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There is little information on the synthesis of bridged structures with two nitrogen
atoms in the 1 and 3-positions [1, 2]. Saturated annelated diazaheterocycles have been ob-
tained, like the monocyclic compounds, by reacting diamines R*NHCHR®*CHR®NHR' (I) with alde-
hydes, but this method is successful only for five- and six-membered heterocycles. When R'
in (I) is alkyl, the reaction takes place with any RCHO [3], when R' is Ac, with CH,0 only
[4], and when R' is H, no reaction takes place [2, 5].

We have recently shown that acylation of bisazomethines RCH=(CH:),N=CHR with aro-
matic acid chlorides in a polar medium affords N,N'-acylated 1,3-diazaalkaneswith 5- to 8-
membered rings [6]. We have now attempted to obtain by this method some acylated 2,4-diaza-
bicyclo{3.3.1]nonanes and 2,4-diazabicyclo[3.2.1]-octanes by reacting azomethines (II)~(VI)
with benzoyl chloride under the conditions described in [6].
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Examination of molecular models shows that 1,3-diazaalkanes can be formed from (IV)-
(VI) only. Cyclization of (II) is impossible by virtue of the trans orientation of the azo-
methine groups, and cyclization of (III) is unlikely as a result of strains in the hypo-
thetical diazabicyclo[3.2.2]nonane system (VII). The products (VIII) and (IX) expected on
cyclization of (IV) and (V) are not strained. The system (X) is slightly strained as a
result of the departure of the angles in the cyclopentane ring from the tetrahedral values,
and of spatial interaction of the methyl groups at C' and C®.
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In fact, benzoylation of (II) gave only trans-l,4~dibenzoylaminocyclohexane (trans—(XI))
and trans-l-benzoylamino-4-benzaldiminocyclohexane (XII), which was unexpectedly stable to
benzoyl chloride (2 hours' boiling in acetonitrile). The sole product of the benzoylation
of (I1I) was the bis-amide, cis—(XI). Benzoylation 6f (IVa) gave two isomers with the com-
position C27;H26N202, whlch were separated chromatographically on silica gel. X-ray structure
determination and the **C and 'H NMR spectra showed both isomers to be the 2,4-diazabicyclo[3.3.1]-
nonane (VIIIa), with the cyclohexame ring in the chalr form, and the heterocyclic ring in
the boat form, but in one of these the proton at C> occupied the exo position, and in the
other the endo position relative to the cyclohexane ring.

Similarly, (IVb) gave the pure exo-~ and endo-(VIII).

The isomers of (VIII) differed in their melting points, solubilities, and some chemical
properties. TFor example, attempts to demethylate endo~(VIIIb) with BBrs; resulted in cleavage
to cis-1,3-dibenzoylaminocyclohexane (XIII), while exo-(VIIIb) gave satisfactory yields of
exo-(VIIId). This was evidently due to differences in the geometry of the intermediate
complexes with BBrs.

In the benzoylation of the mixture of cis~ and trans-isomers of (V), their proportions
were not determined, and the yield of product was therefore calculated on the total (V).
Column chromatography of the reaction products gave an inseparable mixture of exo- and endo-
(IX). A similar reaction with (VIb) and (VIc) gave the corresponding (Xb) and (Xc) as mix-
tures of the exo- and endo-isomers, which were not separated as a result of the similarity
of their Rf values. 1R,3S5~(VI) was used in the reaction, and consequently the optically pure
epimers of (X) were obtained. The yields of (Xb) and (Xc) were much lower than that of (VIII)
as a result of the steric hindrance mentioned above. The spatial structure of heterocycles
(IX) and (X) has not been established.

