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Abstract - The cls- 

In earlier papers ne reported the conversions of a- and trenr-2-(amlnomethyl)- 
1-cyclohexenol, G- and trene-2-(hydroxymethyl)-I-cyclohexylamine, and their 
homologuss containing cyclopentane, 

fused-skeleton dlhydro-2 
cycloheptatae and cyclooctsne ekelstons. to 

and tat rehydro-1.3-oxuinee 
1,3-oxazlne-2- thlones476, 

3. 1,3-oxazln-2-ones and 

and aleo the oxazlna derivatives loomeric m concerns 
the relative poeltlona of the heteroatoms 2-6 I further, 1 ,3-oxarln-bonea ware 
prepared from allcyclic cis- _ end m-2-hydroxy-l-carboxamidos- 1H !wR 
invb8tlgations ehormd thet the _+Lnaldq conformer was predominant in the a- 

5,6-tetramethylsna-1,3-oxazln-2-onea obtained from 2-(amlnomethyl)-l-cyclo- 
hexsnolr i in contraat, the N-lrwik conformer 3.8 wee preferred In a-4.5- 
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1354 G. BERNATH et al. 

t9traa9thy19n9-1,3-oxazins snd analoguss with unsubstitutsd nitrogen which wars 

prepared from 2-(hydroxywthyl)-l-cycloh9xylanin9. whereas the ~substitutsd 

dsrivativss of a-1,3-oxazins and a-1,3-oxazin-2-one had the &-outside con- 

former as ths favoursd form’, The predominant conformations dstsrainsd in sol- 

ution wsrs confirmed in many cases by X-ray diffraction analysis (ass, 9-g. 10.11 
)* 

The present work is concerned with ths synthesis of fused-skeleton. bl- 

cyclic, partially saturated 3,1-b9ruoxazin99, 3,1-bsnzoxazin-2-ones and 3,1- 

bsnroxstlns-2-thlonss containing an unsaturated cfrbocycls, and with the prep- 

aration of the related pyrlaidinonss. Systsaatlc H and 13C NMR studies and 

X-ray diffraction analyses were used to compars the conformstiona of the tstre- 

msthylsns-1.5hstsrocyclss studied In detail sarllsr, and of the unsaturated 

analoguss reported in the present paper, 

Other objects of the present research ars the synthesis of biologically 

active compounds and study of the structure-activity relationship, Our sarlisr 

investigations showsd the u-trinsthylsne-condsnssd 1;3-hsterocyclse to bs 

more pharmacologically active than ths corresponding tstraa9thylsn9-condsnssd 

analogu9912, This suggsstsd the possible greater biological activity of the 

compounds in this ssrlss containing the cyclohsxsns structural unit. since this 

ring snsurss better coplanarity of the l olsculs than in the cyclohsxans 

analogu99, It is a special advantage that the starting material of the title 

compounds is the readily available e-1.2.3,6-tstrahydrophthalic anhydride, 

and the reactive double bond in the hstsrocycllc product9 affords wide 

possiblliti9s for further reactions, 

The starting &-2-amino-4-cyclohsxsns-1-carboxylic acid i was prepared by 

Hofmann degradation of the carboxamids obtained by amaonolysis of cis-1.2,3.6- 

tstrahydrophthalic anhydrids ? (Schsms 1). The Hofmann rsaction was effected 

with hypochlorlts 
14 , in contrast with our earlier hypobromits method for 

preparing w-2-amino-1-cyclohsxanecarboxylic acid13_ Ths trans-aalno acid 2 

was also prepared from ;; msthanolysis of the anhydride ? gave dimsthyl &- 

1,2,3,6-tstrahydrophthalats, which was splmerizsd with sodium sthoxide 

(analogously to the reaction of dimsthyl &-hsxahydrophthalats15) to yield the 

trans isomer 9. Subsequent hydrolysis gave trans-1,2,3,6-tstrahydrophthallc 

acid, which was converted to ths trans-dicarboxylic acid anhydride 2. 

Ammonolysls of the latter and degradation of the monoamide with sodium hypo- 

chlorite yielded the tram-mine aoid $ Lithium aluainium hydride reduction of 

the amino acids 1, and 2 furnished the &- and trans-aminoalcohols 8 and ?_ 

? 0 
h 

6 cls I- 

2 trans 

Schsms 1 
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The amino acids & end 2 react with ethyl benrimidete to y%eLd the e- end 

trane-2-phenyl-4e,5,8,8rtetr~ydroquin~olln4(3H_)-oneb g end 2 (Scheme 2), 

Reaction of the aminoalcohols g and z with ethyl e_chlorobertrialdete gives the 

u- end trene-2-(~chlorophenyl)-4a,5,S,8~tetrahydro-~3.1-benraxstinee &? 

and &h; with e-chlorobenzeldehyde the c_fB- end trana-2-(e-chlorophenyl)- 

1,2,48,5,8,8e-hexehydro-4&3,1-benZoxginss &; end &; are obtained., Surprie- 

ingly , the c&! isomer &g wee found to bs very unstable: the hetero ring suffered 

cleavage ?n solution even in the cour8e of the 
1 Ii NW? meaeureeent. 

