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1. Introduction These results prompted us to examine the behavViother
heminal 1,3-diheteroatomic systems under the samnditions.
Here we wish to report the results of the formylatioh
benzoxazine derivatives.

The Vilsmeier-Haack reaction is a powerful tool in raod
synthesis and is widely used not only to introduce CHO
group into activated aromatic and heteroaromatixssates, but
also as an approach for various condensations wrigzations 2. Results and discussion
(for reviews on the Vilsmeier-Haack reaction'sde _ _ ) )

The chemistry of the Vilsmeier reagent has attracted The Vilsmeier reagent was obtained by the classithau
increasing interest during the past few decadesgthat interest With a molar ratio DMF : POGI3:1, then 0.5 mol of the
in this chemistry is supported by the significamtrease in the corresponding benzoxazine was added and the mixua®
number of pub”cations (for recent examp|es7_§'ée maintained at 75-80C°for 1 h (for Compoundéa—cb or4dh (fOf

Recently, we have reported the unexpected reactibn de.). When the mixture was neutralized by addition gfieous
spirocyclic pyrimidinel with the Vilsmeier reagent that was NaOH immediately thereafter, as recommended by thesickal
accompanied by a deep_seated rearrangement of atrc Vilsmeier-Haack Conditions, the yleldS were very paﬂd the

skeleton to give substituted acridir2and3 (Scheme 13" isolation of products was very difficult due to tErmation.
Therefore we had to use another work up procedurevand

H cN succeeded by using a sodium perchlorate solutidrus,Tthe
I N POCI;, DMF | x . Z reaction mixture was left to cool and treated withexcess of
NH  room temp., 5 days N N ice-cold aqueous NaClQ whereupon the solids oba-f
o) CN crot  cho precipitated. The compoun@a—f could be easily hydrolyzed by
1

2 (42%) 3 (10%) aqueous alkali in DMF to form xanthene-type compauGet-f.

Scheme 1Synthesis of substituted acridines. It should be noted that producka—d were also obtained by

OCorresponding author. Tel.: +380562-47-46-70; #880562-47-33-16; e-mail: faratok@mail.ru



2 Tetrahedron
maintaining the substratea—d with the Vilsmeier reagent at H15...02 [i: 1-x,-y,-z] (H...O 2.29 A, C-H...O 173°). These

room temperature for 24 h (Scheme 2).
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Scheme 2Synthesis of xanthene-type compounds.

Table 1.The yields of compoundg 5and6.

Compound R n Yield % Compound R n Yield %
4a 2 92* 5d i-Pr 1 87
4b 1 69* 5¢ | 2 54*
4c i-Pr 2 80 5f I 1 57*
4d i-Pr 1 73 6a 2 85
de I 2 66 6b 1 83
Af | 1 68 6¢c i-Pr 2 90
5a 2 96 6d i-Pr 1 85
5b 1 80 6e | 2 85
5¢c i-Pr 2 95 6f I 1 80
*Ref.:1

**crude product

The compounds were characterized by FTIR and mass

spectrometry, multinuclear NMR spectroscopy, aneimeintal
analysis. Finally, the structure of the compoubd was
confirmed by a single crystal X-ray diffraction &sis (Fig. 1).

Fig.1. X-ray structure o8a (50% probability thermal ellipsoids).

The cyclohexene ring hassafaconformation. The ator@10
deviates by 0.628(3) A from the plane of the otlieg mtoms.
The latter, in turn, lie in the same plane as tinydtopyran and
benzene rings (root mean square deviation of th@sfrom the
plane is 0.017 A). The dimethylamidine substituenteavily
twisted by 119.0(2)° (C15-N1-C13-C1) with respectte plane,
while the formyl substituent is essentially in tHane to form a
dihedral angle C9-C8-C14-0O2 of 1.1(3)°. The oridotatof
CHO is additionally stabilized by intramolecular attive
shortened interaction O1...H14 (2.36 A, the van der Waam
is 2.46 A)*? In the crystal structure, the molecusare paired
into centrosymmetric dimers linked by hydrogen toGt5-

dimers are additionally stabilized by hydrogen to@iH..x :
C9-H9b...CT (H...C 2.85 A, C-H..C 144°) and C11-
H11b...C14(H...C 2.85 A, C-H...C 147°).

We found that benzoxaziné reacts in the same way and
under Vilsmeier-Haack conditions undergoes the ragement
to form (after hydrolysis) benzopyrad The structure of the
intermediate sal8 can be best described by several resonance
structures with an assumption that the pyrilium galprobably
the most contributing one (Scheme 3).
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Scheme 3Synthesis of benzopyran derivatives.

As we suggested, 2,2-dimethylbenzoxazind3a,b react
further with the Vilsmeier reagent to afford dialddbg12a,b
(Scheme 4).
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Scheme 4Synthesis of substituted benzopyrans.

Compoundsl2a and b were characterized by spectroscopic
data, the structure of the compouf#a was confirmed by a
single crystal X-ray diffraction analysis (Fig. 2jhe compound
12ais the hydrate 2:1. The independent part of thie el of
12a contained two molecules (A and B) with very close
geometrical parameters and a molecule of water.

All the non-hydrogen atoms in the moleculel@f lie in the
same plane with RMSD less than 0.03 A. The aldehydapgr
oriented so to form the intramolecular hydrogen dso@8-
H8...03 (H...0 2.26-2.27 A, C-H...O 125°) and attractive
contactsC11-H11...01 (H...O 2.31-2.33 A). The latter cannot
be considered to be hydrogen bonds due to the smgleC-
H...O of 103°. The analysis of the bond lengths shows a
significant redistribution of the electron densitythe molecule
from the amino group to the =C(CHQjnoiety through the
conjugatedt bond system.

Thus, the C=0 bonds are longer (1.226(3)-1.241(3}h&n
standard C=0 double bond distances in aldehyde9J14),
while C9-N1 bonds are slightly shortened to 1.316(3)-1.328(
in comparison with the average distance of é¢sH, bond of
1.336 A" In addition, the formal single bor@7-C8 (1.360(3)-
1.364(3) A) is even shorter than formal double bofiisC9 of
1.397(3)-1.400(3) A and7-C10 of 1.426(3)-1.429(3) A. Such a



redistribution of the electron density in the cayss stabilized by

a network of intermolecular hydrogen bonds N1A-H1AA...O3B

i 1/2+x,1/2-y,-1/2+z] (H..O 2.01 A, N-H..O 166°), Wi
H1AB...028' [ii: 3/2-x,1/2+y,1/2-z] (H..O 2.10 A, N-H..O
160°), N1B-H1BA...03A [iii: 1/2+x,1/2-y,1/2+z] (H...0 2.01 A,
N-H...O 159°), N1B-H1BB..O1W [iv: 1/2-x,-1/2+y,1/2-Z]

(H...0 2.15 A, N-H...0 152°), O1W-H1WA...02B (H...O0 2.04 A,

O-H...0 172°)u O1W-HIWB...02A& [iii: 1/2+x,1/2-y,1/2+2]
(H...O 2.00 A, O-H...0 166°). In the crystal structutbe

moleculesl?aare linked through hydrogen bonds into tetramers,

the latter consist of two pairs of A & B molecules)daare
bonded together in a three-dimensional structurenygrogen
bonds with molecules of water.

Fig. 2. X-ray structure af2a(50% probability thermal ellipsoids).

The structure of compoundg is best described by resonance

structures shown below, from X-ray afd NMR data (Scheme
5).

R CHO
OF>cho
%
R 12aR=H
NH, 12b R=i-Pr

Scheme 5Resonance structures of substituted benzopyrans.

Next, we found that compound3 does not undergo
recyclization even if maintained with Vilsmeier reagat 75-80
°C for a couple of hours. Instead, thieformylation occurs and
imide 14 was isolated as the sole product. Under mild cornitio
it could be easily hydrolyzed to form the startbenzoxazind 3
(Scheme 6).
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Scheme 6Synthesis of imide and his hydrolyze.

Based on these data, we suggest the following mesrhaoi
the new rearrangement (Scheme 7).
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Scheme 7Proposed mechanism of the new rearrangement.

It was found that the reaction of benzoxazlisawnith a three-
fold excess of Vilsmeier reagent at room temperafarel h
leads to formation of 9-chloroacridirks in quantitative yield.
Meanwhile, tetrahydroacridine-9-one 17 was isolated
guantitatively when the same reaction was conductéd Weq.
of Vilsmeier reagent for 0.5 h. The compoufid could be
quantitatively converted into chlorides by reaction with a two-
fold excess of Vilsmeier reagent for 0.5 h.

The physical data of the compouridsand17 appeared to be
identical to that previously described in the Htere!*™
According to LC-MS data, the purity of compoudé was
96.3% prior to recrystallization. It is noteworttat in all cases
the isolation of products is very straightforwardgddhe isolation
of acridinesl6 and17 is easily accomplished by simple filtration

(Scheme 8).
O 15

POCI,, DMF
rt,1/2h
2 fold excess of
Cl' 16 (~100%)

O 17 (~100%)
Scheme 8Synthesis of acridines derivatives.

3 fold excess of
POCI,, DMF

rt,1h

r.t., 1/2h

In contrast to benzo analdg hexahydro-4H-1,3-benzoxazin-
4-onel8 failed to give xanthene derivatives. The perchoi®
was instead prepared in 67% vyield by addition of\ilsmeier
reagent to compounti8 (room temperature, 0.5 h) followed by
treatment with an aqueous NaGl&blution. The salt9 has been
found to be easily hydrolyzed by alkaline soluttorform stable
enamine20 (Scheme 9).
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Scheme 9Synthesis of functionalized enamine.

The structures of the synthesized compounds wergérted
by means of spectroscopic data, and the compdifhavas
studied by single crystal X-ray diffraction analysiFig. 3).
Compound19 is the salt consisting of an organic cation and
perchlorate anion. The independent part of the celt of 19
contained two cations (molecules A and B) with vergsel
geometrical parameters and three £l@ns, two of which are
located on a second-order axis. Tetrahydrooxazing has a
distorted sofa conformation with a flattened N1-C1-C2-C3-O1
fragment (root mean square deviation of the ataom the plane
is 0.048 and 0.054 A for moleculés& B, respectively) wittC4
atom deviation of 0.610(5) A (moleculad) and 0.594(5) A
(moleculeB) from the plane.

The cyclohexene ring hassafaconformation withC8 atom
deviation of 0.688(5) A (molecula), or 0.691(5) A (molecule
B) from the plane of other ring atoms. The positorearge is
localized on the nitrogen N2 atom, as indicated byQ42 bond
lengths of 1.306(5) A (molecule A) and 1.303(5) A (ewile B),
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which values are close to the average N=C double bon8.1 Synthesis of Spirans 4a-f (General method) mixture of

distance of 1.28 A’ Thecis-orientation of theC14-N2 bond with  the corresponding salicylamide (0.10 mol), ketdh&Z mol) and
respect toC8-C7 leads to a steric repulsion between the methyp-TsOH x HO (0.05 mol) in toluene (70 mL) was refluxed for 8
C16 group and the methyled® fragment. It is evidenced by the h with continuous removal of water with a Dean—Staap tin
shortened intramolecular contact H7B...C16 2.67 A (adie the case of spirasa,b, the mixture was cooled to 10 °C and
A) and 2.69 A (molecule B) (the van der Waals sum 87 A)" stirred for 1 h at the same temperature. The legultrystals
the increase of the valence angles C16-N2-C14 148.44), were collected, washed with toluene (10 mL) afdOH (10
126.2(3)° (B) and C14-C8-C7 124.6(4)° (A), 123.8(4®) in mL) and dried at 50 °C. In all other cases, a sulwwas
comparison withC15-N2-C14 120.1(4)° (A), 121.2(3)° (B) and evaporated to dryness under reduced pressureplideresidue
C14-C8-C3 116.6(4)° (A), 117.3(4)B), respectively. A small was washed with 5% ag. NaOH solution and filtered off.
twist along theC8-C14 bond (the dihedral torsion anglés-C8- , . . ,
C14-N2 are of 19.8(7)°A) and -18.6(7)°K)) also lends support 3.1.1. 6,8-D||sopropylsp_|ro[1,3-benzoxa2|ne-2,140y|ei<an]-
to the view of a steric repulsion. In the crystaiusture, the 4(3H)-one (4c). 80%, white powder, mp 165-167 C (aq.
cations andClO, anions are linked by intermolecular hydrogen MeOH); [Found: C, 75.86; H, 9.15; N, 4.69,48,/NO, requires
bonds N1A-H1A...03[i: 1/2-x,1/2+y,1/2-7] (H...0 2.06 A, N- C» 75.71; H, 9.03; N, 4.65%lvn(KBr) 3184 (N-H), 3066
H...O 156°) and N1B-H1B...0ZH...0 2.03 A, N-H...0 169°).  (aromatic C-H), 2965-2862 (aliphatic C-H), 1674 (C=0J;

dy (400 MHz, DMSO-d/CCl,) 8.43 (H, s, NH), 7.41 (H, s,H-

5 Ar), 7.17 (H, s,H-7 Ar), 3.22-3.31 (#, m, CH(CH),), 2.79—

- o ? ot 2.88 (H, m, CH(CH),), 1.95-2.07 (A, m, spiro-ring), 1.50—
’u\@/ ol Q. Les . ., % 1.70 (H, m, spiro-ring), 1.25-1.32 , m, spiro-ring), 1.21
(Sas S L—X\f’é%‘ ; T\ o (12H, d,J 6.1 Hz, 2CH(CH),); 6c (100 MHz, DMSO-¢/CCl,)

x:e\ l oS > & 161.4 C=0), 140.6, 149.9, 128.8CH-7), 135.5, 121.4(H-5),
qQ \ o5 117.1, 86.9 (-2), 354 (ZHy, 32.9 (CH(CH)y, 25.8
oo (CH(CHg),), 23.9 (TH,), 23.8 (CH(CH),), 22.6 (CH(CH),),

\b 21.6 CH,); 6c DEPT-135 (100 MHz, DMSO#ICCl,) 128.3
(CH-7), 121.1 CH-5), 35.1* (XH,), 32.5 (CH(CH),), 25.5
(CH(CHy)y), 23.9* (LHp), 23.5 (CH(CH),), 22.3 (CH(CH)y),
21.3* (CHp), *signals in antiphasexn/z(El) 301 (9 M), 205 (20),

189 (5), 176 (7), 161 (5), 97 (100), 41 (7%).

