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Abstract - Ethyl cis- and trans-2-aminocyclohexanecarbox late (4) 
were used as starting material to prepare (z-4a,i-2,&-8a -, 3 cc--= 
4a,c-2,c-8a)- and (r-4a,t-2,:-8a)-2-B-nitrophenylperhydroquinazol- 
in-&one and their %-methyl-substituted derivatives in stereo- 
specific or stereoselective syntheses. The relative conflgura- 
tions of the quinazolones were assigned via DNOE measurements. 
Crystal structure determinations of cis-lg and cis-8p were also 
performed by X-ray diffraction. 

n 

The quinazolln-4-one moiety is present in a number of various alkalolds.c The chem- 

istry and pharmacology of these derivatives have been thoroughly investigated. 
?-4 

In spite of this, little attention has been paid to the partially and fully satu- 

rated analogues. Synthesis of the unsubstituted cis- and trans-fused perhydro- 

quinazolin-4-ones has been reported by Armarego, 5 but without NMR characterization. 

We recently reported' the preparation of 2,2_disubstituted perhydroquinazolinone 

diastereomers 1, by reacting the cis- and trans-2-aminocyclohexanecarboxamldes with - 

ketones. 3 In another simple preparation of perhydroquinazolinones, also starting 

from the 2-amlnocyclohexanecarboxamldes, but using the Leuckart reaction, l-methyl- 

3-hydroxymethylperhydroquinazolin-4-ones were formed.' 

&& dn d.Ar ;:::,i::.::1II:il,":::il: lated analogues perhydropyrido 

I 
1 = 2 R 

2 and l,>perhydrobenzoxazines 

2 2 have likewise been thoroughly 

studied. The syntheses were 

performed by starting from the ethyl cls- and trans-2-aminocyclohexanecarboxylate 
11 

- 

2 and from the corresponding cyclohexane carboxamides 5*6,11 zg,p, similarly as in 

the synthesis of the aromatic analogues. 12 

All the discussed compounds are racemates. The Figures show only the enantiomer 

In which, In accordance with the IUPAC rules, 13,14 the C-l atom in the starting amino 

acids and the corresponding carbon atom In the products have the E configuration. 

The product distribution was always determined by means of 400 MHz NMR spectroscopy, 

through the integrals of the well-separated C-2 and methine signals (Fig. I). In 

the NH (p) and NCH (b) series. 
3 - 

no significant difference in the isomer dlstribu- 

tions was observed in the crude products. 
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From:* Product ratios 

(Method) 1 8 2 

c-h (A or B) 5 2 3 

t-p (A or B) - 9 1 

- “-5 CC) 2 8 

(II) 2 3 5 

- 4-z (C) 7 3 

@) - 8 2 

x 
2 = cis t = trans _t- 

cis or trans; a: -= R = H, ;: R = Me 

Figure 1 

In the reaction of the trans or cis 4 with x-nitrobenzaldehyde at room tempera- - -= 

ture, the E benzylidene derivative 5 was formed in nearly quantitative yield. From 

the cis benzylidene derivative g, the ring closure with ammonia or methylamine took 

place stereoselectively: the main product was the zg,_b all a, while the minor ring _- 
product &b had the (‘-4a,&-2,c-8a) relative configuration. From the trans-6 with -= 
amines @,b having the (g-4a,t-2,&-8a) relative configuration were formed stereo- 

specifically. Besides the above ring closure products, the cis and trans carbox- - 

amides qe,_b were also detected in the crude product. 

The esters 4, gave amides 2, 5,6,11 which reacted with R-nitrobenzaldehyde 

yielding a mixture of 1 and 5 (Scheme I). 

The stereospecificity of the ring closure by Methods C and g may be explained 

by examining the structures of 9a,b. _= - In the case of the diequatorially substituted 

E-trans derivative the formation of merely a single product can be expected (Fig. 2). _- 

At room temperature, the & carboxamides $IG,b predominantly favour the N-inside -_ - -- 

conformation (f J2_B = 13.5 Hz) and hence only the formation of a single diasterecmer, 

cis-Sa.b, was observed. In boiling ethanol, - zz - 

-= ation of amide 9 is only a 

cis-q Figure 2 side-reaction in the latter 
-_ 

case. The main route is 

amine addition to the C=N double bond, followed by nucleophilic attack on the ester 

carbonyl. Consequently, formation of the thermodynamically more stable l-R-nitro- 

phenylperhydroqulnazolin-4-ones zg,b prevails. 

STRUCTURAL INVESTIGATION. In principle, In all of the ring closure reactions two 

C-2 eplmeric products could be formed. However, in the trans series the formation 

of only a single product was always observed. The high value (25 Hz) of fJ8a_H 

provides evidence of the dieauatorial ring junction. The relative configurations of 

the products were confirmed by DNOE measurements. Saturation of the H-2 signals at 

5.56 and 5.34 ppm resulted in higher intensities for the H-8a and the aromatic 
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proton signals, in agreement with the &4a,t-2,t-8a) relative configuration (Fig. 

