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1. INTRODUCTION AND AIMS

The Mannich reaction is one of the most frequently applied multicomponent reactions in
organic chemistry.'” One of its special variants is the modified three-component Mannich
reaction, in which the electron-rich aromatic compounds are 1- or 2-naphthol. In this recent
reaction, the order of the nitrogen sources used (ammonia or amine) largely determines the
reaction conditions and the method of isolation of the synthetized Mannich product.’ One
hundred years ago, Mario Betti reported the straightforward synthesis of 1,3-
diphenylnaphthoxazine from methanolic ammonia as nitrogen source, benzaldehyde and 2-
naphthol in methanol. Acidic hydrolysis of the ring compound produced led to 1-aminobenzyl-2-
naphthol. This aminonaphthol became known in the literature as the Betti base, and the protocol
as the Betti reaction.*® On the other hand, the use of non-racemic amines has opened up a new
area of application of these enontiopure aminonaphthols as chiral catalysts in enantioselective
transformations.’

The structures and reactivities of numerous five- and six-membered, saturated 1,3-X,N-
heterocycles (X = O, S, NR) can be characterized by the ring-chain tautomeric equilibria of the
1,3-X,N-heterocycles and the corresponding Schiff bases. The oxazolidines and tetrahydro-1,3-
oxazines are the saturated 1,3-X,N-heterocycles whose ring-chain tautomerism has been studied
most thoroughly. From quantitative studies on the tautomeric equilibria, it has been concluded
that the tautomeric ratios for oxazolidines and tetrahydro-1,3-oxazines bearing a substituted

phenyl group at position 2 can be characterized by an aromatic substituent dependence:’

log Kx = po* + log Kx-q (1)

where Kx is the [ring]/[chain] ratio and ¢® is the Hammett—-Brown parameter (electronic
character) of substituent X on the 2-phenyl group.8

The scope and limitations of Eq. 1 have been thoroughly studied from the aspects of the
applicability of this equation in the case of complex tautomeric mixtures containing several types
of open and/or cyclic forms, and the influence of the steric and/or electronic effects of
substituents at positions other than 2 on the parameters in Eq. 1.”

Quantitative investigations on the ring-chain tautomeric equilibria of 1,3-diaryl-2,3-
dihydro-1H-naphth[1,2-¢][1,3]oxazines, 2,4-diaryl-2,3-dihydro-1H-naphth[2,1-¢e][1,3]oxazines
and 3-alkyl,1-aryl-2,3-dihydro-1H-naphth[1,2-¢][1,3]oxazines led to the first precise
mathematical formulae with which to characterize the effects of substituents situated other than

between the heteroatoms. The additional stabilization effect was explained with the aid of a
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substituent-influenced anomeric effect related to the relative configurations of C-1 and C-3'" or
C-2 and C-4."

The stereoelectronic effect relating to the relative configurations of C-1 and C-3 or C-2 and
C-4 could originate from the aryl substituent at position 1 or 4. There appear to be no published
examples of the study of such effects of an alkyl group at the same position of the naphthoxazine
model system.

My PhD work focused on the syntheses of 1-a-aminoalkyl-2-naphthol derivatives (I) and,
by transformation to different substituted 1-alkyl,3-arylnaphthoxazines (II), study of the double

substituent effects on the ring-chain tautomeric equilibria.

R'_ NH, HCI

0

B OO OH Ic

A
R' = alkyl
RA_NH; HCI OH NH, HCI 2 N X
X 0 " NH
|
OOMNCCA NG SO
In v v vi

R? = 1-naphthyl, 2-naphthyl

In the literature on the modified Mannich reaction, only a few examples can be found
where benzaldehyde is replaced by other aromatic aldehydes. We therefore set out to prepare
new primary aminonaphthols from 1- or 2-naphthol and 1- or 2-naphthaldehyde (III and IV).

While primary aminonaphthols can be easily transformed to heterocyclic compounds,lz’13
our aim was to examine the synthetic applicability of these compounds through simple ring-

closure reactions leading to V and VI. Study of the influence of the substituents newly inserted at
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position 3 or 2 and the effect of the connecting position of the naphthalene ring on the

conformation of V and VI was also planned.

The synthesis, transformations and applications of aminonaphthol derivatives were earlier
reviewed up to 2004.> Some technical modifications concerning the chemistry of this type of
compounds were recently published, but the variant of the reaction starting from N-containing
naphthol analogues has not been reviewed. Accordingly, my supervisor advised me to analyse
and to review the chemistry of aminoquinolinol and aminoisoquinolinol derivatives, including

the syntheses, applications and biological effects.



2. LITERATURE

Syntheses of aminoquinolinol and aminoisoquinolinol derivatives

The quinoline and isoquinoline nuclei are the backbones of numerous natural products and
pharmacologically significant compounds displaying a broad range of biological alctivity.M’15
Many functionalized quinolines and isoquinolines are widely used as antimalarial, antiasthmatic,
or anti-inflammatory agents or antibacterial, antihypertensive and tyrosine kinase PDGF-RTK-
inhibiting agents.'®'® Their analogues containing a hydroxygroup can participate in modified

- . 1922
three-component Mannich reactions'”

and, as a result of an integrated, virtual database
screening, 7-[anilino(phenyl)methyl]-2-methyl-8-quinolinol was found to represent a promising
new class of non-peptide inhibitors of the MDM2-p53 interaction.”

Naphthoxazinone derivatives have received considerable attention due to the interesting
pharmacological properties associated with this heterocyclic scaffold.***” It has been reported
that they act as antibacterial algents,28 while (S5)-6-chloro-4-cyclopropylethynyl-1,4-dihydro-4-
trifluoromethyl-2H-[3,1]benzoxazin-2-one (Efavirenz Sustiva), or a benzoxazinone derivative, is
a non-nucleoside reverse transcriptase inhibitor that was approved by the FDA in 1998 and is
currently in clinical use for the treatment of AIDS.*

In this framework, the literature on the synthesis and transformations of aminoquinolinol

and aminoisoquinolinol derivatives will be reviewed. The topics will be divided with regard to

the type of aldehyde (aliphatic and aromatic) and then to the nitrogen sources used.

2.1. Syntheses by using aliphatic aldehydes

The reaction of 1 with dimethylamine in the presence of formaldehyde led to the Mannich
base 2, together with the by-product 3. The results and the analytical data demonstrated that 3 is
1,1"-dichloro-3,3"-methylenedi-4-isoquinolinol.

One the use of primay amines with two equivalents of formaldehyde, the Mannich bases
formed underwent cyclization, leading to 4 and 5.

The reaction of 1 with 2 equivalents of acetaldehyde and ammonia in benzene under reflux
led to the formation of a colourless product, 6-chloro-3,4-dihydro-2,4-dimethyl-2H-1,3-

oxazino[5,6-c]isoquinoline (7) in good yield.3 0
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Me
OH y OH o NH
.Me
| ~ N HGHO | ~ 2 MeCHO/NH, X Me
_N Me " HNMe, _N ’ |
_N
Cl Cl Cl
2 1 3 6
4
+ '9~4,&O/VO
< R
| X = X
_N Ny N
cl cl ol
3 4:R=Me;5:R=Ph
Scheme 1

Mohrle et al. successfully applied this modified three-component Mannich reaction to
prepare 9 (Scheme 2) from 8-quinolinol (7), formaldehyde and piperidine (8) as a cyclic

.31
secondary amine.’

OH OH
N HCHO LN/\fj/\
= —_— = N
: N 0 O
N N N
9

7 8
Scheme 2

The Mannich reactions of substituted anilines, benzaldehyde and 8-quinolinol yielded 7-o.-
anilinobenzyl-8-quinolinol derivatives.’**® The simplicity of this three-component reaction led to
the combination of aliphatic aldehydes (10) and aromatic amines (11) to obtain 7-anilinoalkyl-8-
quinolinols (Scheme 3; 123,b).20’34’3 5

Goyal et al. extended the Mannich aminoalkylation of 8-quinolinol by using
sulphonamides,’® which are drugs of established therapeutic importance. The reactions of 7 with
substituted sulphonamides (11) in the presence of acetaldehyde led to 7-substituted-8-

hydroxyquinolines (Scheme 3; 12¢-f).”’
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2
o OH HN T
N + RLCHO + R*NH; —j5 N R’
X 10 11 N
7 12
Compounds R R? References
NO,
12a n-CeHy o 35
NO,
12b nPr )ij 34
0, N7
12¢ Me QS\N*\N 37
H
OMe
12d M o [T 37
e N
/©/ N N)\OMe
H
Me
0, N7
12e Me DN 37
/©/ NN M
Me
12 M o [TV 37
e <
/©/S\§ N)\ Me

Scheme 3

2.2. Syntheses by using aromatic aldehydes

Due to the relatively high diversity of this topic, this section will be organized with regard

to the order of the nitrogen source.

2.2.1. Syntheses by using aromatic aldehydes and ammonia

The application of ammonia as nitrogen source with benzaldehyde and 2-naphthol to
prepare 1-a-aminobenzyl-2-naphthol (the Betti base) was first introduced by Betti. When this

classical procedure was applied for the aminoalkylation of 7, 14a was prepared (Scheme 4).**
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As a new approach, ammonium acetate was tested as a green solid ammonium source and
as a possible replacement for ethanolic ammonia solution (Scheme 4). The reactants were N-
containing naphthol analogues (7 and 13), 3-thiophenecarboxaldehyde and solid ammonia
sources. The ammonia sources yielded 15, but the isolation of 14 required an aqueous work-up,
which destroyed the rapidity and one-pot handling of the reaction. Similar reaction results were

obtained with several equivalents of ammonium carbamate (Scheme 4).39

R
O)\NH

OH OH NH, HCI
YN 2 R-CHO Y N R _10%HOH0 Yo N
NH3 or . R
NS solid ammonia NS
source/EtOH V_4-Rn_
7:Y=H;13:Y =Me 14a:Y =H; R = Ph 15a: Y= H: R = 3-thienyl

14b: Y = H; R = 3-thienyl

14c: Y = Me; R = 3-thienyl 15b: Y = Me; R = 3-thienyl

Scheme 4

2.2.2. Syntheses by using aromatic aldehydes and aliphatic amines

Electron-rich aromatic compounds such as 2-naphthol undergo 1-aminoalkylation in high
yields (93%) with high diastereomeric ratios (d.r. = 99) when treated with (R)-1-
phenylethylamine (16) and aromatic aldehydes.*® The less reactive 8-quinolinol (7) gave 17 in
moderate yield (44%) and with poor d.r. (1.4). The reaction was performed under solvent-free
conditions: a mixture of 8-quinolinol, (R)-1-phenylethylamine and benzaldehyde, in a molar ratio
of 1.0:1.05:1.2, was stirred and heated at 60 °C for the time required, under an inert atmosphere
(Scheme 5).40
8-Qunolinol (7) has been reacted with piperidine as cyclic secondary amine in the presence

of benzaldehyde, leading to 18 in good yield (Scheme 5).7!

OH HN" ~Me o \ OH N
\ -
E/\©/\Ph PhGHO HZNXMG N . O PhCHO_ (7" Ph
N X N N

17 16 7 8 18

Scheme 5
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The aminomethylation of electron-rich aromatic compounds under solvent-free conditions
and the lithium perchlorate-mediated, one-pot, three-component aminoalkylation of aldehydes
have been reported for the preparation of a variety of amines and aminoesters, and also
functionalized alkylamines.*'** The preparation and purification of iminium salts in a separate
step, and their hygroscopicity and susceptibility to hydrolysis (with the exception of
Eschenmoser’s sallts),45 led to the development of an alternative method for the aminoalkylation
of electron-rich aromatic compounds. In continuation of the work on the lithium perchlorate-
mediated aminoalkylation reaction,%'48 Naimi-Jamal et al. described an efficient three-
component and one-pot method for the aminoalkylation of electron-rich aromatic compounds,
using aldehydes and (trimethylsilyl)dialkylamines. Among such compounds (¢t~ or 3-naphthol,
indole, N-methylindole and coumarin), 6-hydroxyisoquinoline, at room temperature in a

concentrated solution of lithium perchlorate in diethyl ether, gave 21 in good yield (Scheme 6).*

_ OH

N NMe,__Ph
; 20

PhCHO —Z9% /B0 prop=N‘Me, ————> OH
Me3SiNMe, |
19 N
21
Scheme 6

2.2.3. Syntheses by using aromatic aldehydes and aromatic amines

The Mannich aminoalkylation of 8-quinolinol (7) with aniline and benzaldehyde, yielding

2,33 .
3233 The reaction was

7-o-anilinobenzyl-8-quinolinol (Scheme 7, Entry 1), was reported by Betti.
extended to substituted aniline derivatives and to aromatic aldehydes, as depicted in Scheme 7,
Entries 2-27.7°%

Hamachi et al. carried out the addition of 8-quinolinol to the Schiff base formed from 2-
pyridinecarboxaldehyde and different substituted aniline derivatives (Scheme 7, Entries 28-36).
The procedure is very simple: an ethanolic solution of equivalent amounts of Schiff base and 8-
quinolinol is allowed to stand at room temperature, leading to the desired 7-substituted
quinolinol in good to excellent yield.”®

8-Quinolinol (7) and its derivative 13 have been reported to be bactericides™ and

fungicides.” Esters of p-aminobenzoic acid are also known for their antibacterial activity.”® On

this basis, three new 7-(a-anilinobenzyl)-8-quinolinol derivatives (Scheme 7, Entries 37-39)
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have been synthetized from 8-quinolinol, benzaldehyde and anthranilic acid or ethyl
anthranilate.”® The reaction was extended by Thaker ef al. by using a series of anthranilic acid

esters substituted aromatic aldehydes (Scheme 7, Entries 40—53).5 !

7 i
OH OH HN™
AN + /Ej—W + RACHO —— NN R?
g
§ HaN §
7:Y =H;13:Y = Me 22 23 24
Entry Y R’ R’ References
1 H H Ph 32-34, 50, 51
2 H 4-Cl1 Ph 35
3 H 3-Et Ph 35
4 H 2-Cl Ph 35
5 H 3-NO, Ph 35
6 H H 4-iPr-Ph 51
7 H 4-NO, 3-OH-Ph 35
8 H 2-Cl 3-OH-Ph 35
9 H 3-Cl 3-OH-Ph 35
10 H 2-CHj 3-OH-Ph 35
11 H 4-NO, 6-Br-3-OH-Ph 35
12 H 4-CI-2-NO, 2-OH-Ph 35
13 Me H Ph 51
14 Me 2-COOEt Ph 51
15 H H 4-MeO-Ph 34
16 H 2-Me Ph 34
17 H 4-Me Ph 34
18 H 2-OMe Ph 34
19 H 3-Cl Ph 34
20 H 2-NO, Ph 34
21 H 4-NO, Ph 34
22 Me 4-NO, Ph 34,52
23 H 4-NO, 2-furyl 34
24 Me 2-OMe Ph 52
25 Me 4-NO, 3-OH-Ph 52
26 Me 4-NO, 2-furyl 52
27 H 3-NO, 2-furyl 52
28 H H 2-Py 53
29 H 2-Me 2-Py 53
30 H 4-Me 2-Py 53
31 H 2-OMe 2-Py 53
32 H 4-OMe 2-Py 53
33 H 2-OEt 2-Py 53
34 H 4-OFEt 2-Py 53
35 H 2-Cl 2-Py 53
36 H 4-Cl 2-Py 53
37 H 2-COOH Ph 50
38 H 2-COOEt Ph 50
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39 H 4-COOH Ph 50
40 H 4-COOEt Ph 57
41 H 4-COO-nPr Ph 57
42 H 4-COO-nBu Ph 57
43 H 4-COOEt 4-MeO-Ph 57
44 H 4-COO-nPr 4-MeO-Ph 57
45 H 4-COOEt 3-NO,-Ph 57
46 H 4-COO-nPr 3-NO;-Ph 57
47 H 4-COOEt 3-MeO-4-OH-Ph 57
48 H 4-COO-nPr 3-MeO-4-OH-Ph 57
49 H 4-COO-nBu 3-MeO-4-OH-Ph 57
50 5-Br-3-MeO-4- 57
H 4-COOEt OH-Ph
51 H 4-COOEt 3-furyl 57
52 H 4-COO-nPr 3-furyl 57
53 H 4-COO-nBu 3-furyl 57
Scheme 7

Sulphonamides 25 are special substituted aniline derivatives of established therapeutic
importance. When they react with 8-quinolinol in the presence of benzaldehyde, 7-substituted-8-
hydroxyquinolines (26) are obtained (Scheme 8). The in vitro efficacy of the compounds
produced (12¢-f and 26) against Escherichia coli, Vibria cholerae, Achromobacter hydrophilis,
Proteus mirabilis, Klebziella pneumoniae, Salmonella typhi, Plesiomonas schigellaides, Proteus

vulgaris, Citrobacter and C. ovis has been studied.”’

H
OH OH HN
N o oHn )so,  PfO N
HN-R H20

7 25 26
R = 2-pyrimidinyl, 2,6-di-OMe-4-pyrimidinyl, 4,6-di-Me-2-pyrimidinyl, 2,6-di-Me-4-pyrimidinyl
Scheme 8

The reaction of 7, benzaldehyde and aniline has been extended to other aromatic amines,>

such as 2-amino-3-methylpyridine, 2-amino-4-methylpyridine, 2-amino-5-methylpyridine, 2-
amino-6-methylpyridine, 2,6-diaminopyridine, 2-aminobenzothiazole, 2-aminothiazole, 2-
aminobenzimidazole and 3-aminoquinoline, leading to 28 (Scheme 9). It is interesting to note
that 2,6-diaminopyridine appeared to react at only one amino group.’ The compounds were
synthetized for their potential usefulness as analytical reagents and for possible amoebicidal

activity.
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OH OH HN
N PhCHO
+ R-NH,
NN -H0 ™
7 27
Me
Me Me N N S S N N
=00y L m@[hg;@w@
N N N Me” "N HoNT TN N N H Pz
Scheme 9

Shaabani et al. reported an efficient and environmentally friendly approach for the
synthesis of 5-(2’-aminobenzothiazolomethyl)-6-hydroxyquinolines (Scheme 10; 31) via the
condensation of a substituted benzaldehyde, 6-quinolinol (29) and 2-aminobenzothiazole (30),

with water as the solvent. On the use of ionic solutes such as LiCl, NaCl, NaNOs, Na,SOy,

LiNOj; or LiSOy, the yield of the reaction improved.58

N S
~CHO X—/ | 3
_ OH s x> ~ NH
™. (e
N N -H0 = OH
29 30 SN
31

Scheme 10

The reactions of 8 with different substituted oxazole (32) and thiazole (33) derivatives in
the presence of benzaldehyde led to the Mannich bases 34 and 35, as depicted in Scheme 1.2
Compounds 34 and 35 were screened for their fungicidal activity against Pyricularia oryzae

(Cav) and for antibacterial activity against Esch. coli and Staph. aureus by usual methods.

1
OH R O
N RZ\%\X X\
z + n={ PhCHO N s R
X -“Hz0 - N
NH,

AN

><>< I=
([

32:X=0
33:X=S 34:X=0

. 35:X=S
R' = H, CI, Br:

R? =Ph, 4-CI-Ph, 4-Br-Ph, 4-OH-Ph, 4-MeO-Ph, a-NPh, 3-NPh, 3-NO»-Ph, 4-NO,-Ph, 4-Me-Ph
Scheme 11
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Almost all the compounds displayed promising antifungal and antibacterial activities. It
has been observed that the introduction of a halogen atom on C-5 of either a thiazole or an
oxazole moiety augments the activity. Chloro derivatives were found to be more active than
bromo derivatives. Substituents on C-4 of the thiazole or oxazole nucleus contributed towards
the fungicidal activity in the following sequence: chlorophenyl > bromophenyl > naphthyl >
nitrophenyl. Both pathogenic bacteria proved equally sensitive towards the compounds at 100
ppm. It has also been observed that, in general, substituted thiazolyl compounds are slightly

more active than substituted oxazolyl ones.”!

2.2.4. Syntheses by using aromatic aldehydes and amides or carbamates

PhCHO + PhCONH,

OH
N OH Ph OH Ph O
- 2 PhCHO = PhCOCI
™ NH /N N/\Ph —> /N N Ph
8 H
8 \
14a 36
Scheme 12

The Mohrle research group introduced an amide instead of ammonia as nitrogen source to
synthetize 36 from 7, benzaldehyde and benzamide. It is interesting to note that milder reaction
conditions were needed for the synthesis of 36 through acylation of the intermediate Schiff base
14a (Scheme 12).® It is known from the literature that the o-naphthol analogue of 14a in CDCl;
at 300 K contained the two epimeric forms (trans and cis) in a quality of ~ 22-22% besides the
Schiff base in 56%."" In contrast with this, the structure of 14a (Scheme 12) was described by
Mohrle as the Schiff base, based on the '"H NMR spectra.

Mosslemin et al. reported an efficient one-pot synthesis for the preparation of 1,2-dihydro-
I-aryl[1,3]oxazino[5,6-f]quinolin-3-one  derivatives (39a-f) in three-component cyclo-
condensation reactions of 6-quinolinol (29), aromatic aldehydes and methyl carbamate in
aqueous media. In the case X = H (39a), the intermediate carbamatonaphthol 37a was isolated,
characterized and transformed by further heating to 39a (Scheme 13).”