3.1.2. 6,8-Diisopropylspiro[1,3-benzoxazine-2,1'fopentan]-
4(3H)-one (4d). 73%, white powder, mp 137-140 °C (aq.
Fig. 3. X-ray structure af9 (50% probability thermal ellipsoids). MeOH); [Found: C, 75.37; H, 8.83; N, 4.91,48,:NO, requires
C, 75.22; H, 8.77; N, 4.87%ma(KBr) 3183 (N-H), 3066
(aromatic C—H), 2958-2871 (aliphatic C—H), 1669 (C<0)";
8y (400 MHz, DMSO-¢CCl,) 8.54 (H, s, NH), 7.41 (H, s,H-
5 Ar), 7.13 (H, s,H-7 Ar), 3.11-3.23 (#, m, CH(CH),), 2.77—
2.91 (H, m, CH(CH),), 2.03-2.13 (A, m, spiro-ring), 1.72—
1.88 (&, m, spiro-ring), 1.22 (6H, d 6.1 Hz, CH(CH),), 1.19
(6H, d,J 6.1 Hz, CH(CH),); dc (100 MHz, DMSO-¢g/CCl,)
161.9 €=0), 150.9, 140.6, 135.6, 128.€H-7), 121.5 CH-5),
3. Experimental section 117.4, 96.7 C-2), 37.9 (ZHy), 329 (CH(CH)y, 26.4
) - (CH(CHy),), 23.8 (CH(CH),), 22.3 (CH(CH),), 22.2 (ZHy); 3¢
The "H NMR and “C NMR spectra were performed on a DEPT-135 (100 MHz, DMSOHCCI,) 128.0 (CH-7), 121.1
Bruker Avance Il 400 instrument (400,13 MHz and 1Q0MHz  (CH-5), 36.9* (ZH,), 32.4 (CH(CH),), 26.0 (CH(CH),), 23.3
for *H and °C respectively) in DMSOgl DMSO-d/CCl, OF  (CH(CH,),), 21.9 (CH(CH),), 21.8* (XH,), *signals in

DMSO-d/CF;,CO,D with Me4Si as internal s.tandard. The FTIR antiphasem/z (El) 287 (8 M), 205 (29), 189 (6), 176 (10), 161
spectra were recorded in KBr pellets using a Spectaone (9), 83 (100), 41 (10%).

(PerkinElmer) FT-IR Spectrometer. The mass spedaifa
compoundgic—f, 10b, 6a,c—f 12b, 14 and20 were recorded on a Nl ; ) Y IE )
MX1321 instrument with direct injection of the sampge an g'r]lé3('4e§’86lg:£ dcﬁﬂ'{:[:‘L)’Osw?jeer;zorﬁim;%52_';3?00'?“3;2(3HD)MF).
ionization chamber temperature of 200 °C and with €R0 [Found: C 33'40, H 2.84: N’ 3.06.,6,,NO, re uirés C '
ionizing electrons. The FAB spectra of compounds wecerded 3329: H 279 N. 2 59%]\/’ ><(.KB.6 ?13253 2(N a) 3070

. 1 1 . 1 L] . yma: — 1

on a VG7070 spectrometer. Desorption of the ions ftom : ! . 1
solution of the samples imetanitrobenzyl alcohol was realized (aromatic C—H), 2936-2850 (aliphatic C-H), 1689 (C=0J;
8y (400 MHz, DMSO-¢) 8.90 (H, s, NH), 8.19 (H, s,H-5 Ar),

with a beam of argon atoms with energy 8 keV. Chrograghic Y
analysis of compound6 was realized on an Agilent 1100 liquid 7-92 (H, s,H-7 Ar), 1.79-2.08 (&, m, spiro-ring), 1.42-1.75
chromatograph with DAD and ELSD Sedex 75 detectors irf/H: M, Spiro-ring), 1.12-1.28 XL m, spiro-ring)5¢c (100 MHz,
conjunction with an LC-MS VL spectrometer with elesjpray DMSO-d) 159.0 C=0), 154.1, 149.4, 135.2, 119.8, 890-3),
ionization. Elemental analysis was performed on @OECHNS-  87.6 (C-I), 85.5 (C-I), 35.4 (2H,), 24.1 (H,), 21.5 CHy); m/z
900 instrument. The reactions and the purity of tained  (EI) 469 (55 M), 373 (24), 245 (14), 97 (100%).
compounds were monitored by TLC on Merck SilicageFe254
plates with 10:1 CHGH-PrOH as eluent. 3.1.4. 6,8-Diiodospiro[1,3-benzoxazine-2,1'-cyclapeif-4(3H)-
Compoundsta—f were synthesized by the method describedone (4f). 68%, white powder, mp 195-198 °C (aq. DMF);
in literature™® Compoundg,!’ 15" and18"° were obtained by the [Found: C, 31.79; H, 2.49; N, 3.14.,484,NO, requires C,
known procedures. 31.67; H, 2.44; N, 3.08%]yvma(KBr) 3177 (N-H), 3062
(aromatic C—H), 2971-2878 (aliphatic C—H), 1668 (C<0)";
84 (400 MHz, DMSO-g) 9.02 (H, s, NH), 8.20 (H, s,H-5 Ar),

In the summary, we have found that 1,3-benzoxazimes
react with Vilsmeier reagent to form chromene deiest, while
the Vilsmeier-Haack reaction with isomeric 3,1-benzixat-
ones leads to partially hydrogenated acridines uantjtative
yields. The obtained compounds are highly functiaed and
could serve afow-molecular-weighbuilding blocks for organic
synthesis.



7.93 (H, s,H-7 Ar), 1.95-2.10 (&, m, spiro-ring), 1.65-1.88
(6H, m, spiro-ring);c (100 MHz, DMSO-¢) 159.6 (C=0),
154.8, 149.3, 135.3, 119.9, 94.@-2), 87.9 (C-l), 85.8 (C-I),
37.1 (THy), 22.1 (TH,); m/z (El) 455 (29 M), 373 (17), 245
(5), 83 (100%).

3.2. Synthesis of oxazines 10a,b and 13 (General hod}

5
20.6;m/z(FAB) 310 (100 M), 265 (6), 218 (11), 149 (33), 136
(35), 121 (12), 107 (24), 89 (19), 76 (27), 68 (BD) (29%).

3.3.2. N-[(9-{[(1E)-(Dimethylamino)methylene]amino}-1,2-
dihydrocyclopenta[b]chromen-3-yl)methylene]-N-

methylmethanaminium perchloratgb). 80%, red needles, mp
262-265 °C (DMF); vina(KBr) 2964-2862 (aliphatic C-H),

Concentrated 8O, (1 mL) was added to glacial acetic acid (3 1674, 1623 ci; &, (400 MHz, DMSO-g) 8.45 (H, s, N=CH-

mL), and the solution formed was cooled on ice. Aisoh of
corresponding salicylamide (0.01 mol), acetone aataldehyde
(0.01 mol), and A (1 mL) in glacial acetic acid (3 mL) was
prepared separately. To the mixture obtained, tuve ice-cold

N(CH,),), 8.01-8.11 (H, m, H Ar), 7.97 (H, s,CH=N*(CH,),),
7.61-7.71 (H, m, H Ar), 7.39-7.56 @, m, H Ar), 3.35 (6L, s,
CH=N'(CH,),), 3.23 (31, s, N=CH-N(CH)CH,), 3.21 (31, s,
N=CH-N(CH)CHj), 3.07 (41, s, TH,); 5 (100 MHz, DMSO-

solution of HSO, and AcOH was added gradually with stirring dg) 172.8, 157.2, 153.1, 150.6, 144.0, 132.0, 12826,0, 121.4,

on an ice bath. The resulted mixture was stirreddfdmin and
left to stay overnight at room temperature, thenwss$ adjusted
to ~7.0 with aq. N&CO; solution. The precipitate formed was
filtered off and recrystallized from aqueous MeOH.

Yield of compoundl.Oawas 80%, mp 137-138 °C (R&f.136—
138 °C).

Yield of compoundl3 was 98%, mp 150-152 °C (R&f.143—
147 °C).

3.2.1. 6,8-Diisopropyl-2,2-dimethyl-2,3-dihydro-4H-1,3
benzoxazin-4-on€10b) 70%, white powder, mp 145-147 °C
(ag. MeOH); [Found: C, 73.42; H, 8.82; N, 5.30,4H3-NO,
requires C, 73.53; H, 8.87; N, 5.36%,,(KBr) 3183 (N-H),
3066 (aromatic C—H), 2962-2871 (aliphatic C—H), 16C40)
cm’; 8,4 (400 MHz, DMSO-¢) 8.57 (H, s, NH), 7.45 (H, s,H-

5 Ar), 7.24 (H, s,H-7 Ar), 3.01-3.15 (8, m, CH(CH),), 2.78—
2.89 (H, m, CH(CH),), 1.49 (61, s, 2CH), 1.13-1.19 (12H, m,
2CH(CH)); 8¢ (100 MHz, DMSO-¢) 161.5 (=0), 150.7,
140.9, 135.7, 129.2, 121.3, 116.7, 86CF2), 32.8, 27.2, 27.1,
23.9, 22.3)m/z (El) 261 (74 M), 246 (12), 205 (96), 189 (43),
176 (100), 161 (75), 91 (10), 58 (26), 41 (11%).

3.3 Synthesis of perchlorates 5a—f (General methddgthod A
(with heating).
The Vilsmeier reagent was prepared from430.92 mL, 0.01

116.5, 114.1, 102.6, 41.0, 34.8, 25.1, 24u@z (FAB) 296 (100
M*), 137 (14), 107 (7), 91 (10), 80 (7), 53 (10%).

3.3.3. N-[(9-{[(1E)-(Dimethylamino)methylene]amino}-5,7-
diisopropyl-2,3-dihydro-1H-xanthen-4-yl)methylene]-N-
methylmethanaminium perchloratg5c). 95%, orange-red
powder, mp 215-217 °G.(KBr) 2927 (aliphatic C—H), 1702,
1611 cm; & (400 MHz, DMSO-¢) 8.17 (H, s, N=CH-
N(CHs),), 8.13 (H, s,CH=N"(CHy),), 7.47 (H, s, H-5,7 Ar),
3.53-3.59 (H, m, CH(CH),), 3.46 (6H, s, CH=N"(CH,),),
3.22 (#H, s, N=CH-N(CH)CHj;), 3.19 (31, s, N=CH-
N(CHs)CHs), 2.95-3.05 (H, m, CH(CH),), 2.77-2.82 (&, m,
3-CH, or 1-CH,), 2.63-2.68 (&, m, 1-CH, or 3-CH,), 1.65-1.75
(2H, m, 2<CH,), 1.30 (6H, dJ 6.8 Hz, CH(CH),), 1.23 (6H, dJ
6.8, CH(CH),); 6c (100 MHz, DMSO-¢) 172.2, 165.8, 156.0,
148.3, 148.1, 145.2, 135.5, 130.5, 127.8, 119.9.7,1101.2,
41.5, 35.4, 33.2, 26.4, 24.6, 24.1, 24.0, 22.3);2th/z(FAB) 394
(100 M), 378 (5), 349 (6%).

3.3.4. N-[(9-{[(1E)-(Dimethylamino)methylene]amino}-5,7-
diisopropyl-1,2-dihydrocyclopenta[b]chromen-3-yl)mgéne]-
N-methylmethanaminium perchlorgfad). 87%, red powder, mp
258-260 °CvmaKBr) 2960-2925 (aliphatic C—H), 1624 ¢m
3y (400 MHz, DMSO-¢) 8.42 (H, s, N=CH-N(CH),), 7.78
(1H, s, CH=N*(CH,),), 7.75 (H, s, H Ar), 7.45 (s, H, H Ar),

mol) and DMF (2.3 mL, 0.03 mol) with ice cooling. The 3.65-3.75 (m, H, CH(CH),), 3.33 (61, s, CH=N(CH,),), 3.21
compound4a (1.1 g, 0.005 mol) was added to the Vilsmeier(3H, s, N=CH-N(CH)CH,), 3.16 (31, s, N=CH-N(CH)CHy),

reagent. The reaction mixture was heated on a watéerdi 75—
85 °C for 1 h (an orange solid was separated wittbrh]. Then
the reaction mixture was cooled to 10 °C and tckatith an ice-
cold 15% agq. solution of NaCld10 mL). The precipitate of the
salt 5a was filtered off, dried and purified by refluxing Wit
toluene. In the case of salfb—d, the reaction mixture was
cooled to 10 °C and treated with an ice-cold 15% sadution

3.04-3.13 (#, m, TH,), 2.95-3.03 (H, m, CH(CH),), 1.29
(6H, d,J 6.8 Hz, CH(CH),), 1.22 (6H, d,J 6.8 Hz, CH(CH),);

8¢ (100 MHz, DMSO-g) 172.5, 157.3, 152.9, 149.1, 148.6,
145.4, 136.0, 127.4, 121.3, 119.4, 116.0, 101.98,484.5, 33.2,
26.0, 25.1, 24.9, 23.8, 22.8yz(FAB) 380 (100 M), 364 (9%).

3.3.5. N-[(9-{[(1E)-(Dimethylamino)methylene]amino}-5,7-

of NaCIQ, (10 mL); then pH was adjusted to 8.0-9.0 with ag.diiodo-2,3-dihydro-1H-xanthen-4-yl)methylene]-N-

NaOH. The solid products were filtered off, washed ameddo
give pure saltdb-d. For saltsbe,f, the reaction time was 4 h.
Caution! Organic perchlorates are potentially exples The
microanalysis were not performed in order to prevemt
explosion.

3.3.1. N-[(9-{[(1E)-(Dimethylamino)methylene]amino}-2,3-
dihydro-1H-xanthen-4-yl)methylene]-N-methylmethanaminium
perchlorate (5a). 96%, orange powder, mp 300 °G;.{KBr)
2939 (aliphatic C—H), 1708, 1600 ¢msy (400 MHz, DMSO-
d/CCl) 856 (H, s, N=CH-N(CH),), 8.20 (H, s,
CH=N*(CHs),), 7.76 (1H, dJ 7.6 Hz, H Ar), 7.60-7.68 {2, m,
H Ar), 7.34-7.42 (H, m, H Ar), 3.52 (8, s, CH=N"(CHy),),
3.27 (#H, s, N=CH-N(CH)CHj;), 3.25 (31, s, N=CH-
N(CH:)CHs), 2.74-2.81 (B, m, 3CH, or 1CH,), 2.59-2.74
(2H, m, 1CH, or 3CH,), 1.61-1.78 (&, m, 2CH,); 8¢ (100

methylmethanaminium perchlorafée) Yellow powder, yield
~54% (calculated for proposed structure), mp 243-25. This
intermediate perchlorate was used on the next stéhout
further purification.

3.3.6. N-[(9-{[(1E)-(Dimethylamino)methylene]amino}-5,7-
diiodo-1,2-dihydrocyclopenta[b]chromen-3-yl)methylehe
methylmethanaminium perchloratésf). Pink powder, yield
~57% (calculated for proposed structure), mp 228-2Z3. This
intermediate perchlorate was used on the next stéhout
further purification.

3.4. Synthesis of perchlorates 5a—dvMethod B (at room
temperature).

The Vilsmeier reagent was prepared from430.92 mL, 0.01
mol) and DMF (2.3 mL, 0.03 mol) with ice cooling. The

MHz, DMSO-d/CCl,) 172.0, 165.2, 158.3, 155.8, 152.1, 132.3,compound4a (1.1 g, 0.005 mol) was added to the Vilsmeier

125.0, 124.7, 121.5, 119.2, 116.5, 101.9, 42.00,4%4.6, 24.0,

reagent. The reaction mixture was stirred vigorpasiroom
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temperature for 24 h and maintained as in the ndethoThe
saltsbb—d were obtained in the same way.
Yield of compouncbawas 88 %.
Yield of compoundb was 75%.
Yield of compoundscwas 85%.
Yield of compoundsd was 80%.

3.5. Synthesis of benzopyrans 6a—f (General method).

The corresponding sabia-f (1.0 g, 0.002 mol) was dissolved in
hot DMF (5 mL). To the obtained solution, an aque®&s%
NaOH solution (1.5 mL) was added and the mixture wasedti
vigorously at 60-75 °C for 5 min. The precipitatedlid of
corresponding compounéa—f was filtered off. If no solid
precipitated, the solution cooled to the room terapsge and
water was added.

