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Summary- 2-n-Butoxy-3H-azepine (2) reacts with amines, anthranilic acid and active methylene compounds
to atford 2-aminoazepines 3 and 13, quinazolinoazepine 4 and 2-methylene-1,2-dihydro-3H-azepines 8, 7,
9 and 10 respectively. The reaction of 3 with trityl tetrafiuoroborate provides 3-amino-7-trityl-2-aza-1H*-nor-
caradienium salts 22 which on deprotonation gives 7-amino-3-trityl-3H-azepines 20. Azepines 20 on hea-
ting are converted to 2-amino-6-trityl-3H-azepines 19; they react with triatkyl oxonium salits, diazonium salts
and 2-methyithio-1,3-dithiolium methylsulfate to give 2-alkyl-7-trityl-2-aza-norcaradienium salts 23, azepine-
3-one arylhydrazones 32 and dihydro-azadithiasesquitulvalene 34, respectively. The reaction of 3 with di-
methyimethyhthiosuffonium tetrefiuoroborate produces salts 284 of 2-amino-8-methylthio-SH-adepines 28

TCNQ reacts with 25 to yield 2-amino-6-methylthio- 1H+ 3H-azepinium tetracyanoquinodimethanide 29.
24 is used as a starting material for the synthesis of 2,6-bis-methylthio-3H-azepine 31.

Like benzene and pyridine, tropylium and azatropylium cations are pairs of 6 x-electron systems. In terms ot
heats of formation (Hy, kcal/mote [MNDO); A H©O = Hi(PhCH=NPh) - Hi(PHCH=CHPh) = 7.6; AA Hy = Hy(azaAr)
- Hy(Ar) - 7.6). pyndine is as stable as benzene (AA Hy = - 0.1). The azatropylium cation 1, however, is signifi-
cantly less stable than the tropylium cation (AA Hy = 10.7). All the same, 1 as a Hlcke! system is more stable
than its open-chain analogue, and saits with this “aromatic® cation are expected ta be fairly stable. Predictions
as to the influence of a ring nitrogen atom on the stability of cations of the allylic type can also be made on the
basis of their charge distribution. As the charge density at C-2 of the allyl cation is zero (HMO, cf. table 1) a
nitrogen atom at this position does not change the energy of the x-electron system. The situation is ditferent,
however, with the tropylium cation. Here, all ring positions are positively charged and a nitrogen atom

Table 1 Charge densities (HMO)
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therefore destabilizes the x-electron system. By virtue of their amino groups, 1,3-diaminoallyl cations, the so-
called vinamidinium salts, have a partial negalive charge at C-2. Thus, a nitrogen atom at this position is sup-
posed to stabilize the x-electron system. In 1,3-diaminotropylium cations the charge density at C-2 is zero and
2,7dlaminoazatropylium cations are therefore expected to have roughly the same stability as their carbon
analogues. Sumprisingly, neither azatropylium nor aminoazatropylium salts have been prepared so tar. The
only indication for azatropylium jons has been found in the mass spectra of 1-methylisoquinoline’, 2-akoxy-
3H-azepinyl-3-carboxamides2 and some phenyl azides and anilines.3.4

Tropylium salts can be readily prepared by dehydrogenation of tropylidenes.5 Thus, azepines, in particular
derivatives with electron-releasing substituents, are supposed 1o be convertible to azatropylium salts by way
of oxidation. 2-Diakytamino(anilino)-3H-azepines have been prepared through thermolysis or photolysis of
aryl azides in the presence of secondary amines or aniline®-13 and through reduction of nitrosobenzene'4 or
nitrobenzenes 'S with phosphanes in the presence of secondary amines. Since these methods have several
disadvantages we have employed the tollowing reaction sequence. 2-n-Butoxy-3H-azepine 2. readily
availabie from nitrobenzene with tri-n-butylphosphane and n-butanoi in high yleld!6, reacts with secondary
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amines 10 produce the aminoazepines 3 in 80-90% yiekis (spectroscopic data of new compounds cf. Table
2). Only 3b has been prepared before by another method15,

2 can also be used as staning material for the preparation ot some further azepine derivatives. Brief heating
with anthranilic acid (Niementowski reaction!7.18) or 3-amino-2-naphthoic acid to 120 °C (150 °C) gives rise

to the quinazoline derivatives 4 and 5, respectively. The reaction of 2 with active methytene compounds (ma-
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lononitrile, ethyl cyancacetate, 3-methyi-1-phenyi-S-pyrazolone) provides the methylene-azepines §. 7, 10.
As in a number of enamines’9 the signais of H-7 in the TH-NMR spectra of 7 and 10 appear as doublets of
doublets. The spectra indicate the presence of hydrogen bonds as in B-amino-acryiates. 2021 The yield of 7
is rather low. It can be improved from 11% 10 54% by using 2-amino-3H-azepine (8)'6 as staring material.
Dimedone, which doesn’t rgact with 2, can also be condensed with 8 1o yieid 10. The mevocyanine dye 10
upon alkylation fumishes the paje yeliow salt 12 which can be depronated 10 give the asepinyl-pyrazoie 11.
When 2 is heated with 2-aminobenzothiazoles, the yellow imines 13 are formed. The skylation of 13 with
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timethyloxonium tetrafluoroborate yields the yellow azacyanine dye 14.