The syntheses of 39a-i from 29, aryl aldehyde and urea were achieved by Bazgir et al. It

was proposed that 39a-i were formed from the intermediate carbamatisoquinolinol 38a-i
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following the loss of one mole of ammonia. The reactions were carried out with a catalytic
amount of p-toluenesulphonic acid (p-TSA) at 150 °C under solvent-free conditions or by

microwave (MW) irradiation (Scheme 13).60

i X—— H
T ~ Nscoom
®  norEBA
Q H,O/TEBA = OH gocin |
H,N""OMe 80 °C/1h “MeOH

NS
N X— H
(\/©/OH 37a-f O NYO
NS
N %

o8
29 Z | ! \N
e CHO SN N. 39a-i
_ CONH, T
= OH
Solvent-free, p-TSA/150 °C -NH3
or MW/HOAc/4 min ~
0]
1 N
H2N" NH; 38a-i

b: X =4-Cl; c: X=4-F; d: X = 4-Br; e: X = 4-OMe;

X =H;
f: X =4-Me; g: X=2-Cl; h: X = 3-Br; i: X=2-OMe

Scheme 13

Comparison the reactivities of quinolinols or isoquinolinols with those of the
corresponding o~ or B-naphthol analogs with regard to the reaction conditions and yields allows
the conclusion that quinolinols and isoquinolinols are weaker C-H acids than naphthols.

The reaction product of a primary aminonaphthol analog and benzaldehyde in CDCl; at
300 K has been reported to be a three-component tautomeric mixture containing the two
epimeric naphthoxazine forms (trans and cis) besides the Schiff base. In contrast with this, the
structure of its N-containing analogue has been described as the Schiff base, based on the 'H

NMR spectra.
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3. RESULTS AND DISCUSSION

3.1. Syntheses and ring-chain tautomerism of 1,3-diarylnaphth[1,2-e][1,3Joxazines

3.1.1. Syntheses of the model compounds

In our experiments, naphthoxazines 41-45 were formed by the condensation of 2-naphthol
46 and the corresponding aliphatic aldehyde in the presence of methanolic ammonia solution in
absolute methanol at 60 °C for 6-72 h (Scheme 14). The acidic hydrolysis of 41-45 led to the
desired aminonaphthol hydrochlorides 46-50 in low yields in a two-step process. The overall
yield was improved considerably when the solvent was evaporated off after the formation of the
intermediate naphthoxazines 41-45 and the residue was directly hydrolysed with hydrochloric

acid (e.g. for 46 the overall yield could be increased from 15% to 95%).

& N g R« NH,HCI
OH 2 R-CHO Y HCI/ H0
NHg / MeOH OO OO
40 41-45 46-50

41,46: R =Me; 42,47: R = Et;43,48: R =Pr; 44,49: R = /Pr; 45, 50: R = {Bu
Scheme 14

Because of the instability of 46-50, they were isolated as hydrochlorides, which in
subsequent transformations were basified in situ with triethylamine. The condensation of
aminonaphthols 46-50 with one equivalent of aromatic aldehyde in absolute methanol in the
presence of triethylamine at ambient temperature did not lead to the formation of the desired
naphthoxazines. By heating under microwave conditions,®’ 51-55 were successfully prepared.
The isolation protocol involved the use of controlled microwave agitation (CEM microwave
reactor, 10 min at 80 °C), after which the mixture was left to stand at room temperature until

crystals had formed.
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3.1.2. Study of the ring-chain tautomeric equilibria of 1-alkyl-3-aryl-2,3-dihydro-1H-
naphth[1,2-e][1,3]oxazines

The 'H NMR spectra of 51-54 revealed that, in CDCl; solution at 300 K, the members a-g
of each set of compounds 51-54 existed in three-component ring-chain tautomeric mixtures,
containing the C-3 epimeric naphthoxazines (B and C) and also the open tautomer (A). The
proportion of the ring forms decreased as the alkyl substituent at position 1 became more bulky.
Accordingly, for some 1-i-propyl-3-arylnaphthoxazine derivatives 54, the proportions of the ring
forms (B and C) were comparable with the limiting error and in the case of 55, only the
derivatives 55a, 55e and 55f were synthetized. As expected, ring forms B and C of compounds
55 were not found at all in the tautomeric mixture. In order to acquire reliable results, more
sample data were needed and the series of compounds was therefore expanded to include
naphthoxazines 57. The tautomeric behaviour of analogues 57a, d-g was known from the

literature, but compounds 57b, d-g were absent and were synthetized according to Scheme 16.°

R.__NH, HCI CHO
OH + X
99 o
=
46-50
EtsN
MW MeoH
/ | / |
H X X H
RNy R.__N X RN
1 3 A 1 3
51a-gB 51a-gA 51a-gC
52a-gB 52a-gA 52a-gC
53a-gB 53a-gA 53a-gC
54a-gB 54a-gA 54a-gC
55a-gB 55a-gA 55a-gC

46,51: R=Me; 47,52: R = Et; 48,53: R =Pr; 49,54: R = /Pr; 50, 55: R = tBu
a: X=p-NOy; b: X=m-Cl; ¢: X=p-Br;d: X=p-Cl; e: X=H; f: X = p-Me; g: X = p-OMe

Scheme 15

Table 1 shows the proportions of the diastereomeric ring forms (B and C) from the

tautomeric equilibria of 51-55 and 57, which were determined by integration of the well-
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separated O—CHATr-N (ring) and N=CHAr (chain) proton signals in the 'H NMR spectra. As a
consequence of the very similar NMR spectroscopic characteristics of 1-alkyl-3-aryl-2,3-
dihydro-1H-naphth[1,2-e][1,3]oxazines 51-55), only the data for 51 were chosen to illustrate the
"H NMR spectra of the prepared tautomeric compounds.

To study the double substituent dependence of log K and log K¢, the following Hansch-

type quantitative structure-properties relationship model equation (Eq. 2) was set up:
log Kg or ¢ = k + p'P® + p* 6™ )

where Kg = [B]/[A], Kc = [C]/[A], PR is an alkyl substituent parameter and ¢ X is the Hammett-
Brown parameter of the aryl substituent at position 3. In order to find the accurate dependence of
log K o c, three different alkyl substituent parameters were studied: Eg (calculated from the
hydrolysis or aminolysis of esters)®” and two other steric parameters independent of any kinetic

63,64

data: v, derived from the van der Waals radii, and V*, the volume of the portion of the

substituent that is within 0.3 nm of the reaction centre.%’

CHO

= =
NHo X H X X
| X N X Na X
LI o8 0y
56 57a-gB 57a-gA
Scheme 16

Table 1. Proportions (%) of the ring-closed tautomeric forms (B and C) in tautomeric equilibria
for 51-54 and 57 (CDCl;, 300 K)

57 51 52 53 54 55
R H Me Et Pr iPr Bu
v 0 2.84 4.31 4.78 5.74 7.16
Comp. X o B B C B C B C B C B C
A p-NO, 0.79 95.2 703 100 594 48 603 44 89 -0 ~0 ~0

m-Cl 0.40 86.5 528 7.7 213 6.8 253 26 35 25 - -
p-Br 0.15 81.1 395 60 265 27 234 15 12 07 - -
p-Cl 0.11 79.4 394 63 252 22 248 15 18 1.1 - -
72.3 304 52 184 19 128 -0 ~0 ~0 ~0 ~0
p-Me -0.31 58.3 180 25 116 ~0 9.1 ~0 ~0 ~0 ~0 ~0

Q =21 = °© O W
s
=)

p-OMe  -0.78 454 109 1.7 35 ~0 39 -0 ~0 ~0 - -
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Multiple linear regression analysis of Eq. 2 was performed by using the SPSS statistical
software, and a value of 0.05 was chosen as the significance level.®® Good correlations were
found for all three alkyl substituent parameters. The linear regression analysis data for the series
51-54 and 57 are given in Table 2. The best correlations were observed for the Meyer parameter
(V) of the alkyl substituents, and this was used for the further examinations.

The parameters given in Table 2 indicate that the tautomeric interconversion (e.g. log Kp
and log K¢ values) could be described by using two substituent parameters (V* and o), which
means that, when log Kp or log Kc was plotted vs the Meyer parameter (V*) and the Hammett-

Brown parameter (¢"), a plane could be fitted to the data points (Fig. 1).

Table 2. Multiple linear regression analysis of log K and log K¢ values for 51-54 and 57

K PR s R

pR= 1o 51-54, 57B="51-54, 57A 0.605 -320 0.848 0.965
51-54, 57C=51-54, 57A 0.413 -464 0.978 0.994
PR = Es 51-54, 57B="51-54, 57A 0.609 0.948 0.809 0.938
51-54,57C=51-54, 57A 0.524 1.442 0.881 0.992
PR=y 51-54, 57B="51-54, 57A 0.624 -2.250 0.822 0.946
51-54, 57C=51-54, 57A 0.516 -3.356 0.886 0.994

The slopes of the alkyl substituent parameters (o%) for the equilibria B=A and C=A
exhibited a significant difference (-0.320 vs -0.464). This difference can be explained by an

additional stabilization effect caused by the alkyl substituents.

Figure 1. (a) Plots of log Kg for 51-54B and 57B vs Meyer (V") and Hammett-Brown parameters
(6”). (b) Plots of log K¢ for 51-54C and 57C vs Meyer (V") and Hammett-Brown parameters
(o)

& ¥ N
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3.1.2.1. Geometry optimalization

We set out to extend the application of the concept of the anomeric effect by using the

tautomeric equilibrium of 1-alkyl-3-aryl-2,3-dihydro-1H-naphth[1,2-¢][1,3]oxazines (51-55,

Scheme 15) as model system. We also hoped to demonstrate that the significant difference

between the slopes of the V* values for ring

trans

chain (Eq. 3) and ring“™—chain (Eq. 4)

equilibria (-0.32 vs -0.46) can be explained by a consideration of substituent-dependent

stereoelectronic stabilization effects®. The syntheses of the model compounds 1-alkyl-3-aryl-

naphth[1,2-e][1,3]oxazines (51-55 Scheme 15) were described previously.65

log Kz = 0.61 -0.32V" + 0.850°

log Kc = 0.41 -0.46V" + 0.98 0"

3)

“4)

Since stereoelectronic interactions are highly dependent on the geometry of the studied

molecules, a thorough conformational analysis was performed. Our goal was to determine the

predominant geometry for all of the models.

The relevant calculated conformations that can be attributed to nitrogen—ring inversions of

52aB and 52aC, as examples, are shown in Figure 2. Chemical shifts and coupling constants

were calculated at the same level of theory; selected bond lengths (for comparison with NOE

measurements) and NMR parameters are given in Table 3 (Scheme 15).

Table 3. Some measured (NMR) and calculated parameters for 52a

Entry Parameters | 52aB* | 52aB,” 52aB,’ 52aB;" 52aB,” | 52aC® | 52aC," 52aC,’ 52aCy" 52aC,’

1 derstecart yes 2.78 4.39 2.83 4.43 - - - - -

2 dein-can’ - - - - - yes 2.77 4.04 2.81 4.07
3 Jet-HNn 4.6 4.80 7.77 1.01 3.42 8.8¢ 737 4.98 5.13 1.22
4 Jesmnm 1429 | 1284  4.84 0.58 253 | 140° | 1285 653 0.83 1.24
5 Scin 465 | 451 4.53 471 4.66 5.01 5.02 433 4.98 4.58
6 Scan 6.06 | 6.15 5.85 5.93 5.81 5.66 5.60 6.04 5.43 6.09
7 Sci 458 | 483 44.0 48.9 44.7 479 | 489 46.8 50.8 46.6
8 3cs 80.7 | 785 83.7 81.6 82.2 85.5 84.1 82.9 85.7 81.8

* Measured NMR parameters. * Calculated NMR parameters. ¢ Observed NOE interaction/calculated distances. ¢ The
coupling constants were measured in CD,Cl, at 173 K
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Figure 2. Calculated global energy minimum conformations for 52a

g

AE = 0.0 kcal/mol AE = 0.0 kcal/mol
523B1 523C1

AE = 2.8 kcal/mol AE = 2.2 kcal/mol
52aB2 523C2

AE = 3.9 kcal/mol AE = 3.8 kcal/mol
523B3 523C3

AE = 8.1 kcal/mol AE = 7.6 kcal/mol
523B4 523C4
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In the analysis of 52a, the strong NOE interaction between the C1-Me protons and C3-H
(for B) or between C1-H and C3-H (for C) predicted the presence of By and B3, or C; and C3
geometries, respectively (Table 3, Entries 1 and 2). The only difference between B; and Bj, or
C; and Cj; is a nitrogen inversion. To decide between the B; and B3, or C; and C3 geometries, the
coupling constants 7J observed between N-H and C1-3-H of 52a with low-temperature '"H NMR
techniques (CD,Cl,, 173 K) should be taken into account. These values (Table 3, Entries 3 and
4) were in very good agreement with the coupling constants calculated for conformers By and
C;. This finding, together with the comparison of the energy values (the data were calculated for
the full set of compounds, but are shown only for 52a; Figure 2) allows the conclusion that, for
all of our model compounds, By and C; are the global minimum conformers.

The NMR calculations were performed at the B3LYP/6-31G* level, with geometries
optimized at the same level. Table 3 (Entries 5-8) summarizes the measured and calculated '"H

NMR (C1-H and C3-H) and >C NMR (C1 and C3) chemical shifts for 52a.

3.1.2.2. Natural bond orbital (NBO) analysis

The extra stabilization effects of the conformers that is observed with alkyl substituents at
position 1 of the trans ring form, indicated by the slopes (-0.32 vs -0.46), may originate from a
substituent-dependent stereoelectronic effect. Analysis of the delocalization energy contributions
to this effect is a complex problem which can be tackled through a second-order perturbative
analysis of the elements of the Fock matrix elements in the frame of the DFT hybrid method in
the NBO basis.

The NBO® calculations were performed at the B3LYP/6-31G* level, with geometries
optimized at the same level. The solvent effect can be taken into account with a self-consistent
reaction field method. The self-consistent isodensity polarized continuum model (SCIPCM)®
used the isodensity surface of the electron density, which was influenced consistently by a
dielectric continuum outside the molecule. The solvent effect was checked for series of
compounds 52 (data not included). A dielectric constant &€ = 4.81 (chloroform) and a value of
0.0004 a.u. for the isodensity surface were used in the calculations. The difference between the
epimerization energy without a solvent effect (AEp.c = 1.12 kcal/mol) and that including a
solvent effect (AEp.c = 1.21 kcal/mol) was found to be 0.09 kcal/mol for the most polar

compound 52a; in the further calculations, the effect of the solvent was neglected.
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We were interested in the substituent dependence of the calculated NBO parameters. The
calculated occupancy values (Table S1) and the energies for the overlap (Tables S2-S4) for the
lone pairs of electrons on the nitrogen and oxygen atoms are given in the Supporting
Information. Accordingly, multiple linear regression analysis of these values as dependent
variable (DV), with V* and ¢ as independent variables, was performed with SPSS statistical

software according to Eq. (5). A value of 0.05 was chosen to denote the level of significance.®
DV =k + p'V* + p'o* (5)

The calculated occupancy values indicate the level of overlap (%) with different
antibonding orbitals. Comparison of the results of the regression analysis of the level of overlap
of the lone pair of electrons (n) on the nitrogen atom (Table 4, Entry 1) for the trans (B) and cis
(C) ring forms revealed a somewhat higher slope for the B form (0.12 vs 0.04) as compared with
that for C. This was in accordance with our experimental findings. It was also concluded that the
extra stabilization energy could result from a complex stereoelectronic interaction between ny
and the vicinal antibonding orbitals. Hence, regression analysis of the overlapping energies
(kcal/mol) was performed for the six possible vicinal antibonding orbitals (three around C-1 and
three around C-3). The results showed that the overlap of ny and the antibonding orbital of the C-
1-R bond (0*;) in B or the C-1-H bond (0*;;) in C had relatively similar intensities (around 2.6
kcal/mol; Table 4, Entry 2). The opposite slope can be explained by the change in the relative
configuration of C-1 and is in accordance with the experimental findings. The overlap of ny and
o*; in B and the corresponding overlap in C (Table 4, Entry 3) showed similar intensities and
similar tendencies.

The low intercept C (0.79 and 0.87 respectively: Table 4, Entries 5 and 6) and slope
(around 0) indicate that, around C-3, the most important and the strongest overlap occurs in the
direction of the most polar C-O (vi) bond (Table 4, Entry 7). No comparable difference was
observed between ring forms B and C either in the slope of V* or in the slope of ¢". The value of
0.1 for V* can be explained by the small inductive influence of the alkyl substituents. The slope
of o, which is double the expected value, can be a result of the polarization of bond vi, induced

by substituent X.
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Table 4. Multiple linear regression analysis of the occupancy and overlapping energy values of
the lone pairs of electrons on the nitrogen atoms as dependent variables according to equation (5)
for 51-55

B C
Entry Va?;%izcgl\t]) k P Voa r k o Voa R
1 Occupancy” 10.47 0.12 -0.12 0.906 | 10.51 0.04 0.11  0.774
2 nn— 0% 2.57 -0.13 b 0.702 - - - -
3 nn— 0% 6.92 -0.13 0.11 0949 | 6.75 -0.20 b 0.953
4 nN—> 0% - - - - 2.60 0.15 > 0.905
5 N 0.79 0.09 b 0.746 | 0.79 -0.01 0.05  0.751
6 ny— 0%, 0.78 -0.03 0.05 0946 | 087 0.03 > 0.764
7 nn— 0%, 15.93 0.10 -0.18  0.781 | 16.00 0.07 -0.19  0.795

* For regression analysis, the ratios of the occupancy values in % were used. ® Insignificant (significance value >
0.05)

From the analysis of the overlapping behaviour of ny, the additional stabilization of the
conformers that is observed when alkyl substituents are at position 1 can be nicely explained, but
in order to map the summed influence of the alkyl and aryl substituents, an analysis of the
overlapping behaviour of the oxygen lone pairs (no; and np;) was also necessary.

A comparison of the overlapping levels of no; and no, (Table 5, Entries 1 and 7,
respectively) leads to the conclusion that ng, (m-like lone pair) participates in overlapping
interactions to a greater extent than np; does (see intercepts, Table 5, Entries 1 and 7), and
because of the low slope values (Table 5, Entry 1), the substituent dependence on the
overlapping level of np; can be neglected. The occupancy level of ng, is strongly influenced by
the aryl substituent at position 3 (-0.38 and -0.34, respectively, Table 5, Entry 7). The
comparison of the slopes of V* for the ring forms yielded low values, but the different tendencies
(0.08 vs -0.07, Table 5, Entry 7) indicate that there is some influence of the alkyl substituent at
position 1. Because of the large difference between the interaction of the alkyl substituent with
noy and the pure electronic character of an alkyl substituent alone, this dependence can be
explained only in terms of an alkyl substituent-controlled quantitative change in the torsion angle
between np; and the corresponding antibonding orbital (e.g. by an alkyl substituent-dependent

conformational change).
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Table 5. Multiple linear regression analysis of the occupancy and overlapping energy values of
the lone pairs of electrons on the oxygen atoms as dependent variables according to Eq. (5) for
51-55

B C
Dependent | |
Entry 1 aable (DV) k P 4 r k P 4 R
1 chr‘llpa;?cy 4.05 0.03 b 0.897 | 4.04 -0.01 0.02  0.834
01
2 Hoy— 0%; 6.58 007  -0.16 0880 | 6.55 -0.05 0.15  0.937
3 no1— 0% 0.50 0.02 - 0.857 - - - -
4 No1— 0% 2.62 0.21 - 0.785 2.66 -0.12 > 0.914
5 Hoy— 0% 1.09 -0.03 b 0.645 | 1.05 -0.01 0.06  0.940
6 Hoy— 0%, 0.58 0.01 001 079 | 0.57 -0.01 0.03  0.681
7 OC(C:pa)‘?Cy 1521 008  -038 0907 | 15.15 -0.07 034 0.928
02
8 Nog— 7%; 2817 028  -093 0896 | 27.79 -0.46 0.82 0935
Nop—s 0% i 5.13 -0.41 b 0.720 | 4.93 0.15 020  0.904
10 P 5.51 0.08 021 0599 | 534 -0.06 020  0.945

* For regression analysis, the ratios of the occupancy values in % were used. ® Insignificant (significance value >
0.05)

The NBO analyses demonstrated that negative hyperconjugation (n— o¢*) and conjugation
(n—7*) play important roles in the ring-chain tautomeric interconversion of 51-55. The results
also indicate that these conjugative interactions, which result from substituent-dependent

conformational changes, explain the relative stability differences between ring forms B and C.

3.1.2.3. Shifted carbon chemical shift (SCS) analysis

The changes in the *C NMR chemical shift values that are induced by phenyl substituents
(SCS) on C-2 have been analysed by various dual substituent parameter alpproalches.m'72 The best
correlation was obtained with the equation SCS = pror + pPrOR, Where oF characterizes the
inductive effect, and or the resonance effect of the aryl substituent. In a previous study on the
ring-chain tautomerism of 1,3-diaryl-2,3-dihydro-1H-naphth[1,2-¢][1,3]oxazines, by means of a
dual substituent parameter treatment of SCS, the difference in the stabilities of ring forms B and
C was explained by the changes in the sp” and sp’ hybridized character of the carbon atom,

which is influenced the aryl substituents on C-1 and C-3."°
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The low concentrations of the minor forms of B and C in the tautomeric mixtures did not
allow measurement of the *C NMR chemical shifts of C-1 and C-3. They were therefore
calculated for all compounds at the B3LYP/6-31G* level with geometries optimized at the same
level; they are listed in Table S5. The chemical shift changes induced by the alkyl substituent at
position 1 and by the aryl substituent at position 3 (SCS) for a given compound were calculated
as the differences in the calculated '*C NMR chemical shifts values for the substituted relative to
the unsubstituted (R = H, X = H) compound. The multiple regression anallysis69 data obtained

from Eq. (6) for C-1 and C-3 are presented in Table 6.

DV = p'V* + pPor + p o (6)

Table 6. Multiple linear regression analysis of the calculated SCS values for C-1 and C-3
according to Eq. (6) for 51-55

B C
Dependent | 3 1 3
variable DV) | 7 Foop r p Foop k
SCSci 2.22 = = 0.996 2.34 - - 0.997
SCSc3 -0.98 -1.79 = 0.967 0.09 -1.02 - 0.931

* Insignificant (significance value > 0.05).