3.5.1. N'-(4-Formyl-2,3-dihydro-1H-xanthen-9-yl)-N,N-
dimethylimidoformamid€6a). 85%, yellow-green needles, mp
175-177 °C (agMeOH); [Found: C, 72.41; H, 6.49; N, 9.98.
C1H1gN2O, requires C, 72.32; H, 6.43; N, 9.92%},.(KBr)
2932-2852 (aliphatic C—H), 163ZHI0) cmi'; &, (400 MHz,
DMSO-d;) 10.13 (H, s,CHO), 7.70 (H, s, N=CH-N(CH),),
7.49-7.56 (H, m, H Ar), 7.33-7.42 @, m, H Ar), 7.19-7.26
(1H, m, H Ar), 7.10-7.18 |, m, H Ar), 3.03 (8], s,CH3), 3.01
(3H, s,CHy), 2.50 (2H, 3€H, or 1-CH,, overlapped with DMSO
signals), 2.25-2.29 2 m, 1CH, or 3-CH,), 1.52-1.56 (&, m,
2-CH,); 8y (400 MHz, DMSO-¢/CFR,CO,D) 10.00 (H, s,CHO),
8.41 (H, s, N=CH-N(CH),), 7.58 (H, d,J 7.6 Hz, H-5 Ar),
7.50 (H, t,J 7.6 Hz, H-6 Ar), 7.34 (#, d, J 8.1 Hz, H-8 Ar),
7.25 (H, t, J 7.4 Hz, H-7 Ar), 3.27 (8, s,CHjy), 3.31 (3, s,
CHs), 2.58-2.70 (A, m, 3CH, or 1-CH,), 2.28-2.40 (&, m, 1-
CH, or 3-CH,), 1.55-1.75 (B, m, 2CH,); 8 (100 MHz,
DMSO-d;) 184.2 (CHO), 162.5, 154.6, 151.6, 146.9, 130.2,
124.0, 123.3, 120.8, 115.2, 110.9, 109.0, 33.87,227.0, 20.1;
m/z (El) 282 (100 M), 265 (16), 253 (60), 239 (13), 210 (10),
196 (6), 181 (11), 152 (5), 127 (7), 77 (8), 58 €8 (17%).

3.5.2. N'-(3-Formyl-1,2-dihydrocyclopenta[b]chromenAy-
N,N-dimethylimidoformamidé6b). 83%, yellow-green needles,
mp 196-198 °C (agMeOH); [Found: C, 71.51; H, 5.97; N,
10.40. GgH1gN,O, requires C, 71.62; H, 6.01; N, 10.44%];
Vmad KBF) 2924 (aliphatic C—H), 163@CHO) cm™; & (400 MHz,
DMSO-d;) 9.77 (H, s, CHO), 8.08 (H, s, N=CH-N(CH),),
7.71-7.77 (H, m, H Ar), 7.32-7.40 @, m, H Ar), 7.15-7.24
(2H, m, H Ar), 2.51-3.07 @, s,CHs), 3.02 (31, s,CHs), 2.76—
2.85 (H, m,CHy), 2.55 (H, m, CH,); 8¢ (100 MHz, DMSO-¢)
180.4 (CHO), 166.2, 155.5, 152.2, 143.2, 129.7, 12423.8,
122.2, 118.6, 155.5, 112.0, 33.8, 23rR{z (FAB) 269 (100
MH"), 239 (11%).

3.5.3. N'-(4-Formyl-5,7-diisopropyl-2,3-dihydro-1Hnthen-9-
yI)-N,N-dimethylimidoformamidé&c). 90%, yellow powder, mp
188-190 °C (agMeOH); [Found: C, 75.47; H, 8.32; N, 7.69.
Co3H3oNLO, requires C, 75.38; H, 8.25; N, 7.64%};.{KBr)
2927-2864 (aliphatic C—H), 165TKO) cmi'; 8 (400 MHz,
DMSO-d;) 10.19 (H, s, CHO), 7.66 (H, s, N=CH-N(CH),),
724 (H, s, H Ar), 7.19 (H, s, H Ar), 3.35-3.43 {, m,
CH(CHg),), 3.05 (61, m, N=CH-N(CH),), 2.86-2.91 (H, m,
CH(CHg),), 2.49-2.53 (&, m, 3CH, or 1-CH,), 2.29-2.34 (H,
m, 1-CH, or 3-CH,), 1.56-1.62 (A, m, 2CH,), 1.29 (6H, dJ
6.8 Hz, CH(CH),), 1.21 (6H, d,J 6.8 Hz, CH(CH),); 8¢ (100
MHz, DMSO-d) 183.4 (CHO), 162.8, 154.6, 148.0, 147.0,
142.9, 134.1, 125.3, 120.3, 118.9, 110.4, 108.13,38.1, 26.8,
24.4, 23.9, 22.3, 21.2, 20.8Vz(El) 366 (100 M), 349 (8), 337
(36), 322 (6), 59 (8), 43 (19%).

Tetrahedron

3.5.4. N'-(3-Formyl-5,7-diisopropyl-1,2-dihydrocypknta[b]-
chromen-9-yl)-N,N-dimethylimidoformamidéd). 85%, yellow
powder, mp 133-136 °C (aMleOH); [Found: C, 75.11; H, 8.08;
N, 7.99. GH,gN,O, requires C, 74.97; H, 8.01; N, 7.95%];
Vma KBF) 2925 (aliphatic C—H), 163@CHO) cm™; &, (400 MHz,
DMSO-d;) 9.79 (H, s, CHO), 8.07 (H, s, N=CH-N(CH),),
7.48 (H, s, H Ar), 7.17 (H, s, H Ar), 3.33 (1H, m, CH,
overlapped with a peak of water), 3.07H(3s, N=CH-
N(CHs)CHs), 3.03 (31, s, N=CH-N(CH)CH,), 2.89-2.99 (H,
m, CH(CH),), 2.79-2.89 (&, m,CH,), 2.51-2.60 (K, m, CH,),
1.22 (12H, dJ 6.8 Hz, 2CH(CH),); 8¢ (100 MHz, DMSO-¢)
180.0 (CHO), 166.5, 158.4, 147.6, 144.2, 143.6, 13125.1,
121.6, 118.8, 118.0, 111.6, 33.9, 33.1, 27.2, 2233, 23.2,
22.4; m/z (El) 352 (100 M), 337 (6), 323 (21), 308 (16), 280
(14), 44 (7%).

3.5.5.  N'-(4-Formyl-5,7-diiodo-2,3-dihydro-1H-xanth@syl)-
N,N-dimethylimidoformamidg6e) 85%, yellow powder, mp
295-300 °C (aq. DMF); [Found: C, 38.31; H, 3.05; N29%.
C1H16l2N,0, requires C, 38.23; H, 3.02; N, 5.24%l};.(KBr)
2925 (aliphatic C—H), 1674CHO0) cm’; 8, (400 MHz, DMSO-
dg) 10.29 (H, s,CHO), 8.05 (H, s, N=CH-N(CH),), 7.73 (H,
s,HAr), 7.72 (H, s, H Ar), 3.04 (B, s, CH), 3.01 (31, s, CH),
2.50-2.55 (®, m, 3CH; or 1-CH,), 2.24-2.30 (&, m, 1.CH, or
3-CH,), 1.51-1.57 (A, m, 2CHy); &¢c (100 MHz, DMSO-¢)
185.1 (CHO), 166.0, 161.8, 155.1, 145.5, 144.8, 13223.6,
111.8, 110.2, 88.1 (C-l), 85.4 (C-I), 34.9, 33.9,3 20.8, 19.9;
m/z(El) 534 (100 M), 505 (19), 152 (7), 42 (34%).

3.5.6. N'-(3-Formyl-5,7-diiodo-1,2-dihydrocyclopejtia
chromen-9-yl)-N,N-dimethylimidoformamidé6f). 80%, pink
powder, mp 300 °C (ag. DMF); [Found: C, 37.09; H, 2.N5
5.44. GgHq4loN,O, requires C, 36.95; H, 2.71; N, 5.39%];
Vma KBF) 2924 (aliphatic C—H), 1615°H0) cm™; &, (400 MHz,
DMSO-d/CFRCO,D) 9.74 (H, s, CHO), 8.42 (H, s, N=CH-
N(CHs),), 8.09 (H, s, H Ar), 7.81 (H, s, H Ar), 3.28 (8, s,
CHy), 3.21 (31, s, CH), 2.84-2.88 (A, m,CH,), 2.52-2.60 (&,
m, CH,); m/z (El) 520 (100 M), 505 (7), 491 (13), 476 (7), 139
(9), 44 (40%).

3.6. Synthesis of salts 8 and 11 a,b (General praceji

The Vilsmeier reagent was prepared from430.92 mL, 0.01
mol) and DMF (2.3 mL, 0.03 mol) with ice cooling. The
corresponding oxazin& or 10 (0.005 mol) was added to the
Vilsmeier reagent. The reaction mixture was lefsteind at room
temperature for 24 h. Then the reaction mixture eased to 10
°C and treated with an ice-cold 15% aq. solutiomNatIQ, (10
mL). The precipitate of the corresponding s8ltor 11 was
filtered off, dried and purified by refluxing witloluene.

The microanalysis were not performed in order to prevan
explosion.

3.6.1. N-Methyl-N-({[(42)-2-phenyl-4H-chromen-4-ylia#-

amino}methylene)methanaminium perchloré®®. 67%, yellow
powder, mp 210-213 °QMeOH); vma{KBr) 1630-1640 (C=N),
1614 (C=C), 1597 cih &, (400 MHz, DMSO-¢) 9.23 (H, s,

N-CH=N'(CH,),), 8.51-8.58 (H, m, H Ar), 8.29-8.35 |, m,

H Ar), 8.07 (H, s, H-3), 8.01-8.13 (A, m, H Ar), 7.62-7.82
(4H, m, H Ar), 3.52 (81, s, CH), 3.49 (31, s, CH); éc (100

MHz, DMSO-d) 166.4, 164.7, 161.6, 155.0, 136.4, 133.5, 130.2,
129.3, 127.3, 127.2, 125.7, 121.2, 118.6, 101.19 42H,), 36.7
(CHs); m/z(FAB) 277 (100 M), 222 (6%).

3.6.2. N,N'-[2-(4-{[(1E)-(Dimethylamino)methylene]amir®f-
chromen-2-ylidene)propane-1,3-diylidene]bis(N-

methylmethanaminium) diperchloratg11la) 90%, yellow



powder, mp 223-225 °QMeOH); vna(KBr) 2929 (aliphatic C—
H), 1622, 1526 cit &, (400 MHz, DMSO-g) 8.94 (H, s,
N=CH-N(CH;),), 8.42-8.48 (B, m, H Ar andCH=N"(CH,),),
7.89-8.05 (A, m, H Ar), 7.63-7.69 @, m, H Ar), 7.12 (H, s,
H-3), 3.61 (61, s, CH=N'(CHs),), 3.46 (3, s, N=CH-
N(CHs)CHs), 3.42 (31, s, N=CH-N(CH)CH,), 3.24 (&1, s,
CH=N'(CHs),); c (100 MHz, DMSO-¢) 164.7, 162.4, 160.5,
154.3, 135.6, 127.0, 125.7, 120.4, 118.2, 101.41,988.5, 42.9,
42.6, 36.4; miz (FAB) 427 (14 (M€'ClO,)", 425 (42
(M+¥'ClO,)"), 326 (12), 311 (6), 280 (12), 270 (6), 225 (B51
(7%).

3.6.3. N,N'-[2-(4-{[(1LE)-(Dimethylamino)methylene]amir®}-
diisopropyl-2H-chromen-2-ylidene)propane-1,3-diyhdgois(N-
methylmethanaminium) diperchloratél1b). Yellow powder,
yield 85% (calculated for proposed structure), i20-227 °C.
This intermediate diperchlorate was used on the r&®p
without further purification.

3.7. Synthesis of benzopyrans 9 and 12a, b (Genexethod).

The corresponding saftor 11 (1.0 g) was dissolved in MeOH (5

7

80 °C for 1 h. Then the reaction mixture was coatethe room
temperature, treated with water (10 mL) and lefttemd at r.t.
The precipitate was filtered off to give the imidd (0.86 g,
90%) as white powder, mp 60-62 °C (adecOH); [Found: C,
62.98; H, 4.82; N, 7.39. HJNO; requires C C, 62.82; H, 4.74;
N, 7.33%];vma(KBr) 1714 (imide) crit; 8, (400 MHz, DMSO-
dg) 9.27 (H, s,CHO), 7.93 (H, d,J 7.8 Hz, H-8 Ar), 7.69 (H,
t,J7.7 Hz, H-7 or H-6 Ar), 7.23 {4, t,J 7.6 Hz, H-6 or H-7 Ar),
7.12 (H, d,J 8.3 Hz, H-5 Ar), 6.37-6.44 {1, q,J 6.2 Hz,H-2),
1.42 (3, d, J 6.2 Hz,CHy); 8¢ (100 MHz, DMSO-¢) 160.0
(CHO), 159.8 (CO), 155.4, 137.1, 128.1, 123.0, 1111R.5,
78.8 (C-2), 18.8 CHy); m/z(El) 191 (6 M),163 (24), 148 (11),
120 (100), 92 (47), 65 (12), 39 (10), 31 (27%).

3.9. The hydrolysis of imide 14

To a solution of compound4 (1.91 g, 0.01 mol) in MeOH (10
mL), water (4 mL) was added and the mixture was tefttand at

the room temperature for 12 h. The colorless nsedieoxazine

13 were filtered off, the yield was 1.55 g (95 %), n§03152 °C

(Ref?® 143-147 °C).

mL) and treated with 15 % aq. NaOH solution (1.5 mL& th 3.10. 9-Chloro-1,2,3,4-tetrahydroacridine (16)lethod A.

mixture was slightly heated for a few minutes. Afteoling to
the room temperature, water (3-4 mL) was added,
precipitated solid was filtered off, washed with watergive
benzopyran$, 12.

3.7.1. 2Phenyl-4H-chromen-4-iming9). 78%, white powder,
mp 6870 °C (Ref! 6667 °C) §1eOH); 5, (400 MHz, DMSO-
dg) 9.00 (H, ¢, NH), 8.12-8.19 (#, m, H Ar), 7.83-8.01 @&,
m, H Ar), 7.45-7.66 (8, m, H Ph), 7.33-7.37 H, m, H Ar),
6.87 (H, s,H-3); 3¢ (100 MHz, DMSO-¢) 178.1, 155.9, 152.2,
133.1, 130.9, 129.4, 127.8, 126.2, 125.1, 121.8B.2,1117.3,
94.0; m/z (FAB) 222 (100% MH); m/z (FAB+Nal) 244 (36%
MNa").

3.7.2. (44mino-2H-chromen-2-ylidene)malonaldehydgl 2a).
80%, pink powder, mp 300 °C (aq. DMF), mp of hydrago—

The compound5 (2.17 g, 0.01 mol) was added to DMF (1 mL).

th&he suspension formed was treated with the ice-colsméier

reagent obtained from DMF (6 mL) and PQ(@.75 mL, 0.03

mol) under ice-cooling. A yellow solid precipitateduadantly

within 10-15 min. After 0.5 h the reaction mixture wasured

on ice and treated with aqueous ammonia, the oltaokd was

filtered off and dried to give acriding6 (2.17 g, ~100%), as
yellow powder, mp 68-70 °C (Ref::mp 68-70 °C). Spectral
data for1l6 (NMR) were identical to the reported data.