HN 

a COOH >C-Ph 

I 
Et0 c 

N”2 

6 cis a- 

“,I 5 

,& 7, trane 

cc 
p 

a 6oY 

^a 
0 

Cl 
10 Cl3 PP - 
A1 trens 

&s, trans 

Scheme 2 

12 cis CL 
PI - 
&lj trens 

1 H end 13C observetions [see below) indfcate that the cycliretion with 

eldehyde is stereospecific, snd (In accordance with our eerlfer reeults 16) of 

the two possible oxezins diaetsreomere. only the isomers containing U-2 and 

H-6 in the same steric eituetion” era formed. 

x In eerlier publicatione2*g we discussed the tWR date using a different nue- 
baring scheme, In the spectroscopic part of this paper. to Pecflitate comparison, 
the six atoms of the hstero ring are numbered consecutively, and the carbon 
atoms of the cerbocycle ore denoted by the numbers 7-10, (The epectroacopic 
numbering ie shorm in the Figure; for .the chemical numbering see Scheee 2,) 
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For comparison with 1: and Ai, the octahydro analoguae ;?a and l,b ware 

also synthesized by the cycliration of cle 

cyclohexylamina13 

_- and trana-2-(hydroxymethyl)-l- 

with pchlorobanraldehyde; the tie isomer &;a, similarly to 

22, wee found to be unstable, The structure of &,3 was supported by X-ray 

diffraction analyeia”_ 

The aminoalcohols 5 and z were allowed to react with ethyl chloroformate 

to give the carbamatse I$ and && which were cyclired with sodium mathoxide to 

give u- and trane-4a,5,8,8~tatrahydro-4H_-3,l-benzoxarin-2(1~)-onee rs and A? 

(Scheme 3), The corresponding a- and trans-2-thionee, ra and fg, were syn- 

thesized by the cyclization with lead(I1) nitrate of the dithiocarbamates 

prepared f ram the aminoalcohols. 

Conformation 

I3 
6 cis 

Y trens 

14 tie IP - 
1,5 trens 

unequivocally confirmed the struc- 

tures suggested for the new com- 

I 
CSz/KOH 

I 

pounds (see Tables 1 and 2), The 

Pb(N03)2 MeONa 
predominant conformation of the 

flexible cls isomers was determined 

by utilizing the principles de- 

scribed in detail in connection 

EL alo eerlierS; 

with the conformational anelyeis 

of related compounds investigated 
, 

18 cis 16 cis 
- 

Is - .P - 
@ trans AZ trans 

The derivatives described 

herein, being unsaturated In the 

Scheme 3 carbocycle, have a more mobile ring 

system than the corresponding 

tetramethylene compounds; neverthe- 

less, there are two relatively stable conformations in which the C6-N bond Is 

guaeiaxial (relative to the near-boat cyclohexene ring) (Fig, 4, ,B) in the 

structure corresponding to the y-inside conformation of the cyclohaxane ane- 

loguee, and guaelequatorlal (Fig, $, g) in the compounds which correspond to 

the analogues present in the koutside form. Owing to the presence of the s3 

C-4 atom, with the exceptions of g and 2, the two stable conformations of the 

cyclohexane ring may each be combined with two inverse forms of the hetero ring3 

in the cases of compounds 1,$, J& 1,6, and &g this may result In four preferred 

conformations. The two inverse forms of the hater0 ring differ In the dihedral 

angles made by C5-H,C4-H~ and C5 -H,C4-HE, In the structures corresponding to the 

N-inside form of cyclohexene, these angles are ~160’ and -40’ (Fig, 4) end _P 
-45 ’ and ~75’ (Fig, i), respectively. The inversion of the hetero ring leaves 

the dihedral angles C5-H,C6-H (-lo’), C6-H,C7-He and C6-H,C7-Hg (each ~60’) 

practically unaltered. 

In the forms corresponding to the y-outside conformation (Fig, $, 5) the 

C6-N bond is guasleauatorial. The inversion of the hetero ring is ectually e 

boat + twist flip. In the first case, when both rings have boat form (Fig. E), 

the C5-H.C4-Hg,e dihedral anglaa are ~180’ and ~60’~ in the other form (Fig, 8) 

the angles are ~30’ and ~90’. The C5-H,C6-H (-25’) and C6-H,C7-Ha,2 (-180’ 

and ~60’) dihedral angles are not changed considerebly by inversion of the 

hater0 ring in this case either, 
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N-inside _- 

E !j-outside : 