Table 6 shows that the calculated '°C NMR chemical shifts for C-1 are influenced only by
the alkyl substituents at position 1. The small difference in slope between ring forms B and C
indicates that the behaviour of the alkyl substituent at position 1 in relation to the conformational
changes around C-1 is similar in the two ring forms.

The calculated >C NMR chemical shifts for C-3 seem to depend much more on the
changes in the relative configurations. In comparison, the influence of an alkyl substituent at
position 1 (-0.98 vs 0.09, Table 4) on the SCS values for C-3 was found to be strongly dependent
on the relative configurations of C-1 and C-3. This provides further evidence for the theory that
alkyl substituents stabilize the trans (B) ring form, which can be explained in terms of an alkyl
substituent-induced stereoelectronic effect. This results in small alkyl substituent-induced
conformational changes in B.

The reverse trend in the inductive substituent effect (o) for unsaturated carbon is well-
documented.”*’® The negative slope of op for saturated carbon centres such as those situated
between the two heteroatoms in 1,3-O,N-heterocycles was explained by Neuvonen et al. to be
due to the substituent-sensitive polarization of the N-C-O system.70 The trans and cis series in

the present work offered an interesting opportunity for study of this type of reverse trend in the



30

substituent effect (o) on the calculated SCS values. Table 6 shows that negative slopes of of
(-1.79 vs -1.02) were obtained for both series B and C, which is in accordance with the concept

10,82

found for similar carbon centres. The difference between the slopes is a further consequence

of the stronger substituent-induced stereoelectronic effect in the trans (B) ring form.

3.2. Synthesis and conformational analysis of naphthylnaphthoxazine derivatives

Interest in the synthesis of primary aminonaphthols has increased greatly during the past
few years following an evaluation of the hypotensive and bradycardiac effects of 1-
aminomethyl-2-naphthol derivatives,”’ and the syntheses of a wide variety of such compounds
were recently achieved through the hydrolysis of 1-amidomethyl-2-naphthols.”*™ Through the
use of aliphatic aldehydes, e.g. formalldehyde,81 acetaldehyde, propionaldehyde, butyraldehyde,
isobutyraldehyde and pivalaldehyde, 1-(1-aminoalkyl)-2-naphthols have been synthetized, while
from heteroaromatic aldehydes primary aminonaphthols have been prepared and their ring-chain
tautomeric behaviour has been studied.™

Our present aim was to prepare new primary aminonaphthols from 1- or 2-naphthol and 1-
or 2-naphthaldehyde and to extend the applicability of these compounds for the preparation of
new heterocyclic derivatives by simple ring-closure reactions with paraformaldehyde, 4-
nitrobenzaldehyde, phosgene or 4-chlorophenyl isothiocyanate. We additionally investigated the
influence of the substituent at position 3 or 2 and the connecting position of the naphthalene ring

on the conformation.

3.2.1. Syntheses of the naphthylnaphthoxazine model system

The aminonaphthols 60, 61, 65 and 66 were prepared via the reactions of the
corresponding 1- or 2-naphthol with 1- or 2-naphthaldehyde in the presence of methanolic
ammonia solution in absolute methanol at room temperature for 24 h. This led to the
naphthoxazines 58, 60, 63 and 64 (Scheme 17), acidic hydrolysis of which gave the desired
aminonaphthol hydrochlorides 60, 61, 65 and 66 (Scheme 17). Because of the instability of the
aminonaphthyl naphthol derivatives, 60, 61, 65 and 66 were isolated as their hydrochlorides, in
moderate to good yields (28-87%).
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» HCI

NH
OH
+ R-CHO NHS/MGOH _60Cior28h _
|O HCI/HQO

58,59 60, 61
R
OH PY OH  NH, HCI
. RCHO _NHyMeOH O 'NH _60°Cfor23h
OO it T HCHO
“ 9O8
62 63, 64 65, 66

58, 60, 63, 65: R = 2-naphthy/
59, 61, 64, 66: R = 1-naphthy

Scheme 17

In the first stage of the transformations of 60, 61, 65 and 66 to heterocyclic derivatives, an
sp® carbon (C-3 or C-2) was inserted between the hydroxy and amino groups (Schemes 18 and

19).

H
R N{y//o R Nw
3 ) CHClg, 6 h, 1.,
10 10b 04 COC'Z, N82C03 4, 5 3 r O
. 04 10 min, r.t. HCHO, EtsN OO
a
8 6a 5
7 6
67, 68 4-CICgH4NCS 72,74

Et3N, toluene, r.t.

Cl

H
Mel, KOH R N

OH MeOH, rt. \f
L Ty

71,72

N

67, 69, 71, 73: R = 2-naphthyl
68, 70, 72, 74: R = 1-naphthyl

Scheme 18

When aminonaphthols 60, 61, 65 and 64 were treated with COCl, in the presence of
Na,COs in toluene/H,O at room temperature for 10 min, the corresponding naphthoxazin-3-ones
67 and 68 and naphthoxazin-2-ones 75 and 76 were formed, in moderate yields (40-86%) in each
case (Schemes 18 and 19).
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For the preparation of 3- and 2-(4-chlorophenylimino)-substituted naphthoxazines 71, 72,
79 and 80, aminonaphthols 60, 61, 65 and 66 were reacted with 4-chlorophenyl isothiocyanate
(Schemes 18 and 19). Thioureas 69, 70, 77 and 78 were converted to the corresponding S-
methylisothiourea derivatives with methyl iodide, and subsequent treatment with methanolic
KOH gave the corresponding 3- or 2-arylimino-substituted naphthoxazines 71, 72, 79 and 80, in
good yields (67-82%), via methyl mercaptan elimination (Schemes 18 and 19).

The ring closures of aminonaphthols 60, 61, 65 and 66 with oxo compounds (i.e. the
insertion of an sp’ carbon) resulted in naphthoxazines.

The reactions of aminonaphthols 60, 61 and 66 with paraformaldehyde under mild
conditions (at room temperature for 6 h) gave the corresponding 3- and 2-unsubstituted
naphthoxazines 73, 74 and 81 in yields of 37-49% (Schemes 18 and 19). The corresponding
reaction of 65 did not lead to the desired naphthoxazine. After a reaction time of 3 h, TLC
demonstrated that no starting material remained, and the TLC plots observed suggested the rapid

decomposition of the expected naphthoxazine derivative.

3
NH COCly; NayCO HCHO, EtsN
10 10b 4 : .32 : 65,66 ————— :
o lm: <R 10 min, r.t. CHClg, 6 h, r.t
8 6a 5
7 6 4-CI-PhNCS
75,76 EtN, toluene, r.t. 81
Cl Cl
, O -
|
OH HN H _ Mel. KOH O)\NH
MeOH, r.t.
L oo N

77,78 79, 80

75,77, 79: R = 2-naphthyl
76, 78, 80, 81: R = 1-naphthyl

Scheme 19

The analogous reactions of 60, 61, 65 and 66 with 4-nitrobenzaldehyde were accomplished
under mild conditions. The products 83, 84, 87 and 88 were separated from the reaction mixture
in good yields (78-84%, Scheme 20). Compounds 83-85 and 87-89 in solution can participate in
three-component ring-chain tautomeric equilibria involving the C-3 (83-85) or C-2 (87-89)

epimeric naphthoxazines (B and C) and the open tautomer (A). The tautomeric behaviour (the
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tautomeric ratios) of 83-85 and 87-89 depend on substituent R at position 1 or 4, and on the
properties of the solvent in question, as revealed in Table 7.*'

For 83-85, the predominant form is the trans tautomer (B). The proportion of B decreases
in the sequence 83 > 84 > 85, while that of the cis form (C) displays the opposite tendency
(Table 7: Entries 1-3). This can be explained in terms of steric hindrance. Relative to CDCl3, the
more polar solvent DMSO causes a small increase in the proportion of the open-chain form (A)
at the expense of form C for 85 (Table 7: Entry 3), but the main tendency was found to be
similar with that discussed above.

For 82-89 in CDCls;, the steric hindrance of the aryl substituents at position 4 must exert
the most important effect as regards the composition of the tautomeric mixture and, similarly as
for 1,3-disubstituted naphth[1,2-¢][1,3]oxazines, the phenyl ring (smaller then the naphthyl ring
system) resulted in more form C and less form B (Table 7: Entries 4-6).

The effect of the change of the solvent seems to be somewhat more marked for 87-89

(Table 7: Entries 4-6) than for 83-85 (Table 7: Entries 1-3).

No2 0, NO
NH, HCI H H
R Nj \\\\\ RN
10 mln rt.

60, 61, 82 83-85B 83 85 A 83-85C

60, 83: R = 2-naphthyl; 61, 84: R = 1-naphthyl; 82, 85: R = Ph

NO, NO,
CHO
OH NHj HCI ©
R NO
— oM OH\ 0" NH

EtsN, MeOH

10 min, r.t. R
65, 66, 86

87-89 B 87-89 A 87-89 C

65, 87: R = 2-naphthyl; 66, 88: R = 1-naphthy; 86, 89: R = Ph
Scheme 20

Table 7. Proportions of tautomers (%) in 83-85 and 87-89

CDCls DMSO

Entry Comp. A B C A B C
1 83 - 100.0* - - 100.0 -
2 84 - 95.4 4.6 - 94.8 5.2
3 85" 3.1 86.1 10.8 15.0 84.8 0.2
4 87 13.8 68.9 17.3 34.3 46.1 19.6
5 88 4.5 77.6 17.9 - 82.8 17.2
6 89° 14.9 50.1 35.0 36.9 42.6 20.5

*Either the population of tautomers A and C is too low to be detected by NMR, or the equilibration is fast on the
NMR time-scale (see text below); "Data from ref. 9; “Data from ref. !
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3.2.2. Conformational analysis

Theoretical calculations were performed on the compounds studied and their global
minimum-energy structures were determined. These structures were compared with the relevant
NMR spectroscopic data (NOEs and vicinal H,H-coupling constants) to check particularly on the
conformation of the (unsaturated) oxazine ring moiety. The same procedure was applied in the
event of additional substitution at C-3 in the 2-naphthoxazines and at C-2 in the 1-
naphthoxazines, of the sp’ hydbridization of C-2 or C-4. The complete agreement of the
computed structures (the preferred conformers) and the NMR parameters is strong evidence of
the correctness of the calculated geometries of the compounds studied.

Both the 1- and 2-naphthyl substituents at C-1 in the 2-naphthoxazines and at C-4 in the 1-
naphthoxazines were found to have only a marginal influence on the conformational equilibria,
whereas in the trans isomers of the disubstituted 1- and 2-naphthoxazines 83, 84, 87 and 88 they

do influence the preference for the corresponding S/R and R/S diastereomers (vide infra).

3.2.2.1. Compounds with sp3 C-2 or C-3 atoms

Compounds which are only monosubstituted with 1- and 2-naphthyl substituents at C-1
and C-4, respectively (73, 74 and 81), prefer twisted-chair conformers (cf. the global minimum-
energy structure of 73, for instance, in Fig. 3). The analogue of 73 could not be obtained
experimentally, but was computed at the DFT level of theory; the same twisted-chair conformer

as in 73, 74 and 81 was found to be preferred.

Figure 3.
Minimum-energy structure of (/5)-73
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This preferred conformation (cf. 73 in Figure 4) proves to be in excellent agreement with
the experimental NMR data: NOEs were observed between H-1 and NH (the corresponding
distance was computed to be only 2.243 A) and between NH and H-3.q (computed distance
2.360 A). Moreover, the corresponding scalar vicinal coupling constants 3JHJ.I were 5.0 Hz
(computed 3JH1,NH 4.7 Hz, dihedral angle 43.3°), 3.9 Hz (computed 3JH_3eq,NH 3.2 Hz, dihedral
angle -57.3°), and 13.6 Hz (computed 3JH_3aX,NH 13.1 Hz, dihedral angle -178.2°). The
corresponding NMR data on 74 are given in Table 8 and are likewise seen to be in excellent
agreement with the computed values.

A twisted-chair conformer was also found for 81 (cf. Figure 4). As for 73 and 74, a similar
3] n.u value in the coupling fragment O(2)CH,—~NH-C(4)H and similar NOEs between NH and H-
2.q and H-4, respectively, were observed (cf. Table 8).

Table 8. Experimental and computed coupling constants and some calculated dihedral angles
(D.a.) and distances for compounds 74 and 81

3JNCH— SJNCH_ D.a 3JNH- 3JNH— D.a 3JNH— 3JNH— D.a Distance Distance
Com- H NH Né I}- OCHeq  OCHeq NH- OCHax  OCHax NH- NCH- NH-
pound (exp) (calc) NH (exp) (calc) OCH. (exp) (calc) OCH. NH OCH,,
(Hz)  (Hz) (Hz)  (Hz) “ (Hz) (Hz > (A) (A)

80 4.9 4.8 42.8° 3.7 3.1 -57.7° 139 13.1 -178.6° 2.241 2.358

87 6.2 4.7 41.6° 54 2.0 -58.0° 122 132 -179.0°  2.242 2.359

Figure 4.
Minimum-energy structure of (45)-81

If the compounds are additionally substituted at C-3 (B-naphthoxazines) or C-2 (o-
naphthoxazines), tautomeric equilibria result (¢f. Scheme 22). The major ring form B was
isolated and studied by NMR spectroscopy. In contrast with the simple R/S chirality in 73, 74
and 81, which does not influence the NMR spectra in achiral media, in 84, 85, 87 and 88 R/S and

S/R diastereomers have to be considered.
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The global minimum-energy structure of the major ring form B is characterized by the
trans arrangement of H-3 and N-H (as depicted in Figure 5 for 83B) and prefers the twisted-
chair conformation. The experimentally determined vicinal H,H-coupling constants 3JH_2,H_3
[14.0 Hz in 83B and 13.6 Hz in 84B] and 3JH_1,H_2 [5.2 Hz in 83B and 4.9 Hz in 84B] agree well
with the computed values [e.g. 83B: 12.5 Hz (3JH_2,H_3) and 4.8 Hz (3JH_1,H_2)]. Surprisingly, a
strong NOE was found between H-3 and N-H, which are in the trans position. This dipolar
coupling, however, should be near to zero in 83B, but some 83C may be present in marginal
concentration or in rapid equilibrium with B on the NMR time-scale; obviously, the reaction rate
allows NOE transfer between the tautomeric species (cf. Table 7).

The main tautomers 87B and 88B also occur in a twisted-chair conformation, as illustrated
for 8B in Figure 6. This calculated minimum-energy structure is corroborated by the
experimentally determined coupling constants *Ji.3 1.4 = 5.7 Hz (computed dihedral angle 40.4°)
and *Jyons = 13.5 Hz (computed dihedral angle 177.6°) and the corresponding NOEs, which
were found to be strong Surprisingly, in 83, 84 and 88 the S/R diastereomer proved to be more

stable than the R/S analogue; the reverse situation was the case for 87.

Figure 5.
Minimum-energy structure of (15,3R)-83B
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Figure 6.
Minimum-energy structure of (2R,45)-88B

3.2.2.2. Compounds with sp2 C-2 or C-3 atoms

Introduction of an sp2 carbon at position 3 (67 and 68) or 2 (75 and 76) obviously leads to
very similar conformational behaviour; in accordance with this, very similar minimum-energy
conformations of all of these compounds were calculated: the oxazine ring is nearly flat with a
slight boat conformation (cf. Figure 7). Only in one case (69) could the coupling constant 3JNH,CH
be detected; it was 2.9 Hz. The corresponding signals of the other compounds were more or less
broadened and the corresponding vicinal coupling constants could not be extracted. The
magnitude of 3JNH,CH was in good agreement with the calculated values. These were in the range
0-1.8 Hz, with calculated dihedral angles of 59.6°-71.1°, both characteristic of the synclinal
conformation of the NH-CH moiety. The distance between these two hydrogens was computed
to be in the range 2.43-2.56 A, which corresponds to the mean NOEs determined in these
compounds.

For compounds 71, 72, 79 and 80, the endocyclic/exocyclic tautomerism of the C=N
double bond is possible. The energy levels indicated the presence of the exocyclic form
(Schemes 20 and 21). This was supported by the NMR data: NOE interactions were found
between N-H and the corresponding C-H at position 1 (71 and 72) or 4 (79 and 80). Ab initio

calculations on the title compounds pointed to the presence of the E isomers.
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Figure 7.
Minimum-energy structure of (4R)-67

The oxazine ring in 71, 72, 79 and 80 turned out to be nearly planar; the minimum-energy

structure of 79 is shown in Figure 8.

Figure 8.
Minimum-energy structure of (4R)-79
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3.3. Methods

Melting points were determined on a Kofler micro melting apparatus and are uncorrected.
Merck Kieselgel 60F,s4 plates were used for TLC. Elemental analyses were performed with a
Perkin-Elmer 2400 CHNS elemental analyser.

NMR measurements:

For compounds 46-50, 51-55 and 57: The 'H and '*C NMR spectra were recorded in
CDCl; or in DMSO-dg solution at 300 K on a Bruker Avance DRX400 spectrometer at 400.13
MHz (‘H) and 100.61 MHz (**C). Chemical shifts are given in & (ppm) relative to TMS as
internal standard. For the equilibria of tautomeric compounds to be established, the samples were
dissolved in CDClI; and the solutions were allowed to stand at ambient temperature for 1 day
before the '"H NMR spectra was run. The number of scans was usually 64.

For compounds 60, 61, 65-81, 83, 84, 87 and 88: The NMR spectra were recorded in
DMSO-dg (unless specified as CDCls) solution in 5 mm tubes, at room temperature, on a Bruker
Avance 500 spectrometer at 500.17 (‘"H) and 125.78 (**C) MHz, with the deuterium signal of the
solvent as the lock and TMS as the internal standard for 'H, or the solvent as the internal
standard for °C. All spectra (1H, 13C, gs-H,H-COSY, gs-HMQC gs-HMBC, and NOESY) were
acquired and processed with the standard Bruker software.

Quantum chemical calculations:

Geometry optimizations were performed without restrictions, using the Gaussian 03
version C.02" program package. Different conformations and configurations of all studied
compounds were preoptimized by using the PM3 Hamiltonian.*>®* Density functional theory
calculations were carried out at the B3LYP/6-31G** 8% [evel of theory. Stationary points on the
potential hypersurface were characterized by force constants. Coupling constants were computed
at the same theory level, B3LYP/6-31G** 378 Different starting conformations were created and
the results were analysed and displayed by using the molecular modelling program SYBYL 7.3
% and the program GaussView 2.0.”° Different local minimum-energy conformations were

selected to analyse the relative stability and the geometrical parameter.
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4. SUMMARY

1-(1-Aminoalkyl)-2-naphthols 47-50 were synthetized by the condensation of 2-naphthol
with aliphatic aldehydes in the presence of ammonia, followed by acidic hydrolysis. The
overall yield was improved considerably when the solvent was evaporated off after the
formation of the intermediate naphthoxazines 41-45 and the residue was directly
hydrolysed with hydrochloric acid (e.g. for compound 46 the overall yield could be
increased from 15% to 95%).

The condensation of 46-50 with substituted benzaldehydes after microwave irradiation led
to 1-alkyl-3-aryl-2,3-dihydro-1H-naphth[1,2-e][1,3]oxazines, which proved to be three-
component (rt-o-rc) tautomeric mixtures in CDCl; at 300 K, involving C-3 epimeric

naphthoxazines (B and C) and the open tautomer (A).

The influence of the alkyl substituent at position 1 on the ring—chain tautomeric equilibria
could be described by the Meyer parameter, and that of the aryl substituent at position 3 by
the Hammett—-Brown parameter (¢"). Linear equations were found that describe the double
substituent dependence of the equilibrium constants for both the trans—chain and cis—chain
equilibria. The slopes of the Meyer parameter V* for the frans and cis forms displayed a
significant difference, which was explained in terms of an alkylsubstituent-controlled

stereoelectronic effect in the frans ring form.

This analysis of the disubstitution effects of R (alkyl) and X in 1-alkyl-3-(X-phenyl)-2,3-
dihydro-1H-naphth[1,2-¢][1,3]oxazines on the ring-chain tautomerism, the delocalization
of the nitrogen and oxygen lone pairs of electrons (anomeric effect) and the calculated "*C
NMR chemical shifts permitted an explanation for the experimentally observed

stabilization difference between the trans (B) and cis (C) ring forms.

Multiple linear regression analysis of the calculated overlapping energies for the lone pairs
of electrons on the nitrogen and oxygen atoms showed that the relative stability difference
between the two ring forms is a result of an alkyl substituent-induced quantitative

conformational change in the naphthoxazine ring system. Analysis of the BC NMR
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chemical shift changes induced by the substituents (SCS) for C-1 and C-3 revealed that, as
a consequence of the alkyl substituent-dependent small conformational changes, the
substituent-dependent anomeric effect predominates in the preponderance of the trans over

the cis isomer.

Four new aminomethylnaphthols 60, 61, 65 and 66 were synthetized in good yields by the
condensation of 1- or 2-naphthol with 1- or 2-naphthaldehydes in the presence of

ammonia, followed by acidic hydrolysis.

The condensations of 60, 61, 65 and 66 with paraformaldehyde, 4-nitrobenzaldehyde,
phosgene or 4-chlorophenyl isothiocyanate led to 1-naphthylnaphth[1,2-¢][1,3]Joxazine and
4-naphthylnaphth[2,1-¢][1,3]oxazine derivatives. In the first stage of the transformations of
60, 61, 65 and 66 to heterocyclic derivatives, an sp2 carbon (C-3 or C-2) was inserted
between the hydroxy and amino groups (condensation with phosgene resulting in yields of
40-86%, and that with 4-chlorophenyl isothiocyanate in good yields of 67-82%). The ring
closures of aminonaphthols 60, 61, 65 and 66 with oxo compounds (i.e. the insertion of an
sp’ carbon) resulted in naphthoxazines (condensation with paraformaldehyde or 4-

nitrobenzaldehyde) in really good yields 78-84%.