Method B.

The compound.7 (1.99 g, 0.01 mol) was added to DMF (1 mL).
The suspension formed was treated with the ice-colsindier
reagent obtained from DMF (4 mL) and P@(.83 mL, 0.02
mol) under ice-cooling. A yellow solid precipitateduadantly
within 10-15 min. After 0.5 h the reaction mixture wasured

222 °C (ag. MeOH); [Found: C, 66.89; H, 4.18; N, 6.46.0n ice and treated with aqueous ammonia, the olot&okd was

C2HgNO; requires C, 66.97; H, 4.22; N, 6.51%];.{KBr)
3369, 3348 (Nh), 1615 (CHO) crif; & (400 MHz, DMSO-¢)
9.86 (H, br. s, ZHO), 9.14 (H, br. s) and 8.85 (1H, br. s,
NH,), 8.20 (H, d,J 8.1 Hz, H Ar), 7.79-7.86 {2 m, H Ar),
7.69 (H, d,J8.1 Hz, H Ar), 7.53 (H, t,J 7.6 Hz, H Ar);5¢ (100

filtered off and dried to give acriding6 (2.17 g, ~100%), as
yellow powder, mp 68-70 °C.

3.11. 1,3,4,1Qretrahydroacridin-9(2H)-one (17)
The compound5 (2.17 g, 0.01 mol) was added to DMF (1 mL).

MHz, DMSO-d) 185.8 (2CHO), 167.3, 156.5, 152.8, 134.4,The suspension formed was treated with the ice-colsméier

125.2, 123.2, 118.2, 114.5, 106.8, 9tz (FAB) 216 (83 MH)
(83), 186 (26), 170 (11%jn/z(FAB+Nal) 238 (60% MN3.

3.7.3. (4-Amino-6,8-diisopropyl-2H-chromen-2-ylidendpna

aldehyde(12b). 84%, light gray powder, mp 295 °C (aq. DMF);

[Found: C, 72.08; H, 6.97; N, 4.62,4,,NO; requires C, 72.22;
H, 7.07; N, 4.68%]yma{KBr) 3323 (NH,), 2959 (aliphatic C-H),
1692 (CHO) crit; 8, (400 MHz, DMSO-¢) 9.77 (&, br. s,
2CHO), 9.00 (H, br. s) and 8.74 4, br. s, NB), 7.92 (H, s, H
Ar), 7.81 (H, s, H Ar), 7.59 (H, s, H-3), 3.65-3.69 (H, m,
CH(CHy),), 2.98-3.02 (H, m, CH(CH),), 1.24-1.30 (1H, m,
2CH(CH,),); 8¢ (100 MHz, DMSO-¢) 186.1 (2CHO), 165.8,
157.4, 148.5, 145.2, 137.5, 129.9, 117.7, 113.6,9®1.7, 33.4,
26.4, 23.8, 22.4m/z (EI) 299 (8 M), 271 (100), 254 (87), 238
(5), 121 (5), 91 (5), 43 (17%).

3.8. 2-Methyl-4-0x0-2H-1,3-benzoxazine-3(4H)-carbdahyde
(14). The Vilsmeier reagent was prepared from430.92 mL,
0.01 mol) and DMF (2.3 mL, 0.03 mol) with ice coolinghe

reagent obtained from DMF (2 mL) and P@(@.92 mL, 0.01
mol) under ice-cooling. A white solid precipitateduadantly
within 10-15 min. After 0.5 h the reaction mixtur@svpoured on
ice and treated with aqueous ammonia, the obtainkd was
filtered off and dried to give acriding7 (1.99 g, (~100%), as a
colorless crystals, mp 358-360 °C (Réfmp 355-358 °C).
Spe%ral data fot7 (FTIR, NMR) were identical to the reported
data.

3.12. N-[(4-Chloro-3,5,6,7-tetrahydrospiro[1,3-benazine-
2,1'-cyclohexan]-8-yl)methylene]-N-methylmethanamimn
perchlorate (19)

The Vilsmeier reagent was prepared fromP{2.76 mL, 0.03
mol) and DMF (6.9 mL, 0.03 mol) with ice cooling. The
compound18 (2.0 g, 0.009 mol) was added to the Vilsmeier
reagent. The reaction mixture was left to standhat toom
temperature for 0.5 h and then was treated with estatd 15%
ag. solution of NaCIQ(10 mL). The precipitate was filtered off
to give perchlorat&@9(2.38 g, 67%), as yellow cubic crystals, mp

compound13 (0.82 g, 0.005 mol) was added to the Vilsmeierl80-182 °C ifPrOH), vy{KBr) 3263 (N-H), 2934-2862

reagent. The reaction mixture was heated on a watéerdi 75—

(aliphatic C—H), 1637 city &, (400 MHz, DMSO-g/CCl,) 9.05
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(1H, br. s, NH), 7.95 @, s, CH=N'(CHs),), 3.43 (&1, s,
CH=N*(CH,),), 2.64-2.68 (A, m, CH,), 2.40-2.44 (&, m,
CH,), 1.47-1.99 (1€, m, 8CHy); 6c (100 MHz, DMSO-¢/CCl,)
165.7, 157.2, 143.9, 100.6, 99.2, 21.4, 21.8, 28%5 (-2),
32.0, 24.4m/z(FAB) 297 (34 M{'CI)*), 295 (100 M{CI)"), 259
(70), 217 (11), 175 (10%).

The microanalysis were not performed in order to prevan
explosion.

3.13. [(E)-(4-Chloro-6,7-dihydrospiro[1,3-benzoxagi-2,1'-
cyclohexan]-8(5H)-ylidene)methylldimethylamine (20)

To a solution of saltl9 (1.00 g) in MeOH (5 mL), 15% aq.
NaOH (1.5 mL) was added, the mixture was slightly hetied
min. After cooling to the room temperature, water3(2al) was
added, the precipitated solid was filtered off, weakkvith water

A3, space group C2/c, Z = 164,¢ 1.464 glcmy, p(MoK,) =
0.392mm ", F(000) = 3328, 17805 reflections were collected up
t0 M= 52.792° (7319 unique, R= 0.053). Structure was
solved by direct method and refined of With Shelx-2013
software>®> Hydrogen atoms refined in riding model
approximation with Uiso = nUeq of the carrier atom=(i..5 for
methyl groups and n = 1.2 for the remaining H-afpoms
Refinement converged at wR: 0.161 for all 7319 data, ;R=
0.065 for 5138 reflections with FafF). Crystal data were
deposited at Cambridge Crystal Database, depositiomber
CCDC 1051304.

Authors are grateful to our colleagues — prof. 8kis O. V.
(deceased) and Dr. Zubatyuk R. I. for X-ray studies.

to give compoun@0 (0.65 g, 87%), as yellow powder, mp 91-93 References and notes

°C (ag. MeOH);
C1H2sCINL,O requires C, 65.18; H, 7.86; N, 9.50%]; (400

MHz, DMSO-d/CCl,) 6.68 (H, s, =CH-N(CHy),), 2.50-2.54
(2H, m, CHy), 2.98 (61, s, NCHa),), 2.23-2.27 (A, m, CH,),

1.38-1.84 (18, m, 8CH,); 8¢ (100 MHz, DMSO-¢g/CCl,) 157.1,

153.7, 140.4CH-N(CH,),), 98.0, 96.8, 92.3(-2), 42.9 (ZH,),

34.1 (CH), 24.9 (CH), 24.5 (CH), 23.7 (CH), 22.5 (CH), 21.5

(CH,); 8c DEPT-135 (100 MHz, DMSO{CCI,) 140.0 CH-

N(CHz),), 42.5 (LHz), 33.7* (CH), 24.4* (CH), 24.0* (CH),

23.2* (CH,), 22.0* (CHy), 21.0* (CHy); *signals in antiphase;
m/z (El) 296 (29 M{'CI)*), 294 (79 M{CI)"), 258 (100), 251
(50), 243 (31), 229 (15), 215 (21), 200 (16), 191)( 176 (30),
161 (21), 149 (16), 134 (32), 81 (40), 43 (46%).

X-ray diffraction study of6a (C;/HigN,O,, M, = 282.33) was
performed at 298 K on a «Xcalibur 3» diffractomet@rystal
data: monoclinic,a = 14.610(2) A, b=8.8414(8) A,c =
12.5150(19) Ap = 115.25(2)°V = 1462.2(4) A space group
P2/c, Z = 4, du= 1.283 g/ciy p(MoK,) = 0.085mm ™, F(000) =
600, 10870 reflections were collected up .= 58.3° (3477

unigue, Ry = 0.046). Structure was solved by direct method and

refined on E with Shelx-2013 softwar€. Hydrogen atoms
refined in riding model approximation with Uiso = nUefjthe
carrier atom (n = 1.5 for the water molecule and h.2 for the
remaining H-atoms). Hydrogen atoms of the C17 meghgup
are disordered over two positions with equal occuiganc
Refinement converged at wR: 0.159 for all 3477 data, ;R=
0.058 for 1720 reflections with FafF). Crystal data were
deposited at Cambridge Crystal Database, depositiomber
CCDC 1051305.

X-ray diffraction study ofiL2a (2(C;,HgNO3)-H,O, M, = 448.42)
was performed at 298 K on a «Xcalibur 3» diffractaanet
Crystal data: monoclinia = 14.8086(8) Ap = 6.8292(4) Ac =
21.3683(10) Ap = 105.613(5)°V = 2081.2(2) R space group
P2/n, Z = 4, du= 1.431 g/cmy p(MoK,) = 0.107mm ™, F(000) =
936, 13830 reflections were collected up & 57.2° (4255

[Found: C, 65.09; H, 7.80; N, 9.45.
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unigue, Ry = 0.057). Structure was solved by direct method and

refined on E with Shelx-2013 softwar€. Hydrogen atoms
refined in riding model approximation with Uiso = nUefjthe

carrier atom (n = 1.5 for the water molecule and h.2 for the
remaining H-atoms). Refinement converged at, wR0.131 for
all 4255 data, R= 0.056 for 2239 reflections with Faf).

Crystal data were deposited at Cambridge Crystablizee,
deposition number CCDC 1051306.

X-ray diffraction study ofl9 (C,¢H,.,N,OCI"- ClIO,” M, = 395.27)

was performed at 120 K on an «Bruker APEX-II CCD»

diffractometer. Crystal data: monoclinia,= 24.667(3) Ab =
14.1313(18) Ac = 20.611(3) Ap = 93.473(3)°, V = 7171.3(15)
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General experimental details and procedures
The 'H NMR and™*C NMR spectra were performed on a Bruker Avancé0D
instrument (400,13 MHz and 100,62 MHz fot and**C respectively) in DMSO-
ds, DMSO-d/CCl, or DMSO-¢/CRCOD with Me,Si as internal standard. The
FTIR spectra were recorded in KBr pellets usingpacBum one (PerkinElmer)
FT-IR Spectrometer. The mass spectra of compound§ 40b, 6a,c—f, 12b, 14
and 20 were recorded on a MX1321 instrument witaadiinjection of the sample
at an ionization chamber temperature of 200 °Cvaitid 70 eV ionizing electrons.
The FAB spectra of compounds were recorded on a OVG7spectrometer.
Desorption of the ions from the solution of the pés inmeta-nitrobenzyl alcohol
was realized with a beam of argon atoms with en@&dieV. Chromatographic
analysis of compound 16 was realized on an AgileiO liquid chromatograph
with DAD and ELSD Sedex 75 detectors in conjunctigith an LC-MS VL
spectrometer with electrospray ionization. Elemieatalysis was performed on a
LECO CHNS-900 instrument. The reactions and theitypwf the obtained
compounds were monitored by TLC on Merck Silicagf@lF-254 plates with 10:1
CHCI;—-PrOH as eluent.
Compounds 4a—f were synthesized by the method itedcrin literature?®
Compounds 7/ 15'° and 18° were obtained by the known procedures.

Synthesis of Spirans 4a-f (General method).

H?
R (@] R (C)n
OH % PhMe, p-TSA O\p
+ >
-C -H,0O, reflux 8 h NH
R NH, “( H2)n 2 R
o) o)

4b.
4c.
4d.
4e.
4f,

D
83}
o e}
1n 1l
|H|\)

i-Pr; n=1 (73%)
; =2 (66%)
I; n=1 (68%)

200200
A I ar
3
T
N
@

Q
R

Py
1l

A mixture of the corresponding salicylamide (0rh6l), ketone (0.12 mol)
and p-TsOH x KO (0.05 mol) in toluene (70 mL) was refluxed forh8with
continuous removal of water with a Dean—Stark ttapthe case of spiradsa,b,
the mixture was cooled to 10 °C and stirred for 4t lthe same temperature. The
resulting crystals were collected, washed with éaki (10 mL) andPrOH (10
mL) and dried at 50 °C. In all other cases, a sulweas evaporated to dryness
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under reduced pressure, the solid residue was wasitle 5% ag. NaOH solution
and filtered off.

6,8-Diisopropylspiro[1,3-benzoxazine-2,1'-cyclohexg-4(3H)-one (4c).

NH

o

80%, white powder, mp 165-167 °C (aq. MeOH); [Fau@d75.86; H, 9.15; N,
4.69. GgH,/NO, requires C, 75.71; H, 9.03; N, 4.65%,;.(KBr) 3184 (N-H),
3066 (aromatic C—H), 2965-2862 (aliphatic C—H), 4§C=0) cni; &, (400

MHz, DMSO-d¢/CCl,) 8.43 (H, s, NH), 7.41 (H, s,H-5 Ar), 7.17 (H, s,H-7

Ar), 3.22-3.31 (H, m, CH(CH),), 2.79-2.88 (H, m, CH(CH),), 1.95-2.07 (H,

m, spiro-ring), 1.50-1.70 &, m, spiro-ring), 1.25-1.32 H, m, spiro-ring), 1.21
(12H, d,J 6.1 Hz, 2CH(CH),); 6c (100 MHz, DMSO-¢gCCl,) 161.4 (C=0),

140.6, 149.9, 128.8CH-7), 135.5, 121.4(0H-5), 117.1, 86.9(-2), 35.4 (ZH,),

32.9 (CH(CH),), 25.8 (CH(CH);), 23.9 (ZH,;), 23.8 (CH(CH)y, 22.6
(CH(CHy)y), 21.6 CHy); 6c DEPT-135 (100 MHz, DMSO#ICCl,) 128.3 CH-7),

121.1 CH-5), 35.1* (XH,), 32.5 (CH(CH),), 25.5 (CH(CH),), 23.9* (ZCH,),

23.5 (CH(CH),), 22.3 (CH(CH),), 21.3* (CH,), *signals in antiphasey/z (El)

301 (9 M), 205 (20), 189 (5), 176 (7), 161 (5), 97 (10Q)(4%).

'H NMR signals, Correlations
o ppm 'H-H cosy HSQC
1.21 (d, 2CH(CH),) 2.79-2.88,3.22-3.31 22.6,23.8
1.25-1.32 (m, spiro-ring) 1.50-1.70 21.6
1.50-1.70 (m, spiro-ring) 1.95-2.07, 1.25-1.32 6223.9
1.95-2.07 (m, spiro-ring) 1.50-1.70 354
2.79-2.88 (m, CH(Ch),) 1.21 32.9
3.22-3.31 (m, CH(CH)) 1.21 25.8
7.17 (SH-7) — 128.6
7.41 (sH-5) — 121.4




6,8-Diisopropylspiro[1,3-benzoxazine-2,1'-cyclopean]-4(3H)-one (4d).