Fig, 

Stable conformations of cis-anellated 

partially saturated benzoxazines A,O, 

From the 
1 H WR data on the 

pair of isomers ,8 and ,9, the 

significant differences in the 

chemical shifts and widths of 

the H-6 signals afford evidence 

of the cio isomer g_ The para- 

shows that H-6 Is In the guasl- 

of the preference of the N-inside conformation -- 
magnetic shift of this signal by 0.45 ppm In ,8 

equatorial_ position to the cyclohexena ring, in view of the empirical rule 

6H <&He, generally valid for cyclohexane derlvatives19a, The very marked 

detreasz of the halfbandwidth (about 10 Hz, instead of 35 Hz, in g) is due to 

the fact that in the trans compound ,9 there are H-5a,H-63 and H-6s,it72 coup- 

lings which give rise to a large splitting aooording to the Karplus relation 19 _ 

In the determination of the 

preferred conformation of tha 

cis isomers, the decisive fac- 

1357 

tore are the wiax%al or 

quasiequatorlal position of H-6 

relative to the cyclohexene 

ring, and the H-4g,H-5, H-5,H-6 

and H-6.73.2 dihedral angles; in 

the conf or-mere illuet rated by 

Fig, 2, ; and Fig, $, p these 

are the same as in the N-inelde _- 
and &outside forms of the 

tetraaethylene analogues, re- 

spectively, and thus the latter 

notations will be adopted for 

the cyclohexene derivatives, 

with the tacit understanding 

that the latter can each be 

joined by two inverse forma of 

the hetero ring. Thus, the con- 

f ormational relationships in 

compounds g-t&, X, l,& and 

&P-&s can be described as 

f olloue, 

whereas the rquatorial-axial interactions in the cis Isomer ,8 involve much 

smaller coupling constants, Hence, in spite of the presence of two double bonds 

and a carbonyl group in the fused bicycle, the & Isomer g can be regarded as 

a conformationally homogeneoue system, similar to the perhydro analogues, and 

the dominant conformer in this case too is the N-inside form. -- 
As concerns the pair 10-11, the halfbandwidth of the H-6 signal in the 

‘H NMR spectrum of the lat:IrDaompound cannot be established, as the H-6 

multiplet is overlapped by the signal of the light isotope contamination of the 

solvent; however, the 0.3 ppm paramagnetic ehift of the H-6 signal observed for 

A,O, and the considerable difference betwaen the H-4q,H-5 coupling constants of 

the isomers (5.6 and 10.5 Hz) Is unequivocal evidence of the preference of the 

N-inside conformation. -- The difference is due to the 9xlal position of H-5, 

relative to the hetero ring, in the trans ieomer, whereae in the cis counter- 

part (depending on the conformation of the hetero ring) this position is 

either quasiaxial or gueeiequatorial, Therefore, the large dlaxial interaction 

observed In &A ie substituted in the tie isomer &g by gxial-equatoriel vicinal 
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couplings, reeulting In smaller coupling constants (3.2 and 5.6 Hz; g. Table l), 

In view of the asasured dihedral angles, conformation ,B can be considered 

probable. Actually, for d and $ one of the coupling constants ehould be signifi- 

cantly greater to correspond to the dihedral angles 160’ and 160°. respectively, 

whereas in structure ,D the coupling consistent with dihedral angle of 90’ would 

not givs rise to observable splitting, 

The corresponding H-4g,H-5 coupling constants of 11.0 Hz in &z and AJf can 

again be considered evidence of the trans anellation, The configuration at C-2 

awaits elucidation In thsss compounds, though the equatorial position of the 

bulky g-chlorophenyl group, and conssquently the axial position of H-2 is much 

more probable for energetic reasons. As the H-2 signal in the spectrum of &J is 

a doublst with a coupling constant of 10 Hz, H-2 is obviously in the axial 

position, and therefore & to H-6 and trans to H-5: a splitting of such 

magnitude can be brought about by vicinal NH,H-2 coupling only the prsssncs of 

an ylal H-2 atom. In dsuterlochloroform the splitting due to the NH,H-2 

coupling cannot be observed, owing to the Increasingly rapid proton-exchangs 

processes18b*20, yet. on the basis of the identical H-2 signal shift, the 

analogous configuration of I..# is unambiguous. 

The halfbandwidth (~10 Hz) of H-6 signal In the -1,3-oxaxin-2-one and 

P-thlons derivatives, aa and &g, as well ee the 0.4 ppm paramagnstic shift of 

the H-6 signal compared with that in the trans counterparts, indicate prsf- 

erence of the analogous N-inside oonformer, _- In view of the coupling constants 

given by the & line distances, In the trans isomers the H-6 halfbandwidth 

is about 27 Hz, 

As regards the conformation of the hetsro ring, information can again be 

obtained from the H-43,H-5 and H-Pq,H-5 coupling constants, which are 3-O and 

4-5 Hz and 3.1 and 5.0 Hz for A$ and 48, respectively, The fact that these 

values are similar to those measured for compound ,lg shows the probability of 

conformation ,B In this case too. 