Compounds 83-85 and 87-89 in solution proved to be three-component tautomeric
mixtures. The tautomeric ratio was influenced by the steric hindrance of the aromatic rings
at position 1 or 4 and by the connecting position of the naphthyl rings at the same
positions. The conformational analysis revealed that the conformation of the oxazine ring
moiety depends on the hybridization of the carbon at position 3 or 2. The compounds
containing an sp’ carbon preferred a twisted-chair conformation, whereas the insertion of

an sp” carbon led to a nearly flat naphthoxazine ring moiety.
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Substituent Effects in the Ring—Chain Tautomerism of 1-Alkyl-3-arylnaphth-
[1.2-¢||1,3|oxazines

Dedicated to Professor Erich Kleinpeter on the occasion of his 60th birthday

Keywords: Aminonaphthols / Naphthoxazines / Betti bases / Substituent effects / Ring-chain tautomerism

Mew 1-[l-aminoalkyl)-Z-naphthols 8-11 have been synthe-
sised by the condensation of 2-maphthol with aliphatic
aldehydes in the presence of ammonia, followed by acidic
hyvdrolysis. The condensation of 7-11 with substituted
benzaldehydes after microwave iradiation led to
1-alkyl-2-aryl-2, 3-dihvdro- 1H-naphth[ 1,2-¢][1,3|oxazines,
which proved to be three-component (r-o-17) tautomeric mix-
tures in CDCly at 300 K. The electronic effects of the 1-alkyl
and 3-aryl groups cn the tautomeric ratios could be deter-
mined for both the nng™@™—chain and the nng®-chain equi-

libria with the aid of two-varant linear equations. A sigrafi-
cant difference was found between the coefficients of the
Mever parameter V®, which characterises the volume of the
portion of the allkyl substituent within 0.2 nm of the reaction
centre, for Ang™™—chain and ring®™-chain equilibria, and
this iz explained in terms of the sterecelectronic effect caused
by the alkyl substituent at position 1.

[ Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2006)

Introduction

The structures and reactivities of numerous five- and six-
membered, saturated, 1,3-X N-heterocycles (X = O, 5, NE)
can be characterised by the ring—chain tautomeric equilib-
ria of these heterocyeles and the corresponding Schiff bases.
Oxazolidines and tetrahydro-1.3-oxazines are the saturated
1.3-X M-heterocyeles whose ring—chain tautomerism  has
been studied most thoroughly. From quantitative studies on
their tautomeric equilibria, it has been concluded that the
tautomeric ratios for oxazolidines and tetrahydro-1,3-0xa-
zines bearing a substituted phenyl group at position 2 can
be characterised by an aromatic substituent dependence
[Equation {1)]

log Kx = pe* + log Kxop iy

where Ky is the [ring][chain] ratio and o* is the Hammett—
Brown parameter (electronic character) of substituent X on
the 2-phenyl group.!-]

The scope and limitations of Equation (1) have been
thoroughly studied from the point of view of the applica-
Bility of this equation in the case of complex tautomeric
mixtures containing several types of open andfor cyclic
forms, and the influence of the steric andfor electronic ef-

[a] Institute of Pharmaceutical Chemistry, University of Szeged,
P O Box 427, 6701 Szeged, Hungary
Fax: +36-62-345T05
E-mail: fulopiapharm.u-smeged hu
& EWILEY i -
— -“ InferScience

D 2006 Wiley-VWCH Verlag GmbH & Co. KiGaA, Weinheim

fects of the substituents at positions other than 2 on the
parameters in this equation. %

Our quantitative investigations on the ring—chain tauto-
meric equilibria of 1,3-diaryl-2,3-dihydro-1 H-naphth[1.2-
e|[1.3]oxazines have led to the first precise mathematical
formulae with which to characterise the effects of substitu-
ents situated elsewhere than between the heteroatoms. For
example, we have demonstrated that the tautomeric ratio is
influenced not only by the aryl substituent at position 3,
but also by that at position |. This additional stabilisation
effect was explained as an anomeric effect in the frans ring
form.Pl When the tautomeric equilibria of 3-alkyl-l-arvl-
2. 3dihydro-1H-naphth[1.2-¢][1.3]oxazines were analysed,
the results of multiple linear regression analysis of the
log Ky walues revealed a significant dependence on the in-
ductive effect of substituent Y {&g). which was further evi-
dence of the anomeric effect in the trans ring form P! Sys-
tematic quantitative investigations on the ring—chain tauto-
meric  equilibria of 24-diaryinaphth[2.1-¢][1.3]oxazines
have demonstrated an analogous inductive influence on the
ring™™=_chain tautomeric equilibria '

The sterecelectronic effect relating to the relative config-
urations of C-1 and C-3 in these naphthoxazines could orig-
inate from the aryl substituent at position 1. There appears
to be no published examples of the study of such effects of
an alkyl group at the same position. We therefore set out
to synthesise and investigate the substituent effects in a new
I 3disubstituted naphthoxazine model system bearing an

Eur. I Org Cham, 2006, 46644669
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alkyl substituent at position | and an aryl substituent at
position 3.

Results and Discussion

Omne hundred years ago, Betti reported a straightforward
synthesis of |-{e-aminobenzyl)-2-naphthol {the Betti base)
from 2-naphthol, benzaldehvde and ammonia "'l The Betti
procedure can be interpreted as an extension of the Man-
nich condensation, with formaldehyde replaced by an aro-
matic aldehyde, the secondary amine by ammonia and the
C-H acid by an electron-rich aromatic compound, such as
Z2naphthol 12 As 4 consequence of the potential utility
of Mannich-type phenolic bases the aminoalkylation of
naphthol derivatives is a subject of current chemical inter-
est.[1]

The classical Betti procedure has generally been confined
to the use of aromatic aldehydes (e.g. benzaldehyde) as the
aldehyde component'? and only a few examples are
known where benzaldehyde has been replaced by some
other aldehyde. For the synthesis of the desired model com-
pounds, our interest focused on the application of aliphatic
aldehydes in the Betti reaction. Formaldehyde was the first
aliphatic aldehyde to be used in this three<component reac-
tion.'3-14 For the preparation of 1-{l-aminoethyl)-2-naph-
thol, the classical Betti procedure was altered: the interme-
diate naphthoxazine was formed by refluxing 2-naphthol,
acetaldehyde and ammonia in benzene to give |3 -dimethyl-
23 dihydro-1 H-naphth[1.2-¢][1.3]oxazine. Acidic hydrolysis
of this led to 1< l-amineethyl)-2-naphthol hydrochloride in
an overall vield of 7021 A different synthetic pathway
was applied to produce |-(l-amino-2.2 2-trifluoroethyl)-2-
naphthel, namely the preparation of 1-[2,2.2-triflucro-141-
naphth-1-yl-ethylaminojethyl]-2-naphthol,  followed by
catalytic hydrogenation ['é-17]

In our experiments, naphthoxazines 2—6 were formed by
the condensation of 2-naphthol (1) and the corresponding
aliphatic aldehyde in the presence of methanolic ammonia
solution in absolute methanol at 60°C for 6-T2h
(Scheme 1). The acidic hydrolysis of 2—6 led to the desired
aminonaphthol hydrochlorides 7-11 in low yields in a two-
step process. The overall vield was improved considerably
when the solvent was evaporated off after the formation of
the intermediate naphthoxazines (2-6) and the residue was
directly hydrolyzed with hydrochloric acid {eg. for com-
pound 7 the overall vield could be increased from 15% to
Q5%G).

Because of the instability of the Betti base derivatives,
compounds 7-11 were isolated as hydrochlorides, which in
subsaquent transtormations were basified in situ with tri-
ethylamine. The condensation of aminenaphthols 7-11 with
one equivalent of aromatic aldehyde in absolute methanol
in the presence of triethylamine at ambient temperature did
not lead to the formation of the desired naphthoxazines.
This failure was followed by a more modern attempt to syn-
thesise our target compounds: microwave irradiation treat-
ment!® was tried. and in this way the preparation of 12—

Eur I Qg Chem, D006, 46644665
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Scheme 1.

16 was successful. After the controlled microwave agitation
(CEM microwave reactor, 10 min at 20 °C), the mixture was
left to stand at room temperature to crystallise.

The 'H NMR spectra of 12-15 reveal that, in CDCl;
solution at 300 K, the members a-g of each set of com-
pounds 12-15 exist in threecomponent ring—chain tauto-
meric mixtures containing the C-3 epimeric naphthoxazines
(B and C) and also the open tautomer {A). The proportion
of the ring forms decreases as the alkyl substituent at posi-
tion | becomes more bulky, Accordingly, for some |-isopro-
pyvl-3-arvlnaphthoxazine derivatives (15) the proportions of
the ring forms (B and ) were close to the limiting error
and in the case of 16 only the derivatives 16a, 16e and 160
were synthesised. As expected, ring forms B and C of com-
pounds 16 {Scheme 2) were not found at all in the tauto-
meric mixture. In order to acquire reliable results, more
sample data were needed and the series of compounds was
therefore expanded to include naphthoxazines 18. The tau-
tomeric behaviour of analogues 18 (18a, 18d—g) iz known
from the literature, but compounds 18k and 18¢ were absent
and were therefore synthesised according to Scheme 3.1

Table 1 shows the proportions of the diastereomeric ring
forms (B and C) from the tautomeric equilibria of 12-16
and 18, as determined by integration of the well-separated
O-CHAr-N (ring) and N=CHAr {chain} proton signals in
the 'H NME spectra. As a consequence of the very similar
NMERE spectroscopic characteristics of [-alkyl-3-aryl-2,3-di-
hydro-1H-naphth[l 2-¢][1.}]oxazines 1216, only the data
fior 12a were chosen to illustrate the '"H NMR spectra of
the prepared tautomeric compounds (see Exp. Sect.).

To study the double substituent dependence of log Ky
and log K-, the following Hansch-type quantitative struc-
ture-properties relationship model equation [Equation (2)]
was set up

log Kgue = k + g® PR + p%g™ (2}

where K = [BJTA]. Kz =[C)[A]. P® is an alkyl substituent
parameter and ¢** is the Hammett-Brown parameter of
the aryl substituent at position 3. In order to find the accu-
rate dependence of log Kpic, three different alkyl substituent
parameters were studied: E; (calculated from the hydrolysis

W RO 0TE 4665
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R MHzHCI

R=Et
R =P
R = Fr;

R = {Bu:

Scheme 2

1la-gB
13a-gB
14a-gB
15a-gB
16a-gB

12a-gh 12a-gC
13la-gA 13a-gC
1da-gh 14a-gC
15a-gA 15a-gC
16a-gA 16a-gC

X=pNOga, m-Cl b, p-Bri ¢ p-Clod; H o) p-Me: |, p-OMe: g

or aminolysis of esters)™ and two other steric parameters
that are independent of any kinetic data, namely v, derived

from the van der Waals radii. ™! and 7, the volume of

the portion of the substituent that is within 0.3 nm of the

reaction centrel*2]

=
n I3
)
= %y U
o
1Ba-gB
Scheme 3,

Multiple linear regression analysis of Equation (2) was
performed with the SPSS statistical software, and a value
of 0.05 was chosen as the significance level [**l Good corre-
lations were found for all three alkyl substituent parameters.
The linear regression analysis data for the series 12-15 and
I8 are given in Table 2. The best correlations were ohserved
for the Meyer parameter (7*) of the alkyl substituents, and
this was used for the further examinations.

Table 2. Multiple linear regression analysis of log Ky and log K-
values for 12-15 and 18.

k o i r

12-1518B—=12-15184 0605 -0.320 0848 0963

12-1518C-12-15.184 0412 0464 0087TE 0094
II-1518B- 1215184 0.600 0943 0809 0938
12-1518C- 1215184 0.524 1442 0B8Rl 0892
12-15 1881215184 0624 -2.250 DB 0946
12-1518C- 1215184  0.516 -3356 08RG 0994

T T OEE
i
fn

1]
=

The parameters given in Table 2 indicate that the tauto-
meric intercomversion (e.g. log Kp and log K- values) can be
described by using two substituent parameters ( }* and o),

Tatle |. Proporticns [*4] of the ring-closed tautomerc forms (B and ) in tautomeric equilibria for compounds 12-16 and 18 (CDC,,

200 K.
1% 12 12 14 15 16

R H Me Et Pr iPr iBu

Ta ] 284 4.31 478 574 T.16
Compound X a* B B C B C B C B C B C
a p-NO, 0T 052 T0.3 10.0 0.4 48 60,3 4.4 20 i il L]
b m-C1 0.40 B6.5 2.8 1.7 213 6.8 253 2.6 a5 2.5 - -
[ p-Br 0.1s g1 305 6.0 26.5 7 234 1.5 1.2 0.7 - -
d p-Cl 0.11 To4 304 6.3 252 22 24.8 1.5 1.8 1.1 £ —
e H ] 723 0.4 52 18.4 19 128 (] (] i) il =il
f p-Me 03] ) 18.0 25 116 () a1 ] el i) el L]
r pOMe 078 4354 10.9 1.7 35 =) 19 (] ) ) - -

4666 WWWL BT OTE

2006 Wiley-WCH Verlag GmbH & Co. KGaA, Wainheim
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which means that, when log Ky or log £ is plotted against
the Meyer parameter { 1) and the Hammett—Brown param-
eter (7%), a plane can be fitted to the data points (Figure 1,
a and b).

Figure 1. (a) Plots of logKy for 12-15B and 18R va Meyer (1)
and Hammett—Brown parameters (a%). (b) Plots of log K- for 12—
15C and 18C vz Meyer ( P and Hammett—Brown parameters (o).

The slopes of the alkyl substituent parameters {p®) for
the equilibria B=—A and C=A exhibit a significant differ-
ence (0320 vs. 0.464). This difference can be explained
bv an additional stabilisation effect caused by the alkyl sub-
stituents.

Conclusions

Mew alkyl-substituted Betti base analogue aminonaph-
thols have been synthesised from aliphatic aldehydes The

Eur & Org Chem. 2006, 46644669

2006 Wiley-WCH Verlag GmbH & Co KGaA, Weinheim

reactions of these aminoalkylnaphthol derivatives with sub-
stituted benzaldehydes lead to l-alkyl-3-aryl-2,3-dilydro-
| H-naphth[1.2-][1.3]oxazines, which have proved to be
threecomponent tautomeric mixtures in CDCly at 300 K,
involving C-3 epimeric naphthoxazines (B and ) and the
open tautomer (A). The influence of the alkyl substituent
at position | on the ring—chain tautomeric equilibria can
be described by the Meyer parameter, and that of the aryl
substituent at position 3 by the Hammett—Brown parameter
(*). Linear equations have been found that describe the
double substituent dependence of the equilibrium constants
for both the rrams—chain and cis—chain equilibria. The
slopes of the Meyer parameter 7 for the wrams and cis
forms display a significant difference, which is explained in
terms of an alkyl-substituent-controlled sterecelectronic ef-
feet in the srans ring form. Theoretical examinations of this
alkyl substituent effect and its connection with the pre-
ferred geometry (relating to the relative configurations of
C-1 and C-3) are still in progress.

Experimental Section

Melting points were determined with a Kofler micro melting appa-
ratus and are uncorrected. Elemental analyses were performed with
a Perkin—Elmer 2400 CHNS elemental analyser. Merck Kiesegel 80
Fiz4 plates were used for TLC. The 'H and "*C WME spectra were
recorded in Tl or in [D]DMS0 soluton at 300 K with a
Bruker Avance DEX40 spectrometer at 40013 (‘*H) and
10061 MHz ('*C). Chemical shifts are given in & (ppm) relative to
TMS as mternal standard. For the equilibria of tautomeric com-
pounds to be established, the samples were dissolved m CDCL; and
the solutions were allowed to stand at ambient temperature for 1 d
before the 'H MMR spectra was run. The number of scans was
usually 64

Geperal Method for the Synthesis of 1-Aminoalkyl-2-naphthols 7-
11: The appropriate aliphatic aldetyde (62,5 mmel) and 25% meth-
anchc ammonia solution (20 mL) were added to a solution of 2-
naphthol (1; 3.6 g, 25 mmel) in absolute MeOH (30 mL}. The mix-
ture was then stirred at 60 °C for 4-72 h. The MeOH was removed
under reduced pressure and intermediates 26 were suspended in
10 HCL (210 mL). The mixture was stirred and heated for 3 h at
60 °C, and the solvent was evaporated off The crystalline hydro-
chlonde of T-11 that separated cut from EvOAc (50 mL) was fil-
tered off, washed with CHCl; and Et,0), and recrystallised from
Et. O/MeOH (4:1).

1-41- Aminocthyl)-2-naphthol Hydrochloride (Th: Condensation time:
4 h. White crystals, 3.02 g (053%), m.p. 210-212 °C. '"H NMR {[D.]-
DMSO): 8= 162 (d. J= 6,55 He, 3 H, CH,), 507517 im. | H,
CH;CH), 7.28-7.3 (m, 2 H, naphthyl), 7.32 (t. J=T7.355Hz, | H,
naphthyly, 7.80-7.87 (m, 2 H, naphthyl ). 7.98 {d, J =836 Hz. | H,
naphthyl), 8.28 (s, 3 H, MH;). 1084 (s, | H, OH) ppm. VT NME
([D]DMSO & = 154, 444, 1151, 1186 1214, 1228, 127.0,
128.0, 128.7, 1200, 1314, 1536 ppm. CpH fCIN0 (223,70): calcd.
C 443 Hall, N a2 found C 6450, H 633, N 6.27.

1-1- Aminopropyl)-2-naphthol  Hydrochloride (8  Condensation
time: 3 h. White crystals, 2.37 g (42%), m.p 191-193 *C. '"H NME
([Dr]DMSO: 6 = 079 (t, J = 7.55 Hz, 3 H, CH3), 2.07-2.19 {m. 2
H. CH2), 4.94 (m, 483494, | H. CH), 7.33 (t, J = 7.55 Hz, | H,
naphthyl), 7.39 (d. J = 856 Hz, 1 H, naphthyl), 7.50 (t, J = 7.535 Hz,
I H. naphthyl), 7.83 (t, J = 806 Hz, 2 H, naphthyl), 8.02 {d, J =
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8,56 Hz, | H, naphthyl), 8.32 (s, 3 H, MNH;). 1087 (s | H, OH)
ppm. "C NME ([DJDMS0): & = 1005, 252, 1136, 1184, 1217,
1226, 1268, 1279, 1287, 13000, 1226, 1538 ppm. C3H CINO
(237.73): caled. C 6563, HATR M 589 found C 6545, HATT. N
580,

1-{1-Aminobuty[)-2-naphthol Hydrochloride (9): Condensation time:
72h. White crystals, 1,71 g (27%). m.p. 202-204°C. 'H NMR
([DJDMSO): 8 = 0.82 (1. J = 7.55 Hz, 3 H. CH,), 0.98-1.13 (m, |
H, CHsCHy), 1.25-140 (m. | H, CH,CHy), 1.98-2.18 (m, 2 H.
CH.CH). 499 (s, | H, CH,CH), 7.19-7.52 (m, 3 H. naphthyl), 7.82
(t, J =906 Hz, 2 H, naphthyl), 7.99(d, J= 8§56 Hz, | H. naphthyl).
820 (s 3 H, NH;). 1082 (s, | H, OH) ppm. *C NMR ([D,}-
DMSO): & = 138, 189, 34.2, 1139, 1185 1219, 1224, 126.9,
127.9, 128.7 129.9, 133.0, 153.9 ppm. C,,H,;CINO (251.75}: calcd.
C 66,79, H 7.21, N 5.56; found C 66,81, H 7.22, M 5.57.