EXPERIMENTAL

Melting points were determlned on a Boetius hot plate. Mass spectra were obtained on a
Varian MAT CH-6, and *°C and 'H NMR spectra on a Bruker WM-25 spectrometer (250 MHz, S from
TMS). Column chromatography was carried out on silica gel L 100 X 160 u. Chromatography was
followed on Silufol. The elemental analyses of all the compounds obtained were in agreement
with the calculed values. (II}~(V) were obtained as described in [6], and (VI) as in [7].

trans-1,4-Dibenzylideneaminocyclohexane (II). trans—l,4—Diaminocyclohexane* (1.00 g)
and 1.86 g of benzaldehyde were boiled in 5 ml of ethanol for 5 min. Yield of €III) 88.5%,
mp 175-176°C (from hexane). PMR spectrum (CDCls, S, ppm): 1.75-1.90 m (8H, cyclohexane) ,
3.28 br (2H, =N-CH), 7.46 m (6H, Ph, m- and p-H), 7.73 m (4H, Ph, o-H), 8.36 s (2H, HC=N).

cis-1,4-Dibenzylideneaminocyclohexane (II1) was obtained similarly. Yield 75.9%. Ob~
tained in two modifications: 1.93 g of (III) in 7 ml of hot ethanol was coeled slowly to
40°C, and the solution decanted from the crystals (mp 138-140°C) and cooled to 0°C, where-
upon the crystals which separated (mp 127-129°C) were filtered off. The modification with
mp 127-129°C had PMR spectrum (CDCls, &, ppm): 1.65-1.85 m (4H, cyclohexane), 2.00-2.15 m
(4H, cyclohexane), 3.45 br (2H, HCN=), 7.40m (6H, Ph), 7.75m (4H, Ph), 8.35 s (2H, HC=N).
The modification with mp 138-140°C had PMR spectrum (CDCl;, §, ppm): 1.45-2.50 m (8H, cyclo~
hexane), 3.42 m (2H, HEN=), 7.38 m (6H, Ph), 7.77 m (4H, Ph), 8.28 s (2H, HC=N). A mixture
of both forms (possibly syn- and anti-isomers) was used for benzoylation.

cis~1l,3~Dibenzylideneaminocyclohexane {(IVa) was obtained similarly, from 0.50 g of cis-
1,3-diaminocyclohexane and 0.93 g of benzaldehyde. Yield 63%, mp 96-98°C (from hexane),
PMR spectrum (CDCls, S, ppm): 1.35-2.15 m (8H, cyclohexane), 3.15-3.55 m (2H, HCN=), 7.25-
7.55 m (6H, Ph), 7.65-7.85 m (4H, Ph), 8.31 s (2H, HC=N). )

cis—1,3-Di(p-methoxybenzylideneamino)cyclohexane (IVb). A mixture of 4.34 g of cis-1,3-
diaminocyclohexane, 10.3 g of p-methoxybenzaldehyde, and 15 ml of methanol was boiled for
5 min, evaporated under reduced pressure, and the residue crystallized from a mixture of
benzene ard hexane (1:1) with the addition of 1 g of alumina to clarify the solution. Yield
62.5%, mp 143-144°C. PMR spectrum (CDCls, §, ppm): 1.4-2.1 m (8H, cyclohexane), 3.25-3.40
m (2H, HCN), 3.83 s (6H, MeO) 6.92 d and 7.69 d (8H, Ph), 8.28 s (2H, HC=N).

*The authors thank V. V. Yakubénka for the gift of samples of cis- and trans-1,3-diaminocyclo-
hexane.
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Mixture of cis~ and trans-Isomers of 1,3-(Dibenzylideneamino)-5,5~dimethylcyclohexane
(V). To 6.33 g of LiAlH, in 100 ml of dry THF was added over 20 min with stirring 9.43 g
of dimedone dioxime [8] in 150 ml of THF. The mikture was boiled for 4 h, decomposed with a
mixture of 7 ml of water and 20 ml of THF, the solid washed with ether (2 x 50 ml), and the
filtrate evaporated to give 48% of a mixture of stereoisomeric 1,3-diamino-5,5-dimethyl-
cyclohexanes (viscous oil, fumed in air). To 3.77 g of this mixture was added 10 ml of
methanol and 5.73 g of benzaldehyde, and the mixture beiled for 5 min, evaporated, 50 ml of
hexane and 5 g 6f alumina (Brockman grade II) added, boiled for 2 min, filtered hot, and
kept and —20°C for 24 h. Yield of (V) 21%, mp 51-63°C, mass spectrum: m/z 318. The hexane
filtrate was evaporated to give 2.94 g (35%) of (V) as an oil. Workup of the mother liquors
gave a further 19% of (V) as an oil. The mixture of isomers was benzoxylated without separa-
tion or further purification.