It is worthy of note thet the chseical shift differences of the H-8 and 

H-9 olafln protons in &g and &g are grsater than In the othsr compounds; one of 

the olsfln hydrogens is more shielded by 0.1 ppa than Its counterpart and than 

H-8 and H-9, which are squivalent in the trans Isomers, This can be explained 

by the anisotropic effect of the C-N bond close to H-8 in the N-inside conformer. _- 

The carbon resonancs data (Table 2) support the above conclusions con- 

cerning the constitutions, configurations and conformations. The signal of C-2 

in compounds g-&A, J& and AZ is found in the shift region (152.2-154.1 ppm) 

charactsristic of aaide and urethane carbonyl carbons, In the spectra of i$a 

and A& this signal is shifted to the region of saturatsd carbon atoms 

(89.4-88.4 ppm), and for &g and As (186.9 ppa) the veluss are characteristic of 

thioursthanes, 

The C-4 line in g and 3 is found where expected for en amide carbonyl group 

(174.3 and 174.4 ppa); in the spectra of the other compounds the corresponding 

easthylena signal is observsd betwsen 69.4 and 75-4 ppm, 

In the spectrua of the perhydro analogue ,&J#, the slgnals between 121.5 

and 132.3 ppa of the olefln carbons of the foraer coapounds are replaced by the 

lines due to C-7 and C-8 at 25.6 and 25.8 ppm. Ths four signals corresponding 

to the aroaatic carbons in the othsr compounds ers, of course, absent from the 

spectra of J$-& 

As evidence of the postulated configurations the C-4-C-10 atoms sre con- 

siderebly more ehielded in the more crowded cis isomers &,O, A$ snd 18 than in 

their trans counterparts, With the exception of C-9, the diamagnetic shift of 



T
a
b
l
e
 
1
,
 
f
R
 
a
n
d
 '
H
 
N
m
 
d
a
t
a
 
o
n
 c

o
m

p
o

u
n

d
s 

#-
&

A
, 

&
z,

 
A

&
 

an
d

 
1,

&
&

g
 

X
R

 b
sn

d
a 

in
 

K
B

r 
I 

C
O

IB
- 

-1
 

(r
&

8 
H

 
N

M
 
c
h
s
w
i
c
a
l
 s

h
if

ts
a 

= 
0 

p
p

m
) 

at
 

25
0.

14
 

M
H

z 

p
o

u
n

d
 

(c
m

 
1 

O
C

H
2(

 2
ti

)b
 

C
H

2(
7,

10
) 

C
H

(5
) 

=C
H

(8
,9

) 
H

-6
 

N
H

( b
r
o
a
d
)
 

A
&
l
,
 
2
x
8
 

V
N
H
 
v
C
m
0
 

P
C

-N
 

a(
4H

IC
 

!!
!(

lH
) 

“I
d

(W
 

&
lH

) 
s(

lH
) 

(2
~2

H
)~

 

B
 

32
45

 
16

97
 

16
39

 
1
_
9
-
2
-
5
 

2
.
7
5
 

5
.
6
5
 

4
_
0
0
(
1
0
)
 

-
1
0
.
6
5
 

-
7
.
5
9
,
 

7
,
8
5
h
 

B
 

3
2
2
6
 
1
6
9
5
 
1
6
3
9
 

2
-
1
"
2
-
8
 a
(
W
)
 

5
.
7
3
 

3
_
5
5
(
3
5
)
 

-
1
0
.
7
5
 

7
,
4
5
g
,
 
7
,
8
S
h
 

9
 

-
1
.
9
(
3
H
)
,
 
-
2
,
2
(
M
)
 

2
.
5
'
 

i
i
 

$
P
 

-
 

-
 

1
6
4
3
 

4
.
1
4
 4
.
3
5
 

5
.
6
0
 

3
,
7
6
(
5
)
 

-
 

7
.
4
5
.
 

7
.
8
5
 

x
 

2
.
4
5
'
 

K
 

I
&
 

-
 

-
 

1
6
4
9
 

3
.
9
9
 4
.
4
0
 

-
1
,
8
(
3
W
)
,
 
-
2
,
2
(
1
H
)
 

5
.
7
2
 

-
3
_
4
5
j
 

7
.
5
5
,
 

7
.
8
5
 

U
k
 

3
2
6
3
 

-
 

-
 

3
.
4
7
 4
.
0
8
 

-
1
.
6
(
2
H
)
,
 
@
1
,
9
5
(
2
H
)
 
1
.
9
5
 

5
.
6
3
 

-
2
_
8
(
2
5
)
 

7
.
5
0
,
 

7
.
6
0
 

%
 

A
&
k
 

3
2
9
0
 

-
 

-
 

3
.
4
8
 4
.
0
5
 

0
_
8
-
2
-
o
 q
(
9
H
q
 

2
.
5
4
 

7
.
3
0
,
 

7
.
4
5
 

k
 

1
0
 

;
I
;
;
3
 1
6
9
9
 

-
 

4
.
1
8
 4
.
2
8
 

-
2
.
2
 
g
(
M
)
 