1-{1-Amino-2-methy lpropylj-2-naphthol  Hydrochloride (10): Con-
densation time: T2 h, White crystals, 503 g (30%), m.p. 229-
12 'H NMER ([DJDMS0): § = 065 id. J = 604 Hz, 3 H.
CH, LIS (d. J=656Hz, 3 H, CH,). 2260(s | H, CH.CH). 4.63
(s, | HCH,CHCH), 7.31 it, J = 7.03 Hz, 2 H. naphthyl), 7.41 (s,
| H, naphthyl), 7.82 (t, J = 9.06 Hz, 2 H. naphthyl), 8.01 (4, J =
805 Hz, | H, naphthyl) ppm. “C NMR ([De]DMSO): 6 = 10.8,
W4, 541, 1142, 1185, 1218, 1226, 1268, 1274, 1287, 120.0,
1329, 1538 ppm. ) H, gCINO i 251.75) caled. C 6679, HT21. N
5.56; found C 6631, H 7.19, N 555

141-Amino-2,2-dime thylpropyl)-2-maphthol Hydrochloride (11): 2-
Maphthol: 056 g ( 3.88 mmol); condensation time: 72 h. White crys-
tals, 0.3 g (38%), m.p. 236-220 *C. 'TH NME ([[}]DMSO): & =
104 [5. 9 H, (CH,),C). 4.86 (d, J =403 Hz, | H, CCHHN), 7.318
(t.J/ =755 Hz. | H.naphthyl), 7.39(d, 7 =907 Hz, | H, naphthyl},
749 (t, J = 7.55Hz, | H, naphtiyl), 782 (d, J = 9.06 Hz, 2 H,
naphthyl), 504 (d, . = 8.56 Hz, | H, naphthyl), 8.21 (5. 3 H. MH;),
10,80 (s, 1 H, OF) ppm. “C NMR ([DJDMSO): & = 283, 370,
577, 1132, 119.8, 123.4, 123.7, 127.5, 128.8, 129.5, 130.9, 134.3,
15349 ppm. C)HagCINO (265.2): caled. © 67.72, H 7.54, W 5.2T;
found C 6749, H 7.53, N 5.28

General Methed for the Syathesis of 1-AlkyE3-aryl-2, Ldihydro-1H -
naphth|1.2-e][L. Xoxazines (12-16 amd 18): The aminonaphthol
(039 mmol), one equvalent of XN-substituted benzaldehyde,
1.1 equiv. of Et;IN and absolute MeOH (7 mL) were mixed in a 10-
mL pressurized reaction vial, which was heated for 10 min at 80 °C
in a CEM microwave reactor. The crystalline product was filtered
off. and washed with MeOH. All of the new compounds 12—-16 and
18 gave satisfactory elemental analysis data (C, H. N 20.3%), The
compounds were recrystallised from Pro0) The physical and ana-
Iytical data for compowunds 12-16 and 18 are listed m Table 3

As regards the similanties in the '"H NMME spectmscopic data, a
full characterisation is reported only for compound 124, The 'H
MME chemnical shifts of the charactenste O-CHAr-N protons of

Table 3. Physical, analytical and MME spectroscopic data for naphth[l,2-¢][1. Moxazines 12-16 and 18

Compd. M.p. Yield Formula MW Elemental analysis & [ppm]
[FC] [%4] C found (caled.) H found (caled.) M found (caled)) W=CH MN-CH-O MN-CHO
(A (B) ic)
12a 155-158 64 CyH M0y 320035 TLM(TLH4) 5.04 (5.03) BT518.74) B.A2 G135 573
1Zb 135-138 5% CyH CING 308,80 TA.02 (T3.066) 52K (5.21) 4.52 (4.52) B4 G603 5460
12c 176-178 51 CyH s BrMO 354,25 6465 (64.42) 4.53 (4.55) 384 (3.95) B.42 Gl 558
12d 178-180 G0 CyH (CING 308,80 TA46 (TA66) 522 (521) 4.51 i4.52) 244 603 5460
12e 115-121 56 CpgHp MO 27535 &3.05 (82.88) 6.23 (6.22) 511 (5.09) B.46 .06 553
121 145148 = CoH MO 282,38 83,55 (83.01) 653 (6.62) 4.85 (4.84) B.42 604 559
12z 131-132 &7 CoH MOy 30538 T856 (T8.06) 6.28 (6.27) 4.58 (4.59) 241 G006 5462
13a 121-124 71 CoH gM 20y 33438 T2.01(71.54) 542 (5.43) 839 (8.38) B.56 .09 572
13b 145-145 33 CorH g CINO 323,83 F3.00 (74.18) 5.62 (5.60) 434 14.33) 838 597 579
13c o7-100 55 CoH g BrMO 368,28 GE32(65.13) 4.91 (4.93) 3.80 (3.20) BAT 5095 557
13d I70-172 32 ConH pCINO 323,83 T442(74.18) 562 (5.60) 434 14.33) B.A7 5.99 5460
13e 158-160 56 CoH MO 288,38 319 (23.01) 6.62 (6.52) 4.23 4.84) 42 602 5462
131 181-185 15 CyHyMO 30341 82,80 (83.13) 6,88 (6.89) 4.63 (4.62) BT 508 -
132 la0-163 42 CyHyMOy, 31941 7913 (78.97) 6.54 (6.53) 441 4.39) 832 .96 -
14a 133-136 76 CoyHagM 20y 34240 T216 (T2.40) 580 (5.79) 804 (B.04) B.52 608 568
14b 114-116 33 Co HaCINO 33754 T4.BZ (T4.066) 598 (5.97) 4.14 14.15) B8 599 541l
14c 145-150 47 Cy HapBrHO 382,20 GO (66, 14) 52T (5.28) 365 (3.66) 8.6 508 558
14d 122-125 43 Ty HaTIND 33740 T4.80 (T4.66) 587 (5.97) 4.14 1415 B.AE 599 5460
14e 101-103 20 CyHyMO 30340 83,53 (83.13) .55 {6,958 ) 4.62 (4.52) 241 G603 -
141 126-130 21 CoaHaMO 31742 2374 (83.24) 7.2 (7.30) 4.40 14,41} B35 600 -
14g 125-131 3% CoaaHaMOy 33342 T2.96 (79.25) 6.96 (6.95) 4.21 {4.20) 832 599 -
15a 135140 52 CyHagM20y 34341 T2.68 (T7240) 593 (5.79) B.01 (8.04) 8.51 6.19 -
15h 153-1535 48 Cy HaCIMO 33785 T4.30 (74.66) .05 {5.697) 421 14.15) B a0 551
15c 121-125 36 Ty HapBrMO 382,30 GETO (65.98) 507 (5.27) 3.50 (3.66) B4 608 551
15d 135-141 45 Cy HaCIMO 33785 T4.93 (74.66) 5.43(597) 410 4.15) B35 a0 552
15e 125-129 34 CyHyMO 30341 S3.11183.24) 7.32(7.30) 4.59 i4.41) B - -
151 120-123 16 CoaHaMO 28838 2341 (83.00) 6.42 (6.62) 4.71 (4.84) 833 - -
152 106-108 26 CpaHaMOy 33343 TOT (79.25) G759 (6.95) 4.32 (4.20) B.29 - -
l6a 138-140 61 CaaHaM 0y 36242 T3.16 (72.91) 6.1206.11) T.73(7.72) 851 - -
16e led-166 &1 CoaHaMO 31742 2341 (85.24) T3L{7.30) 442 14.41) B39 - -
161 145-147 73 CraHasMO 33145 83,19 (83.34) 7.61 (7.60) 4.22 (4.23) B.29 - -
18h 106-110 64 CrgHpCIMG 29576 T2O5 (TR 10) 4.76(4.76) 4.754.74) 43 B4 -
18c 171-172 93 CrgHpBrHo 340,21 63.66 (63.53) 4.14(4.15) 4.12 (4.11}) B.46 585 -
4668 WWWL BT O & 2006 Wiley-ViCH Verlag GmbH & Co. KiGaA, Weinheim Eur & Org Chom 2006, 46644669
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each tautomeric form for compounds 12-16 and 18 are given in
Table 3.

1-Methyl-3-p-ni mop heny -2, - diliydro- 1L -naphth|1, 2-2][1, Xjoxazine
(12ay: A tautomeric mixture of Schiff base 12aA (19.7%), cis-ring
form 12aC (10%) and srans-ring form 12al (70.3%). Selected sig-
nals: '"H MMR (CDCl;, 300 K): 8 = 472 (g, J = T05Hz, | H,
CHCHM, Schaff base), 5.06 (g, J = 5.04 Hz, 1 H, CH,CHM, cis),
358 (g, J =T7.05Hz | H, CH,CHNH. Schiff base), 5.73 (s, | H,
NCHQ, cis), 6.15 (s, 1 H, NCHO, srans), 8.62 (5. 1 H, NCHO,
Schiff base) ppm. C NMR (CDCly, 300 K): 6 = 22.5 (rrans), 22.8
(i), 23,1 (Schff base). 4358 (rrans), 47.9 (ciF), 668 (Schiff base),
B0.T (rrans), 855 (cds), and [38.8 (Schuff base) ppm. Assignments
of the aromatic region could not be made because of the low con-
centrations of B and C and the ovedapping nature of the signals.
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Study of the Substituent-Influenced Anomeric Effect in the Ring-Chain
Tautomerism of 1-Alkyl-3-aryl-naphth|1,2-¢||1,3]oxazines

Istvan Szatmari,”®! Diana Toth)*! Andreas Koch,™ Matthias Heydenreich, ™
Erich Kleinpeter,™ and Ferenc Fiilop*!*!

Keyvwords: Naphthoxazines [ Conformational analysis / Ab initio caleulations / NBO analysis / Anomeric effect / Ring-

chain tautomerism.

The stabilities of the #rans (B) and o= (C) tautomenc nng
forms that are expenimentally cbserved in the ring-chain tau-
tomenc interconversion of l-alkyl-3-aryl-2,3-dihydro-1H-
naphth[l,2-¢][1,3]ocxazines has been investigated. Stability
differences are explained by the analysis of the natural bond

orbital results for the lone pairs of electrons that are on the
heteroatoms in the cxazine ring system and by regression
analvsis of the calculated *C MNME chemical shift values,
[ Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2006)

Introduction

The general rules relating to the interactions of electronic
orhitals in space (sterecelectronic effects) are important for
the comprehension of molecular properties and general
chemical reactivity!"! In many cases, hyperconjugation in-
fluences conformational equilibria *—1 modifies reactiv-
itv.*#1 determines the selectivity of reactions”] and is en-
hanced dramatically in excited, radical, and ionic species '

Lone pairs of electrons on oxygen. nitrogen, sulfur, and
other heteroatoms are particularly well-suited for the role of
donor in hyperconjugative interactions and stereoelectronic
effects, and their participation is well-documented in the
scientific literature. Arguably, among these interactions, the
most intensively studied effect is the anomeric effect. 11

Recent studies indicate that the substituent-dependent
anomeric effect plays an important role in the observed sta-
bilities of two specific geometries of the same molecule. In
particular, the anomeric effect is instrumental in two-glec-
tron, two-orbital hyperconjugative interactions that results
in an excess of stabilization energy!'*!

The hyperconjugative interactions of the nitrogen lone
pair of electrons with the C2-associated antibonding orbital
have been experimentally observed to be substituent-

[a] Institute of Pharmaceutical Chemistry, University of Szeged
and Research Group for Heterocyclic Chemistry, Hunganan
Academy of Scences, University of Szeged.

PO Box 427, 6701 Szeged. Hungary
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LJ Supporting information for this article is available on the

 WWW under http2fwaweurjoc.org or from the author.
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S ﬁ InferScience

@ 2006 Wiley-WCH Verlag GmbH & Co. KiGaA, Weinheim

dependent.'*! The epimerization reactions of conforma-
tionally inflexible 2-aryl-1,3- N, N-heterocycles could be used
as model systems for the determination of the role of the
nitrogen lone pair of electrons in relation to the anomeric
effect.

We pointed out earlier that in the ring-chain tautomeric
interconversion of 1Y -pheryl)-3-{ X-phenyl)-2. 3-dihydro-
| H-naphth[1.2-¢][1 3 Joxazines and 1-Y-phenyl)-3-alkyl-1-
aryl-2.3-dihydro-1 A-naphth[1,2-¢][1.3]oxazines, the experi-
mentally observed differences between the stabilities of the
two ring forms could be explained by the substituent-de-
pendent anomeric effect caused by the aryl substituent in
the l-position.[¥]

In the present work, we set out to extend the application
of the concept of the anomeric effect by the exploitation of
the tautomeric equilibrium that exists for -alkyl-3-aryl-2,3-
dihydro-1 H-naphth[l,2-¢][1.3]oxazines (1-5, Scheme 1). We
also hoped to demonstrate from the regression analysis of
the log & values, with 7 (the Mever parameter, which char-
acterizes the volume of the alkyl substituent at the 1-posi-
tionj'¥ and o+ (the Hammett-Brown parameter, which
characterizes the electronic behavior of the aryl substituent
at the 3-position) as independent variables, that the signifi-
cant difference between the slopes of the F* values for the
ring;mms~chain  [Equation (1)] and ring .<hain [Equa-
tion {2)] equilibria {(—0.32 versus —0.46) can be explained by
substituent-dependent  sterecelectronic  stabilization  ef-
fects '™ The synthesis of model compounds 1-alkyl-3-arvl-
naphth[l,2-¢][1 3]oxazines 1-5 (Scheme |} was previously
described. ]

log Kp = 061 —032F® + (.83 (1

log Kz = 041 0468 + 09857 (2

Eur. J Org Cham, D006, 46704675



57

Study of the Substituent-Influenced Anomeric Effect in Ring-Chain Tautomerism

FULL PAPER

= Fa o
i % r n X a H 4
R .Ni"_!"-. \E e i "'\T' \I/%/
g % S OH Y’
H.\_\_,-;:’-Ew e = . u.,ﬁ"
R=H 1Bag 1As-g
R = e 2Bag 2Aa-g 2Ca-g
R=Et 3Ba-g Iha-g 3Ca-g
R=@Pr 4Ba-g difa-g 4Ca-g
= iPr SBa-g Sha-g SCa-g

X = pMy a; meCl: by peBre g peCE d ML e p-Me 1 p-Ola: g

Scheme 1.

Results and Discussion

Computational Methods

The conformational search protocol involved PM3 ge-
ometry minimization, followed by geometry optimization
without restrictions. All calculations were carried out with
the Gaussian 03 program package!'¥ The density func-
tional theory (DFT) caleulations include electron corre-
lation effects. This is important for the analysis of electron
delocalizations. The BALYPUSI DFT hybrid method and the
6-31G*PY double zeta split valence basis set were used for
all calculations,

The natural bond orbital population analysis and all of
the properties — the coupling constants and the chemical
shifts — were caleulated at this level of theory

Calculated "H- and '*C NMR chemical shift values were
measured as the difference in the magnetic shielding of tet-
ramethylsilane relative to the studied compounds.

The melecular modeling software package SYBYL 7.1
was used to display results and geometries [SYBYL 7.1,
Tripos Inc. 1699 South Hanley Rd. St. Louis, MO 2005].

Conformational Analysis

Because sterecelectronic interactions are highly depend-
ent on the geometry of the studied molecules, a thorough
conformational analysis was performed. Our goal was to
determine the predominant geometry for all of the models.

The relevant calculated conformations that can be attrib-
uted to nitrogen—ring inversions of 2al and 2aC, as exam-
ples, are shown in Figure 1. Chemieal shift values and coup-
ling constants were calculated at the same level of theory:
selected bond lengths (for comparison with NOE measure-
ments) and NMR parameters are given in Table 1.

In the analysis of 2a, the strong NOE interaction be-
tween the Cl-Me protons and C3-H (for B) or between C1-
H and C3-H {for C) predicted the presence of By and Ba,
or €y and C, geometries, respectively (Table 1, Entries |
and 2). The only difference between B, and B,, or ', and
(3 is a nitrogen inversion. To decide between the By and
or the By and C3 geometries, the *J coupling constants be-
tween N-H and C1-3-H of 1a that are observed with low
temperature 'H NMR techniques {CD2Cly, 173 E) should
be taken into account. These values (Table |, Entriez 3 and
4y were in very good agreement with the coupling constants

Eur 1 Org Chem. 2006, 46704675

& 2006 Wiley-¥WCH Verlag GmbH & Co. KGaA, Weinheim

caleulated for conformers By and Cy. This finding, together
with the comparison of the energy values (the data were
caleulated for the full set of compounds, but are only shown
for 2a; Figure 1) allows for the conclusion that, for all of
our model compounds, By and € are the global minimum
conformers.

The NME calculations were performed at the BALYP/6-
3G* level, with geometries optimized at the same level.
Table | {Entries 5-8) summarizes the measured and calcu-

g

A= 000 kenlimal
Iak,

Al =00 keal'miol
aC,

Af =28 kealimol
Zal,

AF =22 keal'mol
2,

|
- r—ﬂ
',,Efrf =-r"“" -

&
"

Ak =39 kcalimaol Ad =38 keal'mol

Zal, ad,
1
A
1
AE=R.1 kcalimal AE =76 keal'mol
Zall, 2aC,

Figure |. Calculated global energy minimuam conformations for 2a.
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Table |. Some measured and caloulated MME parameters for 2a.

Entry Parameter 2aBlr] 2aR, 2aB, [ 2aB.Ib ZaB, bl 2all] 2aiz, b Tall,lk 2aill,lk ZalC, Ik

1 Ay e ca gl yes 278 4.0 283 443 = = e & =

2 de g cr = - - - — yes 277 4.04 231 4.07
3 TR e 4,611 4.80 1™ 1.0l 342 .80 137 4.08 513 1.22
4 e 14,201 12,84 484 0.58 2.53 14,001 1285 6,53 0,83 1.24
3 LR 465 4.51 4.5 471 466 a0l 02 4.31 4.08 4.58
6 . — 606 613 583 503 5.8l 566 560 .04 543 6.00
7 dey 458 48.3 440 480 447 479 48.0 468 0.8 46 6
g dea 20T T8.5 817 gl6 822 855 REN 2.0 85.7 8.8

[a] Measured MMRE parameters. [b] Calculated NME parameters. [¢] Observed NOE interaction/calculated distances. [d] The coupling

constants were measured m CD:C1; at [T3EK.

lated 'H NMR (Cl-H and C3-H) and *C NMR {C] and
C3) chemical shift values for 2a.

Matural Bond Orbital (NBOJ Analysis

The extra stabilization of the conformers that is observed
with alkyl substituents in the l-position of the frans ring
form, indicated by the slope values {-0.32 versus —0.46)['7
may originate from a substituent-dependent stereoelec-
tronic effect. Analysis of the delocalization energy contri-
butions to this effect is a complex problem that can be tack-
led through a second-order perturbative analysis of the ele-
ments of the Fock matrix elements in the frame of the DFT
hybrid method in the NBO basis.

The NBOPY calculations were performed at the B3LYF
6-31G* level, with geometries optimized at the same level.
The solvent effect can be taken into account with a self-
consistent reaction field method. The self-consistent isod-
ensity polarized continuum model (SCIPCM)E used the
isodensity surface of the electron density, which was influ-
enced consistently by a dielectric continuum outside the
molecule. The solvent effect was checked for series of com-
pounds 12 jdata not included). A dielectric constant & =
4.81 (chloroform) and a value of 0.0004 a.u. for the isodens-
ity surface were used in the calculations. The difference be-
tween the epimerization energy without a solvent effect
(AEp ¢ = 112 kealfmol) and that including a solvent effect

(AR o = 1.2] keal/mol) was found to be (.08 keal/mol for
the most polar compound 12a; in further calculations, the
effect of the solvent was neglected.

We were interested in the substituent dependence of the
caleulated MBO parameters. The caleulated occupancy val-
ues (Tahle 51) and the energies for the overlap (Tables 52—
54y of the lone pairs of electrons on the nitrogen and oxy-
gen atoms are given in the Supporting Information. Ac-
cordingly, multiple linear regression analysis of these values
as dependent variables (DV), with I and o+ as independent
variables, was performed with SPSS statistical software ac-
cording to Equation {3). A value of 0L05 was chosen to de-
note the level of significance[**]

DV =k + g 1+ oo (3

The caleulated occupancy values indicate the level of
overlap (%) with different antibonding orbitals. Compari-
son of the results of the regression analysis for the level of
overlap of the lone pair of electrons (#) on the nitrogen
atom {Table 2, Entry 1) for the trans (B) and cis (C) ring
forms revealed a somewhat higher slope for the B form
{0.12 wversus 0.04) compared to that of . This was in ac-
cordance with our experimental findings!'™ It was also con-
cluded that the extra stabilization energy could result from
a complex sterecelectronic interaction between ny and the
vicinal antibonding orbitals. Hence, regression analysis of
the overlapping energies (keal/mol) was performed for the

Table 2. Multiple linear regression analysis of the cocupancy and overlapping energy values for the lone pair of electrons on the nitmogen

atom as dependent variables according to Equation (3) for 1-5.

Drependent variable C

Entry (W) k o ot r k ol o~ r
1 Oecu pancylal 1047 0.12 -0.12 0.906 10.51 0.04 -0.11 0.774
2 Hp— T 251 —0.13 k] 0.702 - - - -
3 ATy 692 —0.13 .11 0,040 6.75 —i0.20 —IE] 0.933
4 Rp— T % - - - - 260 0.13 -1k 0.905
3 0% 0n.7a 0.09 —I¥] 0.746 0.79 —0.01 .03 0.751
& M0 078 0,03 0.035 0546 0.87 0.03 -1 0.764
7 Hr— 0y 15.93 .10 .18 0.781 1600 0.07 —0.19 0.795

[a] Faor regression analysis, the ratios of the occupancy values m % were used. [b] Insignificant (sigmificance value = 0.05),

4672 W ST S
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six possible vicinal antibonding orbitals {three around Cl
and three around C3). The results showed that the overlap
of ny with the antibonding orbital of the C1-R bond {o*))
in B or the Cl-H bond (5%4) in C had relatively similar
intensities (around 2.6 keal/mol; Table 2, Entry 2). The op-
posite slope can be explained by the change in the relative
configuration of Cl and is in accordance with the experi-
mental findings!'7! The overlap of mq with o*; in B and the
corresponding overlap in C {Table 2, Entry 3) showed sim-
ilar intensities and similar tendencies.

The low intercept values of C (0.79 and 087, respec-
tively; Table 2, Entries 5 and 6) and the slope (around 0)
indicate that, around C3, the most important and the
strongest overlap ocours in the direction of the most polar
C—0 (v) bond (Table 2, Entry 7). Mo comparable difference
was observed between ring forms B and C either in the
slope of ¥ or in the slope of a*. The value of 0.1 for
can be explained by the small inductive influence of the
alkyl substituents. The slope of o*, which is double the ex-
pected value, can be the result of the polarization of bond
vi, induced by substituent X,

From the analysis of the overlapping behavior of ny, the
additional stabilization of the conformers that is observed
when alkyl substituents are in the 1-position can be nicely
explained, but in order to map the summed influence of the
alkyl and aryl substituents, an analysis of the overlapping
behaviour of the oxyvgen lone pairs of electrons (mn) and
finz) Was also necessary.

A comparisen of the overlapping levels of ng, and wqs
{Table 3. Entries | and 7, respectively) leads to the conclu-
sion that wo (n-like lone pair) participates in overlapping
interactions to a greater extent than ng, does (see intercepts,
Table 3, Entries | and 7), and because of the low slope val-
ues (Table 3, Entry 1) the substituent dependence on the
overlapping level of ngp can be neglected. The occupancy
level of mop is strongly influenced by the aryl substituent in
the J-position (—0.38 and —0.34, respectively, Table 3, Entry

7). The comparison of the slopes of F for the ring forms
vielded low values but the different tendencies (0.08 ver-
sus —0.07, Table 3, Entry 7) indicates that there is some in-
fluence of the alkyl substituent in the [-position. Because
of the large difference between the interaction of the alkyl
substituent with ng; and the pure electronic character of an
alkyl substituent alone, this dependence can be explained
only in terms of an alkyl substituent-controlled quantitative
change in the torsion angle between mgp and the corre-
sponding antibonding orbital {e.g. by an alkyl substituent-
dependent conformational change).

The NBO analyses demonstrated that negative hypercon-
jugation (n—o*) and conjugation (n—rx*) play important
roles in the ring-chain tautomeric interconversions of 1-5.
The results also indicate that these conjugative interactions,
which result from substituent-dependent conformational
changes, explain the relative stability differences between
ring forms B and C.

