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THE ROBINSON- NICH BASE SYNTHESIS 
APPLIED TO SUBSTITUTED ACETOACETIC ESTERS 

INTRODUCTION 

The purpose of this investigation was to determine 

the feasibility of synthesizing certain substituted 

naphthalenes containing a cl4 atom placed in a known posi­

t ion in one of the rings. A contemplated study of the mode, 

of reaction of the Jacobsen rearrangement made it desirable 

to know whether or not these compounds m1g}lt be made 

conveniently, 1n a high state of purity and in good yield. 

One such approach 1s that given by the series of 

equations in Figure 1. Steps 1 and 2 had been carried out 

previously and seemed to present no immediate problems as 

to their adaptation to a radioactive synthesis. Steps 4~ 

5 and 6 embodied the use of well known organic reactions 

from which little trouble was anticipated. 

Step 3, on the other hand, was a reaction where it 

was felt that most of the trouble would be experienced. 

It represented an application of a known reaction to a new 

set of starting materials in which the structural changes 

in the molecules were such as possibly to modify the 

ultimate product or prevent the reaction from taking place 

altogether . 

The problem then was to find out whether or not 

this sequence of reactions would gi.ve the end products 
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needed and 1n sufficient quantity to make these products 

useful 1n the rearrangement studies . 
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HISTORICAL 

The reaction between a B - keto ester and a 

quaternary ammonium salt of a ketonic Mannich base 1n the 

presence or equivalent amounts or sodium ethoxide is known 

as the Robinson- annich base synthesis. It has proved 

useful in preparing many multi- ring compounds which often 

can be obtained 1n no other manner. 

Essentially, it is the alkylation of an active 

methylene compound by a annich base. In such a reaction 

the Mannich base acts as a source of an unsaturated ketone 

which then undergoes a Michael condensation with the 

active methylene compound . 

Mannich (9,pp . 355-359) reported the formation of a 

~ -decalone derivative by the condensation of 2-d1methyl­

aminomethylcyclohexanone with acetoacetic ester 1n the 

presence of catalytic amounts of sodium ethoxide. 

Robinson (2, p . 53) employed a modification of this reaction 

in his SY.ntheses and studies of substances related to the 

sterols . The modification consisted 1n treating the 

Ma.nnich base with methyl iodide and causing the resulting 

quaternary ammonium methiodide to react with the active 

methylene compound in the presence of sodium amide or 

sodium ethoxide . 

The advantage of the methiodide over the 1ann1ch 

base se-ems to be 1n the liberation of the o<-,B unsaturated 
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ketone at lower concentrations and greater reactivity, 

resulting 1n a reduction of the reaction time from several 

days to a few hours. Robinson used this modified reaction 

to synthesize a series of alkyl-substituted ketooctal1ns 

{reactions l ~'"ld 2, Figure 2) . 

In r action 1, the 1n1tial Mannich reaction takes 

place on the unsubetituted methylene g,ro\lp adJacent to the 

carbonyl . This was proved by a series of reactions which 

gave 2,6- dimethyl phenol as a final product . Condensation 

of this iannich base with acetoacetic ester gave 2- keto-8­

methyl- A':9- octal1n. 

In reaction 2, where the substituted cyclohexe.none 

reacts '1th 1- dimethylamino- 3-butanone (the a.nn1ch base 

prepared :from acetone, formaldehyde and d1methylam1ne) 

alkylation takes place at the substituted methylene group 

to yield 2- keto- 10-methyl- AHY_octal1n. 

That the two compounds were different was shown by 

difference 1n the melting points of the aem1carbazones and 

2,4-dinitrophenylhydrazones of each. A temperature 

depression was noted 1n the melting point of a mixture of 

the derivatives . 
,:q

The 2- keto- 10-methyl- A - octa.lin required drastic 

conditions for dehydrogenation to ~ - naphtho1 while the 

2-keto- 8-methyl- i11 ~tocta.l1n was dehydrogenated sm.oothly to 

7- hydroxy-1-methylnaphthalene . 
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FIGURE 2 
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FUrther studies involving this useful reaction were 

subsequently undertaken, notably by A. L. Wilde and co­

workers (14,pp.469-475; l5,pp.ll49-ll53; l6,pp.ll54-1161). 

They found that careful purification of the Mann1oh base 

resulted in higher yields of the alkylation product.. They 

also effectively increased the reactivity of the active 

methylene group by first formylating the ketone with 

methyl formate. The resulting o< -hydroxymethyleneketone 

(considerably more acidic than the parent compound) then 

could be alkylated in good yield with the methiodide of 

the Mann1ch base. The hydroxymethylene group was finally 

removed by basic cleavage at the same time cyclization was 

effected. 

There is strong evidence 1n support of the concept 

that the actual alkylating molecule is not the Mannich base 

or the methiodide but rather the ~ ... (:3 unsaturated ketone 

formed by the elimination of either a secondary amine or a 

tertiary amine from the Mannioh base or the methiodide, 

respectively. Robinson attempted to replace l-diethyl­

am1ne•3-butanone with methyl ketone but was unsuccessful 

due to the polymerization of the unsaturated ketone 1n the 

presence of basic catalysts (2,p.53). 

Methyl vinyl ketone later was found to react satis­

factorily to give the same results as the corresponding 

annich base, providing only catalytic amounts of the 
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required basic catalyst were used (15,.p.ll50). 

The Rob1nson-Mannich base synthesis has been used 

successfully 1n forming a new cyclohexa.none ring upon many 

cyclic ketones. The products obtained have had alkyl 

substltuents 1n many of the ring positions. An examina­

tion of all the work previously carried out indicated that 

this reaction had not been applied to the synthesis of 

2- decalone derivatives with alkyl groups substituted ~n 

the number three position (i.e., adjacent to the carbonyl 

group as in either a 2-octalone or a 2-decalone). 