The aminoazepines 3a-¢ when treated with trityltetrafiuoroborate (ci. preparation of carbenium tetratiuoro-
borates5.22-25) deliver salts 22 ot azanorcaradienes 21 instead of 2-aminoazatropylium salts 18. The 'H-
NMR spectra of 22 are consistent with structures 15 and 22; however, the signals at 36 81, 36.29 and 13.63
in the 13C-NMR sgpectrum of 22¢ agree only with 22. Obviously, 3 is attacked by the electrophile at C-6 to
give 15 which subsequently rearranges through deprotonation and reprotonation of 18 to 17 which in tum
gives rise fo 18.

Whaen the salts 22 are treated with potassium carbonate in acetonse, the 7-amino-3 trityl-3H-azepines 20
are obtained in high yields. In contrast to 22, the azanorcaradienes 21 formed from 22 rearrange spon-
taneously to 20. The 'H-NMR and 13C-NMR spectra of 20 show sach only one high-fiekd signal indicating
the absence of 21 at room temperature.

22 are the first derivatives of 2-azanorcaradienes. 3-Azanorcaradienes have been detected by Sauer2t as
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valence isomers of 4H-azepines. On treatment of 20 with tetrafiucroboric ackd, 22 is reformed. This reaction
could occur either via N-protonation of 20 and subtsequent rearrangement of the azepinium sait so formed or
via protonation of a small equilibrium concentration of 21. The tact that the 13C-NMR signais of C-2 and C-4
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in 208 experience an upfield-chift at lower temperatures (35 °C: & = 108.14, 80.12; - 40°C. 5 « 86.47, 60.16
(in COCl3/CD300 1:1)) whereas the other signais remain essentially unchanged is in favour of the second
possibility. A similar phenomenon has been observed with alkoxyiminium-tropylidenes.2” The reaction of
200,¢ with trialkyloxonium tetratiuoroborates yleids N-alkyl-2-aronia-norcaradiens salts 23.

Attempts 10 trap 21 with dienophiles failed. Warming of 20 with or without dienophiles in polar sotvents
{acetonitrite} fumishes 2-amino-6-trityl-3H-azepines 19 in high yields. This rearrangement i8 typical for aze-
p{n”.“ﬂo

The high reactivity of the 6-position of 3 offers the possibility to prepare aminoazepines with electron-relea-
sing substituents at this position which could be easier 10 oxidize than 3. Dimethyimethyithiosulfonium tetra-
fluoroborate31.32 can be used to synthesize methylthio derivatives of electron-nch aromatic® and heteroaro-
matic compounds.34 The reaction of 3 with this reagent provides 8-methyithio-2-amino-3H-azepinium
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salts 24 in good ylelds. It is remarkable that the azepinium salts 24, in contrast to 17, show no tendency 1o
rearrange to azonia-norcaradienes (cf. 22). The crystalline salts 24 are stable whereas the corresponding
bases 25 are yellow oils which decompose on distillation and become dark when exposed 1o air.

The cyclovoltammogram of 25a (10-3 M solution in acetonitrile + 0.1 M tetraethylammonium tetrafluorobo-
rate, Pt electrode) features two irreversible waves at 0.58 and 0.90 V {vs. Ag/AgCl). The first wave can be
assigned to the formation of the unstable radical cation 27, the second one to the tormation of the dication 26
that could be deprotonated to the azepinyl cation 28. This mechanism is supported by the fact that solutions
of 25 in dichioromethane turn deep green upon addition of trityl tetrafluoroborate or nitrosyl tetrafluoroborate.
The colour fades slowly and work-up fumishes the salts 24. The formation of 24 can be rationalized as a re-
sult either of the decomposition of 27 or a reaction of 28 with 25 or the solvent. The oxidation of azadithialul-
valenes with bromine or tetracyanoquinodimethane {TCNQ) gives rise 10 protonated starting materials t00.35

The reaction of 258 with TCNQ takes the same course as that with trity! tetrafluoroborate. Instead of a salt
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of 28 the *normal” deep blue sait 29 is produced. 29 is also obtained when 24a is combined with lithium
TCNQ.

2,6-Bis-methyithio-3H-azepine (31) is structurally related 1o 25. It can be oblained by way of alkylation of
the thione 30 (cf. alkylation of 3,5,7-trimethyl-azepine-2-thione36) which in turn is formed when the saits 24
are treated with hydrogen sutfide-pyridine.

Whaereas the reactions of 20 with tetrafiuoroboric acid or trialkyloxonium tetrafiuoroborates give rise 1o 2-
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azonia-norcaradienes 22 and 23, respectively, by way of N-ajkylation, 20m behaves as an enamineg in reac-
tions with diazonium and dithioium salts. Treatment of 208 with 4-methoxy- and 4-nitro-benzense terafluoro-
borate. respectively, in dichioromethane solution in the presence of triethylamine provides after work-up the
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yellow 3-azatropone hydrazone derivatives 32 that are in fact azatropolone dervatives.

2-Methyithio-1 3-dithiolanylium methyisultate3” also attacks C-6 of 204 1o give the coloriess adduct 33 that
on heating of its acetonitrile solution with a catalytic amount of tetratiuoroboric acid furnishes the pale yetow
azaheptafulvene derivative 34.

Table 2 Spectroscopic data of 3-7, 9-14, 19, 20, 22-25, 29-34

A: 1H-NMR (80 MHz; CDCl3) (5 (ppm)]: 8: 13C-NMR (20 MHz; COCla) [5 (ppm)}, € IR (KBr) {v (cm-1)},
D UVAVIS {CHZCI2) [Amax (nm), (ig )}

3a: A:1.83(mc; 4 H, NCH2CH2), 262 (0, J= 8 Hz; 2H, H-3), 3.40 (mc; 4 H, NCH2CHp), 5,17 (0d, J =6HZ,J =
8Hz; 1 H H-4),570 (0d, J=BHz, J=8BHZ; 1H H-6),627 (0d, J=6Hz, JwBHZ 1H H-5),711(d, /=
8 Hz; 1 H, H-7). C(neat): 2960, 2860, 1555, 1500. D; 270 (sh, 3.73), 300 (3.89).

