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Abstract: The Mannich derivatives (1 and 2) of 9-acetyl-9,tO- 
dihydroanthracene (4) with amines of different sizes were 
prepared for study of their biological effects. It was found 
that formation of the normal Mannich product in acetic acid was 
accompanied by formation of a secondary Hannich product 
containing a methylidene group (1 and 5). Reduction of 
compounds 5 with NaBH4 gave aminoalcohols (lo), and 
amino-olef‘ins (11) uere prepared from these by elimination. 
The catalytic rguotion of compound8 2 on Pd/C, Raney Ni and 
Adams catalysts was studied under acialc and basio conditions. 
In acidic media on Pd/C, the 9,tO-dihydro compounds (5) uere 
formed; under basic conditions, on all three CatalysTa the 
hydrogenatfon led to deamtnatton. However, for “sterfo 
hindrance” reasons the keto group was not reduced in any of the 
cases. In compounds 2, the iiterature data and the H-NhR 
spectra indicate that the orientation of the 9-substituent is 
pseudoaxial 

In a previous publication’ we dealt with the biologioal effeot 

(antibacterial) of Mannich bases of l-, 2- and 9-acetylanthracene. We have 

subsequently synthesised a series of such compounds in order to study the structure 

vs. effect correlations. 

Various methods2*7 are to be found in the literature for the aminoalkyl 

substitution of anthraoenea; of these, we used the Mannich reaction 6*7 to prepare 

the compounds to be studied, Condltions requiring long heating have b88n described 

for the Hannich reaction 6.7, we modified these conditions slightly and carried 

out the transformation in glacial acetic acid medium instead oP ethanolg. This 

permitted the shortening of -the reaction time from 12-20 h to 0.5-2 h. The 

application of the more forcing conditions, houever, led to the appearance of new 

side-products. It was round that, the Hannfch reaction of 9-aoetylanthracene (1) 

and of 9-acetyl-9,10-dihydroanthraoene (2) in acetic acid medium gives not only the 

normal Hannich base (2 and 2) but also a product containing a methylidene group (2 

and 5) (see Scheme 1). 

Besides the above compounds, at higher temperature a 9-anthryl vinyl 
ketone, an elimination produot, is also formed; this was not studied in detail. 
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SCHEME 1 

RZN-=dimethylamina (pl.piperldlno c&l. N-methylpipuazino(O, 
N-trlme~~sililmethyl-plperarlno(P). 

Reactionscheme 1. 

The structures of compounds 2, 3, 5 and 5 were identified on the basis of 

literature descriptions, IR and H-NMR data (Table 1) and elemental analyses. 

TABLE 1 

COrnD. IR _ 
ppm (CDCl3 + THS, or DMSO-6’ + TMS) 

_.I 

cm- ’ 
Ha-H0 H8 Hr H,O He’ 

1700 ;:;* 8.10 - 
8.90 

1600 - 3.45 6.0 5.55 8.10 
4.40’ 7.0 5.92’ 

1715 3.0 - - _ 3.73 

1658 - 3.05 6.06 5.55 - 3.70 

2b 

3b 

5a 

6a 

The data in Table 1 clearly document the structures of the 

However, the orientation of the 9-substituent in compounds 

detailed interpretation. 

Ha’ JHe’ HatHz H 9 

4.18 18 4.95 

4.30 18.5 5.08 

compounds synthesised. 

2 and a needs more 

In both compounds (2 and 5). the chemical shift of the C-10 protons and 

the large geminal coupling constant bear witness to the non-planarity of the meso 

ring. Dreiding models of the two possible boat forms reveal that the more probable 

conformation is that in which the 9-acyl group occupies a pseudo-axial (a)) 

position (because of the steric hindrance of the peri hydrogens). In this 

orientation, the 9-substituent exerts a deshielding effect on Ha’, and this gives 

rise to a greater difference in the chemical shifts of the two protons (Ha’ and 

He’), than would be expected. 

An approach to the conformation can be made Prom the methylene shift in 

9,10-dihydroanthracene, 63.80, (which is an average value for Ha’ and He’ and that 

for the pseudo-equatorial (e0 C-10 proton in the “fixed” conformation, 63.73. 

These values lead to a predicted shift of 63.87 for Hat. The obskved shift of 

4.18 ppm is evidence that the 9-substltuent must be in the pseudo-axial position 

(at least this is the dominant population in the equilibrium mixtures); otherwise, 

there would not have been such a great difference between Ha’ and He’. This 



conclusion is In aocordance with the literature iinding that the meso ring of 

9-alkyl-9,10-dihydroanthraoene Is more stable In the boat conformation In which the 

9-substituent occupies a pseudo-axial posItIonlO. 

