyde and acetophenone. Later 

Petrenko-Kritschenko and co-workers (9,10,11,12) studied 

condensations of this type but failed to reco{nizo the re- 

action as being one of general nature. 

It was not until 1917 that a detailed study was 

undertaken by Mannich. This study was brought about after 

the observation that antipyrine salicylate, formaldehyde 

and ammonium chloride reR.cted to form a tertiary amine (8). 

Further studies were carried out involving varia- 

tions In the starting materials. These studies soon 

showed the great versatility of this reaction (i). Several 

examples showing this are given below: 



Ketone: 

o o o 
ii, 

,Cff3 
±HCxi+ffl r;\,-(-dll3 Nc11 

(;N-CH2_CH2_N(CH3)2 

Acid: 

00011 0 00011 

CH3-CH2-(H + HH Hi3 )cH3-CB2-c-cH2N(cH3)2 

00011 
CH3 GOGH 

Phenol: 

- 11CR 

C 113 

Acetylene: 

OC Picolines: 

-HN(C113)2 
-CH2-N(CH3)2 

-HH - HN(C2H5)2 > C 22 

-CH3-HH -HN(c2115)2 



From the oint of view of oranic $ynthesis tbis 

versatilitj 11es in the Lact that many of the product2 ob-. 

tamed from the reaction, especially those derived from 

secondary amines, decompose into the arnLne and an unsatur- 

ated compound. This unsaturated compound, with or without 

isolation, may be used in further reactions to produce a 

variety of compounds otherwise difficult to synthesize or 

completely inaccessible by other chemical means. Probably 

the best example of this is its use to produce condensed 

ring systems containing angular methyl or other alkyl 

groups. The naturally occuring steroids have this type of 

ring structure. 

With the of radioactive tracer investigation 

the reaction allowed the incorporation of a marked carbon 

Into the molecule through the use of C-containing iormal- 

dehyüe. This procedure has been of reat value in the 

mechanism studies of many organic reactions. 

An example of this type oi work was undertaken in- 

volving the condensation of acetophenone, radioactive for- 

maldehyde and a secndary amine to determine, 11 possible, 

whether or not any migration of carbon atoms was involved 

during the condensation (3). 

3ther mechanism studies are contemplated through the 

use of a radioactive Mannich base in cyclization reactions. 

This would allow the production ol' a six-membered ring 



which could be dehrdrogenated to produce a substituted aro- 

matic compound incorporating a rauloactive carbon atom in 

the henzere nLIcleus. Utilization of this compound would be 

made in reaction mechanism studies wnere identification of 

a specific position in the rinL; is desired. 

The purpose of this work was to determine the feasi- 

bility of the following reaction sequence for the incorpor- 

ation of a radioac1ve carbon atom into a ring structure 

desired in subsequent work. 

o 
H2 Il 

____ 
H2c"'dll2N(cH3)2 11Cl 

I I 
+HCH-F-HN HC1 > I i 

.d2C\/CH2 * CH3 112C\VCH2 

112 ji2 

3 0 
IT 

-H2c'c<-CH2-N(cH3)3I 

H2\CH2 

112 112 

H2 H 

H2C/C\/CC 113 

112 
* 
M2 

+ 
o o 
II H II 

CH3C-C-COC2H5 
CH3 
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E XPER IMENTAL 

Duo tu the fact that yie1cs are or rirne importance 

werì radioactive carbon is used, the literature wa 

searched for a Mannich reaction in which the secondary 

amine involved, wien condensed with cyclohexanone and Cor- 

maldehyde, would L;ive the greatest possible yield. ork 

carried out by Iarradonce and Lions () showed that mor- 

pholine, a cyclic secondary amine, made the resulting Man- 

nich bases easy to isolate in a pure state and conferred 

upon them a well-defined crystal structure. These workers 

reported that a practically quantitative yield was obtained 
when morpholine was condensed with cyclohexanone and for- 

maldehyde. Upon the basis of their report it was decided 

to attempt a preparation of the morpholine-containing com- 

pound. 

Preparati n of 2-Morpholinometbylcyclohexanone: 

?orty-nlne rams (O. mole) of cyclohexanone, 9 g 

(0.11 mole) of formalin solution and 13 g (0.1 mole) of 

morpholine hydrochloride were placed in a 200 ml round- 

bottomed flask equipped with a reflux condenser and alter- 

natoly heated and shaken for approximately to 10 minutes0 

At the end of this time a pair degree of homogeneity was 

achieved. This solution was then heated for iS minutes at 

1000, cooled and then diluted with SO ml of water. The 



solution then separated into two layers 

the removal of the excess cyclohexanone 

a separatory funnel. The aqueous layer 
tion was extracted twice with two-50 ml 

to remove any cyclohexanone which might 

The water was removed by evapora 
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which made possible 

through the use of 

from this separa- 

portions of ether 

have remained. 

