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3,7-Diazabicyclo[3.3.1]nonan-9-ones,
Octahydropyrido[4,3-d]pyrimidines, and
1,3,7-Triazabicyclo]3.3.1]non-3-enes from
N,N'-Dibenzylidenephenylmethanediamines
and Alkyl Methyl Ketones
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As a result of their unique structure as benzylideneamine type
Schiff bases containing two azomethine groups, N,N’- dibenzyl-
idenephenylmethanediamines 1 have potential as reagents for
the synthesis of nitrogen-containing heterocyclic com-
pounds' 5,

In this paper, we report on the formation of e.g. 2.4,6,8-tetra-
phenyl-3,7-diazabicyclo[3.3.1Jnonan-9-one® (2a), 8,8-dimethyl-
2,4,5,7~tetraphenyl-2,3,4,4a,5,6,7,8—octahydropyrido[4.3-d]pyr-

imidines (3a) and 4-t-butyl-2,6,8,9-tetraphenyl-1,3,7-triazabicy-
clo[3.3.1Jnon-3-ene (4a) from the reaction of 1a with acetone,
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isopropyl methyl ketone, or r-butyl methyl ketone, respectively,
and ammonium acetate in methanol at 25-35°C. With ethyl
methyl ketone, a mixture of products 2b and 3b is obtained
(Scheme A).
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In these reactions of 1a with alkyl methyl ketone, the addition of
acetic acid facilitates the formation of 2 and disturbs the forma-
tion of 3 and 4. When the reaction with ethyl methyl ketone was
carried out in the presence of acetic acid, the yield of 2b in-
creased from 0.7% to 39% and the yield of 3b decreased from
44% to 3%. In contrast, a similar reaction of N, N’-bis[2-hydroxy-
benzylidene]-2-hydroxyphenylmethanediamine (1b) with ali-
phatic ketones gives the pale yellow substances 5 and 6* (Sche-
me B).
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Table 1. Compounds 2, 3, and 4 prepared

SYNTHESIS

Product” Yield [%]® (reaction time)* m.p. Molecular formula®
No. R’ R? R® Ar by Method A by Mecthod B ecy or Lit. m.p. [°C]

2a H H H CoHs 15 (7 day) 26 (7 day) 265-256° 250-252°°

2b CH; H H CoHs 0.7 (4 day) 39(12 h) 240.5-242°¢ CiuHoN,O  (458.6)
2¢ H H H 4-H,C-C.Hy 9.0 (2 day) 26 (2 day} 204.-225° CisHigN2O - (500.7)
2d CH; H H 4-H,C---C H, 16 (104 day) 36 (1 day; 2:9-220° CioHaaN2 O (514.7)
2e H H H 4-H,CO---C H, 8.0 (2 day) 17 (1 day) 202-224° 226-228°°

2 H H H 4-Cl--CH, 3 (7 day) 34 (1 day) 236-237° 239--241°°

3a CH, H H CoHs 44 (4 day) 3.0(12h) 183-184° CunHyN; (457.6)
3b CH; CH; H CoHs 50 (6 day) - 186-187¢ Ci3HaN; (471.6)
3¢ CH, CH; H 4-H,CCH, 51 (4 day) 168-169° Cy;HaN; (527.7)
4a CH; CH; CH; CoHs 76 (S day) - 138-190° CaiHisN; (485.6)
4b CH; CH, CH, 4-H,C - CH, 50 (27 day) 1851877 CasHasNy (541.8)
4c CH; 50 (14 day) 218-219°

CyqH3 CLUN;  (623.4)

CH;, CH,4 4-Ct—-CH,

# For location of substituents, see Scheme D.
» Yield of isolated product.
“ Time for the solid to separate.

A strikingly parallel example to the formation of 4a is the for-
mation of 4’ from the following condensation of 1 with alkyl aryl
ketones® (Scheme C).
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The above results suggest the following modes of formation of 2, 3, and
4, and hence, it should be recognized that acetic acid functions as a pro-
motor for the deamination and as an inhibitor for the dehydration in this
reaction (Scheme D).

2.4,6,8-Tetrakis[4-methylphenyl]-3,7-diazabicyclo[3.3.1]nonan-9-one  (2¢;
4-H3;C—C4Hy in place of CcHs in 2a); Typical Procedure:

Method A: A mixture of N, N'-bis[4-methylbenzylidene]-4-methylphe-
nylmethanediamine (t¢; 3.40 g, 10 mmol), acetone (0.58 g, 10 mmol),
and ammonium acetate (0.77 g, 10 mmol) in methanol (5 ml) is magneti-
cally stirred at ambient temperature (25-35 °C) for 24 h, then methanol
{15 ml) is added, and stirring is continued for a further 24 h. The depo-
sited precipitate is collected and washed with methanol to give 2¢: yield:
0.32 g (9%).

