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l O-Methyl(phenyl)- and 9, l O-diphenylperhydroacridines have been obtained by the catah,tic reduction o f  
10- and 9. l O-suhstituted svm-octahvdroacridinium salts. Selective reduction oJ'the Jitran ring occurred in 
the case o /  9-(2-[it13'l)-lO-phenyl-.~3,m-octahydroacridinium pelx'hlorate. The stereoisomeric composition 
o f  the reaction products has been established and a probable scheme ./or their.[brmation has been 
proposed. 
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Catalytic reduction of pyridinium salts is one of the methods used to prepare azahcterocyclcs of  the 
pipcridinc series [2-5], however this method has bccn little studied for polysubstitutcd pyridinium salts and their 
condensed analogs. In the present work examples of the catalytic hydrogenation of 10R- and 9R-10Rt-svm - 
octahydroacridinium salts were examined and a possible scheme for the fbnnation of substituted perhydroacridines 
in the reaction studied was proposed on the basis of  the new and previously obtained data [6, 7]. 

10- And 9-10-substituted svm:octahydroacridinium salts 1-5 were obtained by the reaction o f  
�9 " ~ 7  - 

svm-octahydroacridinc with methyl iodide, by boiling 8R-2-hydroxy-13-oxomcyclo[7.3.1.0" ]tndecanes (R = H, 
2-Fur) with aniline in acetic acid with subsequent addition of NaCIO4 [8], and by rccyclization of  pyrilium salts in 
the presence of aniline or saturated ethanolic mcthylamine [6, 7]. Since the nature of the anion did not affect 
hydrogenation of the salt, iodides, tetrafluoroboratcs, and pcrchlorates can participate in the reaction with equal 
SUCCESS. 

The requircd products were obtained in good yield at 100~ and hydrogen pressure of  10 MPa in the 
presence of  an equimolar amount of  an amine (methylamine or aniline) to prevent hydrogenolysis of the C-N bond 
[6]. Nickel modified with ruthenium was used as the catalyst. Change in these conditions (increase in temperature, 
absence of  amine) caused the reaction to slow or side reaction to occur to give a complex mixture of products. 

The results obtained permitted the conclusion that the direction and stereochemical results of the reaction 
were determined by the number and nature of the substituent groups (Me, Ph, 2-Fur) in the heterocyclic substrate. 

t 
For example, catalytic reduction of the 10-R -substituted (R I = Me, Ph) sym-octahydroacridinium salts 1 and 2 
gave saturated products with the c/s-c/s-structure. Under the conditions described 10-methyl-sym- 
octahydroacridinium iodide 1 was converted into the corresponding cis-svn-cis-10-methylperhydroacridine (4) in 
74% yield whereas hydrogenation of perchlorate 2 led to a mixture of cis'-svn-cis- and cis-anti-cis-lO- 
phenylperhydroacridines (7, 8) in an overall yield of 58%. 

N. G. Chcmyshevsky Saratov State University, Saratov 410600, Russia; e-mail: seller@sgu.runnet.ru. 
Translated from Khimiya Gcterotsiklicheskikh Soedinenii, No. 8, pp. 1108-1112, August, 2000. Original article 
submitted February 25, 1999. 