2
.
4
5
 

5
,
5
5
a
 

3
_
7
5
(
1
0
)
 

-
6
.
9
 

f
 

5
_
6
8
m
 

a
 

A
Z
 

3
2
4
0
 
1
6
9
7
 

-
 

3
.
9
8
 4
.
3
2
 

1
.
6
-
2
.
4
 g
(
5
H
)
 

5
.
6
8
 

3
.
3
4
 

-
6
.
0
5
 

F
 

&
B
 

3
l
8
a
 
1
3
0
6
"
 
-
 

4
.
2
8
 4
.
3
8
 

2
-
O
-
2
-
6
 _
~
(
%
%
t
)
 

5
_
5
7
m
 

1
3
8
5
"
 

5
,
6
7
s
 

3
_
7
9
(
1
0
)
 

-
8
.
5
 

1
3
 

3
1
6
3
 
1
3
7
3
n
 
-
 

4
-
0
4
 
4
.
4
6
 

1
.
7
-
2
.
5
 z
(
5
H
)
 

5
.
7
0
 

3
.
3
8
 

d
8
.
2
 

'
I
n
 m
6
0
-
&
 

(
p
-
&
A
,
 &
j
)
 
o
r
 c
m
1
3
 

(
&
s
p
,
 &
$
-
r
,
P
)
.
 b
2
X
&
 

O
r
 &
+
A
;
 
h
 
o
r
 &
 

p
ar

t 
o

f 
en

 
&

 
sp

in
 

sy
st

m
$ 

th
s 

J(
u

),
 

23
1%

) 
a
n
d
 s
(
z
)
 

c
o
u
p
l
i
n
g
 C
O
f
W
a
n
t
s
 
a
r
s
 
(
i
n
 H
z
)
:
 
1
0
.
6
,
 
3
.
2
 
a
n
d
 
5
.
6
 
(
&
)
,
 
1
0
-
5
,
 4
-
O
 
a
n
d
 l
o
_
5
 

3
_
8
 

an
d

 
I
f
-
0
 

4
-
2
 
a
n
d
 
1
1
-
O
 

f
 

(
&
&
)
,
 1
1
.
0
,
 

(
i
s
)
,
 1
1
-
0
,
 

d
 

(
A
P
a
)
,
 1
1
.
0
,
 
3
.
0
 a

n
d

 4
.
5
 
(
&
g
)
,
 L
O
,
 

4
-
l
 
e
n
d
 1
1
.
0
 
(
A
Z
)
,
 1
1
_
2
,
d
3
_
1
 a

n
d

 
5.

0 
(f

i)
 

an
d

 
1
1
-
1
,
 4
-
2
 

an
d

 
1
1
.
1
 
(
&
B
)
_
 '
P
a
r
t
l
y
 o

r 
fu

lly
 

o
va

rl
sp

p
in

g
 

m
u

lt
ip

ls
ts

 
o

f 
th

e 
fo

u
r 

(7
3.

2 
an

d
 

lO
a)

,g
) 

p
ro

to
n

s,
 

S
in

g
u

ls
t-

lik
e 

&
j 

p
ar

t 
o

f 
sn

 
A

B
M

N
X

Y
 s

p
in

 
sy

st
em

, 
s)

H
d

fb
an

d
w

ld
th

 

(i
n

 
H

z,
 

in
 

p
ar

en
th

es
es

) 
of

 
th

e 
$u

-l
ik

s 
a
u
l
t
i
p
l
e
t
e
 w

it
h

 
co

al
ss

cs
d

 
lin

es
 

Q
-&

g
. 

h
p

. 
46

, 
a
n
d
 c
 

&
 

w
i
t
h
 

co
u

p
lin

g
 

ca
n

at
an

ts
 

(i
n

 
H

z)
: 

10
.0

, 
1
0
.
0
 
a
n
d
 

3-
6 

($
2~

) 
en

d
 

10
.5

, 
10

,;
 

an
d

 
5.

4 
(f

; 
an

d
 

&
).

 
f2

 
+ 

3 
H

 
in

 
em

s 
o

f 
,8

 a
n

d
 

3;
 

M
*&

* 
m

u
lt

ip
ls

t,
 

&
S

w
8 

H
Z

, 
aH

_2
’,6

*)
 

6H
-3

’,5
’. 

g
fl

et
h

q
 
a
n
d
 m
 

h
y
d
r
o
g
s
n
s
,
 
O
r
t
h
o
 

p
ro

to
n

s_
 

iO
vs

rl
sp

p
sd

 
w

it
h

 
th

e 
C

H
O

, 
si

g
n

al
 

o
f 

th
e 

lig
h

t 
is

o
to

p
e 

co
n

- 
ta

m
in

at
io

n
 

o
f 

th
e 

so
lv

en
t,

 
1
 

jO
vs

rl
ap

p
*d

 
w

it
h

 
th

a 
w

at
er

 
o

f 
t
h
e
 
s
o
l
v
e
n
t
,
 
k
H
-
2
:
 5
-
1
5
 

-
 
1
0
 
H
z
 

si
g

n
al

 
4
,
 
z
(
H
-
2
,
 
N
H
)
 