3c: A 262(0, J=8Hz, 2 H, H-3), 3.33 (mc; 4 H, NCH2).3.70 (mc; 4 H, OCHg), 5,10 {q, J = B Hz; 1 H, H-4),
570 (0d, Jx6Hz, JuBH2z 1H H-6),830(0d, Ju6Hz, JuBHz; 1 H H-5), 7.10(d, J= 8 Hz, 1 H, H-7).
C (film): 2955, 2860, 1563, 1501. D 275 (sh, 3.71), 302 (3.92).

3d: A:266(d, J=8Hz,4H H-3),3.38(s;8H. NCH2),5.13(q. J=8H2,2H,H4),588 (0d, J= 6 HZ, J= 8
Hz; 2 H, H-6),640(d0, Ju= 6 Mz, JuBHZ:2H, H-5). 7.00(d. J= 8 Hz, 2H H-7). C(neat): 3020, 2860,
1576. D : 295 (3.94).

4. A338(d J=7Hz;2H H-6),613{mc;3H H-3-H-5),745(mc;4H, ArH, H-2), 8.25(d, J= 8 H2; 1 H,
H-13). C. 1690, 1535. D: 263 (4.07), 285 (3.95), 332 (3.83).

8. D (DMF): 275 (4.59). 316 (3.90}, 332 (3.90). 374 (3.62), 395 (sh, 3.48).

6. A (DMSO-dg/COCl3) 3.00 (d, J= 8 H2; 2 H, H-3),5.30 (q. J= 8 Hz; 1 H, H-4), 5.90 (dd, /= 6 Hz, J
B8Hz, 1H H.5),625(dd, J=6Hz Js 8H2z; 1 H, H-5),6.50 (d. J= 8 Hz, 1 H, H-7). C 3220, 2220, 2200,
1810.

7: A145{(t, J=7Hz;3H OCHCH3), 3.10(d. J=8 Hz, 2H, H-3),4.25(q. /= 7 H2: 2 H, OCH2CH3), 5.65
(Q. J=8Hz; 1 H,H-4), 595 (0d, J= 6 Hz, J= 8 Hz; 1 H, H-6), 6.50 (dd. J = 6 Hz, J= 8 Hz; 1 H, H-5), 6,76
{dd. Jw 4 Hz, J= 8 Hz; 1 H H-7), 1113 (s br; 1 H, NH). £ 3195, 2215, 2202, 1669, 1606. D : 325 (4.29).

9: A 105(s;6H CHy) 238 (s; 4H, CHp), 345 (4, J= 7 Hz; 2 H, H-3}, 5.83 (mc; 1 H, H-4), 6.30 (mc; 2 H,
243?)263?3 {mc; 1 H H-T), 12.15 (s br; 1 H, NH). C 3436, 1637, 1574. D : 250 (4.08), 265 (sh, 3.93),

4.23).

10: A:246(5;3H,CH;3)3.25(d. J=7Hz 2H, H-3),560(dt. J=7 Hz, J= B8 Hz, 1 H, H-4),6.01 (dd, J= 8 Hz,
Ju6Hz, 1 H H6),633(0d, J=8Hz, J=6Hzr, 1 H H-5),665(d0, J=4 Hz, Ja 7H2; 1 H, H-7), 7,30,
795 (2 me; 5H, Ar-H), 12.58 (s br; 1 H, NH). £ 3420, 1618, 1570. D= 250 (4.27), 345 (4.21).
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11. A 128t J=7Hz; 3H, OCHCHa). 2.38 (s: 3H, CHa), 2.95 (br, 2 M, H-3), 3.95 (q. J = 7 Hz, 2 H, OCHy),
528(q. J=8 Hz; 1 H, H-4), 6.23 (q. J = 7 Hz: 1 H, H-6), 6.45 (mc. 1 H, H-5), 7.63 (mc. 6 H, ArH, H-7).

12: A 1.13 (1. J= 7 Hz: 3H, OCHCHg). 2.85 (s; 3 H, CH3), 3.30 (q. J = 7 Hz; 2 H, H-3), 4.00 (q. J = 7 Hz,

2 H, OCH2CHy), 5.85 (mc: 1 H, H-4), 6.63 (mc; 2 H, H-5.6). 7.05 (mc: 1 H, H-7), 7.45 (mc: 5 H, Ar-H) C.
3420, 1640. D: 358 (4.21).

13a: A (CDClyDMSO-dg): 3.05 (d. J = 7 Hz: 2 H, H-3), 5.65 (dt, J = 7 Hz, J = 9 Hz, 1-H, H-4), 5.90 (0d, J =5,
J =9 Hz, 2 H, H-6), 6.20 (dd, J =5 Hz, J=9 Hz. 1 H, H-5). 6.53 (d, J = 9 Hz: 1 H, H-7). 7.07-7.85 (m; 4 H,
Ar-H), 12.38 (s br, 1 H, NH). C: 1615, 1577. D: 259 (4.02), 340(4 32).