0009-3122/00/3608-0971 $25.00(~)2000 KluwerAcademic/Plenum Publishers 971 



Thc stereodirection of the reaction changed when a phenyl substituent was introduced at position 9 in the 
salt molecules. For example, trans-anti-cis-9,10-diphenylperhydroacridine (9) was prepared in 58% yield from 
9,10-diphenyl-.~wn-octahydroacridinium tetrafluoroboratc (3). 
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An unexpected result was obtained on hydrogenation of.wm-octahydroacridinium salt 5, which contains a 
furyl substituent. Under the reaction conditions selective hydrogenation of  the furyl ring occurrcd with retention of 
the pyridinc ring to give 9-(tctrahydrofuryl)-10-phenyl-sym-octahydroacridinium pcrchlorate {10) in 41% yield. 
This result may be explained by predominant absorption of salt 5 on the catalyst via the t'uran unit. 
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The results of the hydrogenation of svm-octahydroacridinium salts 1--4 arc indicated by the diffcrenccs in the 
configurations of the products. To explain this tact we used data we had obtained previously that hydrogenation of 
pyridiniurn salts may occur via 1,2- and 1,4-dihydropyridinc intcnnediates [6], and a scheme is proposed for the 
formation of the isomeric pcrhydroacridincs 6-9 via intermediatc products A and B of  analogous structure: 
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Formation of products with a cis-cis-configuration occurs in the case ofsym-octahydroacridinium salts 1,2 
which have no substituent 9 via intcrmediate A with either planar (compounds 6,7) or edge (compound 8) 
adsorption and c/s-addition of hydrogen, which is characteristic for the hydrogenation reaction, trans-anti-cis- 
Perhydroacridine 9 can only be obtained from 1,2-dihydropyridine of type B. Apparently the fomaation of the 
1,4-dihydropyridine intermediate A occurs by additional addition of a hydrogen atom at the unsubstituted 
y-position of the salt: if this position is occupied, attack at the a-position is more favorable. If a substitucnt is 
present at position 9 of the substrate it is impossible to exclude the possibility of isomerization of dihydropyridine 
A into compound B. The proposed scheme is confirmed by the stercoisomcric composition of  the reaction products 
and also the isolation, along with perhydroacridines 6-9, of  a product of the incomplete hydrogenation of 
intermediate B, 10-methyl-9-phcnyl-1,2,3,4,4a,6,7,8,8a, 10,10a-dodccahydroacridine ( 11 ). 

The spatial structure of the compounds synthesized was established using ~3C NMR spectroscopy, The 
spectroscopic data for pcrhydroacridincs 6-8 coincide with the analogous characteristics of stereoisomers prepared 
by reductivc amination of 8R-2-hydroxy-13-oxotricyclo[7.3.1.0-" 7]tridccancs [6, 9]. The common mechanisms for 
the described catalytic syntheses of pcrhydroacridincs determines the unitbrm stcrcochemical results [10]. Wc 
have described the spatial structures of 9,10-diphcnylperhydroacridinc 9 and dodecahydroacridine 11 previously 
[6, 7]. The ~H NMR spectrum of 9-(2-tctrahydrofuryl)-10-phenyl-sym-octahydroacridinium perchlorate (10) 
includes signals tbr the ~t- and [3-protons of the tetrahydrofuran ring at 4.20 and 5.31 ppm respectively. 

In conclusion, catalytic reduction of.s:vm-octahydroacridinium salts ig a method t'br the stercodirccted 
synthesis of perhydroacridines and permits the preparation of alkyl- and aryl-substituted perhydroacridines with a 
given stcrcochcmistry depending on the number and type of the substitucnts on the hetcrocycle. 

EXPERIMENTAL 

~H and ~;C NMR spectra of CDCb solutions with TMS as internal standard wcrc recorded with a Varian 
FT-80A instrument (working frcqucncies 80 and 20 MHz respectively). TLC was carried on Silulbl UV-254 
plates, with 4: 1:1 hexane-cther-acctone as eluant, and development with iodine vapor. 

trans-anti-cis-9AO-Diphenylperhydroacridine (9) was described previously [7]. 
10-Methyl-9-phenyl-l,2,3,4,4a,5,6,7,8,8a,10,10a-dodecahydroaeridine 11 was described previously [6]. 
10-Methyl-~ym-octahydroacridinium Iodide (1). A solution of.~Tm-octahydroacridine (5 g, 27 retool) in- 

CH31 (15 ml) was kept for a day at room temperature. The precipitated crystals of product I were filtered off and 
washed with ether. Yield 62%: mp 80-82~ (acetone). ~H NMR spectrum (CDCI3): 1.97 (8H, m, CH_,); 2.91 (4H, t, 
CHz); 3.18 (4H, t, CH2): 4.17 (3H, s, N-CH3), 7.83 ppm (IH, s, CH). Found, %: C 51.58; H 6.25; N 4.31. 
CHHzolN. Calculated, %: C 51.06: H 6.07; N 4.25. 

o,m-Oetahydroacridinium Perehlorates 2 and 5 were synthesized by method [8]. Salts 3 and 4 were 
synthesized from 9-phenyl-sym-octahydroxanthylium tetrafluoroborate by a known method [6]. 