(
A
?
)
 a

n
d

 
5-

16
 
p
p
a
,
 

2
 
(
&
Q
)
,
 
r
a
s
p
-
 
O
v
e
r
l
a
p
p
i
n
g
 m
u
l
t
i
p
l
s
t
f
i
 o
f
 
u
-
5
,
 
t
i
-
7
~
,
~
-
H
-
l
o
g
)
,
~
_
 

‘X
-S

 
b

an
d

, 
s
p
l
i
t
 
I
n
 

ca
se

 
o

f 
fg

_ 
?
h
e
 
s
e
p
a
r
a
t
e
d
 &
 

en
d

 
fi

 
p
a
r
t
s
 
o
f
 
t
h
e
 A
E
U
r
S
<
Y
 sp

in
 

sy
st

em
, 



1360 G. BERNATH er al. 

these carbon signals can also be observed in the case of ,8_ This is due to the 

steric compression ehif t*l causing increased shielding of carbon atoms to which 

stericelly hindered groups are attached, 

Finally, the dominant N-inside conformations are corroborated by the fact _- 
that in the pairs 16-17 and 18-19 the field effect is greater for C-6 (5-O and 00 IP PI IP 
4.5 ppm) than for C-5 (3-O ppm for both pairs); similarly, it is also larger 

for C-7 and C-8 than for the counterparts C-10 and C-9. This is explained by 

the position of the nitrogen atom better approaching the axial situation than 

does C-4. These differences are even greater in the case of the pair g-2 (the 

steric compression shifts for the pairs C-5,6. C-7.10 and C-8,9 being 2-9 and 

1.3, 6.1 and 3.3. 1.1 and -0-2 ppm, respectively), since in the N-inside form -- 
the quasiaxial nitrogen is very close to the “really” axial position; the 

C-N,C5-~a and C-N,C7-He dihedral angles are I ~180’. In contrast, for the pairs 
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C-5.6 and C-7.10 in Isomers 10-11, the situation is reversed and the difference I. I. 
between C-8.9 also disappears, for in conformation ,B the endocyclic C-N bond 

gives rise to deformation of the hetero ring; as a result, steric hindrance 

arises between the hydrogen8 attached to C-4 and C-10, and also between the 

0 and C-9 atoms, owing to the proximity of the I-electrons. 

EXPERIMENTAL 

The 1H NMR spectra were recorded in COC13 solution In a 5 mm tube at room 

temperature, on a Bruker WM250 FT-spectrometer controlled by an Aspect 2000 

computer at 250-13 MHz, with the deuterium signal of the solvent as the lock 

and TM.5 as internal standard. The most important measuring parameters of the 
1 

H NMR spectra were as follows: sweep width 5 kHz, pulse width 1 ps (~20’ flip 

angle), acquisition time 1.64 s, number of scans 16 or 32, computer memory 

16 K. Lorenttien exponential multiplication for signal-to-noise enhancement 

(LB: 0.7 Hz) was applied, 

The 13C Nt+ spectra were run In CBC13 solution in 5 or 10 mm tubes at room 

temperature, on a Bruker VIP 80-SY FT-spectrometer with an Aspect 2000 computer 

at 20-14 MHz. with the deuterium signal of the solvent as the lock and TMS as 

internal standard. The most Important measurtng parameters were: sweep width 

5 kHz, pulse width 3.5 us (~30’ flip angle). acquisition time l-64 8, number of 

scans 2’-212 computer memory 16 K, Complete proton noise decoupling (ml-5 W) and 

Lorentzian exponential multiplication for signal-to-noise enhancement were 

used (line width 1.0 Hz), 

DEPT2’ spectra were run in a standard way 23, using only the 8 = 135’ pulse 

to separate CH/CH3 and CH2 lines phased “up and down*, respectively_ Some lines 

overlepped by the strong signal of the OMSO-& solvent thereby became clearly 

observable. Typical acquisition data were: number of scans 128-512, relaxation 

delay for protons 3 s, 90’ pulse widths 10.8 and 22-8 pa for 13C and ‘H, 

respectively_ The estimated value for J(C,H) resulted in a 3.7 ms delay for 

polarization. 

cis-2-Amino-4-cvclohexene-l-oarboxvlic acid 2 

*-1,2,3,6-Tetrahydrophthalic anhydride (80.0 g) was added in portions to 

cone ammonium hydroxide (320 ml)_ The mixture was allowed to stand for 30 min. 