13b: A (COCIyDMSO-Gg): 3.05 (d. J = 7 Hz; 2 H, H-3), 5.60 (a1, J = 7 Hz, J = 9 Hz, 1-H, H-4), 5.90 (d, J =5,
J =9 Hz, 2 H, H-6), 6.20 (3d. J =5 Hz, J =9 Hz, 1 H, H-5), 6.50 (d, J = 9 Hz; 1 H, H-7), 6.80-7.80 (m: 3 H.
Ar-H), 12.38 (s br, 1 H, NH). C. 1615, 1572 D~ 260 (3.90), 345(4.40).

14a: A(CDClyDMSO-dg): 3.35 (d, J = 7 Hz; 2 H, H-3), 3.90 (s; 3 H, CH3). 5.54 (mc; 1 H, H-4), 6.30-6 60(m;
2H, H-5.6). 6.73 (0, J = 8 Hz, H-7), 7.35-8.15 (m; 4 H, Ar-H). C: 1595, 1545, 1080. D: 256 (4.12), 360
(4.32).

14b: A (COClyDMSO-dg): 3.18 (d. J = 7 Hz; 2 H, H-3), 3.73 (s: 3 H, CH3).3.83 (s, 3 H, OCH3). 5.70 (a,
J=7Hz, J=8Hz, 1H, H-4), 638 (mc, 2 H, H-5.6). 6.63(d, J=8MHz, 1 h H-7). 705-7.68 (m: 3 H. Ar-H).
C 1590, 1535, 1080. D: 260 (3.98), 370 (4.37).

198: A: 1.80 (mc; 4 H, NCH2CHa). 2.76 (d. J = 7 Hz; 2 H, H-3), 3.34 {mc; 4 H,NCHy), 5.06 (dt, J = 7 Hz,
J=B8Hz; 1 H, H-4).5.87 (d. J= 8 Hz: 1 H, H-5), 7.13 (mc; 16 H, Ph3C, H-7). C 3050, 1560. D" 269
(3.99), 302 (3.94).

18b: A: 1.55 (mc: 6 H, NCH2CH2CHz). 2.81 (d. J = 8 Hz: 2 H, H-3), 3.39 (mc: 4 H, NCHy), 5.05 (q. J = 8 Hz:
1 H, H-4),5.95 (d, J= 8 Hz; 1 H, H-5), 7.20 {mc: 16 H, PhC, H-7).

19¢: A:2.72 (0, J = 8 Hz; 2 H, H-3), 3.35 (mc; 4 H, NCH2), 3.57 (mc; 4 H, OCHy), 4.97 (q. J = 8 Hz; 1 H, H-5),
5.88 (d. J = 8 Hz: 1 H, H-5), 7.10 {mc; 16 H, PhaC, H-7).

208: A:1.90 (mc: 4 H, NCH2CH2). 2.20 (t, J = 6 Hz; 1 H, H-6). 3.30 (mc; 4 H. NCH3)., 4.20 (0d. J = 6 Hz.

J =8 Hz, 1H, H-5), 5.20 (d, J= 8 Hz: 1 H, H-3), 5.85 (d, J= 6 Hz; 1 H, H-7), 6.40 (1, J= B Hz; 1 H, H-4),
7.20 (mc; 15 H, PhaC). C 3050, 2960, 1590, 1510. D- 297 (4 10).

20b: A: 1.63 (mc; 6 H, NCH2CH2CHa), 2.30 (1. J = 6 Hz; 1 H. H-6), 3.25 (mc; 4 H, NCH2). 4.48 (dd. J = 6 Hz.
J=8Hz, 1 H, H-5), 550 (d, J= 8 Hz; | H, H-3). 598 (d. J=6 Hz; 1 H. H-7), 6.35 (1. J= 8 Hz; 1 H, H-4),
7.20 (mc; 15 H, Ph3C).

20c: A:2.28 (1, J= 6 Hz, 1 H, H-6). 3.25 (mc: 4 H, NCHy). 3.78 (mc; 4 H, OCHy). 4.55 (0d, J = 6 Hz, J =8 Hz,
1H, H-5). 553 (d, J= 8 Hz; 1 H, H-3), 6.08 (d, J= 6 Hz; 1 H, H-7), 6 38 (1. J = 8 Hz. 1 H. H-4), 7.18 (mc;
15 H, PhyC).

220: A:2.00 (mc; 6 H, NCHaCHa. H-6.7), 2.84 (dd, J =4 Hz, J= 8 Hz, 1 H, H-1), 3.50 (mc; 4 H, NCHy), 6.30
(0. J = 10 Hz, 1 H, H-8). 7.25 (mc; 16 H, Ph3C. H-5). C. 1660, 1590, 1080. D: 263 (4 05).

220: A: 1.75 (mc: 8 H, NCH2CH2CHa. H-6.7). 3.00 (1. J = 6 Hz. 1 H. H-1). 3.50 (mc; 4 H. NCHy). 6.28 (d. J =

10 Hz: 1 H, H-4), 7.30 (mc; 16 H, Ph3C. H-5).

22¢: A:1.70 (mc, 1 H, H-6), 219 (t, J= SHz, 1 H. H-7), 2.88 (dd, J = § Hz, J = 7 Hz. 1 H, H-1), 3.65 (mc; 8 H,
NCH2CH20), 6.38 {d, J = 10 Hz; 1 H, H-4). 7.20 (mc; 16 H, Ph3C, H-5), 7.90 (s br; 1 H, NH). B (CD3CN):
19.69 (d; C-7). 36.29 (d; C-17?). 36.81 (d; C-6?), 47.05 (t; NCH). 56.86 (s, CPhj). 65.76 {t; OCHy),
111.01 (d; C-4), 127.55 (d; Ph-m). 128 67 (d: Ph-p), 130.00 (d; Ph-0), 145 73 (s; (Ph-i), 149.88 (d; C-5).
159.90 (s. C-3}.