cis-cis-cis-lO-Methylperhydroacridine (6). Salt 1 (3.29 g, 10 mmol), Ni/Ru (1 g), and ethanol (80 ml) 
saturated with methylamine (0.31 g, 10 mmol) were placed in an autoclave (volume 150 ml). The initial hydrogen 
pressure was 10 MPa and the temperature 100~ Thc reaction mixture was cooled after 7 h, the catalyst was 
filtered oft. alcohol evaporated, and the crystals of product 6 were filtered off: Yield 74%: mp 64-66~ (ethanol). 
~3C NMR spectrurn (CDCb): 32.34 (Cll, C~), t); 22.69 (C~_,~, C~7~, t): 25.66 (C~3~, C,,~, t); 25.98 (CI4j, C~.~, t): 61.03 
(C~4~,~, C~,~,,~, d); 37.73 (Cc~, C~,,~, d); 26.85 (C~% d); 39.20 ppm (N-CH3, q). Found, %: C 81.52; H 12.27; N 7.10. 
CHH2.sN. Calculated, %: C 81.09: H 12.15; N 6.75. 

cis-.s:vn-cis- (7) and cis-anti-cis- (8) 10-Phenylperhydroacridines were obtained analogously by 
hydrogenation of salt 2 in the presence of aniline. Overall yield 58%. 

Compound 7. I~C NMR spectrum (CDC13): 32.51 (C~t~, Cc~, t); 21.81 (Ct_,~, C~7~, t); 26.24 (C~3~, C,,, t); 
26.24 (C,a,, C~5~, t); 53.65 (C,4~,~, C,,j,,, d); 37.67 (C,s~, C~,m, d); 26.24 ppm (C~,~, d). 

Compound 8. ~3C NMR spectrum (CDCI3): 30.09 (C~), C~s), t): 22.12 (C~_,~, C~7~, t); 24.04 (C~3, C,,~, t); 
32.51 (C~.~, C~5~, t); 55.86 (C~4~, C~,~,,~, d); 32.51 (C~s,~, C~,~,, d); 27.05 ppm (C(9), d). 
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9-(2-Tetrahydrofuryl)- i  0-phenyi-s.vm-octahydroacridinium Perchlorate (10) was prepared 
analogously to compound 6 by hydrogenation of  salt 5 in the presence of aniline. Yield 41%; mp 150-152~ (ethyl 
acetate), tH NMR spectrum (CDCIs): 1.79-1.85 (8H, m, CH,), 2.48 (4H, t, CH.,); 2.96 (4H, t, CH~_), 4.20 (4H, m, 
CH_~); 5.31 (3H, t, CHO); 7.69 ppm (5H, m, C~,H.~). Found, %: C 63.54, H 6.39; N 3,76. C_~3H_~CINOs. 
Calculated, %: C 63.67; H 6.46; N 3.23. 

REFERENCES 

1 .  

2. 
3. 
4. 

, 

6. 
7. 
8. 
9. 

10. 

T. G. Nikolaev, N. V. Petrova, and A. P. Kriven'ko, Khim. Geterotsikl. Soed., No. 7, 929 (1999). 
N. E. Grigor'eva, A. B. Oganes'yan, and 1. A. Mysh, Zh. Ohshch. Khim.. 27, 1565 (1957). 
N. E. Grigor'eva, I. K. Gintse, and T. A. Lyuhitskaya, Zh. Obshch. Khhn., 30, I031 (1960). 
K. E. Lyle, B. H. Warner, and D. A. Nelson, Bol. Soc. Quim. Peru, 31, 89 (1965); Chem. Abs., 64, 19548 
(1966). 
J. N. Duling and P. Charles, J. Anwr. Chem. Sot., 84, 578 (1962). 
P. V. Reshetov, S. A. Rozhnova, and A. P. Kriven'ko, Khim. Geterotsikl. Soedin., No. 1,68 (1994). 
P. V. Reshetov, R. V. Seller, and A. P. Kriven'ko, Khim. GeterotsiM. Soedin., No. 9, 1279 (1997). 
A. N. Saverchenko, V. A. Kaminskii, and M. N. Tilichenko, Khim. Geterotsikl. Soedin., No. 3,384 (1973). 
T. G. Nikolaeva, L. M. Yudovich, N. T. Komyagin, A. I. Yanovskii, Yu. T. Struchkov, and 
A. P. Kriven'ko, Khim. Geterotsikl. Soedin., No. 8, 1094 (1993). 
T. G. Nikolaeva, P. V. Reshetov, and A. P. Kriven'ko, Khim. Geterotsikl. Soedin., No. 7, 867 (1997). 

974 