Reaction 3 (Figure 1) would be an example of .such 

a reaction. It logically could be considered as an 

extension of Robinson ' s original synthesis involving aceto­

acetic ester (reaction 1, Figure 2) with the only change 

being the substitution of an o<..-alkyl acetoacetic ester 

for the unsubstituted ~-keto ester itself. 
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DISCUSSION OF RESULTS 

Ethyl q(-methyl acetoacetate, ethyl ~-ethyl aceto­

acetate and ethyl o< - propyl acetoacetate were prepared 

according to the procedure given 1n Organic Syntheses (4, 

pp. 248- 250) . Little trouble was experienced in the latter 

two but in the ~-methyl ester it was found necessary to 

use methyl iodide rather than methyl bromide due to the 

very low boiling point of the bromide. Because of the 

appreciable solubility of sodium iodide i .n alcohol, benzene 

was used as a solvent in this case so as to avoid complica­

tions during distillation caused by the dissolved salt . 

2- D1methylam1nomethylcyclohexanone was prepared by 

the method of annich and Braun (8,p . l875) . The only 

modification was to increase the t.1me or heating to 45 

minutes and the temperature to 80°. The free base was 

obtained by making alkaline an aqueous solution of the 

Mannich base hydrochloride and extracting the free amine 

with ether. Distillation of the free amine was found to 

be unnecessary inasmuch as a product of sufficient purity 

was obtained by the simple extraction procedure. 

2- D1methylam1nomethylcyclohexanone methiodide 

(hereafter referred to as Mann1ch methiodide) was prepared 

by the method of Wllds and t erth with no modification 

(15,p . ll51) . 
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2- Keto-3- methyl- A':'Loctalin, 2-kf;)to- 3- ethyl- A':t 

octal1n and 2- keto-3- propyl- Ll1: 11-octa.l1n were prepared 

initially by the reaction between the appropriate ~ - fi 

substituted acetoacetic ester and the Mann1ch methiodide 

catalyzed by sodium ethox~e 1n anhydrous ethanol. The 

crude product was obtained by addition of water to the 

reaction mixture followed by extraction w1th ether . After 

drying the ether extracts, 1nit1al distillation was carried 

out under reduced pressure using a short 
t 
Claiaen head . 

The following table gives the yields of these 

reactions based upon the molar amounts of the Ma.nnich 

methiodide used. 

Substituent Yield* 

·1ethyl 41% 

Ethyl 35% 

Propyl 32% 

*These percentages were calculated from 
the producte isolated in the init~al 
distillation. 

That the second methylene hydrogen 1n acetoacetic 

ester, is more difficult .to remove than the first one is 

well known . In fact , that 1s why 1t is possible to obtain 

main~y a mono- alkylated product rather than a di- alkylated 

product 1n the reaction of acetoacetic ester with the 

appropriate alkyl halide. 
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If 1t is assumed that the rea'ction takes place 1n 

the order given in reaction 3, Figure l , then it seemed 

reasonable that an increase in the strength of the basic 

catalyst misht bring about a more effective removal of the 

second hydrogen as a proton and thus give an increased 

yield, especially if the amount of product obtained was 

based upon the initial alkylation. 

A series of condensations between ethyl o< - methyl 

acetoacetate and the nnich m thiod1de were run 1n which 

only the basic catalyst and the solvent were varied. The 

results are given in the following tabl e •. 

Catalyst Solvent Yi.eld* 

EtONa EtOH 39- 42% 

i-FrONa .!-FrOH 41%-
! - BuOK .l- BuOH 15~ (approximately) 

Na xylene 0 

*Based upon the products isolated 1n the 
initial distillation. 

These data would tend to indicate that an increase . 

1n the strength of the basic catalyst does not brio about 

an increased yield . Little difference was noted between 

the results of using either sodium ethoxide or sodium 

1sopropoxide. Both potassium t - butoxide or sodium 1n 

xylene caused a marked decrease in yield . This perhaps 

could be attributed to a greater ease of polymerization of 
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the ~-f:J unsaturated ketone (resulting from e11m1nat1on 

of trimethylamine from the Mannich meth1od1de in the 

presence of a stronger base) • In the case of sodium in 

xylene the lack of homogeneity 1n the reaction mixture 

might also have 1ts effect. 

No positive correlation between yield and reaction 

time could be made. The rasults of such a series of 

reactions are given below. 

Effect of Reaction Time on Yield 

Time (hours) Yield* 
4.0 
4.5 
5.5 
5.75 
7.50 

*Based upon the products isolated in the 
initial distillation. 

A variation 1n the molar ratios of the reactants 

gave some improvement 1n yield. Initially, all the 

a.lkylat1ons had been run ltit.h approximately a 0.1 to o •.2 

nmle excess of the acetoacetic ester and. sodium per mole 

of the Mann1ch methiodide. A series of reactions were 

undertaken using ethyl ~ - methyl acetoacetate to determine 

what effect changes 1n the molar ratios might have upon 

the yield. 
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Effect of Kxoess Catalyst 

I•1oles Methiodide Moles Ester Catalyst So~vent Yield 

o . 11 0.14 0 . 14 1- PrOH 41% 
0,.11 
0 . 11 

0.. 28 
0 . 42 

0 . 28 
0 . 42 

1 - PrOH 
1 - PrOH 

59% 
36% 

0 . 30 0 ..60 0 . 60 J - PrOH 55% 

Such a change indeed affects the yield. It 18 

possible that this increase in yield may be due to tbe 

compensation made for the water formed in the reaction by 

increasing the molar concentration of the sod1o- acetoacetic 

ester. The eycliza.tion ot the initial alkylation product 

takes place by means of an aldol condensation 1n which 

water is split out to form the double bond~ If this cycl1­

zat1on is rapid as compared to the alkylation there is a 

good possibility that the water formed may destroy a. 