2380 A (CF3CO2H): 1.85 (mc; 2 H, H-6,7), 2 13 (mc; 4 H, NCH2CH>). 2.91 (1, J= 6 Hz; 1 H, H-1),

3.43 (s: 3 H, NCH3), 3.71 (mc: 4 H. NCH3), 6.38 (d. /= 9.5 Hz; 1 H, H-4), 7.22 (mc; 16 H, CPh;, H-5) C:
3080, 3050, 3025, 2980, 2870, 1640, 1560, 1490, 1440, 1420, 1080.

23af: A (CF3CO2H): 1.38 (t, J= 7 Hz: 3 H, CH2CHa). 2.20 {mc; 6 H, NCHaCHo, H-6,7),2.94 {1, J= 6 Hz. 1 H,
H-1). 3.77 (mc; 6 H, NCH2CHa. CH2CHg3), 6.46 (d, J = 10 Hz: 1 H, H-4), 7.24 (mc; 1 H, H-5), 7.24 {mc, 15
H, CPhj).

23ce: A (CD3CN): 1.70 (mc; 1 H, H-6), 2.19 (1. J=SHz, 1 H, H-7), 280 {dd, J= 5Hz, J= 8 Hz, 1 H, H-1}, 3.30
{s: 3 H, NCH3). 3.55 (mc; 4 H, NCH), 3.78 (mc; 4 H, OCHy), 6.35 (d, /= 10 Hz; 1 H, H-4), 7.20 (mc; 15
H, CPhy), 7.38 (mc; 1 H, H-5).

24a: A (CDCly/DMSO-dg): 2.00 (mc: 4 H, NCH2CHo). 2.30 (s: 3 H, SCH3), 3.20 (¢, J= 7 Hz; 2 H, H-3), 3.65
{mc; 4 H, NCH3), 5.65 (dd, J= 7 Hz, J=9 Hz, 1 H, H-4), 6.40 (d. J= 9 Hz; 1 H, H-5), 6 60 (s; 1 H, H-7) C:
3440, 1641, 1583, 1084. D: 300 (4 01).

24b: A (CDClyDMSO-dg): 1.73 (mc; 6 H, NCH2CH2CHp). 2.32 {s: 3 H, SCH3), 3.23 (d. /= 8 Hz; 2 H, H-3),
3.68 (mc; 4 H, NCH2), 5.75(q. J= 8 Hz; 1 H, H-4), 6.46 (d, J= 8 Hz; 1 H, H-5), 6.70 (s, 1 H, H-7).

24¢: A (COClyDMSO-dg): 2.33 (5; 3 H, SCH3), 3.21 (d, J = 7 Hz: 2 H, H-3), 3.64 (mc. 4 H, NCHy). 3 85 (mc;
4 H, OCHy), 5.73 (dt,J = 7 Hz,J = 9 Hz; 1 H, H-4), 6.46 (0. /= S Hz; 1 H, H-5), 6.69 (5. 1 H, H-7).

258: A: 1.70 (mc; 4 H, NCH2CHz2). 2.30 (s; 3 H, SCH3), 2.72 (d, J = 7 Hz; 2 H, H-3). 3.28 (mc: 4 H, NCH2),
5.15(d, Ju 7 Hz;J = 9 HZ: 1 H. H-4), 6.40 (d. J= 9 Hz; 1 M, H-5), 7.45 (s; 1 H, H-7). C (him) 2970, 2869,
1592, 1558

25b: A: 1.59 (mc; 6 H. NCH2CH2CH?2). 2.30 (s; 3 H, SCH3). 2.73(d. J= 8 Hz; 2 H, H-3), 343 {mc; 4 H,
NCHy), 5.17 (q. J= BHz; 1 H, H-4), 6.33 (d. J= 8 Hz; 1 H, H-5), 7.37 (s, 1 H, H-7).

25¢; A:2.28 (s; 3H, SCHa), 2.71 (d. J= 8 Hz; 2 H, H-3), 3.50 (mc; 4 H, NCH3), 3.7t {mc; 4 H, OCH3p). 521 (q.
Je=8Hz; 1 H, H-4),643(d, J= 8 Hz; 1 H, H-5), 7.43 (s: t H, H-7).

29: C 2178, 1642, 1581. D (CH3CN): 280 (4.05), 395 (4.31), 406 (4.36), 420 (4.39 ), 435 (4.24), 665 (3.78),
680 (3.88), 695 (3.86), 725 (4.15), 743 (4.36), 760 (4.28), 843 (4.63).

30: A:2.25(s;3H,SCH1).343(d, J=7HzZ;2H,H-3),573 (A, J= 7THz. J= 9 Hz; 1 H,H-4),620(d, J= 9
Hz; 1 H, H-5),6.45 (d, J= 4 Hz; 1 H, H-7), 9.00 (s br, 1 H, NH). D: 329 (4.24), 395 sh (3.95).