NH

(0]

73%, white powder, mp 137-140 °C (aqg. MeOH); [Fou@d75.37; H, 8.83; N,
4.91. GgH2sNO, requires C, 75.22; H, 8.77; N, 4.87%;.(KBr) 3183 (N-H),
3066 (aromatic C—H), 2958-2871 (aliphatic C—H), 4§€=0) cni; &, (400

MHz, DMSO-d/CCl,) 8.54 (H, s, NH), 7.41 (H, s,H-5 Ar), 7.13 (H, s,H-7

Ar), 3.11-3.23 (H, m, CH(CH),), 2.77-2.91 (H, m, CH(CH),), 2.03-2.13 (H,

m, spiro-ring), 1.72-1.88 & m, spiro-ring), 1.22 (6H, d] 6.1 Hz, CH(CH),),

1.19 (6H, d,J 6.1 Hz, CH(CH),); 6c (100 MHz, DMSO-¢gCCl,) 161.9 C=0),

150.9, 140.6, 135.6, 128.€K-7), 121.5 CH-5), 117.4, 96.7(-2), 37.9 (ZH,),

32.9 (CH(CH),), 26.4 (CH(CH),), 23.8 (CH(CH),), 22.3 (CH(CH),), 22.2
(2CHy); 6c DEPT-135 (100 MHz, DMSOHICCI,) 128.0 CH-7), 121.1 CH-5),

36.9* (2CH,), 32.4 (CH(CH),), 26.0 (CH(CH),), 23.3 (CH(CH),), 21.9
(CH(CHs),), 21.8* (XI°H,), *signals in antiphasay/z (El) 287 (8 M), 205 (29),
189 (6), 176 (10), 161 (9), 83 (100), 41 (10%).

'H NMR signals, HSQC
o, ppm
1.19 (d, CH(CH)») 22.3
1.22 (d, CH(CH)») 23.8
1.72-1.88 (m, spiro-ring) 22.2,37.9
2.03-2.13 (m, spiro-ring) 37.9
2.77-2.91 (m, CH(CH>) 32.9
3.11-3.23 (m, CH(CE)) 26.4
7.13 (s, H-7) 128.4
7.41 (s, H-5) 121.5




6,8-Diiodospiro[1,3-benzoxazine-2,1'-cyclohexan]-a)-one (4e).

O |
NH

(@)

66%, white powder, mp 235-237 °C (aq. DMF); [Foufig:33.40; H, 2.84; N,
3.06. G3H13loNO; requires C, 33.29; H, 2.79; N, 2.99%];,(KBr) 3153 (N-H),
3070 (aromatic C—H), 2936-2850 (aliphatic C—H), 4€=0) cni; 3, (400
MHz, DMSO-g) 8.90 (H, s, NH), 8.19 (H, s,H-5 Ar), 7.92 (H, s, H-7 Ar),
1.79-2.08 (B, m, spiro-ring), 1.42-1.75 K, m, spiro-ring), 1.12-1.28 , m,
spiro-ring); 6c (100 MHz, DMSO-¢) 159.0 C=0), 154.1, 149.4, 135.2, 119.8,
89.1 (C-2), 87.6 (C-I), 85.5 (C-I), 35.4 (H,), 24.1 (Z’H,), 21.5 CHy); mv/z (El)
469 (55 M), 373 (24), 245 (14), 97 (100%).

6,8-Diiodospiro[1,3-benzoxazine-2,1'-cyclopentan](@H)-onef).

NH

(0]

68%, white powder, mp 195-198 °C (aq. DMF); [Foufid:31.79; H, 2.49; N,
3.14. G3H13loNO; requires C, 31.67; H, 2.44; N, 3.08%};,(KBr) 3177 (N-H),

3062 (aromatic C—H), 2971-2878 (aliphatic C—H), 8§€=0) cni; 3, (400

MHz, DMSO-g) 9.02 (H, s, NH), 8.20 (H, s,H-5 Ar), 7.93 (H, s, H-7 Ar),

1.95-2.10 (A, m, spiro-ring), 1.65-1.88 B m, spiro-ring);6c (100 MHz,

DMSO-d;) 159.6 C=0), 154.8, 149.3, 135.3, 119.9, 944-%), 87.9 (C-I), 85.8
(C-I), 37.1 (TH,), 22.1 (TH,); m'z (El) 455 (29 M), 373 (17), 245 (5), 83
(100%).

Synthesis of oxazines 10a,b and 13 (General method)
R

R
OH o S
) j\ HOAc, (Ac),0 _ \,C\H cH,
. NH, HC™ "R H,SO, R

0O O

10a R=H; R'=Me (80%)
10b R=i-Pr; R'=Me (70%)
13 R=R'=H (98%)

Concentrated 5O, (1 mL) was added to glacial acetic acid (3 mLY #me
solution formed was cooled on ice. A solution ofresponding salicylamid@.01
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mol), acetone or acetaldehyde (0.01 mol), angDA@ mL) in glacial acetic acid
(3 mL) was prepared separately. To the mixture inbth the above ice-cold
solution of HSO, and AcOH was added gradually with stirring on@nbath. The
resulted mixture was stirred for 40 min and left stay overnight at room
temperature, then pH was adjusted to ~7.0 with MaCO; solution. The
precipitate formed was filtered off and recrystadtl from agqueous MeOH.

Yield of compoundLOawas 80 %, mp 137-138 °C (R&f.136—138 °C).
Yield of compoundl3was 98 %, mp 150-152 °C (Réf.143-147 °C).

6,8-Diisopropyl-2,2-dimethyl-2,3-dihydro-4H-1,3-benzoxazin-4-on€10b).

NH

o

70%, white powder, mp 145-147 °C (aq. MeOH); [Fou@d73.42; H, 8.82; N,
5.30. GgH23NO;, requires C, 73.53; H, 8.87; N, 5.36%};.{(KBr) 3183 (N-H),

3066 (aromatic C—H), 2962—2871 (aliphatic C—H), 4§C=0) cni; &, (400

MHz, DMSO-g) 8.57 (H, s, NH), 7.45 (H, s,H-5 Ar), 7.24 (H, s,H-7 Ar),

3.01-3.15 (H, m, CH(CH),), 2.78-2.89 (H, m, CH(CH),), 1.49 (&1, s, 2CH),

1.13-1.19 (12H, m, 2CH(GH}); 6c (100 MHz, DMSO-¢) 161.5 C=0), 150.7,

140.9, 135.7, 129.2, 121.3, 116.7, 86:72), 32.8, 27.2, 27.1, 23.9, 2218z (El)

261 (74 M), 246 (12), 205 (96), 189 (43), 176 (100), 161)(PA (10), 58 (26), 41
(11%).

Synthesis of perchlorates 5a—f (General method).
Method A (with heating).

The Vilsmeier reagent was prepared fromdP{{0.92 mL, 0.01 mol) and
DMF (2.3 mL, 0.03 mol) with ice cooling. The compaida (1.1 g, 0.005 mol)
was added to the Vilsmeier reagent. The reactiotiumg was heated on a water
bath at 75-85 °C for 1 h (an orange solid was stpdrwithin 0.5 h). Then the
reaction mixture was cooled to 10 °C and treatetl am ice-cold 15% aq. solution
of NaClQ, (10 mL). The precipitate of the sdt was filtered off, dried and
purified by refluxing with toluene. In the casesats5b—d, the reaction mixture
was cooled to 10 °C and treated with an ice-coléb Hg). solution of NaCI©(10
mL); then pH was adjusted to 8.0-9.0 with aq. NaOHe solid products were
filtered off, washed and dried to give pure séals-d. For saltsSe,f, the reaction
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time was 4 h.Caution! Organic perchlorates are potentially explosive. The
microanalysis were not performed in order to prevent an explosion.

N-[(9-{[(1E)-(Dimethylamino)methylene]Jamino}-2,3-dihydro-1H-
xanthen-4-yl)methylene]N-methylmethanaminium perchlorate (5a).

96%, orange powder, mp 300 *¢raxKBr) 2939 (aliphatic C—H), 1708, 1600 tm
- 84 (400 MHz, DMSO-@CCl,) 8.56 (H, s, N=CH-N(CH),), 8.20 (H, s,
CH=N"(CHjy),), 7.76 (1H, dJ 7.6 Hz, H Ar), 7.60-7.68 {2 m, H Ar), 7.34-7.42
(1H, m, H Ar), 3.52 (61, s,CH=N"(CH,),), 3.27 (31, s, N=CH-N(CH)CHs), 3.25
(3H, s, N=CH-N(CH)CHjy), 2.74-2.81 (H, m, 3CH, or 1-CH,), 2.59-2.74 (H,
m, 1-CH, or 3-CH,), 1.61-1.78 (A, m, 2-CH,); 6c (100 MHz, DMSO-g/CCl,)
172.0, 165.2, 158.3, 155.8, 152.1, 132.3, 125.0,7,2121.5, 119.2, 116.5, 101.9,
42.0, 40.0, 24.6, 24.0, 20.8Yz (FAB) 310 (100 M), 265 (6), 218 (11), 149 (33),
136 (35), 121 (12), 107 (24), 89 (19), 76 (27)(BB), 52 (29%).

N-[(9-{[(1E)-(Dimethylamino)methyleneJamino}-1,2-
dihydrocyclopentab]chromen-3-yl)methylene]N-methylmethanaminium
perchlorate (5b).

80%, red needles, mp 262-265 °C (DM#¥):(KBr) 2964-2862 (aliphatic C—H),
1674, 1623 ci; 5y (400 MHz, DMSO-¢) 8.45 (H, s, N=CH-N(CH),), 8.01-
8.11 (H, m, H Ar), 7.97 (H, s,CH=N"(CHy),), 7.61-7.71 (H, m, H Ar), 7.39-
7.56 (H, m, H Ar), 3.35 (61, s, CH=N"(CHs),), 3.23 (31, s, N=CH-N(CH)CHs),
3.21 (#H, s, N=CH-N(CH)CHzy), 3.07 (4, s, ZHy); 6c (100 MHz, DMSO-¢)
172.8, 157.2, 153.1, 150.6, 144.0, 132.0, 125.6,0,2121.4, 116.5, 114.1, 102.6,



41.0, 34.8, 25.1, 24.9/z (FAB) 296 (100 M), 137 (14), 107 (7), 91 (10), 80 (7),
53 (10%).

N-[(9-{[(1E)-(Dimethylamino)methylene]Jamino}-5,7-diisopropyl-23-dihydro-
1H-xanthen-4-yl)methylene]N-methylmethanaminium perchlorate (5c).

95%, orange-red powder, mp 215-217 V¥6.{KBr) 2927 (aliphatic C-H), 1702,
1611 cnT; 3y (400 MHz, DMSO-¢) 8.17 (H, s, N=CH-N(CH),), 8.13 (H, s,
CH=N"(CHy),), 7.47 (H, s, H-5,7 Ar), 3.53-3.59 i, m, CH(CH).), 3.46 (&, s,
CH=N"(CHs),), 3.22 (31, s, N=CH-N(CH)CHs), 3.19 (3, s, N=CH-
N(CH3)CHs), 2.95-3.05 (H, m, CH(CH),), 2.77—-2.82 (A, m, 3<CH; or 1-CH,),
2.63-2.68 (A1, m, 1.CH, or 3CH,), 1.65-1.75 (|, m, 2<CH,), 1.30 (6H, d,J 6.8
Hz, CH(CH),), 1.23 (6H, dJ 6.8, CH(CH),); 6c (100 MHz, DMSO-¢) 172.2,
165.8, 156.0, 148.3, 148.1, 145.2, 135.5, 130.53,8,2119.5, 110.7, 101.2, 41.5,
35.4,33.2, 26.4, 24.6, 24.1, 24.0, 22.3, 242;(FAB) 394 (100 M), 378 (5), 349
(6%).

'H NMR signals, '"H-'"H cosy
o, ppm

1.23 (d, CH(CH)2) 2.95-3.05

1.30 (d, CH(CH),) 3.53-3.59

1.65-1.75m, 2-CH)) 2.63-2.68, 2.77-2.82
2.63-2.68 ¥, 1-CH; or 3-CH)) 1.65-1.75
2.77-2.82 ¥, 3-CH, or 1.CHy) 1.65-1.75
2.95-3.05, 1H, CH(CHs),) 1.23
3.53-3.59, 1H, CH(CHs),) 1.30




N-[(9-{[(1E)-(Dimethylamino)methyleneJamino}-5,7-diisopropyl-12-
dihydrocyclopenta[b]chromen-3-yl)methylene]N-methylmethanaminium
perchlorate (5d).

87%, red powder, mp 258-260 °G,(KBr) 2960-2925 (aliphatic C-H), 1624
cm’; 8y (400 MHz, DMSO-@) 8.42 (H, s, N=CH-N(CH),), 7.78 (H, s,
CH=N"(CHy),), 7.75 (H, s, H Ar), 7.45 (s, H, H Ar), 3.65-3.75 (m, H,
CH(CHg),), 3.33 (61, s, CH=N"(CHs),), 3.21 (31, s, N=CH-N(CH)CH,), 3.16
(3H, s, N=CH-N(CH)CH,), 3.04-3.13 (#, m, ZCH,), 2.95-3.03 (H, m,
CH(CHy)y), 1.29 (6H, dJ 6.8 Hz, CH(CH),), 1.22 (6H, dJ 6.8 Hz, CH(CH),);
dc (100 MHz, DMSO-¢) 172.5, 157.3, 152.9, 149.1, 148.6, 145.4, 13627,4,
121.3,119.4,116.0, 101.9, 40.8, 34.5, 33.2, ZH(0, 24.9, 23.8, 22.8yz (FAB)
380 (100 M), 364 (9%).

N-[(9-{[(1E)-(Dimethylamino)methylene]Jamino}-5,7-diiodo-2,3-dnydro-1H-
xanthen-4-yl)methylene]N-methylmethanaminium perchlorate (5e).

Yellow powder, yield ~54% (calculated for proposstlcture), mp 245-252 °C.
This intermediate perchlorate was used on the next step without further
purification.



N-[(9-{[(1E)-(Dimethylamino)methylene]amino}-5,7-diiodo-1,2-
dihydrocyclopenta[b]chromen-3-yl)methylene]N-methylmethanaminium
perchlorate (5f).

|+

/N\
Cl
POR
| P
r/N

PN

o,

Pink powder, yield ~57% (calculated for proposedicdtire), mp 225-233
°C. This intermediate perchlorate was used on the next step without further
purification.

Synthesis of perchlorates 5a—hillethod B (at room temperature).
The Vilsmeier reagent was prepared from{30.92 mL, 0.01 mol) and DMF
(2.3 mL, 0.03 mol) with ice cooling. The compou#d (1.1 g, 0.005 mol) was
added to the Vilsmeier reagent. The reaction métwas stirred vigorously at
room temperature for 24 h and maintained as imtéhod A. The saltSb—d were
obtained in the same way.

Yield of compouncbawas 88 %.
Yield of compoundb was 75%.
Yield of compoundsc was 85%.
Yield of compoundbd was 80%.