and then evaporated under reduced pressure. The residue was cooled to 10’ and 

neutralized with 10 M HCl, The resulting solid was isolated by filtration with 

Suction, washed with water and dried, 

a-1,2,3,6-Tetrahydrophthallc monoamide (50-76 g; O-3 mol) was added in 

small portions to 2 N NaOHaq (120 ml)_ The solution was cooled to 0’ and a 

mixture of 1 M sodium hypochlorite solution (370 ml) and 5 N NaOHaq (300 ml) 

was added dropwise, with stirring, the temperature being maintained at O” 

throughout. The mixture was left to stand overnight, then kept at 70-75’ for 

10 min. cooled to ambient temperature, adjusted with 10 M HCl to pH l-5, and 

evaporated to dryness, The residue was extracted with two 150 ml portions of 

hot EtOH, and the extract was evaporated_ The residue was dissolved in a small 

amount of weter and the hydrochloric acid was removed by means of a Oowex 50 
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ion-echenge column (acid cycle )_ Elutlon was effected with 1 M ammonium hy- 

droxide solution (1000 ml). The dry residue of the eluete wee dlssolved.in water; 

acetone was added until turbidity appeared. and the mixture wee then allowed to 

stand in a refrigerator, The product was 28-5 g (67%) colourless, crystalline 

amino acid i, m-p, 216-218°,24 (Found : C, 59-45; H, 7-77; N, g-70, C7HllN02 

requires: C, 59-56; H, 7.05; N, 9.9%) 

trens-2-Amino-4-cvclohexene-l-cerboxylic acid 2 

A mixture of tie-1,2,3,6-tetrehydrophthelic enhydrlde (30-4 g; O-2 mol), - 

methanol (190 ml) end cone H2S04 (2-3 ml) was refluxed for 4 h, The solvent was 

evaporated, end the residue wee neutralized with dilute Ne2C03 solution end 

extracted with Et20, The extract was dried (Ne2S04), the solvent was evaporated, 

end the residue was. subjected to fractional distillation, Oimethyl cis-1,2,3,6- 

tetrehydrophthelete (34-2 g; 86%) was isolated in this way, b-p, 97z”/1 kPa, 

A mixture of this product (29.7 g; 0.15 mol) end metallic sodium (O-15 g), 

dissolved In dry EtOH (2 ml), was heated on a steam-bath for 30 min. After 

cooling, 2% H2S04 (50 ml) was added to the mixture, The phases were separated 

end the lower phase was mixed with 1% NeOHeq (100 ml)_ The mixture was stirred 

until homogeneity had been achieved (5-6 h), then acidified to pH 3 with 10 H 

HCl, end the trens-1,2,3,6-tetrehydrophtelic acid crystals which separated were 

filtered off, after 1 h, by suction, The product (22-6 g; 88-s) had m-p, 

161-163’. 

The dry trens-1,2,3,6-tetrehydrophthelic acid (17-O g; O-1 mol) was 

dissolved In acetic enhydride (25 ml) et 60-70°, On cooling trens-1,2,3,6- 

tetrehydrophthelic enhydride (12.0 g; 79%) separated out, m-p, 158-160°, 

Evaporation of the mother liquor gave e second crop of the enhydride, 

The amino acid f was prepared from trens-1.2,3,6-tetrahydrophthellc 

enhydride (15-2 g; O-1 mol) in the same vrey as described for 1,_ Colourless 

crystals (9.6 g; 69.5%) ware obtained, m-p, 267-269’, (Found: C, 59-73; 

H, 7-73; N, 10.09, C7HllN02 required: C, 59-56; H, 7-85; N, 9,92%.) 

cis- and trens-2-(Hvdroxvmethvl)-4-cvclohaxenvl-l-amine g and 2. - 

Lithium aluminium hydride (14-O g; O-37 mol) WEIS added in portions to dry 

tetrehydrofuren (800 ml), with cooling end stirring, This was followed by the 

gradual addition of the amino acid 2 or 2 (18-S g; 0,133 mol), end the mixture 

was refluxed for 20 h, After cooling to O”, the excess of lithium eluminium 

hydride was decomposed by the dropwise addition of water (30 ml), end the 

mixture was stirred until a white suspension had formed. The sollde were 

removed by filtration with suction, the solvent was evaporated end the oily 

residue was subjected to fractional distillation, In this way, product $ 

(16.1 g; 95$&), b-p, 103-105°/530 Pa, or compound 2 (11-5 g; 68%). b-p. 

105-107°/530 Pe, was obtained, (Found for 5: C, 66-25; H, 10-54; N, 10,78; 

for 2: C, 66-17; H, 10-32; N, 11-17, C7HllN0 requires: C, 66-10; H, 10-30; 

N, ll,Ol%.) 

cis- end trens-2-Phenvl-4e.5.8.8a-tetrahvdroauinezolln-41[3H~-one 8 & ,9 

The amino acid i or 2 (l-41 g; O-01 mol) end ethyl benzimidete (l-49 g; 

O-01 mol) were refluxed In chlorobenzene (50 ml) for 20 h, The residue 

resulting from evaporation of the reaction mixture was crystallized, The 

properties of the colourless crystalline compounds g end 3 are listed in 

Table 3. 
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Table 3. Physical and analytical data on the compounds prepared (i-42) 