31: A:228(s;3H, C6-SCHj), 2.38 (s; 3 H, C2-SCH3), 2.85(d, J= 7 Hz; 2 H, H-3), 5.30 (dt, /= 7 Hz,
J=8Hz, 1 H, H-4), 6.30 (3d.J= 1 Hz, J= BHz, 1 H, H-5), 7.45 (d. J= 1 Hz; 1 H. H-7). C (film): 2919,
1574, 1501
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32e: A:1.87 (mc; 4 H, NCH2CH3), 3.54 (mc; 4 H, NCH2), 3.73 (s; 3 H, OCH3), 5.67 (d, J= 11 Hz, 1 H, H-5).
6.13(d, J= 11 Hz; 1 H, H-47), 6.86 (mc; 4 H, Cal{4OCHg), 7.16 {mc; 16 H, PhyC, H-7). B: 24.63,

25.98 {mc; NGHACH2), 47.92, 4895 (rac; NCHy), 55.67 (q. OCHy), 64.15 (s; CPha), 111.22 (dd; C-4),
114.52 (d; QaHyOCHs-0), 114.77 (d; CgHeOCHg-m), 125.70 (d; CPha-p), 127.45 (d; CPhg-m), 127.79

{s; C-6). 131.06 (d; CPh3-0), 136.21 (s; CaHeOCHg-i). 138.51 (d, C-5), 138.78 (8. CgH4OCHs-p).

143.21 {d; C-7), 145.96 (s; CPhg-i), 148.81 (s, C-3), 154.08 (s; C-2). C: 3080, 3050, 3020, 2960, 2860. D
(CHC3): 310 (4.22), 370; (CFyCO2H): 332 (4.01), 416 (4.01).

321: A (CDClyDMSO-dg): 1.93 (mc; 4 H, NCH2CHo), 3.50 (mc; 4 H,NCHg), 6.05 (. 2 H, H-4,5), 7.20 (mc;

17 H, CPhs, Cati4NO2-m), 7.88 (d, J = 12 Hz; 2 H, CgHaNO2-0). D (CHCl3): 300 (4.06), 404 (4.26);
(CF3CO2H): 275 (sh), 383 (4.51).

33: A (DMSO-dg): 1.96 (mc; 4 H, NCH2CH2), 2.35 (8; 3 H, SCHy), 3.43 (s; 7 H, SCHpCHz2, CH3S04), 3.56,
4.00 (mc; 4 H, NCHp), 4.87 (d; J= 10 Hz; 1 H. 1-3), 559 (1, J= 10 Hz; 1 H, H-4),6.12 (d, J= 10 Hz; 1 H,
H-5), 6.44 (mc; 1 H, H-7), 7.25 (mc; 15 H, CPhy).

34: A (CF3CO2H): 2.13 (s br; 4 H, NCHaCH5), 3.63 (s br ; 8 H, NCHp, SCH>), 5.85 (3. 2 H, H-3.4),

6.44 (d, J= 4 Hz; 1 H, H-7), 7.26 (mc; 15 H, CPhg), 7.91 (d. J = 4 Hz; 1 H, NH). B (DMSO-dg): 24.44 (1
NCH2CH2), 49.22 (t; NCH27?), 50.98 (t; SCH27). 63.27 (s, CPhj). 108.77 (s; C-3), 127.88 (d; CPh3-m),
130.30 (d; CPh3-0), 132.03 (d; C-7), 135.88 (3; C-67), 143.72 (8. CPh3-i), 151.05 (3; C=C-S), 163.66 (s,
C-27). C: 3080, 3050, 3020, 2970, 2920, 2870, 1635, 1610, 1590, 1550, 1490, 1440, 1080. D (CH3CN):
262 (4.29), 310 (4.07).

Experimental

TH NMR spectra were measured on Vanan EM 360 and Bruker WP 80 spectrometers, '3C NMR spectra on
a Bruker WP 80 spectrometer (TMS as internal slandard). IR specira were determindd on Perkin-Eimer 125
and 157 spectrophotometers and UV/VIS spectra on a Zeiss spectromefer DMR 10. Electroctemical oxidation
were performed with a Bioanalytical Systems Cyclic Voltammeter VV 1 B. Meiting points were determined on
a Bdchi SMP-20 apparatus and are uncorrected.

General procedure for the preparation of aminoazepines 3. Ja: A mixture of 16.52 g (100 mmol) of
2-n-butoxy-3H-azepine (2) and 33.4 mi (400 mmol) of pyrroliine was refluxed for 6 h, the excess pyrrolidine
then removed by detillation and the residue distilled (Vigreux column). 3¢ was analyzed as the oxalate.
General procedure for the preparation of azepinoquinazolines 4, 5. 4: A mixture of 0.83 g (5
mmo!) of 2 and 0.68 g (5 mmol) of anthranflic acid were heated for 30 min to 120°C (1 h to 150°C fox §), the
product atter cooling triturated wmith ether, the residue fitered ot and recrystallized from ethyl acetate

2-Dicyanomethylene-1,2-dihydro-3H-azepine (6): 324 g (20 mmol) of 2 and 1.22 g (20 mmol) of
malononitrile were heated for 1 h to 150°C and the n-butanol formed during the time distilied off. The brown
product was triturated with ether, the residue littered off and recrystalkized from ethyl acetate.

Genersl procedure for the prepsration of methyleneazepines 7, 9, 10. 7: 1.62 g (10 mmol) ot 2 or
1,08 g (10 mmol) of 2-amino-3H-azepine (8), 1.06 g (10 mmol) of ethyl cyanoacetate and 0.2 ml (1.4 mmol) of
triethylamine were refluxed in 30 mi of toluene for 12 h. The precipitate was filtered off (10) or the mixture was
stripped of solvent under reduced pressure and the residue puritied through column chromatography on
silica gel (eluent CH2ClI2).