portion of the sod1o- acetoacetie ester before 1t has a 

chance to react 1th the .Mann1eh meth1od1de. If this is 

the case~ making the molar ratio 2:1 always assures that 

there is sod1o- acetoa.cet1c ester present to react with the 

Mann1ch methiod1de . 

fuen it had been established that a molar ratio of 

2:1 gave the opt~ yield, the condensation was carried 

out on a larger seale using 2 moles of Mannich meth1od1de, 

4 moles of ethyl o< - methyl acetoacetate and 4 moles of 

sodium. After isolation of the crude reaction mixture by 

addition of water, ether extraction, and drying, the 
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low......bo111ng components were removed by d1st'1llat1on under 

redueed. pressure thro'l.lgh a. 30 cin silvered vacuum-jacketed 

Vigreaux column. A frl)ct.1on was removed which boiled at 

47-500 at 2.2 to 2.6 mm pressure. Th1s fraction was 

identified as unreaoted ethyl o( -methyl acetoacetate. 

The remainder of the crude ketone mixture was 

distilled twice through a ateaman ·column ~2 inches 111 

length and with a 9.5 mm 1nternal diameter containing 

Stedman packing number 105. TI'Io d1st1llat.1ons through tlt1s 

eolumn resulted 1n the separation of three main components. 

The first fraction was identified as an unsaturated 

ketone and was collected :from 6).5 to 650 at 0.34 mm 

pressure. The second fraction a~ao was 1denti:f1ed as an 
' 

unsaturated ketone and distilled from. 72.5 to 74.5° 'at 

0.3 mm pressure. The third fraction was identified as a 

keto-ester a.nd d1st.1lled from 98 to 102.5° at o.ps mm 

pressure. Sixty grams of und1st1lla.ble tar rema1l'led. 

2, 4-D1n1trophen,ylhydrazon-es _\te.re prepared for each 

fra.otlon.. Carbon a.nd hydrogen ana~yses ·Of the, two un­

satufated ketones and their 2,4-dinitrophenylhydrazones 

1nd1rated the same empirical formulas e:ven thoug.h their 

phys •cal eonsta.nta were different. 1,1hese data are 
i 

aumm rized in the follow·1ns table. 
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Ketone 1 Ketone 2 

BP 63.5-65° at .34 mm 72.5-74.5° at .3 mm 

nfi5 1.4983 1.5131 

d25 0.9981 0.99624 

%0 80.97 80.28 

%H 9.73 9.68 

Ce.1cd. for CllH160: C, 80.44%; H, 9.ey5~ 

2,4-d1n1tro­
phenylhydra.zone 

MP 116-1230 162-166° 
151-156° 173-178° 

'f, 0 59.21 59.83 

%H 5.78 5.87 

Calcd. for 017H2oN404: c, 59.29%; H, 5.86% 

The p~ysical constants and analytical data led to 

the conclusion that ketone l and ketone 2 were isomeric. 

A 2-keto-3-methyl- ll -octal1n possesses two asymmetric 

carbon atoms which would lead to :four possible isomers. 

Although the ketooctal1na proposed are previously 

unknown compounds, the 2-keto-3-methyl deca.lins were 

prepared and reported by Tsatsas (l3,pp.•258-261). He 

reported the physical constants on both the cis and trans 

.forms. 

Such compounds could prove useful 1n ultimately 

helping to deterniine the structure of the two unsatur-ated 

ketones if the double bond present could be hydrogenated.. 
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and the properties of the resulting deealones compared to 

those reported. Hydrogenation of the double bond should 

take place according to the following equation. 

I 
r CH3 

-.----------r-- --------­

In this manner it might be possible to identify our 

ketooctalins .1n terms of the known cis and trans decalonee.-
Each ketone was hydrogenated at room temperature and 

2 to 3 atmospheres pressure using platinum oxide as the 

catalyst. Each was allowed to react until the amount of 

hydrogen taken up was that necessary to saturate the double 

bond. In the case of ketone l~ isolation and distillation 

of the product resulted 1n a clear slow-running o11 

possessing a strong terpene-like odor. This oil partially 

solidified to a wax-like low-melting solid. Its physical 

constants did not agree with those reported by Tsatsas for 

the methyl decalones. 

The liquid separated from the solid material by fil­

tration showed the presence of a carbonyl group by 1ts 
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positive reaction with phenylhydrazine reagent. Active 

unsaturation in the solid was indicated by the rapid 

decolorization of bromine in carbon tetrachloride . The 

xant hate test for hydroxyl groups was positive. 

This chemical evidence indicated strone).y that 1n 

the solid material the carbonyl group had been reduced. 1n 

preference to the normally more hydrogen- susceptible 

double bond . 

Two derivative were formed from this hydrogenation 

product . An o< - naphthyl urethan was mad of the solid 

alcohol wh-ile a 2,4-dinitrophenylhydrazone was made of the 

liquid ketone . 

In the case of ketone 2, distillation of the hydro­

genation product gave a liquid whose physical constants 

compared favorably with those reported for the metb,yl 

decalones . No positive xanthate test for a hydroxyl group 

was obtained but a positive test for a carbonyl group was 

obtained with phenylhydrazine reagent. A very small amount 

of bromine 1n carbon tetr'-chloride was decolorized but not 

enough to indicate a large amount of unsaturat1on. A 

2,4-dinitrophenylhydrazone was prepared . 

The evidence presented so far has shown that two 

ketones were isolated, each contaminated with a slight 

amount of the other. These ketones differed 1n physical 

constants but possessed the same empirical formulas . Upon 
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hydrogenation, one ketone gave an unsaturated alcohol 

while the other· gave a saturated ketone. In view of such 

evidence the following structures were postulated• 

CH1 . CHa 

2 

Both or the-se ke-to~_-·have _the empiri_9al formula 011H160 

but they would possess different physical properties. 