3). In the related trana-annelated 1,3-perhydrobenzoxazinones the same relative 

configuration was demonstrated by NMR spectroscopy 
10 

and X-ray diffraction. 15 

The relative configurations of cis-7a,b and &,p at C-2 were determined from - == - 
DNOE measurements. With Z&b, saturation of the H-2 signal (at 5.49 and 5.30 ppm) _- _ 
resulted in NOE enhancements for H-8a and the aromatic hydrogens. With the corres- 

ponding C-2 epimeric compounds (83,1>, NOE enhancement was found not for H-8a, but 

for the aromatic lines, and partly for the broad peaks of the aliphatic hydrogens 

at 1.4-1.9 ppm. 

The cis-fused compounds Za,b and &,b can in principle exist in two stable 

chair-(half-chair) conformations, i.e. -- the N-inside and N-outside forms (Fig. 3). -- 

The aJ8a-h coupling (IO.5 Hz) shows that i'a,b exists predominantly in the N-inside -- 

-- - conformation, Similarly, the CJ8a_H coupling (16.3 and 14.0 Hz) allow the estima- 

tion that &,$ are approximately 3:2 and 3:l mixtures of the l-inside and 

N-outside conformation, -- respectively (Fig. 3). Katritzky et al. -reported that 

the nearly analogous cis-perhydroquinaeoline-2,4-dione exists in an about I:1 mix- - 