Experiments uere performed at 90 or 120°C In acetic acid. The course of 

the reaction was followed by thin layer chromatographic control, and the results 

were evaluated qualitatively. It was found that the optimum conditions for the 

reaction were heating for 20-40 min at 120°C, and the addition of formaldehyde In 

several portions. The results Indicate that, at a high Initial formaldehyde 

concentration. the Mannich base formed reacts with further formaldehyde to yield 1 

and 5. The mechanism of this secondary process Is not yet known, but It has been 

observed that this transformation Is catalysed by acetic acid”. If the Mannich 

base Is heated with paraformaldehyde In DMF, It Is converted to a product of type 

1, containing a methylidene groupg. 

Studies were made of the catalytic hydrogenation of the resulting Mannich 

bases with various catalysts under acidic or basic conditions. It Is known that 

the 0x0 group of 9-acetylan,thracene can not be hydrogenated catalytically because 
6 of steric hindrance ; accordingly, transformation of compound to a side-chain 

alcohol nas not considered. 

Table 2 presents results on hydrogenation experiments nith compounds 2. 

The designations of the products are the same as In Scheme 1, together with the 

further products 1-(9-anthryl-1,2,3,4-tetrahydro~-3-pIperIdInopropan-~-one (1). 

l-(9-anthryl-1,2,3,4-tetrahydrol-propan-l-one (g) and 1-(9-anthrylj-propan-l-one 

(2,. Products for uhich the percentage yield Is not given In the Table uere not 

Isolated, but were detected by thin-layer chromatography through the use of 

comparative substances. 

Method 

HE, Pd/C 

H2’ Pd/C 

H2. Pd/C 

3 
Raney 

HI/P7 

Solvent 

glacial 
acetic acid, 
HCl, water 

” 

EtOH 

EtOH 

glacial 
acetic acid 

TABLE 2 

t OC Pressure Reaction Product 
Pa time h % 

25 1.01 x 10'4 20 z(62) + B + 2 

25 ” 6 ZClO) + 2a(70) - 

25 ” 5 9(51) + s 

25 ” 5 9(51) l 8 

120 * 2.5 s(25) 

On Pd/C under acidio condition, the main product was 5, uith a small amount of 

1. However, hydrogenation of the hydrochloride of the morpholine derivative 2 on 

Pt02 In #eOH resulted mainly In the compound of type 16. The difference In the 

results Is a sign of the different selectivities of the tuo catalysts. 

When the .bases of compound8 2 uere hydrogenated in EtOH, the C-N bond 

underwent hydrogenolysis on all three catalysts at atmosphere pressure, 

9-propionylanthracene (2) being formed as main product. T.1.c. also revealed 4 In 

all oases. The difference between catalytic hydrogenations under acidic and basic 

conditions oan be ascribed to the ahchor effect12; this Is connected with the 

adsorption of the protonated and the non-protonated amine on the surface of the 

catalyst. A further conclusion from the experiment Is that ‘steric’ hindrance Is 

present, for the 0x0 group uas not reduced In any of the cases under the applied 

conditions. 
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The nature of this steric hindrance nas examined by investigating the 

possibilities of catalytic hydrogenation on Pd/C of the 0x0 group of the dihydro 

derivative 2 and the olefinic bond of oompounds fi. However, experiments in aaidic 

medium to avoid desamination did not lead to saturation of the n-bond in any of the 

compounds. An idea of the nature of the “steric n hindrance can be conceived if it 

is considered that the keto groups of the compounds in question become accessible 

in other chemical reactions. Thus, 9-acetylanthraoene can be reduoed by the 

Heerwein-Verley method’ 3 or with LiAlH4, its dinitro-phenylhydrazone can be 

prepared’ 3, and compound 2 too can be reduaed uith NaBH4 (Soheae 2). 

SCHEME 2 

10 
Reactionscheme 2. 

11 

It may be added that the acyl group in,compound 2 is pseudo-axial (see above) 

and hence rises above the plane of the ring; the acyl group in 9-acetylanthracene 

is not coplanar elther”(; and a Dreiding model of compound 11 shows that its - 
propylidene group is likewise elevated above the plane of the ring. Accordingly, 

it appears obvious that the “steric” hindrance is a result of selective bonding. 

The molecule is bound with the plane of the ring on the surface OS the catalyst, 

while the n-bond is inclined out from this plane and are situated well away from 

the active surface of the catalyst, so that they can not be hydrogenated. 

EXPERIMENTAL 

The IR spectra were recorded on a Unicam SP 200, and the H-NMR spectra on a 
JEOL 60 mHz instrument. Thin-layer chromatography was performed on DC-Alufollen 
:~~~~~~~ld~2~4~r~‘~~v~~H~~C~~~3~~~~~n~e’ c” f ‘0 : 6 * The calculated and found elemental 

H, N and are expressed as percentages. 