Synthesis of salts 8 and 11 a,b (General procedure)

The Vilsmeier reagent was prepared from(P{0.92 mL, 0.01 mol) and DMF
(2.3 mL, 0.03 mol) with ice cooling. The correspmgdoxazine7 or 10 (0.005
mol) was added to the Vilsmeier reagent. The reaatixture was left to stand at
room temperature for 24 h. Then the reaction mé&twas cooled to 10 °C and
treated with an ice-cold 15% aq. solution of Nag(@0 mL). The precipitate of
the corresponding saBtor 11 was filtered off, dried and purified by refluxingth
toluene.The microanalysis were not performed in order to prevent an explosion.
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N-Methyl-N-({[(4 Z2)-2-phenyl-4H-chromen-4-
ylidene]amino}methylene)methanaminiumperchlorate (8).

N
lf clo,
~

67%, yellow powder, mp 210-213 °@1¢OH); vma(KBr) 1630-1640 (C=N),
1614 (C=C), 1597 cih &y (400 MHz, DMSO-g) 9.23 (H, s, N~-CH=N(CHb),),

8.51-8.58 (H, m, H Ar), 8.29-8.35 @, m, H Ar), 8.07 (H, s,H-3), 8.01-8.13
(2H, m, H Ar), 7.62—7.82 @, m, H Ar), 3.52 (BI, s, CH), 3.49 (31, s, CH); ¢

(100 MHz, DMSO-¢) 166.4, 164.7, 161.6, 155.0, 136.4, 133.5, 1302%.3,
127.3, 127.2, 125.7, 121.2, 118.6, 101.1, 42H3), 36.7 CHz); m'z (FAB) 277
(100 M), 222 (6%).

N,N'-[2-(4-{[(1 E)-(Dimethylamino)methylene]amino}-2H-chromen-2-
ylidene)propane-1,3-diylidene]bisf-methylmethanaminium) diperchlorate

(11a).
|+ C|04

Ne=—
7

O LA 2 N+\Clo4
S

|//N
AN

90%, yellow powder, mp 223-225 °*G1¢OH); vimaxKBr) 2929 (aliphatic C—-H),
1622, 1526 ci; 5y (400 MHz, DMSO-¢) 8.94 (H, s, N=CH-N(CH),), 8.42—
8.48 (#H, m, H Ar andCH=N"(CHs),), 7.89-8.05 (A, m, H Ar), 7.63-7.69 (A,

m, H Ar), 7.12 (H, s, H-3), 3.61 (&1, s, CH=N'(CHs),), 3.46 (3, s, N=CH-
N(CH3)CHs), 3.42 (#H, s, N=CH-N(CH)CH,), 3.24 (61, s, CH=N'(CHjs).); ¢

(100 MHz, DMSO-¢) 164.7, 162.4, 160.5, 154.3, 135.6, 127.0, 125%20Q.4,
118.2, 101.4, 92.1, 48.5, 42.9, 42.6, 36z (FAB) 427 (14 (M€'CIO,)"), 425
(42 (M+'CIO,)"), 326 (12), 311 (6), 280 (12), 270 (6), 225 (&5 [7%).
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N,N'-[2-(4-{[(1E)-(Dimethylamino)methylene]amino}-6,8-disopropyl-2H-
chromen-2-ylidene)propane-1,3-diylidene]bis(N-methynethanaminium)
diperchlorate (11b).

|, cio,

,,\{+ cio,

Yellow powder, yield 85% (calculated for proposdrusture), mp 220-227 °C.
This intermediate diperchlorate was used on the next step without further
purification.

Synthesis of benzopyrarga—f (General method).
The corresponding s&bia-f (1.0 g, 0.002 mol) was dissolved in hot DMF (5
mL). To the obtained solution, an aqueous 15 % NeaOHtion (1.5 mL) was
added and the mixture was stirred vigorously at760=C for 5 min. The
precipitated solid of corresponding compouseH was filtered off. If no solid
precipitated, the solution cooled to the room terapee and water was added.

N'-(4-Formyl-2,3-dihydro-1H-xanthen-9-yl)N,N-dimethylimidoformamide
(6a).

85%, yellow-green needles, mp 175-177 °C (dqOH); [Found: C, 72.41; H,
6.49; N, 9.98. GH1gN,O, requires C, 72.32; H, 6.43; N, 9.92%},.(KBr) 2932—
2852 (aliphatic C—H), 1632CHO) cmi’; &y (400 MHz, DMSO-¢) 10.13 (H, s,
CHO), 7.70 (H, s, N=CH-N(CH),), 7.49-7.56 (H, m, H Ar), 7.33-7.42 @, m,

H Ar), 7.19-7.26 (H, m, H Ar), 7.10-7.18 @, m, H Ar), 3.03 (81, s,CHs;), 3.01
(3H, s,CHs), 2.50 (2H, 3€H, or 1-CH,, overlapped with DMSO signals), 2.25—
2.29 (H, m, 1.CH; or 3-CHp), 1.52-1.56 (&, m, 2CH,); 64 (400 MHz, DMSO-

dJ/CFCO,D) 10.00 (H, s, CHO), 8.41 (H, s, N=CH-N(CH),), 7.58 (H, d, J
12



7.6 Hz, H-5 Ar), 7.50 (@, t, J 7.6 Hz, H-6 Ar), 7.34 (@, d,J 8.1 Hz, H-8 Ar),
7.25 (H, t,J 7.4 Hz, H-7 Ar), 3.27 3, s, CHs), 3.31 (31, s, CH,), 2.58-2.70
(2H, m, 3CH, or 1.CH,), 2.28-2.40 (&, m, 1.CH, or 3-CH,), 1.55-1.75 (&, m,
2-CH,); 3¢ (100 MHz, DMSO-¢) 184.2 CHO), 162.5, 154.6, 151.6, 146.9, 130.2,
124.0, 123.3, 120.8, 115.2, 110.9, 109.0, 33.8,27.0, 20.1m/z (El) 282 (100
M*), 265 (16), 253 (60), 239 (13), 210 (10), 196 B (11), 152 (5), 127 (7), 77
(8), 58 (6), 43 (17%).

N'-(3-Formyl-1,2-dihydrocyclopenta[b]chromen-9-yl)-N,N-
dimethylimidoformamide (6Db).

CUD

PN

83%, yellow-green needles, mp 196-198 °C (dgqOH); [Found: C, 71.51; H,
5.97; N, 10.40. ¢H.¢N,O, requires C, 71.62; H, 6.01; N, 10.44%,.{(KBr)
2924 (aliphatic C—H), 1630CHO) cmi’; 8y (400 MHz, DMSO-¢) 9.77 (H, s,
CHO), 8.08 (H, s, N=CH-N(CH),), 7.71-7.77 (, m, H Ar), 7.32-7.40 |, m,

H Ar), 7.15-7.24 (A, m, H Ar), 2.51-3.07 @, s,CH;), 3.02 (31, s,CHj3), 2.76—
2.85 (A, m, CH,), 2.55 (H, m, CH,); éc (100 MHz, DMSO-¢) 180.4 (CHO),
166.2, 155.5, 152.2, 143.2, 129.7, 124.0, 123.8,22118.6, 155.5, 112.0, 33.8,
23.2;m/z (FAB) 269 (100 MH), 239 (11%).

N'-(4-Formyl-5,7-diisopropyl-2,3-dihydro-1H-xanthen-9-yl)N,N-
dimethylimidoformamide (6c).

90%, yellow powder, mp 188-190 °C (&4eOH); [Found: C, 75.47; H, 8.32; N,
7.69. G3H3zoN,O, requires C, 75.38; H, 8.25; N, 7.64%,.,(KBr) 2927-2864
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(aliphatic C—H), 1651(HO) cm*; 8,4 (400 MHz, DMSO-¢) 10.19 (H, s, CHO),
7.66 (H, s, N=CH-N(CH),), 7.24 (H, s, H Ar), 7.19 (H, s, H Ar), 3.35-3.43
(1H, m, CH(CH),), 3.05 (61, m, N=CH-N(CH).), 2.86-2.91 (H, m, CH(CH).),
2.49-2.53 (B, m, 3CH, or 1-CH,), 2.29-2.34 (A, m, 1.CH, or 3CH,), 1.56—
1.62 (H, m, 2CH,), 1.29 (6H, d,J 6.8 Hz, CH(CH).), 1.21 (6H, d,J 6.8 Hz,
CH(CHs),): ¢ (100 MHz, DMSO-¢) 183.4 (CHO), 162.8, 154.6, 148.0, 147.0,
142.9, 134.1, 125.3, 120.3, 118.9, 110.4, 108.8,3.1, 26.8, 24.4, 23.9, 22.3,
21.2, 20.3mz (EI) 366 (100 M), 349 (8), 337 (36), 322 (6), 59 (8), 43 (19%).

N'-(3-Formyl-5,7-diisopropyl-1,2-dihydrocyclopentap]chromen-9-yl)-N,N-
dimethylimidoformamide (6d).

U

/N

PN

85%, yellow powder, mp 133-136 °C (&4eOH); [Found: C, 75.11; H, 8.08; N,
7.99. G,HsNLO, requires C, 74.97; H, 8.01; N, 7.95%},.{KBr) 2925 (aliphatic
C-H), 1630 CHO) cm*; 8, (400 MHz, DMSO-¢) 9.79 (H, s,CHO), 8.07 (H, s,
N=CH-N(CH),), 7.48 (H, s, H Ar), 7.17 (H, s, H Ar), 3.33 (1H, m, CH,
overlapped with a peak of water), 3.0H(3, N=CH-N(CH)CH,), 3.03 (3, s,
N=CH-N(CH;)CHj3), 2.89-2.99 (H, m, CH(CRH),), 2.79-2.89 (H, m, CH,),
2.51-2.60 (A, m, CHp), 1.22 (12H, d,J 6.8 Hz, 2CH(CH),); dc (100 MHz,
DMSO-d;) 180.0 (CHO), 166.5, 158.4, 147.6, 144.2, 1433%.2, 125.1, 121.6,
118.8, 118.0, 111.6, 33.9, 33.1, 27.2, 24.0, 2832, 22.4m/z (El) 352 (100 M),
337 (6), 323 (21), 308 (16), 280 (14), 44 (7%).

N'-(4-Formyl-5,7-diiodo-2,3-dihydro-1H-xanthen-9-yl)N,N-
dimethylimidoformamide (6e).

85%, yellow powder, mp 295-300 °C (aq. DMF); [Foufid 38.31; H, 3.05; N,

5.29. G7H36l2N20, requires C, 38.23; H, 3.02; N, 5.24%};.(KBr) 2925
14



(aliphatic C—H), 1674QHO) cmi; 5, (400 MHz, DMSO-¢) 10.29 (H, s,CHO),
8.05 (1, s, N=CH-N(CH),), 7.73 (H,'s, H Ar), 7.72 (H, s, H Ar), 3.04 (B, s,
CH,), 3.01 (31, s, CH), 2.50-2.55 (&, m, 3CH, or 1-CH,), 2.24-2.30 (&, m, 1-
CH, or 3-CH,), 1.51-1.57 (&, m, 2CH,); 8¢ (100 MHz, DMSO-¢) 185.1 (CHO),
166.0, 161.8, 155.1, 145.5, 144.8, 132.2, 123.6,8,1110.2, 88.1 (C-I), 85.4 (C-
1), 34.9, 33.9, 24.5, 20.8, 1987z (EI) 534 (100 M), 505 (19), 152 (7), 42 (34%).

N'-(3-Formyl-5,7-diiodo-1,2-dihydrocyclopentap]chromen-9-yl)-N,N-
dimethylimidoformamide (6f).

Jooe
l//N

PN

80%, pink powder, mp 300 °C (ag. DMF); [Found: C,0®; H, 2.75; N, 5.44.
Ci6H1412N20, requires C, 36.95; H, 2.71; N, 5.39%},.{KBr) 2924 (aliphatic C—
H), 1615 CHO) cm; &y (400 MHz, DMSO-gCRCO,D) 9.74 (H, s, CHO),
8.42 (H, s, N=CH-N(CH),), 8.09 (H, s, H Ar), 7.81 (H, s, H Ar), 3.28 (8, s,
CHy), 3.21 (3, s, CH), 2.84-2.88 (A, m, CH,), 2.52-2.60 (B, m, CH,); m/z
(El) 520 (100 M), 505 (7), 491 (13), 476 (7), 139 (9), 44 (40%).

Synthesis of benzopyrans 9 and 12a, b (General oé@}h
The corresponding sa®or 11 (1.0 g) was dissolved in MeOH (5 mL) and
treated with 15 % aq. NaOH solution (1.5 mL), thetare was slightly heated for
a few minutes. After cooling to the room temperatwrater (3—4 mL) was added,
the precipitated solid was filtered off, washedhwitater to give benzopyrar®s
12.

2-Phenyl-4H-chromen-4-imine (9).

™

NH

78%, white powder, mp 68-70 °C (R&f.66—67 °C) ¥eOH); & (400 MHz,
DMSO-d;) 9.00 (H, ¢, NH), 8.12-8.19 (#H, m, H Ar), 7.83-8.01 @, m, H Ar),
7.45-7.66 (B, m, H Ph), 7.33-7.37 i, m, H Ar), 6.87 (H, s, H-3); 6c (100
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MHz, DMSO-g) 178.1, 155.9, 152.2, 133.1, 130.9, 129.4, 12¥2%.2, 125.1,
121.1, 118.2, 117.3, 94.6yz (FAB) 222 (100% MH); m/z (FAB+Nal) 244 (36%
MNa").

(4-Amino-2H-chromen-2-ylidene)malonaldehydd€12a).

HO

O
Z CHO

F

NH,

80%, pink powder, mp 300 °C (aq. DMF), mp of hydrap0-222 °C (aq. MeOH);
[Found: C, 66.89; H, 4.18; N, 6.46.,8¢NO; requires C, 66.97; H, 4.22; N,
6.51%]; vimadKBr) 3369, 3348 (NH), 1615 (CHO) cr; 8y (400 MHz, DMSO-g)
9.86 (A, br. s, ZHO), 9.14 (H, br. s) and 8.85 (1H, br. s, NH8.20 (H, d,J
8.1 Hz, H Ar), 7.79-7.86 , m, H Ar), 7.69 (H, d,J 8.1 Hz, H Ar), 7.53 (H, t,

J 7.6 Hz, H Ar);éc (100 MHz, DMSO-¢) 185.8 (2CHO), 167.3, 156.5, 152.8,
134.4,125.2, 123.2, 118.2, 114.5, 106.8, 91v4;(FAB) 216 (83 MH) (83), 186
(26), 170 (11%)m/z (FAB+Nal) 238 (60% MN3J.

(4-Amino-6,8-diisopropyl-2H-chromen-2-ylidene)malonaldehyde (12b).

84%, light gray powder, mp 295 °C (agq. DMF); [Four@ 72.08; H, 6.97; N,
4.62. GgH21NOs requires C, 72.22; H, 7.07; N, 4.68%};o(KBr) 3323 (NH),
2959 (aliphatic C—H), 1692 (CHO) ¢mé, (400 MHz, DMSO-¢) 9.77 (&, br. s,
2CHO), 9.00 (H, br. s) and 8.74 §1, br. s, NH), 7.92 (H, s, H Ar), 7.81 (H, s,

H Ar), 7.59 (H, s, H-3), 3.65-3.69 (#H, m, CH(CH),), 2.98-3.02 (H, m,
CH(CHs),), 1.24-1.30 (1H, m, 2CH(CH),); 6c (100 MHz, DMSO-¢) 186.1
(2CHO), 165.8, 157.4, 148.5, 145.2, 137.5, 12919,7, 113.9, 106.9, 91.7, 33.4,
26.4, 23.8, 22.4m/z (El) 299 (8 M), 271 (100), 254 (87), 238 (5), 121 (5), 91 (5),
43 (17%).
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2-Methyl-4-oxo-2H-1,3-benzoxazine-3(H)-carbaldehyde(14).