cis(1R, 38) -1,3-Di-(p-methoxybenzylideneamino)-1,2,2~trimethylcyclopentane (VIb). A —-
mixture of 1.20 g of cis-(1R, 3S)-diamino-1,2,2-trimethylcyclopentane disulfate [9], 1.36 g
of MeCOONa*3H.0, and 1.36 g of p-methoxybenzaldehyde was boiled for 3 h in 50 ml of absolute
ethanol. The mixture was then evaporated to dryness, diluted with water and chloroform,
evaporated, the residue treated with dilute methanol (1:1l) cooled to —20°C, and after 24 h
filtered to give 10.6% of (VIb), mp 145.5-146.5°C (from hexane), m/z 378. PMR spectrum
(cpCls, 8, ppm): 1.18 s (3H), 1.24 s (3H), 1.35 s (3H, Me), 1.60-2.40 m (4H, CH2CH2), 3.23
s and 3.25 s (6H, Me0O), 3.52 m (IH, HCN=), 6.77 m and 7.80 m (8H, Ph), 8.12 sand 8.17 s (2H,
HC=N).

cis-(1R,38)-1,3-Di-(p-nitrobenzylideneamino)-1,2,2-trimethylcyclopentane (VIc). A mix-—
ture of 5.55 g of cis~(1R,3S) -diamino-1,2,2~trimethylcyclopentane disulfate, 5.38 g of an-
"hydrous sodium acetate, and 4.95 g of p-nitrobenzaldehyde was boiled for 3 h in 100 ml of
absolute ethanol, 5.38 g of anhydrous sodium acetate added and boiled for 3 h, evaporated to
dryness, 50 ml of water added, and extracted with chloroform. The extracts were washed with
water and evaporated, and a solution of the residue in 200 ml of hot hexane was slowly cooled
to 20°C. After 24 h, the p-nitrobenzaldehyde was quickly filtered off, the filtrate cooled
to 0°C, and the solid recrystallized from hexane to give 4.9% of (VIc), mp 136.5-138.0°C,

m/z 408. PMR spectrum (Ce¢D¢, &, ppm): 1.03 s (3H), 1.08 s (3H), 1.11s (3H, Me), 1.50-2.20m (4H,
CH.CHz), 3.37 m (1H, HCN=), 7.42 m and 7.87 m (8H, Ph), 7.77 and 7.83 s (2H, HC=N).

Benzoylation of trans-1,4-Dibenzylideneaminocyclohexane (II). To 1.00 g of (IL), 0.370
g of triethylamine, and 15 ml of dry acetonitrile was added over 10 min 0.97 g of benzoyl
chloride in 5 ml of acetonitrile. The mixture was boiled for 0.5 h, evaporated, the residue
treated with water and chloroform, filtered, the chloroform layer evaporated, the residue
and filtered material boiled in 5 ml of chloroform, and the hot solution filtered to give
45% of trans-(X1), decomposed without melting at ~320°C, m/z 322, very sparingly soluble in
organic solvents. The chloroform filtrate gave 19% of (XII), mp 226-229°C (from methanol),
m/z 306. PMR spectrum (CDCls, &, ppm): 0.95-2.45 m (8H, cyclohexane), 2.95-3.45 m (1H,
HCN=), 3.65-4.353 m (1H, HCNfEL 5.97 4 (24, HN), 7.25-7.95 m (10H, Ph), 8.30 s (1H, HC=N).

