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2-Aroyl-1-cyclohexanecarboxylic acids have often been
used to prepare saturated fused-skeleton tetra- or
pentacyclic compounds containing two heterorings and
one or two terminal cycloalkane rings.>* Oxocyclo-
alkanecarboxylates were applied for the preparation of
bicyclic lactams,” condensed thiophenes,® pyrones,’
dibenzo[b,f Jthiepines® or pyrrolidines.® As the reactions
of saturated y-oxocarboxylic acids and bifunctional
reagents such as 1,3-amino alcohols, ao,0-diamines,
resulted in compounds with rather complex stereostruc-
tures, the establishment of their structures has also posed
a challenging task.

In this paper we extend these methods to the reactions
of 2-ethoxycarbonylmethylcyclohexanone (1) with cis-
and trans-6-hydroxymethylcyclohex-3-en-1-amines (2a
and 2b). While the earlier reactions with 2-aroyl-1-
cyclohexanecarboxylic acid led to ring systems in which
the isoindolone moiety was the central structural unit,?*
in the experiments described here 1 furnished a different
type of saturated indolone in which the indole moiety is
fused at the nitrogen-annelated carbon bond with a
partly saturated 3,1-benzoxazine.

Because of the significant overlap of the signals of the
numerous almost equivalent aliphatic protons in the
NMR spectra, the structure elucidation was difficult.
Depending on the conditions, the configurations of the
starting compounds often changed during the course of
similar reactions.®* In addition, a new chirality center is
formed on the carbon of the oxo group in the cyclohexane
ring, hence, establishment of the stereostructure is of
basic importance. As both 3a and 3b provided suitable

T Part 242, see Ref. 1.
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crystals, the structures were determined by X-ray
analysis.

Results and discussion

Perspective views of the molecules 3a and 3b are shown
in Figs. 1 and 2 and selected bond parameters in Table 1.
The bond lengths of two compounds are the same, to
within experimental error. The bond angles of the com-
pounds are also almost the same, the greatest deviations
being around atom N(13). The basic feature of these
structures is the fused indolooxazine moiety, where the
06-Cé6a and Cl10a-H10a bonds are in the same steric
orientation. In 3a the cyclohexene is cis, while in 3b it is
trans to the 1,3-oxazine ring, which proves that the
amino alcohols 2a and 2b did not undergo isomerization

Fig. 1. ORTEP perspective view of 3a showing the labelling
system. Thermal ellipsoids are drawn at the 30% probabil-
ity level.



Fig. 2. ORTEP perspective view of 3b showing the labelling
system. Thermal ellipsoids are drawn at the 30% probabil-
ity level.