2-(5-Ethoxy-3-methyi-1-phenylpyrezoi-4-yl)-1H*,3H-azepinlum tetratiuoroborate (12): To the
solution of 2.65 g (10 mmol) of 10 in 50 ml of anhydrous CH2Cl2 were added 1.9 g (10 mmol) of triethyloxo-
nium tetrafluoroborate. Atter 3 h at room temperature the mixture was stripped of solvent under reduced
pressure and the residue recrystaliized from ethanol.
2-(5-Ethoxy-3-methyl-1-phenylpyrazol-4-yl)-3H-azepine (11): The solution of 1.91 g (5 mmol) of 12
in 30 ml of CH2Cli2 was added to the solution of 1,27 g of sodwum dihydrogenpbosphate in 15 mi of water. The
organic layer was separated and the water layer extracted twice with each 20 ml of CH2Cl2. The combined
organic phases were dried over NaxSOy, fitered, the solvent removed in vacuo and the residue recrystaliized
from cyclohexane.

2-(2-Benzothiazolylimino)-1,2-dlhydro-3H-azepine (13a): A mixture of 1.62 g (10 mmol) of 2 and
1.5 g (10 mmol) of 2-aminobenzothiazole was heated for 1 h 1o 160-180°C. The black tarry product was ex-
tracted with hot n-heptane; upon cooling, yellow crystals separated.
2-(3-Methyl-2-benzothiazolylimino)-1,2-dihydro-3H-azepinium tetrafluoroborate (14s): To the
solution of 1.2 g (5 mmol) of 13a in 30 ml of CH2Cl; was added 0.74 g (5 mmol) of trimethyloxonium tetra-
fluoroborate. When after 12 h at room temperature ether was added to the mixture, yeliow crystals separated.
General procedure for the preparation of 2-exa-2H*-norcaradienium tetrafluoroborates 22.
22s: To the slurry of 16.5 g (50 mmol) of trityl tetrafluoroborate in S0 mi of anhydrous CH2Cl2 was added the
solution of 8.11 g (50 mmol) of 3a in 100 ml of anhydrous CH2Cl2. After 24 h at room temperalure the mixture
was stripped of solvent under reduced pressure. The brown oily residue solidified after adding i-propanol and
a little ether.

General procedure for the preparation of 7-amino-3-trityl-3H-azepines 20. 20e: 4.92 g (10
mmol) of 22& and 1.53 g (11 mmol) of K,CO3 were stirred for 3 h in 50 ml of acetone at room temperature.
After filtration the solvent was removed in vacuo and the residue recrystallized from acetonitrile.

General prooedure for the preparation of 2-amino-8-trityl-3H-azepines 19. 19a: 4.05 ¢ (10
mmol) of 208 were refluxed for 3 h in 30 m! of anhydrous acetonitrile. After cooling the product crystallized.
General procedure for the preparstion of 2-sikyi-2-aza-norcaradienium tetratiuoroborates
23. 23ce: To the soiution of 2.1 g (5 mmol) of 20¢ in 30 mi of anhydrous CH,Cl, was added 0.74 g (5 mmol)
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trimethyloxonium tetrafluoroborate. After standing for 12 h at room temperature. foliowed by addition of ether,
crystals separated thal could be be recrystalfized from acetonitrile/ethyt acetate.

General procedure for the preparation of 2-amino-$-mathyithio-1H* 3H-azepiMum tetra-
filuoroborates 24. 24a: a)To 1.96 g (10 mmol) of dimethyimethylthiosulfonium tetrafuoroborate suspended
in 30 mi of anhydrous Cii2Ciz was added dropwise at 0°C the soiution of 1.62 g {10 mmoi) of 38 in 20 mi of
anhydrous CH2Clz. After stirring the mixture for 3 h at room temperature the solvent was removed in vacuo
and the brown solld recrystallized twice trom CMClzrether. b} To 1.65 g (5 mmol) of trityl tetrafiubroborate
suspendad in 20 mi of anhydirous CHoCly wae addad dropwise 1.04 g (5 mmol) of 25s disaoivad in 10 mi of
anhydrous CH2Cl2. During the addition of 25a the mixture became a deep gvoen solution. After adding ether
10 the sohution, 0.9 g (61%) colorless platelets separated.

General procedure for the preparation of 2-amino-6-methyithio-3H-azepines 25. 288: To the
solution of 1.48 g (5 mmol} of 24a in CH2Cly was added the solution of 1.38 g (10 mmof) of K2CO§ in 20 mi
of water and the mixture stirred for 1 h. The organic layer was separated, dried over MgSO4, Mtored and the
solvent removed in vacuo. The remaining yeflow oif decomposed on distillation.

3. Durralidiana & wiathuiihia_ t41. 20 avaniali:mm 7780 tatrasvanamitins Alirmathanida (28): Y
AT JFITVHIGITIV-P-INIRIH JISINUS 1117, T BABPITIIUIT  1,7,0,v i@ aLYenRUQuin sdimsthanids \e®j. a;

1.02 g (5 mmol} of TCNQ and 1.04 g (5 mmoi} of 258 were refluxed for 10 min in 30 mi o anhydlm aceto-
nitrile; during the time a deep green solkution was formed. When after cooling ether was added, bive-black
needies separated. b) The solution of 0.29 g (1 mmol) of 24a in 10 m! of acetonitrile was added to the
solution of 0.21 g {1 mmol) of Li* TCNQ" in 10 mi of water. The deep blue precipitate was fhered off and
recrystaliized from acetonitrile/ether.