ion under a pressure 

of approximately 16-18 inni. The light tan solid which re- 
mained was taken up in boiling ethanol, treated with acti- 
vated charcoal and then allowed to cool. í creamy granular 
solid was isolated, washed with anhydrous ether and dried 

in a dessicator over P2O. 

yield 3 g 12.8% of theoretical 
Melting Point (observed) - gradual softening 

between 90-lSO° 

Melting Point (literature) - 128° 

Recrystallization from boiling ethanol did not no- 

ticeably improve the melting point. 
Several attempts to preparo the compound were made 

in which reaction conditions and the amounts of reaents 
were varied. These changes involved modifications in the 

time and temperature of heating as well as in the timo of 

shaking. The tabulated results of these reactions are 

given below: 
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oles o1es Moles 
íiorpho- Formal- Cyclo- Time of Yield 
line dehyde hexanone Temp. Heating g. 

0.10 0.11 0.50 1000 30 min. 3 12.8 

0.10 0.11 0.50 1100 2 hrs. L.5 19.2 

0.12 0.11 0.50 1100 1 hr. L.5 17.5 

0.0, 0.055 0.2k, 1000 5 urs. ** 

0.10 0.12 0.50 100° 1 hr. 13.3 56.3 

0.10 0.11 0.50 55° L. hrs. 18.2 77.8* 

* These yields are based on the reagent present in the 
smallest molar quantity. 

** There was no solid isolated in this case. The product 
was an unidentifiable tar. 

*** Preliminary shakin, was done by means of a mechanical 
shaker. This was carried out at 500 for Lj. hours. 

The final products isolated from each of the above 

reactions did not ¿ive physical constants corresponding to 

the morpholine-containing Mannich base reported in the 

literature. The shaking to obtain the homogeneous solution 

as set forth in the procedure of Harradence and Lions seemed 

to be the one variable not fully described in their paper. 
Homogeneity was not attained in the prescribed time. That 

is why such long periods of shaking and heatin were tried 

even at the risk of having undesirable side reactions de- 

crease the final yield. 
Feeling perhaps that some detail of the experimental 

work not given in the paper itself might be the key to the 



success of the preparation, correspondence with the 

authors of the original publication was undertaken. The 

detailed instructions received Indicated that certain modi- 

1'icatlons Upon the work had been made. The initial hoatiri 

time had been increased from 5 to 1 minutes. Homogeneity 

was obtained by heating on a water bath and shaking well. 
The practically quantitative yield was found to be based on 

the weight of the initially isolated crude Mannich base. 

Of that amount 63 per cent was obtained in a pure state 
while 37 per cent of lessor purity was recovered from the 

mother liquor by the addition of ether. The melting point 

given for the product was raised from 1280 to iL18°. The 

temperature seemed to be very much dependent upon the rate 
of heating. 

In the light of the above changes, especially in the 
decrease of the yield of the pure product from practically 

quantitative to 63 por cent, it was felt that the 63 per 
cent figure could be equalled or even improved upon by us- 
ing a secondary amine in which purification would not be 

such a problem. It is reasorble to assume that some of 

the morpholine-containing Mannich base was prepared but its 
separation from impurities would involve excessive handlin 

an undesirable feature when working with radioactive 
materials. 



After sorne consIderation, the use of the secondary 

auine salt, dimeth.ylarnine hydrochloride, was decided upon 

because the pure 3alt could be obtained commercially and 

also because investigation involving the preparation and 

use of the resulting Mannich base were given in the litera- 

ture. 

Preparation of 2-(I.)imethylaminometyl)-cyc1ohexanone ilydro- 

chloride (ó,7j: 

Forty-nine grams (0.5 mole) of cyclohexanone, 9 g 

(0.11 mole) of dirnethylamine hydrochloride and 9 g (0.11 

mole) of formalin solution were placed in a 200 ml round- 
bottomed flask equipped with a reflux condenser. The mix- 

ture was heated on a steam bath for 25 minutes and vigor- 

ously shaken about every 5 minutes. The contents of the 

flask were allowed to cool and to the cool solution was 

added 50 ini of water. The excess crclohexanone was removed 

by allowing the organic and aqueous layers to separate in a 

separatory funnel and then drawing off the aqueous layer 

containing the Mannich base. after twice extracting this 
water solution with 50 ml portions of ether the water was 

removed by evaporation under a pressure of approximately 

io-is mm. A white solid remained in the bottom of the 

flask. 
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Yield 21.0 g 95% of theoretical* 

* The yield was based upon the asstnption that the 

isolated solid ws the desired compound in the pure state. 