Hydrogenation ot the double bond produced strong 

evidence which aided in ass1g,n1ng a specific structure to 

each compound.. In trhe ease o.f compound 1, the_reaction 

was postulated to go as follows .. 

CHa 

H OH 
CHa 
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The locatton of this double bond was based upon the 

fact that the carbonyl was reduced in preference to the 

double bond. This could only mean that the ability of the 

double bond 1n this compound to take up hydrogen had been 

curtailed markedl7. A double bond between the rings 1s the 

logical answer inasmuch as. 1t 'is well known that a double 

bond common to two · ringa may be very resistant to hydro­
. . . . 

genation. For example; a temperatur~ of 2500 was required 

tor the complete hydrogenation ot dodecahydrophenanthrene 

(3,p.l502). 

_j 
I 
i 

If such is the case, the double bond could not lie.. 
in any other position and still exhibit such a resistance 

to hydrogenation. 
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In ketone 2, the reaction would be 

H 
I 

PTOz 

In such a compound, the double bond would prefer­

ant1ally take up hydrogen before the carbonyl group so 

that a saturated ketone and not an unsaturated alcohol 

would be obtained. That the double bond is conjugated is 

shown in a most str1k1ng manner by the location of the 

carbonyl absorption band 1n the infrared spectrum of the 

compound. Thi-s will be explained more fully 1n another 

section. 

Even w1th the knowledge that the double bond 1s 

conjugated there are still two structural poss1b111t1es• 

A 
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Although the evidence available does not allow one 

to differentiate between the two it does seem unlikely. 1n 

view of the mod of formation of the second ring and the 

subsequent dehydration. that the double bond 1n1tially 
, . . \ 

formed to give compound A' would then migrate to form 

compound B. 

Further evidence toward 1d ntif1cat1on of the 

structure of the 2-hydroxy-}~methyl ... Aq:.~oetal1n was obtained 

by subJecting it to dehydration and dehydrogenation. This 

was effected by mixing the alcohol with a calculated 

amount of sulfur and gradually heat 1ng to a temperature of 

2500. fhe distill te was identified as 2- methylnaphthalene 

by the melting point of its picrat • There was a 10° 

depression of the melting point when this pier te was 

mixed with pure picric acid. 

he 2- keto- 3- methyl d ca.lin was r acted with methyl­

magnesium iodide according to the follo• ing equat1o~ • 

.-~~----------------------------------------~ 

> 
OH 
'-CH1 

CH3 
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The resulting product was mixed with a calculated 

amount of sulfur and gradually heated to 250°. After two 

hours crystals of 2,3-dimethylnaphthalene sublimed onto 

the cold finger used as a condenser. This was identified 

by means of its melting point and that of its picrate. A 

melting point of a mixture of the ·compound an an authentic 

sample of 2,3-dimethylnaphthalene gave no depression ~ 

melting point. 

The keto- ester previously designated as the third 

component could not be identified comp1etelyt although 

some evidence was obtained on which a possible structure 

could be postulated. 

An analysis for carbon and hydrogen gave 71.94% 0 

and 8.81% H. 

The 2,4-dinitrophenylhydrazone gave 55.88% C and 

5.67% H. 

A saponification equivalent of 265 was obtained. 

Several possible structures might be postulated. 

, 
CH 

1 

-o ,0 0 ~Ha 0'0- H 
a CH{ CHa 'CH~· CH1

1
~OC2Ha COCaHa COC H0 II .. I • 

0 0 
--~ 
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%C 71 . 2% 66. 2:4 67. 8% 

%B 8. 5% 8 . 1~· 9. 4% 

Sap. Eq. 236 254 212 

2, .4-d1nitrophenyl.hydrazone 

%0 57.8% 50. 9% 55. 2% 

%H 5.8% 4. 9% 6 . 2% 

An attempt was made to separate the ester' from the 

ketone contaminant by allowing it t.o stand in 10% alcoholic 

potassium hydroxide for several hours . The white insoluble 

salt that settled out wa.s used in an effort to further 

chara.eter1ze the compoulld. 

When mixed with 2,. 4-dinitrophenylhydrazon$ reagent, 

a small amount o~ golden yellow solid was formed which 

could not be recrystallized . The hot alcoholic solution 

gradually turned to a ligh'ter yellow color and upon addi­

tion of water gave residual amount-s of a light yellow solid. 

The original ester wa.a also reacted with both ani­

line and 4-bromoani line to see 1f the corresponding anilide 

would form . 011& were obtained which could not be made to 

form crystalline derivatives. 

No reaults were obtained 1n attempts to form the 

S·- benzylth1urcn1um salt of the potassium salt obtained from 

the saponification. \ . 

Very valuable confirmatory evidence for the strue­

tu·res postulated was obtained front the. infrared spectra of 
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the compounds under investigation. Quantitative studies 

were not attempted but, rather, efforts were made mainly 

to locate prominent absorption bands and determine the 

functional groups characteristic of these bands . 

Original Ketones 

2- keto- 3- meth,yl- Aq:'!octalin (Fisure 3) 
Functional Group

Band (am­ 1) Stre~h Assignment 

2915 very strong C- H stretching 

1712 very strong c-o 1n an unconJu­
gated ketone 

1676 slight inflection o-o in a 
ketone 

conjugated 

1630 very weak unconjugated C•C 

1447 strong - CB2­ deformation 

This spectrum was interpreted to mean that the main 

product was a ketone cont 1ning an unconjugated double 

bond. There was slight conta.m1nat ion by a conjugated 

ketone . Incomplete separation of the two isomers by the 

tractional distillation would account for this very nicely. 