Benzoylation of cis-1,4-Dibenzylideneaminocyclohexane (III).. The reaction was carried
out as for the benzoylation of (II). Yield of cis—(XI) 100%, mp 190-205°C (from ethyl ace-
tate). PMR spectrum (CDClas, &, ppm): 1.65-1.90 m (8H, cyclohexane), 4.10 br (2H, HCNCO},
6.47 d (2H, HN), 7.30-7.50 m (6H, Ph), 7.70-7.80 m (4H, Ph).

exo-and endo-2,4-Dibenzoyl-3-phenyl-2,4-diazabicyclo[3.3.1]nonanes (VIIIa). To a mix-
ture of 3.26 g of (IVa), 2.26 g of triethylamine, and 30 ml of dry acetonitrile was added
over 10 min 3.16 g of benzoyl chloride in 5 ml of acetonitrile. The mixture was boiled for
0.5 h, evaporated, water and chloroform added, and the chloroform layer washed with water
and evaporated to give 4.1 g of an oil which was applied to a column (silica, 7 15 cm, d
3 cm). Elution with benzene followed by a mixture of benzene, ether, and chloroform (6:1:
2) gave 82,6% of a mixture of exo- and endo-(VIIIa) as an oil, R¢ 0.25 (Silufol, benzene—
ether (3:1)). Imn this system, the exo- and endo-isomers of (VIIIa) had Ry values of 0.24
and 0.26. The mixture of isomers of (VIIIa) (3.8 g) was applied to a column (silica, 7 15
cm, d 3 cm), and eluted successively with mixtures of benzerzs and ether in ratios 20:1, 10:1,
5:1, and 3:1. The chromatographically homogeneous fractions were combined and evaporated,
to give 12% of exo-(VIIla), mp 235-236°C, (separated very slowly from methanol), and 2.4%
of endo-(VIIIa), mp 276~278°C (from methanol, separated rapidly). There remained 3.05 g of
a mixture of exo- and endo-(VIIIa). The isomers -had identical mass spectra, m/z 410, to~-
gether with ions (Mt — Ph), (M,* — PhCO), and (PhCO).
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exo- and endo-2,4-Dibenzoyl-3~p-methoxyphenyl-2,4-diazabicyclo([3.3.1] nonanes (VIIIb).
To a mixture of 7.00 g of (IVb), 2.32 g of propylene oxide, and 130 ml of acetonitrile was
added over 15 min 5.62 g of benzoyl chloride, and the mixture boiled for 4 h and kept for
four days. The precipitate was crystallized from methanol—chlorofrom (4:1), to give 0.50 g
of exo~(VIIIb), mp 271.5-272.0°C. The filtrate was applied to a column (silica, 7 7 cm, d
10 cm) and eluted with benzene followed by benzene—ether—chloroform (8:1:1). The chromato-
graphically homogeneous fractions were combined and evaporated to give 17.0% of exo—(VIIIb)
and 10.1%7 of endo~(VIIIb), mp 211.0-211.5°C (from methanol). The mass spectra of the isomers
were identical, m/z 440, together with ions (Mt — p-MeOCsH,), MY — PhCO), and (PhCO).

Reaction df Isomers of (VITIb) with BBrs. To 1.85 g of BBrs in 7 ml of chloroform was
added over 4 min with stirring 0.55 g of exo=-(VIIIb) in 15 ml of chloroform. The mixture
was stirred for 3 h, basified with conc. ammonia, the chloroform layer washed with water and
aqueous KOH, and the aqueous solution acidified with HCl and extracted with chloroform (4 x
25 ml). The extracts were washed with water, evaporated, and crystallized from 5 ml of
methanol to give 37.6% of exo-(VIIId), mp 276~277°C, m/z 426. Reaction of endo-(VIIIb) with
BBrs was carried out similarly to give 93.4% of insoluble (XIII), mp 292-293.5°C, m/z 322,