General Method of Preparation of Hannich Bases 

The components of the reaction are 9-acetylanthracene (1)15*‘, or 
9-acetyl-9,10-dlhydroanthracene (4j7, uith dlmethylamlne.HCl-(a), piperidine.HCl 
(b), N-methylpiperazine.HCl (c) or N-t’rimethylsilylmethy~plperazine.HCl (d) as 
secondary amine, and paraformaldehyde, in molar ratios of 1 :l :l or 1 :l :2. The 
reaction mixture lb heated at 90 or 120°C for 30-110 min in 5-7 mol glacial acetic 
aoid/mol reactant. After cooling, the reaction mixture is poured into ice-water 
and extracted with ether (unchanged 1 and 3 recovered from the ether solution by 
evaporation). Under ice-water cooling, the aqueous phase is neutrallsed with 105 
Na2C0 then made slightly alkaline, and extracted uith ether. The ether solution 
is wa hed three times with water, a’ and then dried over anhydrous Na CO The ether 
is distilled off. The resulting crude product contains the Uannic 2 b&e 
uith various amounts of 2 or 6 as impurity, 

together 
depending on the conditions Applied. 

The crude product is dissolvea in EtOH and oonverted to the hydrochloride by 
acidification to pH 5 nith 151 HCl/EtOH. Ether is added until opalescene. 
Crystallisatton generally begins after some minutes. As necessary, the material is 
put into a refrigerator and recrystallised from an EtOH/ether mixture. The overall 
yields are 40-701 (Table 3). 



General Deaoription of catalytic hydrogenation of the Mannich Compounds 2 and 5 

The hydroahloridea of Mannich aompounds are hydrogenated on 10s Pd/C in a 
lo-fold amount ot 90s glacial aoetic acid, while the' free base is hydrogenated in 
the presence of Pd/C, Raney WI or Pt0 

T 
in a lo-fold amound of EtOH, for 8-20 h at 

atmospheric pressure. The quantity o catalyst is 5% o? that of the Hannich 
compounds. Working-up of the.reaotion mixtures was perPor%ed in the usual manner. 

Catalytic Hydrogenation of 2b 
Under acidic conditions: 

Fro% 3.4 g (11 mmol) 2b, in the presenoe of 0.4 g Pd/C, in solution of 3O mI 
90s glacial.acid and 2 %I cone. HCl, for 24 11: 2.4 g (75.11$) crude product. 
Chromatography reveals starting material, 5b and a little 7b. Converaion t0 
hydrochloride and recrystallisation from EmH/ether yield87;9 g (601). X.p. 
200-201 *c. The XR and H-NXR data fully conform with those of l-(9,10-dihydro- 
9-anthyrlj-3-piperfdinopropan-l-one.HCl, (5b) prepared by Flannich reaction (&). On 
hydrogenation for 6 h. onIy 10% of’ the subxance is converted. 
Under basic conditions: 

On all three catalysta in EtOH medium, the base 2b gives 9’propionylanthr- 
8cene: yields 50.38s on Pd/C, 51s on Raney Ni, and 4m on PtO2, the remaining 

ed starting oompound and ofh?r, not isolated products. n.p. 
IR: 1700 cm . 

quartet, 2 protons), 61.47’(Ha triplet, 3 protons). 
H-NHR: 68.5 (Hlo)‘, 63.0 (HO, 

TABLE 3 

C-P. Fonaula 

2b 

3a 

2c+ 

3C’ 

M 

5B 

6b 

5s 

6a 

CaIc/Found $ 

C H N 

72.72 6.42 4.46 

73.10 6.37 4.67 

83.24 7.30 4.41 

33.10 7.40 4.4a 

72.72 6.19 4.30 

73.40 6.60 4.60 

- - - 

62.61 7.56 5.84 - 
C25w36CI2N205i” 

62.31 7.72 5.90 

74.24 7.36 3.93 

74.12 7.30 3.97 

c23H25N0d 83.84 7.60 4.23 

83.50 7.49 4.13 

72.25 ‘7.O2 4.44 

72.w) 6.87 4.62 

Cm”zrI@ 82.44 7.26 4.81 

82.51 7.38 4.64 

Yj, 

*C 

H-NM values in 6 pp 

HaJ$ Hs Hv Hlo He’ Ha’ I$ 

3.70 - - 8.9 - 

IR 

an-’ 

1705 

170-718 
2.82 

84-&b 

19O91a 
3.# - - 8.4 - - - 1702 

m-22a 
6.0 

1 3.45 
5.55 

8.75 - - - 1660 

1702 
195~19P - * L * * L * 

1660 

180-83a - - L . 4.20 3.70 4.05 1715 

201-P - . - L 4.35 3.85 5.12 1712 

133-34b 
6.0 

* - 
5.55 

* 4.30 3.70 5.80 1658 

182-8$ * - - * 4.x 3.80 4.80 17l3 

93.5b 
6.34 

- - 
5.73 

* 4.40 3.80 5.90 1662 

Remarks : a: hydrochloride, b: baae or heated at 1 20°C for 30 minutes in 1 :l :l 
molar ratio, d: heated at 120°C Sor 90 minutes in 1:1:2 molar ratio, H: multiplet 