It might be noted at this time that chemical evi­

dence confirmed the presence of a double bond 1n this 

compound and showed that it was quite inert to hydrogena­

tion. The carbonyl absorption band in the infrared 

spectrum 1s located exactly where an unconjugated carbonyl 

should be. This combination of evidence can lead only to 

the proposed structure where the double bond lies between 

the rings. 



25 

2- keto-3­ methyl-

Band (em- 1 ) 

,.,
A' - octal1n 

Stre~h 

(Figure 3) 
Functional Group
Assignment 

2915 very strong 0- H stretching 

1668 very strong c•O 1n conjugated
ketone 

1708 slight inflection CaQ in unconju­
sated ketone 

1618 strong ~onjugated C•C 

1419 strong -CH2- deformation 

The main product was a conjugated ketone . The 

slight inflection indicates a very slight contamination by 

an unconjugated ketone . This indicates that the distilla­

tion did not completely separate the two isomers . 

From the relative strength of the absorption bands 

between ~e main component and the contaminant it seems 

reasonable to assume that the main component was obtaLned 

in a fairly high state of purity. 

The most 1mportant thing to note here is to compare 

the position of this carbonyl band ( 1668 cm- 1 ) to that of 

the other ketone {1712 cm- 1 ) . There is a shift 1n this 

band of 44 cm- 1 towards a lower frequency and it lies right 

in the region where absorption by a conjugated ketone 

should lie. This clear- cut shift presents very favorable 

evidence for the two structures postulated for the 

unsaturated ketones. 
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Hydrogenated Compounds 

2-hydroxy-z.inethyl- 4~:'2.octal1n (F1sure 4) 

Band ( cm- 1) Strength Funct1onal Group 
Assignment 

3280 strong 0- H stretching 

2880 very strong C- H stretching 

1700 weak: c-o 1n an unconJu­
gated ketone 

1653 weak unconjugated C•C 

1437 strong - CH2- deformation 

These spectral data show very well that the 

carbonyl has been reduced 1n preference ~o the double 

bond . The strongly absorbing carbonyl in the At:jjo •ketone 

has disappeared and a very strong hydro~l band appears at 

3280 cm- 1 . The unconJusated double bond shows up as a 

weak band in its normal position. 

The conjugated ketone present as a contaminant has 

been hydrogenated to give a saturated ketone. This is 

shown by the weak band t 1700 cm- 1 • Prior to hydrogena­

tion this carbonyl group absorbed at 1676 cm- 1• Such a 

shift clearly shows the course of the hydrogenation . 

2- keto-;- methyldecalin {Figure 4) 

Band ( cm-1 ) Strength Functional Group
Assig1m1ent 

3440 very weak 0- H stretching 

2880 very strong C- H stretching 

1704 very strong C•O in unconjugated
ketone 

" 
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Band (cm- 1) Strengt h Functional Group
Assignment 

1660 weak C•O 1n conjugated 
ketone 

14:40 strong 

This infrared evidence 1nd1c ted that normal hydro­

genation of the conJugated double bond predominated. · That 

the entire amount of Awt -ketone was not hydrogenated is 

1shown by the eak band at 1660 cm- indicating the presence 

of a small amount of unsaturated conjugated ketone . Some 

contamination by the unsaturat d alcohol is indicated by 

the weak 0 - H band at 3440 cm- 1 . 

H1Sh Boiling Fraction from Distillation 
Throush Stedman Column (Figure 5) 

Band (cm- 1) Strength Functional Group
Assignment 

2915 very strong C- H stretching 

1736 very strong C•O 1n unconjugated 
ester 

1720 very strong C•O in unconjugated
ketone 

1672 strong C 0 1n conjugated
ketone 

1608 medium conjugated C•C 

Based on the limited chemical evidence vai1a.b1e 

and the infrared spectrum this compound seems to b a 

keto- ester contaminated by a conJugated ketone of some 

sort. · It seems unlikely that the impurity is any of the 
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~·:'-octal1n. The difference 1n the bo111ng points of the 

two is sufficient to per.m1t seP.aration by distillation 

throug)l the Stedman column. Conceivably it migl'lt be a 

d1mer or trimer of th unaatur ted ketone formed by el1m­

1nat ion of trimethylamine from th I annich methlod1de. 

2- Keto-3- ethyl•octalin and 2•keto-3- propYl- octal1n ~F1s. 5) 

Small portions of the original spectra of these 

compounds are included for comparison to the methyl com­

pound . These curves show t~e regions of carbonyl 

absorption. Two broad bands about 30 to 40 cm•l apart are 

noted . These compounds were not distilled through the 

precise fractionation equipment and therefore, if the 

pattern set by the methyl ketooctalin is followed, mixtures 

of isomers s hould be obtained in these two cases . The 

presence of absorption bands 1n both the conjugated and 

unconjugated ketone regions give evidence that such a 

mixture was obta1ned. 
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EXPERIMENTAL 

2-D1methylaminomethylcyclohe~ano_;ne hydrochloride 

The method used for preparing this compound was 

based on that described by Mann1ch and Braun (8,p . l875) . 

D1methylam1ne hydrochloride ( 242 g . , 3 moles) and 

37% formalin (244 g., :5 moles) were added to cyclobexa.non-e 

{1960 g. _, 20 moles) in a f1ve- l1t-er three- necked nask 

equipped with a stirring device and a reflux condenser . 

After heating for 45 to 60 minutes at 90° the solut1.on was 

allowed. to cool . The organic layer was separated and 

washed once with 200 ml. of water. These washings were 

combined with the aqueou-s layer and the entire solution 

extracted three time.s w1th 100 ml . portions of ether .in 

order to remove any excess eyclohexanoneo Removal of the 

water by evaporation under r&duced pressure lett the crude 

Mann1eh base hydrochlo-ride. Yield - 430 g. (75%). 