The Vilsmeier reagent was prepared from(P0.92 mL, 0.01 mol) and DMF
(2.3 mL, 0.03 mol) with ice cooling. The compoubd (0.82 g, 0.005 mol) was
added to the Vilsmeier reagent. The reaction mextuas heated on a water bath at
75-80 °C for 1 h. Then the reaction mixture wasleddo the room temperature,
treated with water (10 mL) and left to stand atTlie precipitate was filtered off
to give the imidel4 (0.86 g, 90%) s white powder, mp 60-62 °C (adeOH);
[Found: C, 62.98; H, 4.82; N, 7.39,8¢NO; requires C C, 62.82; H, 4.74; N,
7.33%]; vmaKBr) 1714 (imide) crit; &y (400 MHz, DMSO-¢) 9.27 (H, s,
CHO), 7.93 (H, d,J 7.8 Hz, H-8 Ar), 7.69 #, t,J 7.7 Hz, H-7 or H-6 Ar), 7.23
(1H, t,J 7.6 Hz, H-6 or H-7 Ar), 7.12 4, d,J 8.3 Hz, H-5 Ar), 6.37-6.44 {1, q,

J 6.2 Hz,H-2), 1.42 (3, d, J 6.2 Hz,CHy); 6c (100 MHz, DMSO-¢) 160.0
(CHO), 159.8 (CO), 155.4, 137.1, 128.1, 123.0, 91715.5, 78.8([-2), 18.8
(CHs); 'z (El) 191 (6 M),163 (24), 148 (11), 120 (100), 92 (47), 65 (BH,(10),
31 (27%).

The hydrolysis of imide 14
To a solution of compount¥4 (1.91 g, 0.01 mol) in MeOH (10 mL), water
(4 mL) was added and the mixture was left to sttritie room temperature for 12
h. The colorless needles of oxazii®were filtered off, the yield was 1.55 g (95
%), mp 150-152 °C (Réf: 143-147 °C).

9-Chloro-1,2,3,4-tetrahydroacridine (16).

NS
CCO
Cl
Method A.

The compoundl5 (2.17 g, 0.01 mol) was added to DMF (1 mL). The
suspension formed was treated with the ice-coldrivdier reagent obtained from
DMF (6 mL) and POGI(2.75 mL, 0.03 mol) under ice-cooling. A yellow isbl
precipitated abundantly within 205 min. After 0.5 h the reaction mixture was
poured on ice and treated with agueous ammoniaphlened solid was filtered
off and dried to give acridind6. The yield is 2.17 g (~100%), mp 68-70 °C
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(Ref.?* mp 68-70 °C). Spectral data fd6 (FTIR, NMR) were identical to the
reported data’

Method B.

The compoundl? (1.99 g, 0.01 mol) was added to DMF (1 mL). The
suspension formed was treated with the ice-coldrivier reagent obtained from
DMF (4 mL) and POGI(1.83 mL, 0.02 mol) under ice-cooling. A yellow isbl
precipitated abundantly within 205 min. After 0.5 h the reaction mixture was
poured on ice and treated with aqueous ammoniaplitegned solid was filtered
off and dried to give acriding6. The yield was 2.17 g (~100%), yellow crystals,
mp 68-70 °C.

1,3,4,10Tetrahydroacridin-9(2H)-one (17).

The compoundl5 (2.17 g, 0.01 mol) was added to DMF (1 mL). The
suspension formed was treated with the ice-coldrivéier reagent obtained from
DMF (2 mL) and POGI(0.92 mL, 0.01 mol) under ice-cooling. A white sbli
precipitated abundantly within 10-15 min. After (hSthe reaction mixture was
poured on ice and treated with agueous ammoniaphlened solid was filtered
off and dried to give acriding7. The yield was 1.99 g (~100%), colorless crystals,
mp 358-360 °C (Ref? mp 355-358 °C). Spectral data of (FTIR, NMR) were
identical to the reported data.

N-[(4-Chloro-3,5,6,7-tetrahydrospiro[1,3-benzoxazin&,1'-cyclohexan]-8-
yl)methylene]-N-methylmethanaminium perchlorate (19).

/N/+ clo,

s NH

Cl

The Vilsmeier reagent was prepared fromP{2.76 mL, 0.03 mol) and DMF

(6.9 mL, 0.03 mol) with ice cooling. The compouhd (2.0 g, 0.009 mol) was

added to the Vilsmeier reagent. The reaction mixtuas left to stand at the room

temperature for 0.5 h and then was treated witlhcesctold 15% aqg. solution of
18



NaClO, (10 mL). The precipitate was filtered off to giperchloratel9 (2.38 g,
67%), as yellow cubic crystals, mp 180-182 F®P1OH), va(KBr) 3263 (N-H),
2934-2862 (aliphatic C-H), 1637 ¢mdy (400 MHz, DMSO-g/CCl,) 9.05 (H,
br. s, NH), 7.95 (#, s, CH=N"(CH,),), 3.43 (61, s, CH=N"(CHa),), 2.64-2.68
(2H, m,CHy), 2.40-2.44 (A, m, CH,), 1.47-1.99 (1H, m, 6CH,); 6¢ (100 MHz,
DMSO-dy/CCly) 165.7, 157.2, 143.9, 100.6, 99.2, 21.4, 21.85,289.5 (C-2),
32.0, 24.4m/z (FAB) 297 (34 M{'CI)"), 295 (100 M{CI)*), 259 (70), 217 (11),
175 (10%). The microanalysis were not performed in order to prevent an
explosion.

[(E)-(4-Chloro-6,7-dihydrospiro[1,3-benzoxazine-2,1cyclohexan]-8(5H)-
ylidene)methyl]dimethylamine (20)

I |
I
/N

Cl

To a solution of salt9 (1.00 g) in MeOH (5 mL), 15% aq. NaOH (1.5 mL) was
added, the mixture was slightly heated for 5 miriteA cooling to the room
temperature, water (2-3 mL) was added, the pretgutsolid was filtered off,
washed with water to give compougd (0.65 g, 87%), as yellow powder, mp 91—
93 °C (ag.MeOH); [Found: C, 65.09; H, 7.80; N, 9.45;8,35CIN,O requires C,
65.18; H, 7.86; N, 9.50%54 (400 MHz, DMSO-g/CCl,) 6.68 (H, s, =CH-
N(CHs),), 2.50-2.54 (A, m, CHy), 2.98 (@1, s, NCHy),), 2.23-2.27 (A, m,
CH,), 1.38-1.84 (1H, m, 6CH,); oc (100 MHz, DMSO-gCCl,) 157.1, 153.7,
140.4 CH-N(CHs),), 98.0, 96.8, 92.3(-2), 42.9 (ZHs), 34.1 (CH), 24.9 (CH),
24.5 (CH), 23.7 (CH), 22.5 (CH), 21.5 (CH); 6c DEPT-135 (100 MHz, DMSO-
ds/CCl;) 140.0 CH-N(CHgy),), 42.5 (ZHj), 33.7* (CH), 24.4* (CH), 24.0*
(CH,), 23.2* (CH,), 22.0* (CH), 21.0* (CH); *signals in antiphasetvz (EI) 296
(29 MC'CNY), 294 (79 MECI*), 258 (100), 251 (50), 243 (31), 229 (15), 215
(21), 200 (16), 191 (11), 176 (30), 161 (21), 128)( 134 (32), 81 (40), 43 (46%).
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'H NMR spectrum (DMSO-ICCl,, 400 MHz) of 6,8-diisopropylspiro[1,3-benzoxazind:Zyclohexan]-4(Bl)-one(4c).
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-cyclohexan]-4(H)-one(4c).

3C NMR spectrum (DMSOCCl,, 100 MHz) of 6,8-diisopropylspiro[1,3-benzoxazing:

mawm.wmu/. 6009 T~

LEBLEC—

1608'G2~

L698°¢E—

1

LOVY GE—

©
?
O-
n
=
(@)

6009°T¢

€185°¢¢

22

1€8L°EC

08¢C've—

1S08'S¢

16G8°¢E

L0VY'SE

NH

o)

<
4 S\nmﬂ
}bes ce98'98—
<
L O- 6871’ S6—
[Jﬂ ©
S
W 26€T L TT—
ov/STeT— Hm
Tv.5'82T—
8025'SST—
1895 0V T—
1998 6VT—
G//STOT—

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
Chemical Shift (ppm)

170



DEPT-135"C NMR spectrum (DMSO-CCl,, 100 MHz)of 6,8-diisopropylspiro[1,3-benzoxazine-2,1'-cy@ahn]-4(3)-one
(4c).
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'H-*C HSQC NMR spectrumf 6,8-diisopropylspiro[1,3-benzoxazine-2,1'-cyaahn]-4(3H)-one(4c).
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FTIR spectrum of 6,8-diisopropylspiro[1,3-benzoxezR,1'-cyclohexan]-43)-one(4c).
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Mass spectrum (EI) of 6,8-diisopropylspiro[1,3-bexazine-2,1'-cyclohexan]-4k8-one(4c).
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'H NMR spectrum (DMSO-CCl,, 400 MHz) of 6,8-diisopropylspiro[1,3-benzoxazind:;yclopentan]-4(B)-one(4d).
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3C NMR spectrum (DMSOCCl,, 100 MHz) of 6,8-diisopropylspiro[1,3-benzoxazine-2,1'-cyclomart4(3H)-one(4d).
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DEPT-135"C NMR spectrum (DMSO-CCl,, 100 MHz)of 6,8-diisopropylspiro[1,3-benzoxazine-2,1'-cyclogent4(H)-one

(4d). 8
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'H-*C HSQC NMR spectrum o8,8-diisopropylspiro[1,3-benzoxazine-2,1'-cycloant4(3H)-one(4d).
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Transmittance

FTIR spectrum of6,8-diisopropylspiro[1,3-benzoxazine-2,1'-cycloant4(3H)-one(4d).
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Mass spectrum (El) 06,8-diisopropylspiro[1,3-benzoxazine-2,1'-cycloarjt4(3H)-one(4d).
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'H NMR spectrum (DMSO+400 MHz) of 6,8-diiodospiro[1,3-benzoxazine-2, 1tlohexan]-4(B)-one(4e)
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3C NMR spectrum (DMSO+1 100 MHz)of 6,8-diiodospiro[1,3-benzoxazine-2,1'-cyclohexa(@H)-one(4e)
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Mass spectrum (EI) of 6,8-diiodospiro[1,3-benzoraz2,1'-cyclohexan]-4€3)-one(4e)
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'H NMR spectrum (DMSO-+400 MHz) of 6,8-diiodospiro[1,3-benzoxazine-2, 1tlopentan]-4(8i)-one(4f).
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3C NMR spectrum (DMSO+1 100 MHz) of 6,8-diiodospiro[1,3-benzoxazine-Z¢tlopentan]-4(Bl)-one(4f).
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FTIR spectrum of 6,8-diiodospiro[1,3-benzoxazing-2yclopentan]-4(H8)-one(4f).
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Mass spectrum (EI) of 6,8-diiodospiro[1,3-benzoraz2,1'-cyclopentan]-4£3)-one(4f).
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'H NMR spectrum (DMSO+400 MHz) of 6,8-diisopropyl-2,2-dimethyl-2,3-dihyiidH-1,3-benzoxazin-4-on@.0b).
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3C NMR spectrum (DMSO+1 100 MHz) of 6,8-diisopropyl-2,2-dimethyl-2,3-ditig-4H-1,3-benzoxazin-4-on@ 0b).
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FTIR spectrum of 6,8-diisopropyl-2,2-dimethyl-2j8yydro-4H-1,3-benzoxazin-4-on@0b).
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Mass spectrum (EI) of 6,8-diisopropyl-2,2-dimetRy8-dihydro-4H-1,3-benzoxazin-4-on@.0b).
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'H NMR spectrum (DMSO-CCl,, 400 MHz) ofN-[(9-{[(1 E)-(dimethylamino)methylene]amino}-2,3-dihydrd{ixanthen-4-
yl)methylene]N-methylmethanaminium perchlorgtea).
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3C NMR spectrum (DMSOCCl,, 100 MHz)of N-[(9-{[(1 E)-(dimethylamino)methylene]amino}-2,3-dihydrd{ixanthen-4-

yl)methylene]N-methylmethanaminium perchloratea).
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Transmittance

FTIR spectrum oN-[(9-{[(1 E)-(dimethylamino)methylene]amino}-2,3-dihydrd4ixanthen-4-yl)methylend}-
methylmethanaminium perchlorgea).
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Mass spectrum (FAB) dfi-[(9-{[(1 E)-(dimethylamino)methylene]amino}-2,3-dihydrd4ixanthen-4-yl)methylendi-
methylmethanaminium perchlorgea).
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'H NMR spectrum (DMSO-+400 MHz) ofN-[(9-{[(1 E)-(dimethylamino)methylene]amino}-1,2-dihydrocyckgap]chromen-3-
yl)methylene]N-methylmethanaminium perchlorgfeb).
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3C NMR spectrum (DMSO+l 100 MHz) ofN-[(9-{[(1 E)-(dimethylamino)methylene]amino}-1,2-dihydrocyckpap]chromen-3-
yl)methylene]N-methylmethanaminium perchlorgfeb).
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Transmittance

FTIR spectrum oN-[(9-{[(1 E)-(dimethylamino)methylene]amino}-1,2-dihydrocyckgtap]chromen-3-yl)methyleneN-
methylmethanaminium perchloratgh).
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Mass spectrum (FAB) dfl-[(9-{[(1 E)-(dimethylamino)methylene]amino}-1,2-dihydrocyckmap]chromen-3-yl)methylenel-
methylmethanaminium perchloratgh).
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'H NMR spectrum (DMSO-+400 MHz) ofN-[(9-{[(1 E)-(dimethylamino)methylene]amino}-5,7-diisopropyj2dihydro-H-
xanthen-4-yl)methylendj{-methylmethanaminium perchloratec).
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3C NMR spectrum (DMSO+1 100 MHz) ofN-[(9-{[(1 E)-(dimethylamino)methylene]amino}-5,7-diisopropy/32dihydro-H-
xanthen-4-yl)methylendj{-methylmethanaminium perchloratec).
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'H-'H COSY NMR spectrum (400 MHz) &-[(9-{[(1 E)-(dimethylamino)methylene]amino}-5,7-diisopropyj32dihydro-H-
xanthen-4-yl)methylendj{-methylmethanaminium perchloratec).
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FTIR spectrum oN-[(9-{[(1 E)-(dimethylamino)methylene]amino}-5,7-diisopropyl32dinydro- H-xanthen-4-yl)methylendj-
methylmethanaminium perchlorafec).
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Mass spectrum (FAB) dfl-[(9-{[(1 E)-(dimethylamino)methylene]amino}-5,7-diisopropyf32dihydro-H-xanthen-4-yl)methylene]-
N-methylmethanaminium perchloratec).
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'H NMR spectrum (DMSO-+400 MHz) ofN-[(9-{[(1 E)-(dimethylamino)methylene]amino}-5,7-diisopropy/1
dihydrocyclopentdjjchromen-3-yl)methylenelN-methylmethanaminium perchloragted).
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3C NMR spectrum (DMSO+1 100 MHz) ofN-[(9-{[(1 E)-(dimethylamino)methylene]amino}-5,7-diisopropy/21
dihydrocyclopentdjjchromen-3-yl)methylenelN-methylmethanaminium perchlorated).
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FTIR spectrum oN-[(9-{[(1 E)-(dimethylamino)methylene]amino}-5,7-diisopropyf2idihydrocyclopentddlchromen-3-
yl)methylene]N-methylmethanaminium perchlorgfed).
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Mass spectrum (FAB) dfi-[(9-{[(1 E)-(dimethylamino)methylene]amino}-5,7-diisopropy/2idihydrocyclopentdgchromen-3-
yl)methylene]N-methylmethanaminium perchlorated).
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'H NMR spectrum (DMSO+400 MHz) ofN'-(4-formyl-2,3-dihydro-H-xanthen-9-yl)N,N-dimethylimidoformamid&6a).
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'H NMR spectrum (DMSO-CF;CO,D, 400 MHz) ofN'-(4-formyl-2,3-dihydro-H-xanthen-9-yl)N,N-dimethylimidoformamide
(6a).
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3C NMR spectrum (DMSO+1 100 MHz) ofN'-(4-formyl-2,3-dihydro-H-xanthen-9-yl)N,N-dimethylimidoformamid&6a).
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FTIR spectrum oN'-(4-formyl-2,3-dihydro-H-xanthen-9-yl)N,N-dimethylimidoformamid€6a).