Shifted Carbon Chemical Shift (SCS) Analysis

The changes in the "*C NMER chemical shift values that
are induced by phenyl substituents (SCS) en C2 have been
analyzed by various dual substituent parameter ap-
proaches[*4-21 The best correlation was obtained with the
equation SCS = ppop + ppop. where op characterizes the
inductive effect, and og the resonance effect, of the aryl
substituent. In a previous study on the ring-chain tautomer-
ism of  13-diaryl-2.3<dihydro-1 H-naphth[1.2-¢][1,3]oxa-
zines, by means of a dual substituent parameter treatment
of SCS, the difference in the stabilities of ring forms B and
C was explained by the changes in the sp° and sp7 hy-
bridized character of the carbon atom, which is influenced
by the aryl substituents on Cl and C3.1%

The low concentrations of the minor forms of B and C
in the tautomeric mixtures did not allow for the measure-

Table 3. Multiple linear regression analysis of the occupancy and overlapping energy values for the lone pairs of electrons on the cxygen

atom as dependent variables according to Equation (3) for 1-5.

R
)
P
Dependent variable B C
Entry (D) k o ”~ r k ot s r
1 Crecupancy (rg 1B 4.05 0.03 It 0.807 404 —.il 0.02 0,834
2 Ry =0, 6.58 007 —0.16 0.880 655 —0.035 015 0.937
3 Ho—0%, 0.50 0.02 ~{¥] 0.&57 - - - -
4 Ro—0%y 242 0.21 Ik 0.785 266 .12 ] 0.a14
3 L 1.09 ~0.03 L 0.643 1.05 —0.al 0.06 0.940
£ N — T, 0.58 0.01 0.01 0.799 057 —0.01 0.03 0.631
T Cecupancy (pegiil 15.21 0.08 —0.38 0.907 1515 ~0.07 ~0.34 0.928
b =T 2517 0.28 -0.93 0.386 21.79 —01.46 .82 0.935
q RO 0% 513 —0.41 It 0.720 493 n1s 0.20 0804
10 Rog— Ty 351 —01.08 0.21 0,529 334 .06 0.20 0.945
[a] For regression analysis, the ratios of the occupancy values in % were used. [b] Insignificant (significance value = 0.05).
Eur J g Chem. 2006, 46704675 & 2006 Wiley-WiCH Verlag GmbH & Co. EiGaA, Weinheim WL LT 0T 4673
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ment of the 1*C NMR chemical shift values of C1 and C3.
They were therefore calculated for all compounds at the
B3LYTP/6-31G* level with geometries optimized at the same
lewel, and they are listed in Table S5 The chemical shift
changes induced by the alkyl substituent in the |-position
and by the aryl substituent in the 3-position (3CS) for a
given compound were calculated as the differences in the
calculated '*C NMR chemical shift values for the substi-
tuted relative to the unsubstituted (R = H, X = Hj com-
pound. The multiple regression analysisl**! data obtained
from Equation (4) for Cl and C3 are presented in Table 4.

DV = g + plog + pog i4)

Table 4. Multiple linear regression analysis of the caloulated SCS
values for Cl and C3 according to Equation (4) for 1-5.

Drependent B C

variable

(DV) fFog g v poog pF r

8CS4 S R B e O L ) I N

SCS8 - - I 0osT oo - I po3
nos 179 |02

[a] Insigmficant (sgmfcance value = 0.035),

Table 4 shows that the calculated '*C NMR chemical
shift values for Cl are influenced only by the alkyl substitu-
ents in the |-position. The small difference in slope between
ring forms B and C indicates that the behavior of the alkyl
substituent in the |-position in relation to the conforma-
tional changes around C1 is similar in the two ring forms.

The caleulated “C WMR chemical shift values for C3
seem to depend much more on the changes in the relative
configurations. In comparison, the influence of an alkyl
substituent in the |-position (—0.98 versus 0.09; Table 4) on
the SCS values for C3 was found to be strongly dependent
on the relative configurations of Cl and C3. This provides
further evidence for the theory that alkyl substituents stabi-
lize the frans (B) ring form, which can be explained in terms
of an alkyl substituent-induced sterecelectronic effect. This
results in small alkyl substituent-induced conformational
changes in B.

The reverse trend in the inductive substituent effect (og)
for unsaturated carbon is well-documented " The nega-
tive slope of o for saturated carbon centers such as those
situated between the two heteroatoms in 1.3-0, N-heterocy-
cles was explained by Neuvonen et al. to be due to the sub-
stituent-sensitive polarization of the N-C—O system ¥ The
ranps and oy series in the present work offered an interest-
ing opportunity for the study of this type of reverse trend
in the substituent effect (75) on the calculated SCS values.
Table 4 shows that negative slopes of o (—1.79 versus —1.02)
were obtained for both series B and €, which is in accord-
ance with the concept found for similar carbon centers[!#24]
The difference between the slopes is a further consequence
of the stronger substituent-induced sterecelectronic effect in
the frams ( B) ring form.

4674 WS OO
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Conclusions

This analysis of the disubstitution effects of B (alkyl) and
X in  l-alkyl-3-X-phemyl)-2, 3-dihydro-1 H-naphth[ 1.2-¢]-
[1.3]oxazines on ring-chain tautomerism, the delocalization
of the nitrogen and oxygen lone pairs of electrons {anom-
eric effect), and the caleulated “C NME chemical shifts
permitted an explanation for the experimentally observed
stabilization difference between the frans (B) and ofs (C)
ring forms.

The multiple linear regression analysis of the calculated
overlapping energies for the lone pairs of electrons on the
nitrogen and oxygen atoms showed that the relative stability
difference between the two ring forms is the result of an
alkyl substituent-induced quantitative  conformational
change in the naphthoxazine ring system. The analysis of
the *C MMR chemical shift changes induced by the sub-
stituents (SCS) for Cl and C3 revealed that. by the alkyl
substituent-dependent small conformational changes, the
substituent-dependent anomeric effect predominates in the
preponderance of the fraws over the ciy isomer.

Supporting Information (see footmote on the first page of this arti-
cler Calculated cccupancy values (Tablz S1). caleulated averlap-
ping energies (kcalimal) of fp& (Table 52), calculated overlapping
energies (kcalfmol) of {2 (Table $3), calculated overlapping ener-

gies (koalfmol) of Ip 02 (Table 34) and caleulated *C MME chemi-
cal shifts {Table 55) of naphthoxazmes 1-5.
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conformers.

Four new primary aminonaphthols(4, 5,9 and 10} were synthesized from 1- or 2-naphthol and 1-or 2-
naphthaldehyde via naphthoxazines in modified Mannich condenzations. Simple ring-closure reactions
of these aminonaphthols with paraformaldebyde, 4-nitrobenzaldehyde, phosgene or 4-chlorophenyl iso-
thiocyanate led to new hetemoyclic derivatives. In these transformations, either an 5 or an sp? carbon
was inserted between the hydroogr and amino groups. The effects of substituents and the naphthyl ring on
the confarmation were investigated by means of MMR measurements, employing both dipolar and scalar
couplings. The structures were confirmed by DFT gquantum chemical calculations involving computed
coupling constants, intramolecular distances between nucki and the relative energies of the preferred

@ 2009 Elsevier BV, All rights resenved.

1. Introduction

Thechemistry of the Betti bases dates from the beginning of the
20th century, when Betti reported the synthesis of 1-{a-aminoben-
zyl)-2-naphthol [1.2]. The three-component modified Mannich
reaction involving 2-naphthol, benzaldehyde and ammonia re-
sulted in 1,3-diphenylnaphthoxazine, which was subsequently
hydralysed to 1-4{2-aminobenzy]}-2-naphthol.

The reaction can be extended by using chiral amines instead of
ammonia, which Furnishes non-racemic N-substtuted aminonap h-
thol derivatives; this opened up a new area of application of these
enantiopure compounds as chiral ligands in asymmetric transfor-
mations [3-7]. As a result of an integrated, virtual database screen-
ing, 7-]aniling phenyl imethyl]-2-methyl-B-quinolinol was found
Lo represent a promising new class of non-peptide inhibitors of
the MDM2-p53 interaction [8].

Interest in the synthesis of primary aminonaphthols has greatly
increased during the past few years following an evaluation of the
hypotensive and bradycardiac effects of T-aminomethyl-2-naph-
thol derivatives [9], and the synthesis of a wide variety of such
compounds were recently achieved through the hydrolysis of 1-

= Comeponding suthar. Addres: Institute of Pharmeceutical Chemistry, Univer-
sity of Szeged, and Research Group lor Stereschemistry Hungaran Acsdemy of
Sriences, Eotvos u 6, H-5720 Szeged, Hungary. Tel: +35 62 545554, lax: + 35 52
545705
E-mail address: il opd pham -3 zegadhu {F. Fikipl

0022-2860{% - 382 lront matter @ 2009 Ekevier BV_All rights reserved.
dai: T 106 mok tree 2008 04015

amidomethyl-2-naphthols [10-12]. Through the use of aliphatic
aldehydes, e.g Formal dehyde [13], acetaldehyde, propionaldehyde,
butyralde hyde, isobutyraldehyde and pivalaldehyde, 141-amino-
alkyl}-2-naphthols have been synthesized [14,15)], while from het-
erparomatic  aldehydes primary aminonaphthols have been
prepared and their ring-chain tau tomeric behaviour has been stud-
led [16]

Our present aim was o prepare new primary aminonaphthols
from 1- or 2-naphthol and 1- or 2-naphthaldehyde and to extend
the applicability of these compounds for the preparation of new
heterocyclic derivatives by simple ring-closure reactions with
paraformaldehyde, 4-nitrobenzaldehyde, phosgene or 4-chloro-
phenyl isothiocyanate. We additionally investigated the i nfluence
of the substituents at positon 3 or 2 and the conneding position
of the naphthalene ring on the conformation.

2. Results amd discussion
2.1, Syntheses

The aminonaphthols 4, 5, 9 and 10 were prepared via the reac-
tions of the corresponding 1-or 2-naphthol with 1- or 2-naphthal-
dehyde in the presence of methanolic ammonia solution in
absolute methanal at room emperature for 24 h. This led to the
naphthoxazines 2, 3, 7 and 8 (Scheme 1: 1), acidic hydrolysis of
which gave the desired aminonaphthol hydrochlorides 4,5, 9 and
10 (Scheme 1: i) Because of the instability of the aminonaphthyl
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OH MH,HCI

9, 10

R = Z-naphthyl: 2, 4 (87%), 7,9 (32%)
R = 1-naphthyl: 3, 5 (28%), 8, 10 (42%)

Sclweme 1. Resgents and conditions: (i) NHy MeOH, it (i) 80 °C for 2-3 h HOH 0.

naphthol derivatives, compounds 4, 5,9 and 10 were isolated as
their hydrochlorides, in moderate to good yields (28-87%).

I the first stage of the transformations of 4, 5,9 and 10 to het-
erocyclic derivatives, an sp® carbon (C-3 or C-2) was inserted be-
tween the hydroxy and amino groups (Schemes 2 and 3)

When aminonaphthols 4, 5,9 and 10 were treated with COCl; in
the presence of Na;C0; in toluene/Ho0 solution at room tempera-
ture for 10 min, the corresponding naphthoxazin-3-ones 11 and
12 and naphthoxazin-2-ones 19 and 20 were formed, in moder ate
yields (40-86%) in each case (Schemes 2 and 3: i}

For the preparation of 3- and 2-{4-chlorophenylimino}-substi-
tuted naphthoxazines 15, 16, 23 and 24, aminonaphthols 4, 5,9
and 10 were reacted with 4-chlorophenyl isothiocyanate {Schemes
2 and 3: i) Thioureas 13, 14, 21 and 22 were converted to the cor-
responding S-methylisothiourea derivatives with methy!| jodide,
and subsequent treatment with methanolic KOH gave the corre-
sponding 3- or 2-arylimino-substituted naphthoxazines 15, 16,
23 and 24, in good yields (67-82%), via methy] merca ptan elimina-
tion (Schemes 2 and 3: i)

R “ Q
1®m 504 —r 4.5 e
.;,.-;;-'IB/
4
e,
B8
s i

i

o

E
11,12 17,18
|
S M
R._-MH \©\CI i H
R. M. =N
S5 -OH T
I o
g s
13, 14

15, 16

R = 2-naphthyd: 11 (96%), 13 (829), 15 (76%), 17 (40%)
R = 1-naphthyl: 12 (44%), 14 (807), 16 (82%), 18 (42%)
Scheme 2. Rexgents and conditions: (i) COCk, tolwens/Ha0, Naz000 10 min rL; (i)

A-CICHNES, BN, taluens, £ (i) Mal, KO, MaOIL r.L; (iv) paralommskebyds,
Et,N. CHCl,, Gh, £t

o]
e : 07 THH
; 2 - 0 1) e R
(2
i it fi
10, 20 25

i'-m L jL
H
[

H HM MH
= R R
T,

21,22 23.24

R = 2-naphthyl: 19 {40%), 21 [B5%), 23 (67%)
R = 1-naphthyl: 20 (78%), 22 (72%), 24 (74%), 25 (37 %)

Scheme 3. Reagents snd conditions: (i) 0OCk, taluenaliz0, KO0y 10 ming 1L
i) d-C-PINGS, Bt tohusne, 1.4 (i) Mel, KOH. MeOIL 1L (iv) paraformalde hyde.
EtaN. CHCl3. 6h £t

The ring closures of aminonaphthaols 4, 5,9 and 10 with oxo
compounds (ie the insertion of an sp® carbon) resulted in
naphthoxazines,

The reactions of aminonaphthols 4, 5 and 10 with paraformal-
dehyde under mild conditions {at room temperature for 6 h) gave
the corresponding 3- and 2-unsubstituted naphthoxazines 17, 18
and 25 in yields of 37-49% (Schemes 2 and 3: iv). The correspond-
ing reaction of 9 did not lead to the desired naphthoxazine, After a
reaction tme of 3 h TLC demonstrated that no starting material re-
mained, and the TLC plots observed suggested the rapid decompo-
sition of the expected naphthoxazine derivative.

The analogous reactions of 4, 5,9 and 10 with 4-nitrobenzal de-
hyde were accomplished under mild conditions. The products 27,
28, 31 and 32 were separated from the reaction mixture in good
yields (78-84%, Scheme 4: i). Compounds 27-29 and 31-33 in
solution can participate in three-component ring-chai n tautomeric
equilibria involving the C-3 (27-29) or C-2 (31-33) epimeric naph-
thoxazines (B and C) and the open tautomer (A). The tautomeric
behaviour {the tautomeric ratios) of 27-29 and 31-33 depend on
substituent R at position 1 or 4, and on the proper ties of the solvent
in question, as revealed in Table 1 [13].
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Scheme 4. Resgents and conditions: {i ) d-nitrobencaldehide, BN, MeOH, 10min, 1L

For 27-29, the predominant form is the rans tautomer (B The
portion of B decreases in the sequence 27 > 28 » 29, while that of
the ds form (C) displays the opposite tendency (Table 1: entries
1-3]. This can be explained in terms of steric hindrance. Relative
to COCls, the more polar solvent DMSO causes a small increase in
the proportion of the open-chain form (A} at the expense of form
() For 29 (Table 1: entry 3), but the main tendency was found to
be similar with that discussed above.

For 31-33 in CDCls, the steric hindrance of the aryl substituents
at position 4 must exert the most important effect as regards the
composition of the tautomeric mixture and, similar as for 1,3-
disubst tted naphth[1,2-2]1.3]oxazines, the phenyl ring (smaller
then the naphthyl ringsystem) resulted in more form (C) and less
form (B} (Table 1: entries 4-6)

The effect of the change of the solvent seems o be somewhat
more marked for 31-33 (Table 1: entries 4-6) than for 27-29 (Ta-
ble 1: entries 1-3).

2.2 Conformational analysis

Theoretical calculations were performed on the compounds
studied and their global minimum-energy structures were deter-
mined. These structures were compared with the relevant NMRE
spectroscopic data (MOEs and vidnal HH-coupling constanis) to

Table 1
Propartions of tsRamers (3] in 27-29 and 31-33,
Entry Comp. COCh DMED

A B C A B C
1 27 - 1000* - - 100.0 -
2 18 = 954 45 = o438 532
3 29° 31 851 10a 150 848 02
4 3 13.8 689 173 343 a5.1 195
5 32 45 776 179 - 828 172
[ 13 149 sa1 350 369 425 205

* Either the pogul stion of tsutamers A and C is oo low tobe detected by NMER. or
the equilibrstion i [xt on the NME time scale{des 2 below )

" Data from Rel. [17]

© Data from Rel. [ 18]

check partcularly on the conformation of the (unsaturated) oxa-
zine ring moiety. The same procedure was applied in the event
of additional substitution at C-3 in the 2-naphthoxazines and at
C-2in the 1-naphthoxazines, of the sp° hybridization of C-2 or C-
4. The complete agreement of the computed structures (the pre-
ferred conformers) and the NME parameters is strong evidence of
the correctness of the calculated geometries of the compounds
studied.

Both the 1- and 2-naphthyl substituents at C-1 in the 2-naph-
thoxazines and at C-4 in the 1-naphthoxazines, respectively, were
found to have anly marginal influence on the confor mational equi-
libria, whereas in the trens isomers of the disubstituted 1- and 2-
naphthoxazines 27, 28, 31 and 32 they do influence the preference
for the corresponding 5K and RS diastereomers, respectively (vide
infra).

22.1. Compounds with sp® C-2 or C-3 atoms

Compounds which are only mono-substituted with 1- and 2-
naphthy! substituents at C-1 and C-4, respectively (17, 18 and
25), prefer twisted-choir conformers (cf the global minimum-en-
ergy structure of 17, for instance, in Fig 1). The analogue of 17
could not be obtained experimentally, but was computed at the
DFT level of theory; the same fwisted-chalr conformer as in 17,
18 and 25 was found to be preferred.

This preferred conformation (cf. 17 in Fig. 1) proves to be in
excellent agreement with the experimental NMRE data: NOEs were
observed between H-1 and NH {the corresponding distance was
computed to be only 2.243 A} and between MH and H-3.4 (com-
puted distance —2 360 AL Moreover, the corresponding scalar vic-
inal 3fy 5 coupling constants were 5.0 Hz (3 gy computed 4.7 He,
dihedral angle 43.3°), 3.9 Hz {3_1‘].,&,_]:”., computed 3.2 Hz, dihedral
angle —57.3°), and 13.6 Hz Cluaans computed 131 He, dihedral
angle —178.2°% The corresponding NMEdata of 18 are given in Ta-
ble 2 and are likewise seen to be in excellent agreement with the
computed values.

A twisted-chair conformer was also found for 25 (o Fig. 2). As
for 17 and 18, a similar *jyy value in the 002 )CH—NH-C4JH cou-
pling fragment and similar NOEs between NH and H-2.; and H-4,
respectively, were observed (cf. Table 2).
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Fig 1. Ensrgy-mininmmem structure of (15317

If the compounds are additionally substituted at C-3 (f-naph-
thoxazines) or C-2 {s-naphthoxazines), wutomeric equilibria re-
sult (cf Scheme 4). The major ring form B was isolated and
studied by NME spectroscopy. In contrast with the simple B chi-
rality in 17, 18 and 25, which does not influence the NMR spectra
in achiral media, in 28, 29, 31 and 32 /S and 5/K diastereomers
have to be considered.

The global minimum-energy structure of the major ring form B
is characterized by the trans arrangement of H-3 and N—H {as de-
picted in Fig. 3 for 278} and prefers the pwisted-chair conformation.
The experimentally determined vicinal H H-coupling constants 3y_
263 [140 Hz in278 and 13.6 Hz in 288] and 34 102 [5.2 Hz in 278

Talble 2

and 49 Hz in 28B] agree well with the computed values [eg. 27B:
12.5Hz 3y zn.z) and 4.8 Hz (3 4 2)] Surprisingly, a strong NOE
was found between H-3 and N—H, which are in trans positon. This
dipalar coupling, however, should be near to zero in 278, but some
27C may be present in marginal concentration or in rapid equilib-
rium with B on the NME d me-scale; obviously, the reaction rate al-
lows NOE transfier between the tautomeric spedes (of. Table 1)

The main tautomers 318 and 328 also occur in a twisted-char
conformation, as illustrated for 328 in Fig. 4. This calculated min-
imum-energy structure is corroborated by the experimentally
determined coupling constants fusu.s =57 He (computed dihe-
dral angle 40.4°) and 3fyzps =135 Hz {computed dihedral angle
177.67) and the corresponding MOEs, which were found to be
strong between N—H and H-4 {computed distance 2243 A) and
weak between H-2 and N—H (2,902 A)

Surprisingly, in 27, 28 and 32 the 5/ diastereomer proved o be
more stable than the B/S analogue; the reverse situation was the
case for 31.

222 Compounds with sp® -2 or C-3 atoms

Introduction of an sp® carbon at posidon 3 (11 and 12)or 2 (19
and 20} olviously leads to very similar conformational behaviour;
in accordance with this, very similar minimum-energy conforma-
tions of all of these compounds were calculated: the oxazine ring
is nearly flat with a slight boat conformaton {(cf. Fig. 51 Only in
one case (11} could the 3o coupling constant be detected: it
was 2.9Hz The corresponding signals of the other compounds
were more or less broadened and the corresponding vicinal cou-
pling constants could not be extracted. The magnitude of %y
was in good agreement with the calculated values. These were in
the range 0-1.8 Hz, with caleulated dihedral angles of 59.6-71.17,
both characteristic of the syn-cingl conformation of the NH—CH
maoiety. The distance between these two hydrogens was computed
to be in the range 2.43-256 A, which corresponds to the mean
NOEs determined in these compounds.