In subsequent preparations of this compound eomp~ete 

isolation was not carried out. Att.er removal of about 

one- half of the water by evaporation, the concentrated 

aqueous solut 1on was used as such in prepa.r1ng the 

quaternary ammonium salt,. 
' 

2- D1meth;ylam1nomethyleyclobexanone meth1od1de (Mannich 

meth1od1de) 

An aqueous solution of the Ma.nnich base 

http:solut1.on
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hydrochloride was made alkaline with 30% .NaOH and the .free 

ann1ch base extracted with ether. After thorough drying 

over s-olid KOH the free base 1n ether was treated with an 

equal weight of methyl iodide 1n dry ether, Care was taken 

to eliminate moisture by forming the methiodide 1n a large 

suction ~la.sk . A d.i'Jlns tube was fastened to the side arm 

while the methyl iodide was added through a. moisture­

protected dropping funnel , The methyl iodide was added at 

such a rate that t.he temperature remained below 30° ,, 

Cooling was maintained by immersing the suction flask 1n 

an lee bath. 

The annich methiodide separated as a creamy white 

solid . The mixture was left 1n the ice bath for 30 

minutes, removed and allowed. to stand at .room temperature 

for a few hours , Excess methyl iodide and ether were 

removed by the placing of the product in a vacuum oven anA 

beat1ng to 30°. 

Recrystallization from a mixture of alcohol and 

ether led to excessive deeomposition of the product . 

Therefore , the methiod1de was used in subsequent reactions 

without recrystallization,. 

Eth:y;l ~ - alkyl acetoacetate 

The methyl- , ethyl- , a.nd propyl- substituted aceto­

acetic esters were prepared by the general alkylation 

reaeticn which consisted of the condensation of acetoacetic 



ester and the appropriate alkyl halide using sodium 

ethox1de as a catalyst . The general procedure given tn 

Organic Syntheses (4,pp. 248- 250) was followed exactly 

except 1n the cas of the o< - methyl compound 1n which 

2- Keto- }=methy1-A'-octal1n 

anhydrous benzene was used as th solvent . The reason for 

this modification has been explained under Discussion of 

Results" . 
I'll 

ethod A. twelve- liter three- necked flask equ1ppai 

with a paddle stirrer and a renux condenser was charged 

with five liters of anhydrous ethanol . 92 g. (4 atoms) of 

metallic sodium was added at a rate which would maintain a 

constant reflux. After the sodium had reacted completely, 

576 g. ( 4 mol s) of ethyl d( - methyl acetoacetate was added 

dropwise over a period of two hours . At this stage the 

sodio-acetoacet1c ester exceeded its solubility in the 

solvent and the entire solution became a thick pasty mass . 

After cooling, a slurry of 591 S • (2 moles) of Mannich 

meth1odide 1n two litera of anhydrous ethanol was added 

slo ly over t o hour period . 1tb1n a few minutes after 

th slurry w s initially introduced the reaction mixture 

gradually 11quif1ed and changed 1n color to a light tan. 

The odor of trimethylamine was noticeable at the top of 

the reflux condenser. Stirring at room temperature was 

continued for 57. 5 hours after the methiodide had been added. 
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At the end of the reaction time about one- half of 

the alcohol was removed under reduced pressure and an equal 

volume of water added to the crude concentrated product . 

This solution was extracted continuously for 24 hours with 

ether followed by drying of the extracts over anhydrous 

sodium sulfate . After remov l of the ether by dist1lla~ion 

anhydrous potassium carbonate was used for a second drying 

of the product . 

The crude concentrate was stripped of unreacted 

ethyl ~ - methyl acetoacetate by distillation under reduced 

pressure through a 30 em silvered vacuum- Jacketed Vigreaux 

column. The remaining products were fractionated at a 

pressure of 0 . 3 to 0 . 8 mm using a 12- 1nch Stedman column 

with a 9. 5 mm internal diameter and containing Stedman 

pac 1ng number 105. 

The following main fractions were separated from 

the mixture: 2- keto- 3• methyl- A'l'fi- octalin, 2- keto- 3- methyl­

Aqu~octalin, and an unknown ester contaminated with some 

high boiling carbonyl compound . The physical and analyti­

cal data for these compounds have been listed under· 

"Discussion of Results" . 

e~od B, by which the ethyl and propyl ketooctalins 

were prepared, differed only in the scale of the reaction 

and the time and temperature of heating. Normally the 

reaction time ran from three to seven hours and the 



36 

temperature maintained was that necessary to cause a mild 

reflux of the solvent . Several methyl ketooctalin runs 

were made by this procedure . 
q•10

2- H;y;droxx- 3- metbzl- t:l • - octalin 

11. 2 g. (0. 69 mole) of 2- keto- 3- methyl- - octalin 

were placed in 75 ml . of absolute alcohol and mixed ltith 

0 . 25 g. of platinum oxide. This solution was hydrogenated 

on a Farr low- pressure hydrogenation apparatus at about 

2. 5 atmospheres . The calculated hydrogen uptake was 

approxtmately 5.5 pounds per square inch. The actual 

hydrogen uptake was 6 pounds per square inch. 

The product was isolated by first filtering ott the 

catalyst and evaporating the solvent . The crude product 

was distilled under reduced pressure througb a short 

Claisen head . 

1 88- 91 . 5° at 1. 4 to 1. 5 mm ~7 , 1. 5025 

2 91 . 5-93° at 1. 4 to 1. 5 mm ~7, 1, 506-0 

Aft r standing for several hours the oily distil.... 

lat of fraction two partially solidified . A solid also 

separated from fraction one upon cooling 1n an ice box . 