Method B: An equimolar (10 mmol) mixture of 1¢, acetone, and am-
monium acetate in solution of methanol (2.5 ml) and acetic acid (2.5 ml)
is similarly treated to give 2¢; yield: 0.98 g (26%).
l-Methyl-2,4,6,8-tctraphenyl-3,7—diazabicyclo[3.3.1]nonan-‘)-one (2b) and
8-methyl-2,4,5,7-tetraph(:nyl-2.3,4,4a,5,6.7,8-oclahydropyridnH,S-dIp_\'r-
imidine (3b); Typical Procedure:

Method A: A mixture of 1a (3.58 g, 12 mmol). ethyl methyl ketone
(0.65 g, 9 mmol), and ammonium acetate (0.77 g. 10 mmob) in methanol

4 Recrystallized from tetrahydrofiran/methanol.
¢ Satisfactory microanalyses obtaiaed: C 032, H +0.37, N +0.20.

(5 ml) is magnetically stirred at amsient temperature for two days and
then allowed to stand for two days. The resultant precipitate is collected
and washed with hot methancl (3¢ ml) to give a white crystalline matter
(2.5 g) consisting of a mixture of 2b and 3b (~3:97 molar ratio). The
former product is not sufficiently sotuble in tetrahydrofuran and is thus
easilv removed from the latter by dissolving the major part of 3b in a
minimum amount of tetrahydrofuran (~3 ml) and recrystallizing from
tetrahydrofuran/methanol to give 2b; yield: 0.03 g (0.7%) and 3b; yield:
1.8 g (44%).

Method B: A mixture of 1a (3.53 g, 12 mmol), ethyl methyl ketone (9
mmol), ammoniur acetate (10 mmol), acetic acid (2.5 ml), and methanol
(2.5 ml) is magnetically stirred at ambient temperature for 12 h and al-
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Table 2. Spectral Data of Compounds 2, 3, and 4
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Product  LR. (nujol)

‘H-N.M.R. (CDCly)

M.S. (70 eV, 200°C)

No. viem™'] 8 [ppm] m/e (relative intensity %)
2a 3340 (NH); 1717 (C -0y, 7.7-6.5 (m, 20H.1om); 4.75, 4.40 (d, 2H, N-~CH---CH)*; 2.90 444 (M *, 1), 250 (86), 233 (32), 208
771, 705 (8¢...1) (g, 2H, CH--CH--CH)* 2.1, 1.7 (br, 1 H, NH) (62), 195 (53), 194 (76), 131 (84), 105
(49), 104 (100), 103 (57). 77 (36)
2b 3330 (NH); 1712 (C =0y, 7.9-6.6 (m, 20H.,;.m); 5.28, 3.84 (s, 1 H, N---CH); 4.74, 4.34 (d, 458 (M *, 1.2), 264 (76), 222 (26), 195
765, 704 (8¢...n) tH, N--CH—CH)* 3.00 (g. 1H, CH-- CH---CH)* 2.1, 1.6 (48), 194 (100), 131 (47), 105 (27),
(br, 1H, NH); 0.64 (s, 3H, CH;) 104 (46), 103 (30), 91 (32), 77 (30}
2c 3325 (NH); 1729 (C-==0); 7.45,7.16, 6.84, 6.56 (d, 4 H,;om)" 4.63,4.25 (d, 2H, N-- CH)*,
812, 802, 730, 718 2.78(q, 2H, CH--CH CH)* 2.37, 2.18 (s, 6 H, CH;); 2.0, 1.5
(BC----li) (br, lH, NH)
2 3325 (NH); 1710 (C. -O); 7.6-6.5 (m, 16 Hycom); 5.21,3.76 (s, 1H, N - CH); 4.68, 4.27 (d,

815, 12 (3¢ w)

2e 3350, 3320 (NH); 1715

(C . .0); 1256, 1247 (C---O):

839, 830, 723 (8¢..1)

1H, N-CH CH)* 2.94 (q, 1H, CH —-CH--CH)" 2.42.
238, 0.63 (s, 3H, CH,): 2.19 (s, 6H, CH.); 2.0, 1.4 (br, 1H,
NH)

7.48, 6.92 (d, 4H,om)™ 6.63 (5, 8 Huren): 4.60, 4.25 (d, 2H,
N--CH-—CH)* 3.3, 363 (s, 6H. CHy: 276 (q. 2H,
CH ~CH--CH)* 2.0, 1.5 (br, 1 H. NH)

7.43 (s, 8H,pom): 7.09, 6.64 (d, 4H,o)” 4.59, 431 (d, 2H,
N—CH--CH)*; 275 (q, 2H, CH CH CH)% 2.1, 1.5 (br,
1H, NH)

2f 3340 (NH); 1711 (C -O);
1490; 822, 793, 720
(8¢n)

3a 3330 (NH); 1662 (C--N);

752, 722, 700 (8, )
3b 3320 (NH); 1652 (C=- Ny,
788, 753, 703 (8¢ )

3c 3300 (NH); 1655 (C =Ny,
810, 721 (8¢ )