Experimental and computed upling constants and same calowl sted ditedral angles and distances for compounds 18 and 25

Compotnd  horan Twowssr Dilsdral oo koo Diledral s e Dilosdral Distane Distance
(exp) (Hz) (calc) (Hz) angle {exp)iMz) {calc){Hz) angle NH- Qe {calc)(Hz) angle NCH—KNH KH=0CH,,
NCH—HH Oy {exp) NH—0CH o Ay (A
18 43 48 4280 37 3.1 -573¢ 139 131 ~178.5° 23241 2358
25 52 437 415° 54 20 ~5810° 122 132 -1794° 2242 2359

Fig 2. Minimum-energy structure of {45)-25.
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Fig. 3. Minimmem-snergy structure o (1538275

Fig. 4. Minimnim-2nergy strsctune of (2R45)-326

For compounds 15, 16, 23 and 24 the endocydicfexocyclic tau-
tomerism of the C=N double bond is possible. The energy levels Fig. 5. Minimum-energy structire of (4R)-11.
indicated the presence of the exocyclic form (Schemes 2 and 3} o ) )

This was supported by the NME data: NOE interactions were found 16} or 4 (23 and 24). Ab initio calculations on the e compounds
between N—H and the corresponding C—H at position 1 {15 and  pointed to the presence of the E isomers,

Fig. 6. Minimum-snengy strudure of {48)-23.
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The oxazine ring in 15, 16, 23 and 24 turped out to be nearly
planar; the minimum-energy structure of 23 is shown in Fig. 6.

3. Conclusions

Four new aminomethylnaphthols (4, 5 9 and 10} were synthe-
sized by the condensation of 1- ar 2-naphthol with 1- or 2-naph-
thaldehydes in the presence of ammonia, followed by acidic
hydrolysis. The condensation of 4, 5, 9 amnd 10 with paraformalde-
hyde, 4-nitrobenzaldehyde, phosgene or 4-chlorophenyl isothiocy-
anate led to naphthoxazine derivatives. Compounds 27-29 and
31-33 in solution proved to be three-component tautomeric mix-
tures. The tautomeric ratio influenced by the steric hindrance of
the aromatic rings at position 1or4 and by the connecting position
of the naphthyl rings at the same positions. The conformational
analysis revealed that the conformation of the oxazine ring maoiety
depends on the hybridization of the carbon at position 3 ar 2. The
compounds containing an sp® carbon preferred 2 twisted-chair
conformation, whereas the insertion of an sp® carbon led to a
nearly fat naphthoxazine ring moiety.

4. Experimental

Melting points were determined on a Kofler micro melting
apparatus and are uncorrected. Merck Kieselgel 60F.-. plates were
used for TLC

The NMR spectra were recorded in DMS0-ds {unless specified as
CDCls ) solution in 5 mm tubes, at room Emperature, on 2 BEUKER
AVANCE 500 spectrometer at 500.17 ("H) and 125.78 {"*C) MHz,
with the deuterium signal of the solvent as the lock and TMS as
the internal standard for 'H or the solvent as the internal standard
for 3¢ All spectra ("H, 3C, gs-H H-COSY, gs-HMQC, gs-HMBC, and
NOESY ) were acquired and processed with the standard BREUKER
software.

Geametry optimizatons were performed without restrictions,
using the Gaussian 03 version CO02[19] program package. Di Merent
conformation and configurations of all studied compounds were
preoprinized by using the PM3 Hamiltonian [20,.21]. Density func-
tional theory calculations were carried out at the B3LYPG-31G*
[2223] level of theory. Stationary points on the potential
hypersurface were characterized by force constants. Coupling con-
stants were computed at the same theory level, B3LYP/G-31G*
[24.25].

Different starting conformations were created and the results
were analysed and displayed by using the molecular modelling
program SYBYL 7.3 [26] and the program GaussView 2.0, [27] Dil-
ferent local minimum-energy conformations were selected to ana-
lyse the relative stability and the geometrical parameter,

Results were calculated on a SG1and on a Linux cluster.

4.1, General method for the synthesis of
aminomethyinaphthyinaphthols (4 5, 9 and 10)

To a solution of 1- aor 2-naphthol (36 g, 25 mmal) in absolute
MeOH (30mL), the appropriate 1- or 2-naphthaldehyde (9.75 g,
62.5 mmol} and 25% methanolic ammonia solution {20 mL) were
added. The mixre was allowed to stand at room temperature
for 48 h. The solvent was removed under reduced pressure and
10% ag. HC (210 mL) was added to the residue. The mixture was
stirred and heated for 3 h at 60°C, and the solvent was eva porated
off. The crystalline hydrochloride of 4, 5,9 or 10 that separated out
from Evoac (50 mL) was filvered of f, washed with CHCly and Etz0,
and recrystallized from Et0-MeOH (4:10

4.1.1. - Aminometoe 5 2-nephihyd ) j- 2-naphthol hydrochioride (4)

White crystals, yield 7.29g (87%) mp. 193-195°C. '"H NMR
[(DMSO-dg) & 645 (H: CH, 1H,5), 7.35 (H: 8, TH, &, [ = 7.5 Hz), 746
(H: 3, 1H, d, ] =89 Hz), 748-7.55 (H: 7, 1", 2H, m), 7.59 (H: &,
1H, d, =75 Hz), 7.85-791 (H: 4, 4, &, ¥, %, 5, 6H, m}, 8.07 (H:
7.1H. 5L B.10 (H: 6, 1H. d. | = 86 Hz), 9.05 (H: NH3, 3H, s}, 11.06
(H: OH, 1H, s)ppm. C NMR (DMSO-dg): § 510 (C: CH), 1137
(C: 1) 118.7(C: 3} 121.9(C: 6), 123.0(C: 8) 125.2(C: &), 1259
(C: 7), 1265 (C: 7*), 1267 (C: 1), 1273 (C: 4%, 1276 (C: B,
1279 (C: 5°) 1282 (C: 4a, 37), 128.9 (C: 5), 1308 (C: 4), 1319 (C:
4a’), 1324 (C: Ba), 1325 (C: 8a), 135.1 (C: 2°), 153.9(C: 2) ppm.
CaiHiaCING (335.83) caled. © 75,11, H 540, N 4.17; found C
7505, H 5.41, N 4.18.

4.1.2. - Aminomethoe - 1-nephtfd ) - 2-nophthol hydrochioride (5)

White crystals, yield 2.34g (28%), nup. 202-204°C. 'H NMR
(DMSO-dg): & 696 (H: CH, TH, 5), 7.25 (H: 2, TH, t, J=7.1Hz),
733 (H: 4, 1H t, f=7.4 (H: 3, TH, d. | = 16.0 Hz), 7.51-7.55 (H:
3,6, 2H, m}, 7.79-788 (H: 6, 7, 8, 7, 5, 5H m), 7.92-797 (H:
4, 5, 2H, m}, B31-8.32 (H: 8, 1H, m}, 896 (H: NH;, 3H, s), 1192
(H: OH. 1H, s) ppm. C NMR (DMSO-d;): § 483 (C: CH), 1138
(C: 1} 118.8(C: 3} 121.8(C: 6) 122.9(C: 8) 123.2(C: 2¥), 1252
(C: &) 1260 (C: 7), 1262 (C: &), 1269 (C: 3, 127.1 (C: #),
128.3 (C: 4a), 1289 (C: 4), 1289 (C: 5), 1291 (C: 7), 1301 (C:
Ba’l, 1309 (C: 5, 131.9 (C: Ba), 1331 (C: 4a') 1335 (C: 1),
154.2 [C: 2)ppi. CxHiaCIND (335.83): caled. C 7501, H 540, N
4.17; found C75.15, H 542, N 4.149.

4.1.3. 2-Aminomete 5 2-nephthyl ) j- 1-naphchol hydrochioride (9)

White crystals, yield 269 (32%), nup. 168-171°C. 'H NMRE
(DMSO-dg): & 6.32 (H: HC—NH3, TH, s), 7.51-7.57 (H: 7. 6, 3°, 8,
6, 5H, m), 7.63-7.56 (H: 5, 43", 2H, m), 7.86-7.88 (H: 7', 1H. m),
7.89-7495 (H: 4, 5, 4, 3H, m}, 809 (H: 1", 1H, 5} 835 (H: B, 1H,
dd, J=6.20Hz) 927 (H: NHs, 3H, s}, 10.17 (H: OH, 1H, s} ppm.
13C NMR (DMSO-dg): & 52.1 (C: HC—NHz), 1195 (C: 2} 120.1 (C:
50, 1226 (C: 8), 1249 (C: 3), 1253 (C: &), 125.3 (C: 82’} 1256
(C: ) 1256 (C: 1°) 1266 (C: 2'), 1268 (C: 6, 4') 127.6 (C: 4),
127.8 (C: 6) 1279 (C: &), 128.4 (C: 3], 1324 (C: 42'), 1325 (C:
Bal 134.0 (C: 4a) 1357 (C: 2}, 1500 (C: 1) ppm. Cy H,gCINO
(33583 ) caled. C 7511, H 540, N 4.17; found C 7512, H 5.39, N
4.16.

4.1.4. 2-[Aminomety 5 1-naphifd )J- 1-nephehol Fopdrochloride (10)

White crystals, yield 3.52 g [42%), nup. 161-164°C. "H NMR
(DMSO-ds): & 6.87 (H: HC. 1H, s), 7.25 (H: 3, 1H, d. [=8.7 Hz),
7.34 (H: 4 1H d, J=8.7 Hz), 747-756 (H: 8, &, 5, 7, 4H m),
7.68 (H: 3, 1H, t, J=7.7Hz), 7.78 (H: 6, TH, d, J =75 Hz), 794-
TO98 (H: &, 7, 2H, m}, B.03-8.06 (H: 5, 2, 2H, m], 845 (H: 8, 1H,
d, J= 82 Hz), 9.23 (H: NH5, 3H, s), 1054 (H: OH, 1H, ) ppm. '3C
NMR (DMSO-dg): & 483 (C: CH)L 1190 (C: 2). 12000(C: 4). 1229
(C: 5,8) 1236 (C: 2, 125.2 (C:¥), 1254 (C: 3), 125.4 (C: 8a),
125.6 (C: &), 1262 (C: 5} 1269 (C: &), 126.9 (C: 7), 127.7 (C: B),
128.7 (C: &), 128.9 (C: 7'} 1298 (C: 4a7), 1334 (C: 1), 133.8(C:
Ba’), 1342 (C: 4a), 1500 (C: 1) ppr. G Hy gCIND (33583 caled.
C 7511, H 540, N4.17; found C75.11, H 545, N 4.16.

42 General method for the synthesis of naphthy haphthoxezinones
(11, 12, 19 and 20)

Aminonaphthol 4, 5,9 or 10 (0.50 g, 149 mmol} was dissolved
in toluene-Hz0 1:1 (50 mL), phosgene (0.32 mL; 20% in toluene,
1.64 mmol} and sodium carbonate (0,69 g, 1.64 mmol) were added.
Thee muixture was stirred at e for 10 min. and the resulting white
precipitate was fltered off and recrystallized from (Pro0 (30 mL).
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421, 1-{2-Maphthyl -2 3-dihwdro-1H-naphth[1 2-e ][ 1, 3joxozin-3-
one (11)

White crystals, yield 042 g (865, m.p. 260-264 °C. TH NMR
(DMSO-d; ) 5 7.01 (H: 2%, 1H, d. J= 7.1 Hz), 7.13 (H: 1, 1H.5). 7.31
(H:F 1H, s} 733 (H: %, 1H, d, =38 Hz), 737 (H: 4, 1H, 4,
J=72Hz) 741 (H: &, 1H, t. J=8.1Hz), 7.47 (H: 6, 1H. d.
J=89Hz), 765 (H: 8, TH, t [=73), 7.74 (H: 9, 1H, . [ = 7.2 Hz},
7.88 (H: 8, 1H, d, J=8.1 Hz), 796 (H 5, TH, d, ] =8.1 Hz), 802
(H: 7, TH. d, =81 Hz ), 8.05 (H: 5 TH, d. J= 90Hz), 895 (H: NH,
1H 4, [=29Hz) ppm. 3C NMR (DMSO-ds): 5 49.7 (C: CH), 1140
(C: 10b), 1169 (C: 6), 1228 (C: &), 123.5 (C: 10), 1251 (C: 7}
125.3 (C: 2}, 1258 (C: &), 1263 (C: 3%, 1260 (C: 9), 127.4 (C:
) 1287 (C: 7) 1288 (C: 5 1288 (C: 8) 129.1 (C: 82') 1300
(C: 1Y), 130.4 (C: 10a) 1305 (C: 4a'), 133.7 (C: Ga), 148.1 (C: 3),
149.3 (C: 4a) ppm. CzzH1sNOz (325.36) caled. € 8121, H 465, N
4.30; found C 8128, H 466, N 4.28.

4221 1-Maphthyl -2 3-dihydro-1H-naphth[1 2-e 11, 3foxazin-3-
one (12)

White crystals, vield 021 g (44%), m.p. 262-265 °C. "H NMR
(DMSO-d,) 5 6.38 (H: 1, 1H, 5} 7.39-7.49 (H: 3, &, 5, 6, 44, m),
7.49-7.53 (H: 8, &, 2H, m), 785-789 (H: 4. 7.9, 7, 4H. m}. 7.93
{H: 1, 1H, s}, 795 (H: 10, 1H, d, J=7.6Hz), 803 (H: 5, 1H, d,
J=90Hz), 895 (H: 2, 1H, d. [ =29 Hz ) ppm. C NMR { DMS0-d;):
5556 (C: 1) 115.1 (C: 10a), 1184 (C: 6), 124.5 (C: 7). 126.1 (C:
3 1265 (C: 5, 1273 (C: 17, 127.9(C: 8), 128.1 (C: &), 1288 (C:
6') 1289 (C: 4), 129.4 (C: 71 1301 (C: 10), 1304 (C: 9) 1305 (C:
Ga), 1319 (C: 5), 1319 (C: 8') 1339 (C: 4a'), 1341 (C: 2°), 141.3
[0 10b), 1486 (C: 4a), 1508 (C: 3) ppm. CozHhsNO2 (325,36 caled.
C81.21, H 465, N 430; found C 8123, H4.63, N 429,

423 44 2-Naphthyl -2 2-dibpdro-1H-naphth[2 1-¢1 1, 3] oxazin-2-
one (19)

White crystals, yield 0.19 g (40%), m.p. 227-232°C. "H NMR
(DMSO-d; ) &6.04 (H: 4 1TH, ), 720 (H: 5, 1H, d, J=8.4 Hz), 7.49
(H: 14, 1H, d, J=8.4Hz), 751-756 (H: 4, 5, 2H, m}, 7.59-7.68
(H: 9,7, 6, 3H, m), 789-7.96 (H: &, 7", &, 8, 3, 5H, m), 8.24 (H:
10, TH. d, [ = 8.3 Hz), 8.86 (H: 3, 1H, s) ppm, *C NMR {DMS0-dg):
& 566 (C: 4), 1159 (C: 2¢), 1206 (C: 10), 1225 (C: 82'), 123.8(C:
B8}, 124.1 (C: 5), 124.8 (C: 1*), 1257 (C: 3]}, 126.5 ({C: 4), 126.7 (C:
6} 127.0 (C: B), 128.0 (C: 9]}, 1289 (C: 7*), 1326 (C: 4a"), 132.8
{C: 10a), 1331 (C: Ga), 1405 (C: 4a), 143.5 (C: 10b), 1492 (C:
2) ppm. CzH1sNDz (325.36): caled. C81.21, H 4.65, N 4.30; found
C 8120, H 4.61, N 429,

424 4-1-Naphthyl -2 3-dihwdro-1H-naphth[2 1-¢]7 1, 3]oxazin-2-
one (20)

White crystals, yield 038 g (78%), m.p. 234-237°C. "H NMR
(DMSO-d; ) 5 6.70 (H: 4, TH, s}, 694 (H: 5, 1H, d, j=8.5Hz), 7.48
(H: 2, 1H, d, ] =68 Hz), 753 (H: 3, 1H, t, ]= 78 Hz), 7.55-7575
(H: 6, &, 8, 3H, m), 761 (H: 8, 1H,L, =76Hz), 768 (H: 9, TH, ¢,
J=73Hz) 7.89 (H: 5, TH, d, J=81Hz) 7.95 (H: 4. 1H d.
J=79 Hz). 8.00-8.02 (H: 7, TH. m} 8.36 (H: 10, 1H. d.J = 8.3 Hz).
£33 (H: 7, 1H, d, J=7.1Hz), 8.80 (H: 3, 1H, s)ppm. "3C NMR
(DMSO-ds ) & 53.7 (C: 4), 1164 (C: 1), 1206 (H: 10), 122.5 (C:
5% 123.4(C: 73, 123.5(C: da), 123.8 (C: 6], 125.8 (C: 8, 126.0 (C:
6') 1267 (C: 2') 1269 (C: B), 1271 (C: 9, 3'), 1279(C: 5), 1289
(C: &, 7), 1303 (C: 8a') 1332 (C: Ga), 1339 (C: 10a)ppm.
CozHisMNOz (32536): caled. C 8121, H 465, N 430; found C
B1.20, H 464, N 432

4.3, General method for the synthesis of thiourea derfvatives (13, 14,
21 and 22)

A mixture of aminonaphthol 4, 5, 9 or 10 {030 g 089 mmol)
and 4-chlorophenyl isothiocyanate (022 g 129 mmol) in abs. tol-

wene (10 mL)was stirred at room temperature for 6 b, The crystals
that separated out were fltered off and washed with toluene
(2= 10mL) The product was purified by column chromatography
(silica gel, eluent: n-hexane-ErOAc, 3:10

430, N'Ja-{1-hydrocey naphth-2- v napheh- 2oy - mechylJ-N° {4
chloropheny [thiourea (21)

Light-yellow crystals, vield 0.26 g (65% L, m.p. 125-129°C. 7.32-
T51(H: 4, 1,7, 8 &, 3 7 2% CH, 10H, m), 763 (H: 4, 6, 2H, d,
J=150Hz), 777 (H: 3, 1H, s), 7.83-791 (H: 3, 5, 5, 4H, m),
B.22-825 (H: &, TH, m}, 878 (H: CHNH, 1H, d, J = 139 Hz}, 9.69
(H: CNH, 1H, s}, 987 (H: OH, 1H, 5) ppm. *C NMR (DMS0-ds): &
56.4 (C: HC—NH), 1198 (C: 4), 121 (C: &), 1234 (C- 2, Ba)
124.2 (C: 49, 1247 (C: 3), 125.1 {C: 6), 1254 (C: 4a), 125.7 (C:
1') 1258 (C: 7} 126.0 (C: B), 1262 (C: &, 3'), 1264 (C: 7), 127.5
(C:5) 1277 (C:3%) 1279(C: 5), 128.4 (C: 2°), 1320 (C: 42", 2'),
1328 (C: 4%), 133.7 (C: Ba'), 138.7 (C: 42'), 1400 (C: 1*), 1496
{C: 1), 1802 (C: CS) ppm. CagHyCINZOS (46900 caled. € 71.71,
H4.51, N 597; found C 71.78, H 4.50, N 5.98

432 N'Ja-{1-hydroxy naphth-2- v naphth- 1-y - mechylJ-N° 4
chloropheny [thiourea (22)

Light-yellow crystals: yield 029 g (72%), m. p. 158-160°C. 'H
MMR (DMSO-dsk & 730-7.34 (C: 2% 2.5, 4H. m}, 7.43-756 (C: G
TR, 3 4 8, BH, m), 7.63(C: H: 3%, 2H, d, [ =85 Hz), 7.82-789
(C: CH, 3. 6, 3H, m), 7.95 (H: 2, TH, d. =79 Hz) 823-8.26 (H:
2,7, 2H, m), 8.67 (H: HC—NH, 1H, d, J =7.7 Hz ), 9.63 (H: OH, TH,
8), 9.95 (H: HN—=5C, 1H, s} ppm. '*C NMR {DMSO-dg): & 527 (C:
CH) 1196 (C: 4) 1220 (C: 7), 1230 (C: 2), 123.8 (C: 3*), 1243
(C: 2%, 125.1 {C: 6), 125.2 (C: 4a), 125.3 (C: 5} 1258 (C: 7. 8}
125.9 (C: 3'), 1263 (C: 4'), 1274 (C: Ba). 127.7 (C: 3, &), 128.2
{C: 2%), 1286 (C: 8). 131.0 {C: 42"), 133.5 (C: 8a"), 133.7 (C: 1')
138.2 {C: 4") 1388 (C: 1%), 1494 (C 1), 1798 (C: CS)ppm.
CogHz CINOS (469.00): caled. C 7171, H 451, N 5.97; found C
71.74, H 451, N 597.