ture of the N-inside and N-outside forms. _P 

~~~~ ~~~~~~~Y 
(‘-4a,t-2,4-8a) 

H‘ 'H ; I 

B$,p 
N-in ir N-out -- -- 

X, Y = H or Ar, respectively 

Figure 3 

X-ray analysis of perhydroquinazolinones cis-28 and cis-23 -_ - 

Figure 4 shows a perpendicular view of the structures. The cls-la assumes two - _= 
forms (I and II), computed from the final relative coordinates given with their 

e.s.d. 's in Table 1. Despite the conclusions inferred above from the NMR studies, 

N-inside is the predominant conformation for both cis-Za and m-g!& in the crystal- -- - _= 
line state. This is expressed quantitatively by the torsion angle N(l)-C(8a)-CC4a)-C(5), 

which indicates the axial orientation of N(1) in each structure [74.6(4>' for cis-l&d, - _= 
74.8(4)' for cis-2~11 and 77.1(2)' for cis-8a]. It is worth noting that the conformers - -- - 
I and II of eis-?a do not exhibit any significant difference. The greatest differ- - -- 
ence is shown by the rotation about the C(22)-N(16) bond, expressed by the torsion 

angle C(13)-C(12>-N(16)-O(l8): 15.7(5)' for I and -6.4(5)' for IL. In cis-@ this 

torsion angle is -1.6(3)'. 

Fig. 4. Perspective views of the molecules tie-z&l, &II and &r with atomic labslling. The bare 
numbers are for carbon unless indicated oth=iSi. Hj&ogen a%ns are shown but not labelled. 
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EXPERIMENTAL 

M.p.s were deterrqined on a Btichi 510 capillary melting point apparatus and 
are uncorrected. The H NMR spectra were recorded in CDCl, solution on a JEOL GX 
400 FT spectrometer, at ambient temperature, using TMS as internal standard. 

Ethyl N-(p-nitrobenzylidene)-trans- (6) and cis-2-aminocyclohexanecarboxylate (12) =- 
Ethyl cis- or trans-2-aminocyclohexanecarboxylate (4) (342 mg, 2 mmol) was 

dissolved i-5 ml ethanol, and R-nitrobenzaldehyde (302=mg, 2 mmol) was added. 
After the mixture was left to stand for 2 h at room temperature, the solvent was 
evaporated off and the yellow oily product was used without further purification. 

Preparation of perhydroquinasolinones 2 and 8 

- - (A) Ring closures of 6 with NH J. - The benzylidene derivative 6 (0.3 g, 
1 mmol) was left to stand in a solution of ammonia in methanol (IO m1, 20% ammonia 
content) for 48 h. The solvent was then evaporated off. 

(B) Ring closures of 6 with CH,NHt. - The benzylidene derivative 6 (0.3 g, 
1 mmol) was dissolved in a mixture of ethanol (5 ml) and aqueous methylimine (40% 
methylamine content) (IO ml) and left to stand for 48 h. The solvent was then 
evaporated off. 

(C) At room temperature. - The 2-aminocyclohexanecarboxamide >a,& (I mmol) was 
dissolved in ethanol (IO ml), and B-nitrobenzaldehyde (151 mg, 1 tiitio1) was added. 
After the mixture was kept for 1.5 h at room temperature, 
ted off below 40 "C at reduced pressure. 

the solvent was evapora- 

(D) In boiling ethanol. - The reaction mixture described in method (C) was 
refluxed for 5 h before the evaooration of the solvent. 

The product distributions,'determined from 'H NMR spectra taken immediately 
after evaporation of the solvent, are given in Fig. 
not separated In pure form, 

1. The Schiff bases 9&b were 
but the characteristic signals were readily recognized 

from the 'H NMR spectra. The perhydroquinazolinones were separated from the crude 
product in a spectroscopically and analytically pure form by fractional crystal- 
lization followed by TLC on a preparative plate (Merck), with benzene-ethanol as 
eluent (4:l). 

Table 2. Analytical data and selected 'H NMR chemical shifts (ppm) for 

perhydroquinazolinone stereoisomers 

Com- M.p. Crystallization Calcd./Found (%> Formula 62-H 64a-H 68a-H 

pound (OC> solvent C H N (M.w.) g(iH) m(lH) m(lH) 

cis-Ia, - -- 

cis-7h - == 

cis-8a - == 

cis-8b - == 

trans-8a - == 

trans-8b - == 

183-185 ethanol 

179-181 ethyl acetate 

169-170 ethyl acetate 

153-154 ether 

187-188 ethanol 

170-171 ethyl acetate 

61.07 6.22 15.26 C H N 0 
14 17 3 3 5.49 2.37 3.39 

60.91 6.44 15.26 (275.31) 

62.27 6.62 14.52 C H N 0 
15 19 3 3 5.30 2.46 3.38 

62.03 6.77 14.76 (289.32) 

61.07 6.22 15.26 C H N 0 
'(;7;73;,3 5.62 2.49 3.11 

61.28 6.52 15.39 . 

62.27 6.62 14.52 C H N 0 
15 19 3 3 5.39 2.49 3.09 

62.45 6.40 14.20 (289.32) 

61.07 6.22 15.26 C H N 0 
14 17 3 3 5.56 2.40 2.78 

61.31 6.34 15.15 (275.31) 

62.27 6.62 44.52 C H N 0 15 19 3 3 5.34 2.46 2.75 
62.31 6.73 14.66 (289.32) 

Crystal structure determination of cis-7a - == 

Intensities of 4753 unique reflections were collected on an Enraf-Noniue CAD-4 
diffractometer in the range 1.5<8<75.0 by an ~~-28 scan, using graphite mono- 
chromated Cu-Ks radiation. Cell constants were determined by least squares 
refinement of 25 reflections. Three standard reflections were monitored every hour 
and showed no significant decrease during the exposure. After data reduction, 3697 
reflections with I >j.OB(I) were taken an observed. The phase problems were solved 
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by direct methods using the MULTAN 82 program. *I In the course of the isotropic least 
squares refinement of the positional parameters on non-hydrogen atoms, an empiri- 
cal absorption correction was calculated with the DIFABS" program. The minimum and 
the maximum corrections were 0.861 and 1.479. The fractional coordinates of H atoms 
bound to carbon atoms were generated from assumed geometries, while those of the 
NH groups were located in a difference Fourier map. The hydrogen positions together 
with their temperature factors were refined in isotropic mode in the final stage of 
the anisotropic treatment of the non-hydrogen atoms. Final R = 0.047, Rw= 0.069, 
Rt,t = 0.067 S = 5.85. The highest peak in the final difference Fourier map was 
O-26(5) e.ff-', (a/c) max = 0.12. Scattering factors were taken from standard tables! 
All calculations were performed on a PDP II/34 minicomputer with the use of the 
SDP system of Enraf-Nonius with local modification. 

Crystal structure determination of *-& 

Cr stal data: C,,HtrN,O,, Mr = 275.31, tricllnic, space 
b = 7m 13 334(l) A g= 88.56(l) /3= 77.18(l) 
(558.4(2) A’ ‘II- = 1.39 g.cm-3,'Z = 2, F(OOO)'= 292, p = 7.8 
ation (k = i.5:184 1). 

Data collection, structure determination and refinement _.,.. 

‘(I), group Pi, a = 7.076 
6= 85.23(n), U = 
cm-' for Cu-Kp radi- 

were basically simi lar 
as for cis-23. Of 2691 unique reflections, 2464 were taken as observed with 
I >3.Oem.-MULTAN 82, minimum and maximum absorption corrections: 0.803 and 1.359. 
The H positions were refined in isotropic mode. Full matrix refinement. Final 
R = 0.052, R, = 0.091, Rr.e = 0.054 S = 4.13. The highest peak in the final dif- 
ference Fourier map was 0.22(5) e.k, (5/g) max for H atoms 0.74. 
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