exo- and endo-2,4-Dibenzoyl~7,7-dimethyl~3-phenyl-2,4~diazabicyelo[3.3.1] nonanes (IX).
The reaction was carried out as in the preparation of (VIII), using 6.28 g of the mixture of
steréoisomers of (V), 4.32 g of triethylamine, and 5.54 g of benzoyl chloride. Following
workup as described in the preparation of (VIII), the mixture was applied to a column (silica,
115 cm, d 7 cm), and eluted with benzene followed by benzene—ether (8:1). The progress of
the separation was. followed as described above. TLC of the fractions with Rg 0.4 and 0.3
on Silufol (benzene—THF, 5:1) showed that the separation was only partial, both fractioms
being mixtures with R¢ 0.4 and 0.3. The mass spectra of both fractions showed peaks with
m/z 438, together with the fragment ions (Mt - Ph), (rt+ — PhCO), and (PhCO). The overall
yvield of the mixture of exo- and endo—{IX) was 2.15 g (24.8%).

exo- and endo-(1RK,558)-2,4-Dibenzoyl-1,8,8~trimethyl-3-(p-methoxyphenyl)-2,4~-diazabicyclo
[3.2.1]octanes (Xb). The benzoylation of (VIb) and the chromatograhic separation of the
mixture of exo- and endo-(Xb) were carried out as described above. From 0.18 g of (VIb),
0.10 g of triethylamine, and 0.134 g of benzoyl chloride there was obtained 0.09 g (40.4%)
of a mixture of exo- and endo—(Xb) as a viscous oil, Re 0.3 (Silufol, benzene—ether (3:1)).
Mass spectrum, m/z 468; fragment ions (M' — MeOsH.,), t — PhCO), (PhCO).

exo- and endo-(1R,558)~2,4-Dibenzoyl-1,8,8-trimethyl-3~(p-nitrophenyl)-2,4-diazabicyclo
[3.2.1]octanes (Xc). The benzoylation of (VIc) and the chromatographic separation of the
mixture were carried out as described above. From 0.30 g of (VIc), 0.148 g of triethylamine,
and 0.206 g of benzoyl chloride there was obtained 31.0% of a mixture of exo- and endo-(Xc)
as a viscous oil, R¢ 0.25 (Silufol, benzene—ether (3:1)). Mass spectrum, m/z 483; fragment
ions (MY — NO,CeH,), @IF — PhCO), (PhCO).

CONCLUSIONS

Benzoylation of bisazomethine derivatives of 1,3-diaminocyclohexane and 1,3-diamino-
cyclopentane has given 3-aryl-2,4-dibenzoyl-2,4-diazabicyclo;3.3.1)}~nonanes and 3-aryl-2,4-
dibenzoyl-2 ,4~diazabicyclo[3.2.1]octanes.

LITERATURE CITED

1. J. H. Billman and L. C. Dorman, J. Org. Chem., 27, 2419 (1962); H. Stetter and H. Hennig,
Chem. Ber., 88, 789 (1955).

2. S. Shiotani and K. Mitsuhashi, Chem. Pharm. Bull., 14, 324 (1966).

3. D. J. Brown, Chemistry of Heterocyclic Compounds, The Pyrimidines. Interscience
Publishers, N. Y. (1962), p. 452; R. J. Ferm and J. L. Riebsomer, Chem. Rev., 54, 593
(1954) .

4. A. W, Titherley and G. Eyre, J. Chem. Soc., 103, 330 (1913); R. R. Mod, F. C. Magne,
and G. Sumrell, J. Am. 0il Chem. Soc., 48, 254 (1971).

5. J. W. ApSimon, R. W. Thompson, J. C. S. Wong, and W. C. Craig, Heterocycles, 9, 23
(1978).

6. N.E. Agafonov and G. Ya. Kondrat'eva, Izv. Akad. Nauk SSSR, Ser. Khim., 1612 (1985).

7. P. Pfeiffer, J. Prakt. Chem., [2] 150, 261 (1938).

8. Kohei Hosino, J. Chem. Soc. Jpn, 62, 599 (1941); Chem. Abstr., 37, 46979 (1943).

9. J. Suszko and F. Trzebniak, Rocz. Chem., 17, 105 (1937).

718