These solids were separated by filtration and aspirated for 

several hours to remove as muCh of the mother liquor as 

possible . 

This solid alcohol (subsequently identified as 
q'IO2- hydroxy- 3- methyl- A • - octal in) rapidly decolorized a 
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solution of bromine 1n carbon tetrachloride indicating 

active unsatur tion. A positive xanthate test for a 

hydroxyl gxooup \.,a.s obtained . 

Melting Point 40- 45° 

A m•nitrophenylurethan wa prepared . 

~elting Point 150- 154° C, 64. 56%; H, 6 . 92% 

Calcd. for C18H22H~4t C, 65. 44%; B, 6. 72f. 

A 2,4-dinitrophenylhydrazone was prepared from the mother 

liquor. 

Softened at 104°, melted at 115-122° 

C, 58 . 35%; H, 6. 37% . 

Calcd . for C17H22N404: C, 58. 94%; H, 6 . 43% 

2-Keto- 3. methyldecal1n 

8 . 2 g . {. 05 mole) of 2-keto-3-methyl-A'1 ~ctal1n 

was placed in 50 ml . of absolute alcohol and mixed with 

0 . 25 g. of platinum oxide . This solution was hydrogenated 

on the Parr apparatus mentioned previously at about 2 . 5 

atmospheres. The calculated hydrogen uptake was approxi­

mately 4 pounds per square 1neh. The actual hydrogen 

uptake vras 4 pounds per square inch. 

The product was isolated 1n the same manner as the 
q·,o2- hydroxy-3- methyl- ll •- octal1n. 

1 81- 83° at 1 . 5 to 1. 6 mm 

2 83- 85° at 1 . 5 to 1 . 6 mm 



2685- 89° at 1.5 to 1.6 mm 1~4858nD •'4 89- 94° at 1. 5 to 1.6 mm rf,6, 1.•4910 

A positive test for a carbonyl group was obtained 

with phenylhydrazine reagent, The xanthate test for the 

hydroxyl group was negative.. A very small amount of 

bromine in carbon tetrachloride was deeolorized. · 

Fraction 2 0, 78.97%; H, 10.54~ 

Caled. for c11H1so: c, 79-.551h H, 10"82% 

A 2,4-dinitrophenylhydrazone was prepared . 

Softened at 104°, melted at 130-140° 

C, 58 . 31%; H, 6. 39% 

Oalcd . for C17H22N404: C, 58 . 94%: H, 6. 43% 

2- Hydroy-2 1 3- dimethyldecalin 

In the usual manner a Gr1e;nard reagent was prepared 

from 1.2 g . ( .os mole) of magnea_ium turnings and 7. 8 g . 

( . 05 mole) of methyl iodide 1n drf ether. After complete . 

reaction of the magn.ea1usn, 2 S• ( . 012 mole) of 2- keto- 3­

methyldecalin in dry ether was added dropw1se to the 

Grignard reagent . After heating for four hours under mild 

reflux the intermediate was decomposed by pouring onto an 

iced solution of 10% ammonium chLoride. The organic layer 

was separated and aqueous layer extracted twice with ether. 

These extracts were added to the main ether solution and 

both were shaken with a di.lute solution of sodium thio­

sulfate t.o remove the small amount of iodine present . The 



39 

ether extracts were dried over anhydrous calcium and the 

crude product obtained by evaporation of the ether. 

Dehydrogenation and dehydration of 2- hydroxz- 2,3-d1methyl­

decal1n 

Two- tenths ot a gram ot the crude alcohol was mixed 

with 0.1 g. of sulfur and this mixture was gradually 

heated to 250° . After two hours crystals of 2,3-dimethyl­

naphthalene sublimed on the cold finger used as a condenser. 

The melting point , after recrystallization from aqueous 

alcohol, was 101- 1020. The melting point given 1n the 

literature is 104-104. 5°. 

No depression in the melting point was noted when 

the sample was mixed with crystals of authentic 2,3­

dimethylnaphtha1ene . 

Dehydrogenation and dehydration of 2- hydroXY- l=methzl­

octalin 

Two- tenths of a gram of 2-hydroxy- 3- methyl- ... 

octalin was mixed with 0 . 1 g. of sulfur and the mixture 

gradually heated to 250° . After two hours several drops ot 

the distillate were collected and made into the picrate by 

mixing this distillate with a concentrated alcoholic solu­

tion of picric acid . Upon cooling long yellow needles 

separated . The melting point, after recrystallization from 

ethanol, was ll3- 116Q • . The melting point given in the 

literature is 116° . 
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l1ben these long needles were mixed with pure picric 

acid the melting point depression was 9.5°. 

Potassium salt of unknown ester 

Five-tenths of a gram of the unknown ester was 

placed 1n 15 ml . of 10% potassium hydroxide. After standing 

at room temperature for several hours the white solid which 

formed was filtered, washed with alcohol and ether and 

dried. 

Attempted formation of 2,4-dinitrophenylbydrazone 

The procedure given in Shriner and Fuson (ll,p,l71) 

was followed. A golden yellow precipitate was obtained 

which, when taken up 1n hot alcohol and diluted with water, 

could not be recrystallized. Only a small amount of light 

yellow residual material precipitated . 

Attempted formation of the 4-bromoanilide 

Five-tenths of a gram of' 4-bromoaniline and o.7 S• 

of the unknown ester were heated in a sealed tube for six 

hours at 150°. The dark o11 was taken up 1n hot alcohol, 

decolorized with Norite , and water added to first sign of 

opalescence. Upon cooling a dark heavy oil settled out. 

Benzene and ligroin were used but no positive 

results were obtained. 