Pecrystallizati on from boiling an hydrous ethyl ace- 

tate gave flaky white plates. 

ielting Point (observed) - 150-151° 

Melting Point (literature) - 152° (7) 
- 139.9-114.5.5° (8) 

(dependent upon the 
rate of heating) 

Thig reaction was repeated several times and a 

solid white product in yields of 76-90 per cent was ob- 

tamed in each case. 

Although the product obtained by recrystallization 

from ethyl acetate was of sufficient purity, it 1vas only 

slightly soluble and large amounts of solvent were noces- 

sary to secure enough of the purified material to charac- 

terize. Consequently another solvent was sought. The 

mixed solvent, 50 por cent acetonitrile-50 per cent acetate, 

was found to give a white finely-divided solid. 

Melting Point 1147-l14.3°. 

Another method of purificabion used was distillation 

of the free amine obtained by ether extraction of an alka- 

line solution of the Mannich hase hydrochloride. The pro- 

cedure followed was similar to that of Dimroth, Resin and 

Zetzsch (2). Their procedure was changed slightly by 

allowing the amino to dry for 14.8 hours over NaOH pellets 
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before distillation. Under a pressure of 2.5 mm a clear 

colorless liquid distilled over at 65-67°. The product, 

taken up in anhydrous ether, was saturated with dry HOi 

s. A flaky white solid imieuiate1y formed. 

I -'O e1tin Point 14O.-149. 

Preparation of 2-(Dimethylammnomethyl)-cyclohexanone Meth- 

iodide: 

Thirty-four grrns (0.18 moie) of crude 2-(dimethyl- 

arninomethyl)-cyclohexanone hydrochloride were treated with 

300 ml of 30 per cent aqueous NaOH. The resulting solution 

was extracted twice with 75 ml portions of ether. Phese 

extracts wore combined and dried over NaOH pellets for 2t 

hours, 

Forty trams (0.28 mole) of methyl iodide were added 

to the dry ethereal solution. A white curdy precipitate 

began to form immediately and after 15 minutos this pre- 

cipitate had set to a nearly solid mass. The ether was re- 

moved from the solid by evaporation under an ordinary desk 

lam2. A white powder was the final product. 

Yield 52.5 g 91% of theoretical 

iieltin Point 156-159°. (Observed) 

l52-l3°, (Literature) 
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Preparation of thy1 Methjlacetoacetate: 

Na3C2H 
CH3C-CH2COC2H5+CH3Br 

i' H i 

CH3C- C-COC2H5 

CH3 

This coripound was prepaxed by usins, the standard 

procedure described in Organic Synt1ses (Lj). Forty-six 

grams (2 g atoms) of metallic odiuzn, 200 g (2.05 moles) of 

methyl bronide and 251v g (2.0 molos) 01' ethyl acetoacetate 

were used in the reaction. There were no modifications in 

the prescribed procedure. 

Yield 171.14. g 59.5 of theoretical 

Boiling Point 69-72°/8 nan. 1.1486 

Preparation of 2 JÇeto-3 :ïethy141'9 uca1in: 

Nineteen arid nine-tenths gralils (0.137 mole) of ethyl 

methylacetoacetate in 12 ml of dry ethanol were placed in 

a 500 nil three-necked flask equipped with a reflux conderi- 

ser, drying tubos and a mechanical stirrer. Pwo and forty- 

Live hundredths grams (0.105 mole) of metallic sodium, cut 

into small pieces, were added at a rate which ¿ave a con- 

stant reflux of ethanol. 

After the addition of the sodium, an alcoholic 

slurry of 32.14. g (0.11 mole) ol' 2-(aimethylaminomethyl)- 

cyclohexanone methiodide as made up and added to the 
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solution in the flask. The mechanical stirrer was started 

and the mixture was heated under reflux conditions Cor L.5 

hours on a steaìxa bath. During all this time a strong odor 

of almethylaniine was noted at the top of the reflux canden- 

ser, After the tj.5 hours o ileatina 500 ml of water was 

added to the reaction mixture. The resulting aqueous solu- 
tion was extracted three times with 100 ml portions of 

ether. These combined extracts were dried ovex' anhydrous 

MgS0 for 21 hours and then distilled. The excess ether 
was firs1 removed by evaporation over a water bath placed 

under tìe hood. The remaining liquid was distilled under 

reduced pre3sure. 

The desired fraction collected Detween 120-129°/3mìu 

was a slightly viscous liquïd with a very light lemon 

color. Based on the assumption that such a light yellow 

color was ari indication of slight decomposition, a vacuum 

distillation was made uti1izin the apparatus shown on the 

accompanyin drawing. Four and five-Lenths grains of the 

liquid ketons to be distilled were placed in one of the 

tubos and then frozen with liquid air. After the ketone 

had solidified, the system was evacuated down to about .01 

mm. The liquid air was then transferred to the receiver 
and the solid ketone was warmed with water at a tor!perature 

of 600. An almost colorless liquid collected in the re- 
ceiver. 