7.7-6.6 (M, 20H,,0m); 5.44 (t, 1H, CH—N-)* 3.83 [d, 1 H.
CH-—-CH(CH,)--]" 3.75, 3.69 (d. 1H, N CH CH)" 3.1
(m, 1H, CH~CH- CH); 2.7 [m, tH, CH(CH.) ; 1.7 (b,
2H, NH); 1.01 (d. 3H, CH,)*

7.5-6.7 (m, 20H,0m); 546 (4, 1H, CH- N 3.87 (s, 1H,
N--CH); 3.75, 367 (d, 1H. N CH--CH)*; 33 (m, 1H,
CH--CH-—CH); 1.5 (br, 2H, NH): 1.34, 1.14 (s, 3H, CHs)
75-6.7 (m, 12H,un); 6.63 (s. 4H..); 540 (d, 1H,
CH-N- )% 381 (s, 1H, N CH). 3.68. 3.60 (d. 1H,
N--CH-—CH)" 34 (m, 1H. CH - CH- CH): 2.28, 2.14 (s,
6H, CH,); 1.6 (br, 2H, NH); 1.29, 1.10 (s. 3H, CH,)

247 (27). 246 (43), 194 (17), 118 (19),
115 (16), 105 (39). 104 (54), 77 (28).
32 (22), 28 (100)

471 (M*F, 0.7), 262 (28). 261 (100),
194 (70). 193 (32), 132 (62), 117 (24),
106 (38). 105 (27), 104 (45), 91 (32)

4a 3320 (NH); 1643 (C-~N);
763, 755, 697 (8¢..u)

4b 3310 (NH); 1642 (C - N);
810, 720 (8¢ 1)

4c 3320 (NH); 1641 (C N);
1090; 833, 818, 732
(8¢ n)

8.0-7.1 (m, 20H,o); 5.91 (s, tH, CH--N ); 530 (d, 1H,
HN-—CH - N)% 4.59 (g, 1H, HN. CH--CH)**,4.09 (d, 1 H,
N—CH--CH)* 3.52 (t, CH~ CH ~CH)* 1.77 (g, 1 H, NH)";
0.77 (s, 9H, CH3)

7.9-6.6 (m, 16 H,rom); 5.88 (s, 1H, CH~ N--); 531 (d, 1H,
HN--CH- - -N)<; 4.55 (4, tH, HN. -CH--CH)**, 4.04 (d, 1 H,
N--CH-—-CH)* 346 (t, 1H, CH- CH - CH)"; 2.34, 0.76 (s,
9H, CH,); 2.27 (s, 3H, CHs); 1.7 (br, 1 H, NH)

7.8-7.0 (m, 16 H,rom); 5.76 (s, tH, CH- N .); 5.2 (br, 1H,
HN---CH--N); 4.5 (br, tH, HN - CH- CH); 3.92 (d, 1H,
N--CH—CH)* 343 (t, 1H, CH- CH-CH)* 1.8 (br, {H,
NH); 0.76 (s, 9H, CH,)

485 (M *, 0.2); 429 (21); 428 (57), 291
(38), 276 (48), 195 (37). 194 (100),
193 (32), 104 (30). 91 (46). 77 (37)

* J=1-4 Hz in the cases in which a doublet, triplet, or quartet was observed.
" J=8-10 Hz in the cases in which a doublet was observed.
J=6

=6~7 Hz in the cases in which a doublet, triplet, or quartet was observed.

lowed to stand overnight. The deposited precipitate is collected and
washed with hot methanol (30 ml) to give 2b; vield: 39%. From the wash-
ings, 3b is obtained; yield: 0.12 g (2.9%).

8,8-Dimethy|-2,4,5,7-tetraphenyl-2,3,4,4a,5,6,7,8-0ctahydropyrid0[4,3-
dipyrimidine (3a); Typical Procedure:

Method A: A mixture of 1a (3.58 g, 12 mmol), isopropyl methyl ketone
(0.78 g, 9 mmol), and ammonium acetate (0.77 g, 10 mmol) in methanol
(5 ml) is magnetically stirred at ambient temperature for three days, then
methanol (5 ml) is added, stirring is continued for one day, and the mix-
ture is allowed to stand for two days. The deposited precipitate is col-
lected and washed with methanol (15 ml) to give 3a as a white crystalline
matter; yield: 2.13 g (50%).

4-t-Butyl-2,6,8,9-tetraphcnyl—1,3,7—triuzabicyclo[3.3.1]non-3—ene (4a);
Typical Procedure:

Method A: A mixture of 1a (4.17 g, 14 mmol), t-butyl methyl ketone
(1.00 g, 10 mmol), and ammonium acetate (0.77 g, 10 mmol) in methanol

(7 ml) is magnetically stirred at ambient temperature for S days. The re-
sultant precipitate is collected and washed with methanol (15 ml) to give
crude 4a; yield: 3.7 g (76%).
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