Corn- M.p, Yield Found X Formula Required 3; 

pound OC CI ,3 C H N C H N 

,8 166-1613g 65 74-46 6-30 12.44 C14H14N20 74-31 6.24 12-38 

B 231-23s 62 74.51 6-16 12.48 C14H14N20 74-31 6-24 12-38 

:: 82-8& 45 68.03 5.85 5.61 C14H14NClO 67-88 5-70 5-65 

L& 93-94 56 68-11 5-86 5-57 C14H14K10 67-88 5-70 5-65 

G 75-77s 40 67.17 6.28 5-50 C14H16NC10 67-34 6.46 5-61 

A1 83-8g 38 67.25 6.30 5-73 C14H16NC10 67-34 6-46 5.61 

&?a 62-63g 54 66.63 7.05 5.40 66.79 7-21 5-56 

%! 107-lo& 

C14H18NC10 

50 66.71 7-13 5-52 C14H18W10 66.79 7-21 5.56 

k! 71-72i 85 60-40 8-71 6-82 Cl OH17NO3 60-28 8-60 7-03 

,15 71-72f 77 59.97 8-58 7-16 

113-l& 

ClOH17RD3 60.28 8.60 7-03 

,1,6 68 62.62 7-19 9-25 C8H11N02 62-73 7-24 9-15 

if7 190-191h 72 62-58 7-38 9-21 C8H11N02 62-73 7-24 9-15 

aa 162-16& 45 56.61 6-36 8.42 56-77 6-55 8.28 

&9 242-24& 

C8H11NOS 

49 56.83 6.71 8-41 CBHl lNOS 56-77 6-55 8-28 

aFrom diisopropyl ether. bFrom ethyl acetate, SF rom benzene - petroleum ether. 

AFrom ethanol, gFrom petroleum ether, fFrom ethyl acetate - petroleum ether, 

cis- & trane-2_lp-Chlorophenvl)-4a.5.8.8~tetrshvdro-4H-3.l-benroxezine 

LO and A& 

The aminoalcohol i or 2 (l-3 g; O-01 mol) and ethyl e-chlorobenrimidate 

(1.8 g; 0.01 mol) were refluxed in EtOH (50 ml) for 6 h, The residue obtained 

on evaporating the reaction mixture was crystallized, The data on the products 

12 and L& are given in Table 3, 

cis- and trane-2-(p-Chlorophenvl~-1.2.4e.5.8.8~hexahvdr~4H-3.l-benzoxazine 

a2 and 13 and cis- & trans-a-(p-chloroohenvl)perhvdro-3.1-benzoxazine 12a _.P 
and &p3p 

The aminoalcohol $ or 2 (l-3 g; 0.01 mol) or &- or trans-2-(hydroxy- 

methyl)cyclohexylamine was mixed with e-chlorobenzaldehyde (l-4 g; O-01 mol) 

in dioxane (50 ml), one drop of ethanol saturated with HCl was added, and 

the mixture was refluxed for 5 h, It was then evaporated and the residue was 

crystallized, to yield a colourless product. The properties of the compounds 
are shown in Table 3, 

cis- and trans-4a.5.8.8a-Tetrahvdro-4H-3.l-benroxarin-2~1H)-one 12 and g 

The aminoalcohol $ or 2 (l-3 g; O-01 mol) and NaHC03 (0.84 g; O-01 mol) 
were dissolved in water (10 ml), ethyl chloroformate (1-l g; O-01 mol) was 

added dropwise, and the mixture was refluxed for 30 min, After cooling, the 

solution was extracted with Et20, the extract was dried (Na2S04) and the 

solvent was evaporated. Dissolution of the residue in a mixture of ethyl 
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acetate and petroleum ether and refrigeration of the solution gave A$ and A! 

as colourless crystals. 

The carbamate 1,: or &? (2-O g; 0.01 mol) was heated with sodium msthoxide 

(50 mg) in an oil bath at 200’ for 1 h, The melt was extracted with ethyl 

acetate and the product A$ or fZ obtained from the extract was crystallized, 

The data on compounds 14-17 are listed in Table 3, OI PP 

cis- and trans-4a.5.8.8~Tetrahydro-4H-3.l-benzoxazine-2~1H)-thione &g and &p - 

The aminoalcohol $ or 2 (2-l g; 0.0165 mol) and KOH (l-1 g) were dissolved 

in water (10 ml) and the solution was cooled to O”, A solution of carbon di- 

sulphlde (l-3 g) in dioxane (8 ml) was added dropwise, with stirring, and the 

mixture was stirred for 5 min. Aqueous solutions of KOH (O-55 g in 10 ml) and 

then lead(II) nitrate (5-5 g in 30 ml) were added and the mixture was stirred 

at 60’ for 10 mln, The lead sulphide was filtered off; evaporation of the 

filtrate gave a solid product. The properties of 1,g and &3 are shown In Table 3, 
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