THE HIGH VACUUM TRANSFER 
APPARATUS 
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Yield L. g n20D -l.O26 

There was approximately O.S g or a dark viscous 

rcsidue remaining. This residue was retained in order that 
lt might be identified at some future time. 

The compound was subjected to qualitativo tests to 

determine the presence or absence of certain functvìal 
groups. The results of these tests are given below: 

Functional Group Name of Test or 
Tested 1or Reagent Used Results 

arbonyl 2,L-Di.iitro phonrl- 
hydrazine Positive 

Ilydroxylamine Posi ti ve 

Hydroxyl Xanthate Negative 

Lucas Negative 

Double Bond Baeyor Positive 
(active unsat- 
uration) Br2 in CCl 'ositive 

The following derivatives were prepared: 

2,tì-Dínitro phenyihydrazone 

eicarbazone 

Melting Point 175-177° 
(darkens slightly 
at 1600) 

Melting Point 2O2.52O1° 
(wIth decomposition) 

The above derivatives were made according to the 
procedures given in Shriner and Fuson, Identiflcation of 

OrL'anic Compounds'1 (iLk). 



ith the positive iflforfllati3fl gained from the quali- 

tative test and derivatives prepared, the existence of the 

postulated ketooctalin seemed very like1i. As a final step 

towards confirmation, combustion analyses wore run on the 

final product and its derivatives as well as on the origi- 

nal Mannich base hydrochloride. The results of these 

analyses are given below: 

Compound 

2- (dime thylamino- 
rrìethyl)-cyclohex- 
anone hydrochloride 

2 Keto-3 methyl'9 
oc talin 

2 !eto-3 riiethy1-'9 
octalin semi- 
ca rba zone 

2 Keto-3 methyl-'9 
octalin, 2,L- 
dm1 trophenyl- 
hydra zone 

Lxperimental Theoretical 
ll ___________ 

55.58 9.1.2 56.39 9.Ii5 

73.92 io.i1.. 8O.t7 9.82 

63.83 8.52 61i..56 8.58 

5.78 59.29 5.86 

The data from the combustion analyses confirmed the exis- 

tence of the postulated 2 keto-3 methyl'9 octaliri. 

Ari extensive search of the chemical literature 

failed to show any evidence that the above-mentioned corn- 

pound had been reported. It is believed thet the reaction 
sequence dust described has resulted in the preparation of 
a previously unknown ketone possessing the properties as- 

cribed to it in the maIn body of the exerimental section. 
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It may also be stated that the Mannich reaction, 

through minor modifications in the side chains of the ethyl 

acetoacetate and cyclohexanone, could be used to prepare a 

series of labeled bicyclic ring structures whose syntheses 

by other means would present many difficulties. 
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DISCUSSION OF RESULTS 

The preparative sequence just investigated has been 

shown to be satislactory for the synthesis of the required 

radioactive compound. It lias also been shown to have po- 

tontialities for the preparation of other bicyclic corn- 

pounds whose existence at this time is doubtful. 

The lack of special equi-rnent as well as the ready 

availability of startin materials is advantageous to the 

investigator. 

Again emphasizing that yields are of prime impor- 

tance it is felt that the most crucial part of the syn- 

thesis is in the cyclization step involving the fiannich 

base methiodide and the substituted ethyl acetoacetato. 

The original authors reported yields averaging about 0 per 

cent of the theoretical. It is believed that this value 

may be increased by minor changes in the procedure as 

given. If this could be accomplished and the reaction made 

to run at about a 70 per cent level, then an overall yield 

of -óo per cent could he obtained. (This yield would be 

based on the initial amount of the &--containing compound 

used.) An improvement such as this would markedly enhance 

the compound's utilization in the studies to be carried out 

In the future. 
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SUWLMARY 

1. The LIannich reaction involving cyclohexanono, 

formaldehyde and an appropriato secondary amine was irives- 

tigated with the purpose of finding a combination of re- 

agents which would give a satisfactory yield of the desired 

C1_cor1taining Mannich base. 

2. Investigations and research to determine the 

best secondary amine to be used showed that diinethylamino 

hydrochloride gave betler results than morpholine hydro- 

chloride. 

3. The condensation of the Mannich base methiodide 

and ethyl methylacetoacetate provided a procedure whereby 

a bicyclic ring system could be obtained with a atc 

placed in a known position in one of the rings. 

4, rrhe condensation provided a niethod of synthesiz- 

ing various bicyclic compounds difficult to produce by 

other chemical means. 

s. A new compound was synthesized as a result of 

the investigation. The literature contained no evidence of 

its previous existence. Characterization of the compound 

was carried out and the following physical constants ob- 

tamed. 

Boiling Point: Approximately 125°/3mm. 

Refractive Index: l.O26 at 2O0. 
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