Table 1. Selected bond distances (in A) and angles (in °)2

3a 3b
0(1)-C(12) 1.227(2) 1.224(2)
0(6)-C(5) 1.442(2) 1.440(2)
0(6)-C(6a) 1.426(2) 1.417(2)
N(13)-C(6a) 1.471(2) 1.485(2)
N(13)-C(12) 1.369(2) 1.362(2)
N(13)-C(13a) 1.468(3) 1.475(2)
C(1)-C(2) 1.494(3) 1.506(3)
C(2)-C(@) 1.309(3) 1.308(3)
C(3)-C(4) 1.500(4) 1.498(3)
C(4a)-C(5) 1.510(3) 1.5612(3)
C(4a)-C(13a) 1.530(3) 1.633(2)
C(6a)-C(10a) 1.5635(3) 1.530(2)
C(5)-0(6)-C(6a) 113.7(2) 113.0(1)
C(6a)-N(13)-C(12) 113.2(2) 111.0(1)
C(6a)-N(13)-C(13a) 122.5(2) 119.9(1)
C(12)-N(13)-C(13a) 124.2(2) 128.2(1)
C(2)-C(1)-C(13a) 113.6(2) 110.7(2)
C(1)-C(2)-C(3) 123.9(3) 124.6(2)
C(2)-C(3)-C(4) 123.9(3) 123.0(2)
C(3)-C(4)-C(4a) 113.8(2) 111.9(2)
C(4)-C(4a)-C(5) 112.6(2) 111.1(2)
C(4)-C(4a)-C(13a) 112.4(2) 110.0(2)
C(5)-C(4a)-C(13a) 109.8(2) 110.9(2)
0(6)-C(5)-C(4a) 110.8(2) 110.1(2)
0(6)-C(6a)-N(13) 110.7(2) 111.5(1)
0(6)-C(6a)-C(7) 110.5(2) 111.6(1)
0(6)-C(6a)-C(10a) 108.2(2) 108.3(1)
N(13)-C(6a)-C(7) 112.9(2) 111.5(1)
N(13)-C(6a)-C(10a) 101.5(2) 101.5(1)
C(7)-C(6a)-C(10a) 112.7(2) 112.1(1)
C(6a)-C(10a)-C(10) 116.0(2) 114.2(2)
C(6a)-C(10a)-C(11) 102.4(2) 101.3(1)
C(10)-C(10a)-C(11) 116.7(2) 118.2(2)
C{10a)-C(11)-C(12) 103.3(2) 104.0(2)
0(1)-C(12)-N(13) 125.1(2) 127.7(2)
0(1)-C(12)-C(11) 127.5(2) 124.8(2)
N(13)-C(12)-C(11) 107.4(2) 107.5(2)
N(13)-C(13a)-C(1) 112.2(2) 113.4(2)
N(13)-C(13a)-C(4a) 107.7(2) 108.0(1)
C(1)-C{13a)-C(4a) 113.3(2) 109.6(2)
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during the reaction. Otherwise, in 3a, the indole ring-
junction hydrogen (H10a) and the two cyclohexene ring-
junction hydrogens (H4a and H13a) are in the all-cis
(o,0,00) position, while in the trans compound 3b, the
ring-junction hydrogen of the saturated indole moiety
(H10a) and that on the bridgehead carbon next to the
nitrogen (H13a) lic on the opposite side of the molecular
skeleton, i.e., H10a, Hl13a and H4a are in the o,f,a
position.

Selected torsion angles values are presented in Table 2.
These indicate that in both compounds, rings A and C
have a distorted chair conformation. Ring B of 3a adopts
an envelope and the same ring of 3b a half chair
conformation. Ring D (in both compounds) is in the
half chair conformation. The torsion angles of ring B
clearly show that the five-membered ring B has been
slightly modified due to the differences between the
amino alcohol moieties and the condensed molecules.

Table 2. Selected torsion angles (in °)%.

3a 3b
Ring A
C(6a)-C(7)-C(8)-C(9) 59.2(3) 59.0(2)
C(7)-C(8)-C(9)-C(10) —61.9(3) —59.6(2)
C(8)-C(9)-C(10)-C(10a) 53.9(3) 54.2(2)
C(9)-C(10)-C(10a)-C(6a) —44.0(3) —48.2(2)
C(10)-C(10a)-C(6a)-C(7) 40.1(3) 46.4(2)
C(10a)-C(6a)-C(7)-C(8) —47.1(3) —51.7(2)
Ring B
N(13)-C(6a)-C(10a)-C(11) 32.9(2) 37.3(2)
C(6a)-C(10a)-C(11)-C(12) —32.6(2) —32.5(2)
C(10a)-C(11)-C(12)~-N(13) 20.0(2) 15.3(2)
C(11)-C(12)-N(13)-C(6a) 1.7(2) 9.6(2)
C(12)-N(13)-C(6a)-C(10a) —22.4(2) —30.3(2)
Ring C
C(13a)-C(4a)-C(5)-0(6) —61.2(2) —60.2(2)
C(4a)-C(5)-0(6)-C(6a) 60.9(2) 61.7(2)
C(5)-0(6)-C(6a)-N(13) —47.7(2) —51.7(2)
0(6)-C(6a)-N(13)-C(13a) 41.2(2) 44.5(2)
C(6a)-N(13)-C(13a)-C(4a) —42.5(3) —43.0(2)
N(13)-C(13a)-C(4a)-C(5) 49.4(2) 49.1(2)
Ring D
C(1)-C(2)-C(3)-C(4) —2.5(4) —1.9(4)
C(2)-C(3)-C(4)-C(4a) 15.6(4) —13.7(3)
C(3)-C(4)-C(4a)-C(13a) —39.0(3) 45.6(2)
C(4)-C(4a)-C(13a)-C(1) 50.8(3) —63.5(2)
C(4a)-C(13a)-C(1)-C(2) —37.5(3) 47.0(2)
C(13a)-C(1)-C(2)-C(3) 13.6(4) —15.5(3)
Joint C/D
C(4)-C{4a)-C(5)-0(6) 172.8(2) 177.1(2)
C(4)-C(4a)-C(13a)-N(13) 175.5(2) 172.4(2)
C(1)-C(13a)-N(13)-C(6a) 82.8(2) —164.8(2)
C(1)-C(13a)-C(4a)-C(5) —75.4(2) 173.1(2)
H(4a)-C(4a)-C(13a)-H(13a) 48(2) 173(1)