The use of aniline 1n the place of 4-bromoan111ne 

gave a similar dark oil. 
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Att.emt:t.!5f, formation of the S-benz;y;-lth1ur,~nf.wn salt 

An aqueous solution of 0 ..2 g . of , th~, potassi um 

salt 'formed by the sapon1f1ca.t1on and 0 . 2 g . of S-benzyl­

th1uron1um chloride were mixed and cooled . Only residual 

amounts of an ~orphous white sol.1d formed . 

http:S-benz;y;-lth1ur,~nf.wn
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SUMMARY 

1. The alkylation of substituted acetoacetic 

esters by the Q\ , ~ - unsaturated keton formed from 

2-dimethylaminomethylcyclohexanone meth1odide was investi­

gated . 

2 . Investigations and research showed sodium 

ethoxide or sodium 1sopropoxide to be the best basic 

catalyst for the reaction. The length of the t 1m& of the 

reaction did not seem to affect the yield but the mol.ar 

ratio of the reagents did . It was found that the beat 

results were obtained hen two moles each of sodium and the 

appropriate acetoacetic ester were used per mole of the 

Mann1ch methiodide. 

3 . The cyclized product formed from the 1n1t1ally 

alkylated substituted ester was found to dehydrate 1n two 

directions and to produce isomeric compounds 1th double 

bonds in different positions 1n the ring. 

4. A compound previously reported as a new compound 

turned out to be a mixture of the two isomers, 2- keto- 3­
•'fi q'IOmethyl- A • - octal in and 2- keto- 3- methyl- t\ ·-octalin ( 7, p . l9 ). 

The isomeric mixture of 2- keto- }-ethyl-octa.lins and 

th isomeric mixture of 2- keto-3- propyl- octalins were 

synthesi·zed • . There is no evidence 1n the literature of 

the previous existence of these compounds . 



2- Hydroxy- 3- methyl- Aq:'!ootal1n. produced by hydro­

genation of 2- keto- 3- methyl-Acwo_octalin was reported for 

the first time . 



44 

BIBLIOGRAPHY 

1. Brewster, James H. and Ernest L. El1el. Carbon­
carbon alkylatione with am1nes and ammonium salts. 
In Adams, Roger, et ~. {)rga.nic react ions Vol. 7. 
New York, 1ley, 1953. pp. 99-197 

2. duFeu, E. o., F. J. cQuillan and Robert Robinson. 
Experiments on the synthe.sis of substances related 
to the sterols. Part XIV. A simple synthesis of 
certain octa.lones and ketotetrahydrohydrindenes 
which may be of angle-methyl-substituted type. A 
theory of biogenesis of the sterols. Journal of 
the chemical society 53-60. 1937. 

3. Durland, John R. a.nd Homer Adkins. Hydrophenan­
threnes. Journal of the American chemical society 
60zl501-1505. 1938. 

4. Gilman, Henry and A. H. Blatt. Organic syntheses ­
collective volume I. 2nd ed. New York , Wiley, 
1941. 580p. 

5. Gilman, Henry. Organic chemistry - an advanced 
treatise volume 3. New York, \'Iiley , 1953. 607p. 

6. Jones, R. Norman, P. Humphries, E. Packard and Konrad 
Dobriner. Studies in steroid metabolism VIII. The 
detection and location of ethylenic double bonds 1n 
steroids by infrared spectrometry. Journs.l of the 
American chemical society 72:86-91. 1950. 

7. Le.Pore, Richard Francis . An application of the 
~annich reaction in the preparation of e. substituted 
ketooctalin. Master 's thesis. Corvallis, Oregon 
State college, 1951. 20 numb. leaves. 

8. ann1ch, Carl and R. Braun. tiber die Synthese von 
~ -Ketobasen aus Am1nsalzen, Formaldehyde und cyclo­
Hexanone . Ber1chte der deutschen chem1schen 
Gesellschaft 53:1874-1880. 1920. 

9. ~annich, Carl, • Koch and F. Borkowsky . tiber den 
Aufbau von ' - Dekalon a.ua Cyclohexanone. Ber1chte 
der deutschen chem1schen Gesellscha.ft 70:355-359. 
1937. 

http:Gesellscha.ft


45 

10. Ruzicka, Leopold and Jules Meyer . tiber Sesqu1terpen­
verb1ndungen I. l)ber fiihrung des Cadenens 1n einen 
Naphthalenkohlenwasserstoff. Helv1tica chtmica 
ac a 4: 505•510. 1921. 

11. Shriner, Ralph L . and Reynold c. Fuson. The 
systematic identification of organic compounds. ~ 
3d ed. New York, Wiley, 1948. 370p. 

12. Shunk, Cl11'ford H. and A. L. 111lds. Steroid analogS
lacking ring C~ l The synthesis of 6-cyclohexyl­
~:9-octalone-2 by the Robinson- annich base method. 

Journal of the American chemical society 71: 3946­
3950. 1949. 

I
13. Tsatsas , Georges. Etude chimique et spectrate de 

quelques ddrives de 1a serie decahydronaphthalJnique 
Annales de ch1m1e (11) 19& 217-273. 1945. 

14. Wilds, A. L. and Clifford H. Shunk. The preparation
of derivatives of ehrysene by means of the Rob1nson­
4ann1ch base synthesis of unsaturated ketonea. 
Journal of the American chemical society 652 469­
475. 1943. 

15. Wilds, A. L. and Richard G. erth. Chrysene deriva­
tives by the Robinson-Mannich base synthesis. The 
journal of organic chemistry 17: 1149-1153. 1952. 

16. ilds, A. L. and Richard G. \ erth. Benzo (c) phenan­
threne derivatives by the Robinson- annich base 
synthesis. The journal of organic chemistry 17: 
1154-1161. 1952. 

17. oodwnrd, Robert B., ~ ~· The total synthesis of 
steroids. Journal of the American chemical society
74:4223-4251. 1952. 