0.0015 |
- |
— —V | I ' | '\I?o'w
: 3, B W =L
- GBQ ARSI (ARG R
N
I " 55N A8 5 & w
4 DX~ P INO
e TSR M
8 '0.0010 | o NEnls @R
S SRR o
i . e = AN o3]
) i N o
& - N
g r
- PN
0.0005 |
L I UL L I UL L I UL L I UL L I UL L I UL L I UL L I LI
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm-1)

65



Mass spectrum (EI) df'-(4-formyl-2,3-dihydro-H-xanthen-9-yl)N,N-dimethylimidoformamid€6a).
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'H NMR spectrum (DMSO-+400 MHz) ofN'-(3-formyl-1,2-dihydrocyclopenthJchromen-9-yl)N,N-dimethylimidoformamide
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3C NMR spectrum (DMSO-+1 100 MHz)of N'-(3-formyl-1,2-dihydrocyclopentaJchromen-9-yl)N,N-dimethylimidoformamide
(6b). DMSO-d6
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FTIR spectruniN'-(3-formyl-1,2-dihydrocyclopentd]chromen-9-yl)N,N-dimethylimidoformamid€6b).

|
NN
S— 3 S 3 R IN
o
0.0015 % EN H.f8%81%%
i N o o w
W o
i CHO - o
_ (@)
. LD
O .
g . N
g2 — | z
£ 0.0010 r
; ~
= ]
0.0005
L} I L} L} L} L} | L} L} L} L} I L} L} L} L} | L} L} L} L} I L} L} L} L} | L} L} L} L} I L} L} L} L} | L} L} L} L} I L} L} L} L} | L} L} L} L} I L} L} L} L} | L} L} L} L} I L} L} L} L} | L} L} L} L} I L} L} L}
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm-1)

69



Mass spectrum (FABH NMR spectrum (DMSO-400 MHz) ofN'-(3-formyl-1,2-dihydrocyclopenta]chromen-9-yl)N,N-
dimethylimidoformamid€6b).
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'H NMR spectrum (DMSO+400 MHz) ofN'-(4-formyl-5,7-diisopropyl-2,3-dihydroH-xanthen-9-yl)N,N-

dimethylimidoformamid€6c).
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3C NMR spectrum (DMSO-+1 100 MHz)of N'-(4-formyl-5,7-diisopropyl-2,3-dihydroH-xanthen-9-yI)N,N-

dimethylimidoformamid€6c).
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FTIR spectrum oN'-(4-formyl-5,7-diisopropyl-2,3-dihydroH-xanthen-9-yl)N,N-dimethylimidoformamid€6c).
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Mass spectrum (EI) df'-(4-formyl-5,7-diisopropyl-2,3-dihydroH-xanthen-9-yl)N,N-dimethylimidoformamid&€6c).
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'H NMR spectrum (DMSO+400 MHz) ofN'-(3-formyl-5,7-diisopropyl-1,2-dihydrocyclopentd§hromen-9-yl)N,N-
dimethylimidoformamid€6d).
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3C NMR spectrum (DMSO+l 100 MHz) ofN'-(3-formyl-5,7-diisopropyl-1,2-dihydrocyclopent§hromen-9-yl)N,N-
dimethylimidoformamid€6d).
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FTIR spectrum oN'-(3-formyl-5,7-diisopropyl-1,2-dihydrocyclopentd¢hromen-9-yl)N,N-dimethylimidoformamid€6d).
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Mass spectrum EI df'-(3-formyl-5,7-diisopropyl-1,2-dihydrocyclopentd¢hromen-9-yl)N,N-dimethylimidoformamid€6d).

100

45
a0 ]
a5
a0
75
700
£S5
il ]
55
50 ]
45
40
35
30
25 ]
20
15
10
5_
0-

352
CHO
o
(D
N
PN
323
308
280
44 337
J| L | A
1 1 LI 1 1 1 T ’ LA | LA |
50 100 150 200 250 300 350 400 450

78



'H NMR spectrum (DMSO-+400 MHz) ofN'-(4-formyl-5,7-diiodo-2,3-dihydro-H-xanthen-9-yl)N,N-dimethylimidoformamide
(6e).
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3C NMR spectrum (DMSO+1 100 MHz) ofN'-(4-formyl-5,7-diiodo-2,3-dihydro-4i-xanthen-9-yl)N,N-dimethylimidoformamide
(6e).
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FTIR spectrum oN'-(4-formyl-5,7-diiodo-2,3-dihydro-4i-xanthen-9-yl)N,N-dimethylimidoformamid€6e).

0.0015

0.0010

Transmittance

0.0005

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm-1)



Mass spectrum (EI) df'-(4-formyl-5,7-diiodo-2,3-dihydro-i-xanthen-9-yl)N,N-dimethylimidoformamid€6e).
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'H NMR spectrum (DMSO-CF,COO0D,400 MHz) ofN'-(3-formyl-5,7-diiodo-1,2-dihydrocyclopentighromen-9-yl)N,N-
dimethylimidoformamid€6f). DMSO-d6
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FTIR spectrum oN'-(3-formyl-5,7-diiodo-1,2-dihydrocyclopentafhromen-9-yl)N,N-dimethylimidoformamid€6f).
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Mass spectrum (EI) df'-(3-formyl-5,7-diiodo-1,2-dihydrocyclopentgthromen-9-yl)N,N-dimethylimidoformamid€6f).

100

S20

95
a0
oS
gl
75
T
G5
G0
o5
S0

45 ]

40 44

35
S0
254
20 4
15
10 4
5 ]

1349

ol

476

49

b b

yu L“h.hm. P Y |L h |m - ”ll

a0 100 130 200

2350

300

350

400

430

1
S00

85



'H NMR spectrum (DMSO+400 MHz) ofN-methyl-N-({[(4 2)-2-phenyl-4H-chromen-4-
ylidene]amino}methylene)methanaminium perchloi@e
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3C NMR spectrum (DMSO+l 100 MHz)of N-methyl-N-({[(4 Z)-2-phenyl-H-chromen-4-
ylidene]amino}methylene)methanaminium perchlon@&e
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FTIR spectrum oN-methylN-({[(4 Z2)-2-phenyl-H-chromen-4-ylidene]lamino}methylene)methanaminiunchkorate(8).
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Mass spectrum (FAB) dfi-methyl-N-({[(4 2)-2-phenyl-H-chromen-4-ylidene]amino}methylene)methanaminiunchkrate(8).
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'H NMR spectrum (DMSO-+400 MHz) of 2-phenyl-#-chromen-4-iming9).
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3C NMR spectrum (DMSO+l 100 MHz)of 2-phenyl-4H-chromen-4-iming9).
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Mass spectrum (FAB) of 2-phenyH4chromen-4-iming9).
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Mass spectrum (FAB+Nal) of 2-phenyH4chromen-4-iming9).
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'H NMR spectrum (DMSO-+400 MHz) ofN,N'-[2-(4-{[(1 E)-(dimethylamino)methylene]amino}2chromen-2-ylidene)propane-
1,3-diylidene]bisl-methylmethanaminium) diperchloratEla)
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3C NMR spectrum (DMSO+1 100 MHz) ofN,N'-[2-(4-{[(1 E)-(dimethylamino)methylene]amino}k2-chromen-2-ylidene)propane-
1,3-diylidene]bisl-methylmethanaminium) diperchloratEla)
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FTIR spectrum oN,N'-[2-(4-{[(1 E)-(dimethylamino)methylene]amino}F2-chromen-2-ylidene)propane-1,3-diylidene]bls(
methylmethanaminium) diperchlorgtela).
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Mass spectrum (FAB) df,N'-[2-(4-{[(1 E)-(dimethylamino)methylene]amino}k2-chromen-2-ylidene)propane-1,3-diylidene]bis(
methylmethanaminium) diperchlorat&la)
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'H NMR spectrum (DMSO+400 MHz) of (4-amino-B-chromen-2-ylidene)malonaldehy(2a).
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3C NMR spectrum (DMSO+1 100 MHz) of (4-amino-B-chromen-2-ylidene)malonaldehy¢k2a)
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FTIR spectrum of (4-aminok2-chromen-2-ylidene)malonaldehy(E2a)
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Mass spectrum (FAB) of (4-amind42chromen-2-ylidene)malonaldehy{&2a).
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Mass spectrum (FAB+Nal) of (4-amindiZhromen-2-ylidene)malonaldehy{E2a).

100

176

95 ]
90
a5 ]
a0
75 ]
70
B5
B0
55 ]
50
45 ]
40

33

a3

g2

193 216
100122

100 130 200

238

254

230

HO
@)
CHO

Z

NH
304 329

L, Jllll L F . ) I| ! . |Iu . . |I . . . :

300 350 400 450 S0 250

102



'H NMR spectrum (DMSO-+400 MHz) of (4-amino-6,8-diisopropylF2chromen-2-ylidene)malonaldehy(E2b).

)
<
N~
(q\]
-
HO
(@)
Z CHO
Z
NH,
[T9) o
8 3
=] ™~
(o)) [ee]
__j'C_j'C
0.84 0.96
| | ] |
91 90 89 88 871 86
Chemical Shift (ppm)
10 §§§ Water
r~ 0
. N~ N~ — -
T 2 g S 3 g g PVSoe
8 © o 2
o o T I
< )L
0.79 0.94 12.51
— — (-
llllllll|llllIllll|llll|llll|lllllllll|llll|llll|lllllllll|llll|llll|llll|llll|lllllllll|llll|
10 9 8 7 6 5 4 3 2 1

Chemical Shift (ppm) 103



3C NMR spectrum (DMSO+1 100 MHz) of (4-amino-6,8-diisopropylF2chromen-2-ylidene)malonaldehy¢E2b).
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Transmittance

FTIR spectrum of (4-amino-6,8-diisopropyHzhromen-2-ylidene)malonaldehy{2b).
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Mass spectrum (EI) of (4-amino-6,8-diisopropy-2hromen-2-ylidene)malonaldehy{&2b).
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'H NMR spectrum (DMSO+400 MHz) of 2-methyl-4-oxo43-1,3-benzoxazine-3H)-carbaldehydé14).
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3C NMR spectrum (DMSO+1 100 MHz)of 2-methyl-4-oxo-#-1,3-benzoxazine-3H)-carbaldehyd¢l14).
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FTIR spectrum of 2-methyl-4-oxo-21,3-benzoxazine-3@)-carbaldehyd€14).

0.0015 | ~
i 303
. N g a3
] BTR
| ) Lo
[} - AR N 5 8
8 1 W ~N 3
£ oo g
£ 0.0010 |
=
a ] z
5 ] s
= 1 /3
— =
w
1 ~
. o
0.0005 |
LI N B B B N B B B N N B B B B B N N B B B D B B B N L B L D N B B N O B N N B B B N B B Y B B D B B I B I B B B L B B |
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm-1)

109



Mass spectrum (El) of 2-methyl-4-oxi2l,3-benzoxazine-3H)-carbaldehyd€14).
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'H NMR spectrum (DMSO-ICCl,, 400 MHz) ofN-[(4-chloro-3,5,6,7-tetrahydrospiro[1,3-benzoxazih&'-cyclohexan]-8-
yl)methylene]N-methylmethanaminium perchlorgtio).
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3C NMR spectrum (DMSOHCCl,, 100 MHz)of N-[(4-chloro-3,5,6,7-tetrahydrospiro[1,3-benzoxazh@'-cyclohexan]-8-

yl)methylene]N-methylmethanaminium perchlorgti9).
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FTIR spectrum oN-[(4-chloro-3,5,6,7-tetrahydrospiro[1,3-benzoxazihg'-cyclohexan]-8-yl)methylené}-methylmethanaminium
perchloratg19).
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Mass spectrum (FAB) dfl-[(4-chloro-3,5,6,7-tetrahydrospiro[1,3-benzoxazih#'-cyclohexan]-8-yl)methylendy-
methylmethanaminium perchlorgti9).
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'H NMR spectrum (DMSO-CCl,, 400 MHz) of [(E)-(4-chloro-6,7-dihydrospiro[1,3-tmsxazine-2,1'-cyclohexan]-8(5H)-
ylidene)methyl]dimethylamin&0).
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3C NMR spectrum (DMSOCCl,, 100 MHz) of [(E)-(4-chloro-6,7-dihydrospiro[1,32hzoxazine-2,1'-cyclohexan]-8(5H)-

ylidene)methyl]dimethylaming&0).
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DEPT-135"C NMR spectrum (DMSOCCl,, 100 MHz)of [(E)-(4-chloro-6,7-dihydrospiro[1,3-benzoxazi@et'-cyclohexan]-
8(5H)-ylidene)methyl]dimethylamin@0).
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Mass spectrum (EI) of [(E)-(4-chloro-6,7-dihydraspi,3-benzoxazine-2,1'-cyclohexan]-8(5H)-ylidenejhyl]dimethylaming20).
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LC-MS data for 9-chloro-1,2,3,4-tetrahydroacrid{é).
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"MSD1 SPC, ime=1.104 of E\WORK\D\IO\I0_15\10_14_24\SAMPLO11.D API-ES, Scan, Frag: 120, "Pos”
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"MSD1 SPC, ime=1.328 of EAWORK\DVIO\10_15\10_14_24\SAMPLO11.D0 API-ES, Scan, Frag: 120, "Pos”
228.0
RT 1.328 g 1571 0.1
101.1 e 1.1
(SRS, .5 S W L S—— S "
100 200 300 400 500 m/z
*MSD2 SPC, ime=1.114 of E\WORK\D\TOVI0_1510_14_24\SAMPLOT1.D , Scan, Frag: 120, "Neg”
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