®Esds are given in parentheses.

“Esds are given in parentheses.
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Experimental

Syntheses. Compound 1 (1.84 g, 0.01 mol), prepared by
a standard method,'® was refluxed in toluene (40 ml)
for 8h with cis- or trans-6-hydroxymethylcyclohex-
3-enamines!! (2a and 2b) (1.27 g, 0.01 mol) in the pres-
ence of a catalytic amount (0.05 g) of p-toluenesulfonic
acid, with the application of a water separator
(Scheme 1). After evaporation to dryness, the residue
was purified on a silica gel column (Acros 24.165.12) by
elution with n-hexane—EtOAc (3:1). On crystallization
from diethyl ether, the product gave colourless crystals,
m.p. 116-118°C (3a), yield 1.61g (65%), and
m.p. 91-93°C (3b), yield 1.66g (67%). Analysis:
C,;sH,;NO,, Calc. C 72.84, H 8.56, N 5.66%; Found:
(3a) C 72.96, H 8.66, N 5.84%; (3b) C 72.89, H 8.51,
N 5.73%.

X-Ray diffraction studies. All data were collected on a
Rigaku AFCSS diffractometer with graphite-monochro-
mated Mo Ko radiation (A=0.710 69 A) in the ®-26 scan
mode. The lattice parameters were calculated by least-
squares refinements of 25 reflections. The weak reflections
[I<10c(I)] were rescanned up to two times. For 3a 2303
and for 3b 2446 unique reflections were obtained (20,,,, =
50°). The data were corrected for Lorentz and polariza-
tion effects. The data of compound 3a were also corrected
for secondary extinction. The structures were solved by
direct methods and refined by full-matrix least-squares
techniques to an R value of 0.040 (R,=0.033) for 3a
and R=0.039 (R,=0.031) for 3b. The final cycle was
based on 1621 (3a) or 1684 (3b) independently observed
reflections [I>2c(Z)]. The heavy atoms were refined
anisotropically, and the hydrogen atoms with fixed iso-
tropic temperature factors (1.2 times B, of the carrying
atom). All calculations were performed with TEXSAN!?

COOEt 10 u
_toluene _ i ”

p- TsOH s
NH; Nu
2a: cis 3a: cis C/D
2b: trans 3b: trans C/D

Scheme 1.
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crystallographic software. The figures were drawn with
ORTEP."? The the final atomic coordinates and full lists
of bond lengths and angles for 3a and 3b have been
deposited with the Cambridge Crystallographic Data
Centre (CCDC).

Crystal data for 3a. C,sH,,NO,, M, =247.34, triclinic,
space group P1 (No.2), lattice parameters: a=
8.8370(6), b=12.191(1), c=6.4202(4) A, 0 =99.746(6),
B=103.555(5), y=98.464(7)°, Z=2, V=649.94(9) A3,
D.=1.264 gcm 3, p(Mo Ka)=0.78 cm ™!, F(000)=268,

=294 K; colourless prisms, crystal dimensions
0.22 % 0.26 x 0.32 mm.

Crystal data for 3b. C,sH,,NO,, M,=247.34, mono-
clinic, space group P2;/n (No. 14), lattice parameters:
a=5467(1), b=11.742(1), ¢=20.560(1)A, B=
96.24(1)°, Z=4, V=1312.0(4)A®. D,=1.252gcm™3,
(Mo Ka)=0.77 cm %, F(000) =536, T=294 K; colour-
less plates, crystal dimensions 0.22 x 0.34 x 0.38 mm.
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