433 N'-Jz-2-hydroey naphth-1-vi napheh- 2y - mechyl -0 4
chlorophenyithiourea (13)

Light-yellow crystals: yield 0.342 g [(82%), m.p. 193-197 =C. 'H
NMR (DMSO-dg): & 726-7.44 (H: 1, 8, 7, &, 7, 3, 6H, m}, 7.50-
7.61 (H: 3, 3%, 4, 4H, m), 7.81-7.87 (H: 5, 5, 2*, 4H, m), 794-
8.03 (H: 8, 6, 7H, m), 830 (H: CH, 1H, d, | = 8.6 Hz), B36-839 (H:
4, TH, m), B.65 (H: HC—NH, TH, d, [ =5.7 Hz}, 996 (H: OH, TH, s}
1021 (H: HNC, 1H, s) ppm. "*C NMR (DMSO-ds} & 5232 (C:
HC—NH), 117.7 (C: 1} 1188 (C: 3), 1226 (C:B) 1238 (C: 3°, 3')
1252 (C:6), 1257 (C- &, T} 126.4 (C: 7). 1267 (C: 8"), 1279 (C:
1) 1283 (C: 27} 128.4 (C: 4°), 1286 (C: 4), 1288 (C: 5).12495
(C: Ba, 5%, 1312 (C: 4a'), 1326 (C: 42} 1326 (C: Ba') 1336 (C:
47}, 136.1 (C: 1%), 138.6 (C: 2), 153.8 (C: 2), 1792 (C: CS)ppm.
CogHz CINGOS (469.00): caled. C 7171, H 451, N 5.97; found C
T1.69, H 449, N 593,

434, N'-Jz-2-hyd roxy naphth-1-vi naphth- 1-y - mechylJ-N° 4=
chloropheny [thiourea (14)

Ligh t-yellow crystals: yield 0,33 g (80%), mup. 88-92 °C. 'H NMR
(DMS0-ds): 51201-1227(H:3,4,5. 8, 6.7, 7,4, 2 CH, 11H, m},
12.39(H: 2,4, ] = 88 Hz), 1253 (H: 6, 1H, 5}, 12.60-1264 (H: 3,37,
5, 4H, m} 1298-13.01 (H: 8, 1H, m), 13.55 (H: MHCH, 1H, d.
J=84Hz) 14.45 (H: 5CNH, 1H, s), 1463 (H: OH, 1H, s)ppm. ¥C
MMR (DMSO-dg): & 56.4 (C: CHL 11908 (C: 3), 1221 (C: 8) 1234
(C: 1), 1242 (C: 2%, 124.7 (C: 6), 1252 (C: 8), 1254 (C: 82')
125.7 (C: 4,5), 1258 (C: &), 126.0(C: 7). 126.2 (C: 7'}, 1264 (C:
&), 1275 (C: 3, 127.7 (C: 3"), 1279 (C: 5°), 128.3 (C: 2"} 1320
{C: 4a), 1328 (C: 8a), 1337 (C: 4a'), 138.7 (C: 17), 140.0 {C: 1*)
149.6 (C: 4%, 2), 180.3 (C: CS) ppm. CogHz, CIMZ0S [469.00): caled.
C 7191, H 451, N 5.97; found € 7168, H 449, N 6.00.
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44, General method for the synthesis of naphthyl-(4-
chlorophenylimine Jnaphthoxazine (15, 16, 22 and 24)

To a solution of thiourea 13, 14, 21 or 22 (0,10 g 023 mmol) in
MeOH (6 mL), Mel (10 mL, 6.43 mmol) was added and the solu-
tion was stirred for 4 h. After evaporation of the solvent, the resi-
due was stirred in 3 M methanolic KOH (10 mL) for 4h, after
which the resultant white precipitate was filtered off and recrystal-
lized from n-hexane-iPry0 (5:1, 36 mL}.

440, 14 2-Naphthy [-3-{ 4-chiorophenyliming -2 3-difydro-1H-
naphihf 1 2-e]1 1, 3]oxazine (15)

Yellow crystals, yield 0.07 g (76%), nup. 102-105 *C. '"H NMR
[(DMSO-ds): & 661 (H: &, 1H, d, J=7.0Hz), 713 (H: 1, 1H, s},
7.15-723 (H: 3%, 7, 3H, m), 7.32-7.45 (H: 5, 1", 5, %, 4H, m),
7.56-764 (H: 8, 2%, 2H, m), 7.75-7.82 (H: 10, &, 2H, m), 796-
7.99 (H: 7, 1H, m), 8.06-8.07 (H: 6, 1H, 4, = 9.0 Hz), 7.88-8.89
(H:9, 1H, d, J=8.5Hz), 943 (H: 2, 1H, 5} ppm. *C NMR (DMSO-
dg): 8 51.3(C: 1), 1148 (C: 10a) 116.2 {C: 5), 1193 {C: 17, 1229
{C: 3), 123.9 (H: &), 1247 (C: 9], 124.8 (C: 4), 1249 (C: 8a*),
125.5 (C: 7*), 126.0 (C: B), 126.4 (C: 4a'), 127.2 (C: 8}, 1278 (C:
7% 1282 (C: 37) 1284 (C: 10a), 1285 (C: Ba) 128.7 (C: 2¥),
129.7 (C: 6), 1298 (C: 10), 130.7 {C: 10b), 1309 (C: 2), 1338 (C:
1%} 139.6 (C: 4%), 1446 (C: 3}, 147.7 (C: da)ppm. CgH 15CINO
(434.92) caled. C 7733, H 440, N 6.44; found: C 7730, H 442, N
G.48.

442, 14 1-Naphthy -3+ d-chloro phenyliming )-2 3-dihydro-1H-
naphthf 1 2-e1 3loxazine (16)

Yellow crystals, yield 0.075 g (82%), mup. 115-119=C. 'TH NMR
(DMSO-dg): & 7.20 (H: 5,1H, d, J=7.6Hz), 7.32-7.51 {H: 10, 9, &,
4,7, 7,7 1% 8, 9H, m), 7.61 (H: 2%, 2H, d, | =7.4), 7.70 (H: 2,
1H. 8}, 7.79-7.84 (H: 3%, 5% 6. 3. 4. 6H m) 8.09 (H: CH. 1H. s},
B.19 (H: NH, 1H. s), *C NMR (DMS0-dg): & 53.7 (C: 1), 119.7 (C:
10b). 1203 (C: 5% 1239 (C: 10). 125.2 (C: 8). 1259 (C: 2*), 1264
(C: 9), 1270 {C: 4), 1276 (C: &), 1284 (C: 2, 128.8 (C: 3v),
1291 {C: 6, 7). 129.4 {C: Ba), 1301 {(C: 7*} 1302 (C: 3), 1333 (C:
Bar, 4%} 1340 (C: 1°), 1341 (C: 104, 42°), 1398 (C: 1¢), 141.5(C:
dal 1817 (C: 3)ppm. CogHoCINO (43492): caled. C 77.33, H
4.40, N 6.44; Found € 7731, H 438, N 6.48.

443, 4 2-Naphthy[}-2+d-chlorophenylimine }-2 3-dihydro-1H-
naphthi2 1-e]1 3oxazine (23)

Yellow crystals, yield 0062 g (67%), mup. 185-188°C. 'TH NMR
(DMSO-ds): & 6.06 (H: NH—CH, 1H, =), 7.19 (H: 4, 1H, 4
J=8.4Hz) 731 (H: 2% 2H, d, J= 8.8 Hz), 7.43-7.52 (H: 3/, 8, 5.3
H, m), 7.56-7.63 (H: 10, 7, 2H, m), 767 (H: 9, 1H, t, |=7.3Hz),
7.74(7, 6, 2H, d, =83 Hz), 7.86-793 (H: 3%, 5, &, 1, 5H, m),
B30 (H: 6, TH, d, j= 83 Hz) ppm. "*C NMR (DMSO-d): & 57.7 (C:
4), 118.2 (C: 4a), 1198 (C: 6), 12006 (C: &), 122.4(C: 10a), 12356
(C: 7), 1245 (C: &), 1249 (C: 1), 1254 (C: 5) 1257 (C: 8), 1260
(C: 3) 1264 (C: 9) 1266 (C: 7). 126.8 (C: 10} 1276 (C: 5),
1279 (C: 2¢), 128.5 (C: 3*), 1286 (C: 42, 8}, 1323 (C: 6a), 1329
(C: Ba', 4" ) ppi CogHyoCINGO (434.92) calod. © 77.33, H 440, N
G.44; found C 7735, H 443, N 6.45.

444, 41-Raphthy -2+ 4-chlorophenylimine -2 3-dilydro-1H-
nophthf 2 1-e] 1, 3]oxazine (24)

Yellow crystals, yield 0.068 g (74%), mup. 195-196°C. 'TH NMR
(DMSO-dg): & 6.68 (H: 4, 1H, s}, 703 (H: 8, 1H, d, J =83 Hz), 709
{H: 7, 1H, d, J=15.0Hz), 7.23 (H: 2%, 2H, 4, |=8.4Hz), 7.41 (H:
6, H, t, J=7.6Hz), 7.57-7.72 (H: 4, 9, 3", 6, 5, 8, 7H, m), 786
{H: 5, 1H, d, |=8.0Hz), 795 (H: 2, 7, 2H, dd, | =8.0, 19.8 Hz},
8.33 (H: 3, 1H, d, J= 8.2 Hz), 8.55 (H: 10, TH, d, ] = 8.1 Hz), 9.54
[H: 3, 1H, br) ppm. 3C NMR (DMSO-ds): & 54.3 (C: 4) 1179 (C:
4a, 17), 119.5 {C: 9), 1205 (C: 3), 122.4 (C: 10a), 123.5 (C: 5),

124.3 (C: 8, 1244 (C: 6) 1248 (C: 4%), 125.4 (C: T), 1256 (C:
10), 1258 (C: &), 1262 (C: 4), 1266 (C: 3°), 126.7 (C: 3°), 1278
(C: 9, 5 1283 (C: 2%), 128.6 (2'), 1309 [C: 8a’), 1329 (C: 4a"),
1337 (C: Ga) 1404 (C: 10b) 1438 (C: 1%), 1448 (C: 2)ppm.
CoaHiaCINGO (434.92) calad. © 7733, H 440, N 6.44; found ©
97.35,H 4.37, N 6.42

4.5 General method for the synthesis of naphthylnapheh1 3 bxazines
(17, 18and 25)

Aminonaphthol 4, 5 or 10 (0,15 g, 0.45 mmol}, 3 equivalents of
paraformaldehyde, 1.1 equivalent of EtsN and chloroform (8 mL)
were mixed in room emperature for 6 h and the solvent was then
evaporated off. The product was purified by column chromatogra-
phy (silica gel, eluent: n-hexane-EtQac)

4.5.1. 1-{2-Naphthyl}-2 3-dibydro-1H-naphth] 1 2-e][1 3 Joxazine (17)

Eluent for column chromatography: hexane-ErOAc (4:1), white
crystals, yield 0067 g (49%) m.p. 157-160 =C. "H NMR (DMSO-d; )
5 4.35-439 (H: 2, 1H, m), 460 (H: 3, 1H, 44, ] =102, 13.65Hz),
4.89 (H: 3, TH, dd, j=3.8, 9.8 Hz), 5675 (H: 1, TH, 4, J= 5.0Hz),
704 (H: 1, TH 4, [=12.9Hz), 722-729 (H: 10, 1", 2H, m}, 7.34-
7.36 (H: 5, TH, m), 739-7.41 (H: 9, I, 2H, m), 7.46 (H: &, TH, 1,
J=7.1Hz} 761 (H: 7, 1H, d. J=8.1Hz), 767 (H: 8, 1TH d
J=8.0Hz), 783-794 (H: 6, 5 7, 4, 4H, m)ppm. *C NMR
(DMSO-ds): & 519 (C: 1), 73.2(C: 3), 1148 (C: 10b} 119 {C: 5),
122.5 (C: 10), 1229 (C: 8), 1259 (C: &), 126.1 (C: 7), 1264 (C:
9), 1274 (C: 1°), 1275 (C: 3'), 127.6 (C: 4'), 1278 (C: 8, 1279
{C: 7). 1283 (C: Ba), 128.5 (C: 5), 1289 (C: 6) 131.4 (C: 10F),
1322 (C: 4a’), 1325 (C: Ba'), 1408 (C: 10a) 1520 (C:4a) ppm.
CopH 7 NO (31138): calod. C B4.86, H 5.50, N 4.50; found C 84.87,
H5.49, N 4.51.

452 1-(1-Naphthyl}-2 3-dibydro-1H-naphth] 1, 2-2][1 3 Joxazine (18)

Eluent for column chromatography: n-hexane-EtOAc (3:1),
white crystals, yield 0057 g (42%), m.p. 135-140°C. "H NMR
(DMSO-dg): & 431-4.34 (H: 2, 1TH, m} 4.63 (H: 3, 1H dd. j =10.4.
13.8 Hz), 4.86 (H: 3, 1H, dd, J=36, 98 Hz), 633 (H: 1, 1H, 4.
J=49Hz). 6.81 (H: 2, 1H d. J=6.7Hz). 708 (H: 10, 1H, d
J=8.3Hz) 7.16-725 (H: 5, 5, 3, 9, 4H, m), 7.60 (H: &, 1H, t,
J=7.5Hz), 767 (H: 8, 1H, t, J=7.6 Hz), 7.81-784 (H: &4 6, &, 3H,
m), 798 (H: 7, 1H, d, = 80 Hz), 8.63 (H: 7, 1H,d, | = 8.3 Hz) ppm.
3¢ NMR (DMSO-ds): 5 48.4 (C: 1), 732 (C: 3), 114.8(C: 10b), 119.0
{C:5), 1223 (C: 10), 122.9(C: 9), 1245 (C: 7), 1247 (C: 3}, 1258
(C:8), 1262 (C: 6'),126.4(C: 6),127.4{C:2"),127.8(C: 4), 1283 (C:
Ga) 128.5(C: &), 1286(C: )L 128.8(C: 77) 131.0(C: 83, 1313 (C:
1), 1339 (C: 4a'), 1380 (C: 10a), 1523 (C: 4a) ppm. CepH,zNO
(311.38): calod. © B4.86, H 5.50, N 4.50; found C 84.81, H 5.51, N
453

453 4(1-Naphthyl}-2 3-dibydro-1H-naphth[ 2 1-¢][1 3 Joxazine (25)

Eluent for column chromatography: hexane-ErOac (3:1], white
crystals, vield 0.052 g (37%), mp.141-145°C. "H NMR (DMS0-d;) 5
4.34 (H: 3, 1H, ddd, j=5.4; 62, 12.2Hz), 475 (H: 2, 1H, dd.
J=-103, 12.2Hz), 506 (H: 2, 1H, d4d, [ =5.4, —10.0Hz), 603 (H:
4, 1H, d, j=6.2Hz), 693 (1H, d. j=7.0Hz), 6.96 (1H, d
J=8.4Hz) 7.36 (1H, t, J=7.7Hz), 7.38 (1H, 4, J=8.5Hz), 759
(4H, m), 7.86 (2H, d, j=8.8 Hz), 798 (1H, d, | =8.0Hz), 8.14 (1H,
m}, 6.47 (1H, d, /= 8.4 Hz) ppm. 3C NMR (DMSO-ds): & 529 (C:
4), 75.3 (C: 2), 117.4(C: 7), 1196 {C: 2), 1214 (C: &), 123.7 (C:
8}, 124.9 (C: 6), 125.3 (C: 1°), 1256 (C: 10), 1258 (C: 8), 1263
(C: 7) 1265 (C: &), 1266 (C: 5) 127.6 (C: 3'), 1282 (C: 4,
1286 (C: 5') 1289 (C: 9), 129.3 (C: 10a), 131.7 (C: 84), 1336 (C:
Ga), 134.2 (C: 4a), 1381 (C: Ga), 150.3 {C: 10b) pprm. CpHysNO
(311.38) caled. © B4.86, H 550, N 4.50; found C 8482, H 5.53, N
4.50.
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4.6, General method for the synthesis of naphthy -(4-niro phenyl -2 3-
difydro-1H-nephth] 1, 3Joxazines (27, 28 31 and 32)

Aminonaphthol 4, 5, 9 or 10 (.15 g, 045 mmol), 1 equivalent
amount of 4-nitrobenzaldehyde, 1.1 equivalent of EtzN and meth-
anol (2 mL) were mixed at room temperature for 10 min, and the
resulting crystals were filtered off and recrystallized from (Pr0
{30 mL).

4.6.1. 1+ 2-Naphthyl -3 d-nitropheny [ -2 3-dibwdro-1H-naphih 1, 2-
e]l1 3 Joxazine (27)

Yellow crystals, yield 0,162 g (84%), mup. 232-235°C. 'TH NMRE
(DMS0-d; ) 6 4.72 (H: 2 1H, dd, | =53, 139 Hz), 5.82 (H: 3. 1H,
d, J=13.9Hz), 6.47 (H: 1, 1H, d, /=52 Hz), 693 (H: 3, 1H, d,
J=T70Hz), 713 (H: &, 1H, d. J=8.3Hz)., 722 (H: 1©, TH t
J=69Hz), 7.27-731 (H: 5 7. 2H, m) 762 (H: 8, 1H t
J=73Hz), 7.70(H: 2°, 2H, 5), 772 (H: 9, 1H, 5), 7.85-792 (H: &,
5, 6, 3H, m), 8.01 (H: 7, 1H, d, J=8.1 Hz}, 822 (H: &, 1H, d,
J=88 Hz), 868 (H: 10, 1H, d, J=8.5 Hz) ppm. *C NMR (DMSO0-
ds): & 499 (C: 1), 819 (C: 3), 114.6 {C: 10b), 119.0 (C: 5), 122.6
(C: 6, 1233 (C: &), 1235 (C: 3*), 124.4 (C: 10), 1249 {C: ¥}
126.0 (C: 8). 126.5 (C: 9), 126.7(C: 1°), 1278 (C: 39, 1279(C: 2"),
128.2 (C: 8°), 1286 (C: 7). 1287 (C: 8a'), 1288 (C: 5') 1292 (C:
6), 131.0 (C: 10a), 131.1 (C: 4a’), 134.0 (C: Ga) 137.8 (C: 2')
145.8 (C: 4% 1474 (C: 1%) 1525 (C 4a)ppm. CogHapgMN20s
(43247} caled. © 77.76, H 466, N 6.48; found C 77.69, H 468, N
6.52,

462 1+ 1-Naphthyl -3 4-nitropheny ] -2 3-dikydro-1H-naphih] 1 2-
2)[1 3 Joxazine (28)

White crystals, yvield 0,153 g (BO%), mup. 170-173°C. TH NMR
(DMSO-d; ) & 474 (H: 2, 1H, dd, j =50, 13.6 Hz), 576 (H: 3, 1H,
d, j=136Hz), 584 (H: 1, TH, d, ] =49 Hz), 729-7.33 (H: 2% 9,
2H, m), 7.4-753 (H: 10, 2, 5, &, 8, 5H, m), 7.69-7.74 (H: 3, 7,
2H, m), 7.80 (H: 37, 2H, d, [=8.7 Hz), 789-798 (H: &, 7, 6, &,
4H, m), 8.25-826 (H: 8, 5, 2H, m). "C NMR (DMSO-dg): & 54.6
{C: 1), B32(C: 3) 1146 (C: 10b), 1190 {C: 5), 123.3(C: 8), 1234
(C: 27), 1240 (C: 2} 1244 (C: 10), 1254 (C: 8, 126.0 (C: &)
126.1 (C: 9). 126.7 (C: 3°), 1275 (C: 4, 7). 1278 (C: 5, 127.9(C:
3%, 128.1 (C: 6), 128.5 (C: Ba), 128.7 (C: 6), 1294 (C: 7). 131.3
{C: 8a"), 1323 (C: 10a), 1325 (C: 4a'), 1406 (C: 1'), 145.7 (C: 17},
147.2 (C: 4%) 152.1 (C:da) ppm. CogHogMo0y (43247): caled. ©
77.76, H 466, N 6.48; found C77.82, H 4.68, N 6.44.

463, 4 2-Naphthyl -2 &-nitropheny -2 3-dikydro-1H-naphthf 2 1-
ell1 3joxazine (31)

Light-brown crystals, yield 0151 g (78%), m.p. 190-192C. 'H
NME (CDClz): & 545 (H: 4, TH, 5}, 592 (H: 2, TH, d, [ = 8.4 Hz),
7.14 (H: 5. 1H, d, | = 8.4 Hz), 733-736 (H: &, 1H, m), 7.44-7.51
(H: 10, 5, 2H, m), 757-7.509 (1", 9, 7, 3H, m}, 7.76-7.83 (H: &, 7",
2H, m), 7.85-7.87 (H: 2, 2H, d, ] =78 Hz), 791 (H: &4, 1H, d,
J=85Hz], 801 (H: 5, 1H, d, j=82Hz) 825 (H: 3% 2H, d,
J=8.7 Hz), 832-838 (H: 10, 8, 2H, m) ppm. '3C NMR (CDCl3): &
56.0 (C: 4) 822 (C: 2) 1164 (C: 4a), 120.1 (C: 6) 1213 (C: 8)
123.6 (C: 3%), 1253 (C: 7). 1259 (C: &), 126.1 (C: 5,1263 (C:
10), 12656 (7). 127.0 (C: 1¢) 1275 (C: ), 127.9 (C: &), 1281 (C:
'), 1285 (C: &), 1286 (C: 9), 129.5 (C: 5') 1329 (C: 42') 1330
(C: Ba'), 133.9 (C: 6a), 140.3 (C: 2, 1462 (C: 1¥), 1479 (C: &),

1449.1 (C: 10b) ppm. CzeHzaMz0s (432.47): caled. © 77.76, H 4.66,
M 6.48; found C 7778, H 4.64, N 6.50.

4.6.4. 4 1-Naphthyl -2 4 nitropheny [}-2 3-difydro-1 H-nophthf 2 1-
ejl1 3 Joxazine (32)

Yellow crystals, yield 0,156 g (BOE). mup. 197-200°C. "TH NMR
(CDCl;): & 287 (H: 3, 1H, 5), 596 (H: 2, 1H, 5), 6.05 (H: 4, 1H, 5},
7.02-7.07 (H: 5, 8, 2H, m), 7.32 (H: 3", 1H, , ] = 8.1 Hz), 7.42 (H:
6, 1H, d, | =85 Hz), 7.55-761 (H: &, 8, 9, 3H, m), 7.77 (H: 3, 2H,
J=B5Hz) B37 (H: 10, 1H, 4, J=75Hz), 848 (H: 2, 1H, 4,
J=85Hz)ppm. 13C NMR (CDClz): 5 531 (C: 4), 822 (C: 2), 116.6
{C: 4a), 120.2 (C: 6), 121.3 {C: 2%}, 1241 {C: 2%, 1248 (C: 3'),
125.2 (C: 10a), 1259 (C: B, 5], 126.1 (C: &), 126.5 (C: 6), 126.6
(C: &), 126.5 (C: 3", 127.7 (C: 7). 127.8 (C: 7). 128.8 (C: 5, 9)
128.9 (C:') ppm. C2sHzoM20s (432.47): caled. € 77.76, H 4.66, N
6.48; found C 77.80, H4.69, N 6.45.
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