6-Methyithio-1,2-dihydro-3H-azepin-2-thione (30): Into the solution of 3.12 g (10 mmol) of 24¢ in 25
mi of anhydrous pyricine was passed H2S for 3 h and then the solvert removed at 50°C in vacuo. The resi-
due was dissolved in CHzClp and the soiution extracted with 0.5 N HCI. The organic phase was dried over
MgSO4. filtrated, the solvent removed in vacuo and the yellow-brown residue recrystallized trom toluene/n-

havana
DURANS.

2,8-Bis-methyithio-3H-azepine (31): 1.3 g 7.5 mmol) of 30, 1.47 g {10 mmoi) of methy! iodide and 1.65
¢ {12 mmol) of KoCO4 were stirred for 3 h in 30 mi of acetonse at room temperature. After filtration the sotvent
was removedt in vacuo and the residue subjected to Kugelrohr distilation.
2-Pyrrolldino-8-trityl-azepin-3-one p-methoxyphenylhydrazone (32e): To the stirring solution of
0.2 g {0.5 mmol) of 20a and 0.07 mi (0.5 mmol} of triethylamine in 5 mi of CH2Cl; was added a solution of
0.11 g (0.5 mmol) of 4- nmhoxybonzenodnazomum teirativoroborate in 10 mi acetonitrile at room umpocalura
After 4 h ihe soiveni was removed in vacuo, the residue dissolved in a litde CHCI3 and the solution passed
through a column of silica gel, saturated with ethyl acetate. The first fraction was separated. evaporated to
dryness and the residue recrystallized from ethanolether.

2-Pyrrotlidino-8-trityk-azepin-3-one p-nitrophenylhydrazone (321): To the stirring solution of 0.2 g
(0.5 mmol) of 20@ and 0.07 ml (0.5 mmot) ot triethylamine in 5 ml CH2Clz was added the solution of 0.12 ¢

(0.5 mmol) of 4-nitrobenzenediazonium tetratiuoroborate in 10 mi of acetonitnie at room temperature. The
red-brown solution was kept for 48 h at room temperature, afier which 1t was fitered and the orange-yeliow
crystals recrystallized from chioroformvacetonitrile.
2-Pyrrolidino-8-trityl-3-{1-methyithio-1,3-dithiolan-1-yl)-1H* 3H-azepinium methyisulfate
{33): 0.14 g {1 mmol) of 1,3-dithiolan-2-thione were heated with 0.15 g (1 mmol) of dimethy! sultate for 5 min
to 80 °C and the cooled mixture added to the stirring solution of 0.4 g (1 mmol) of 20a in 10 ml of anhydrous
acetonhtrile. Crystals which has been formed after 4 h were fitered off and recrystallized from acetonitrilg/-
ether.

Z2-Pyrroilidinog-3-{1,3-dithiocianyi- z-lacn)-o-tmyt 1H+ 3H-azepinium tetrafivoroborate {34): To
the solution of 0.2 g (0.3 mmol) of 33 in 2 ml of acetonitrile were asded 3 drops of a 54% solution of
tetrafluorobonc ackd in ether. The mixture was then refluxed for 10 min, cooled and the crystais fitered off

which were formed after addition of 3 ml of ether,

Tadble 3  Yields, melting points and slemental analyses of 3-7, 9-14, 19, 20, 22-25, 29-34

yield mp molecutar formuta
9 (%) (°C) elementa! analysis, C H N
SO0 7 WOUITG
38 2-Pyrolidino-3H4-arepine 14.5 (89) bp 90-95 (0.1 Torr) C12H14N2 (162.2)
7403 870 17.27/74.26 882 17.08
3b  2-Pipendino-3H-azepine 13.3 (%) bp 139-144 (12
Torr), 1. 15 bp 114-
116 (0.7 Torr)
3¢ 2-Morpholino-3H-azepine 14.5 (81) bp 127-130 (0.01 CoH14N20 CpH204 (167.3)
Torm) 53.73 6.01 10.44/53.82 6301025
3d  N,N'-Bis-(3H-azepin-2-yl)- 0.85 (65) 163-164 CrgHaooN4 (268.4)
piperazine 7161 781 2088/ 71,59 7.42 2090
4 6H-Azepino{2.1-biquinazo- 0.6(52) 1385-1385 C3HyoN20 (210.2)
lin-12-0ne [deige piateiets] 7427 4.79 13.33/73.85 482 13.30
5 6H-Azepina(2,1-b)benzo(g)- 0.9 (78) 178-179 Cy7H12N20 (260.3) )
qulnazohn -14-0N0 Peigs needies (DMF)] 78.44 465 1076/ 78.48 4.79 10.84
8 1.9 (71} 195-196 (dec.} CgHgN3 (157.2)

M‘ pistelets) 68.78 449 26.73/68.77 459 26.47
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1
12
13»
13b

149

14b

19
19b
19¢
20a
20b
20c

228

22d

22¢

23a0

23af

23ce

24s

240

24c

258
25b
25¢
29
30

Reacuons of 2-dialkylamino-3H-azepines

Z-2-(Cyanc-ethoxycarbonyl-
methylen)- 1,2-dihydro-3H-
azepine fbeige needies]
2-(4,4-Dimethyt-2 8-dioxo-
cyciohexytidene)-1,2-dihydro-
3H-azepine (needies)
2-(3-Methyt-5-0x0-1-phenyi-2-
pyrazolin-4-ylideng)-3H-aze-
pine [pale yehow rhombe)

[needles)

|yetlow needies)

|yetiow needies| )
2-(6-Methoxy-2-benzothia-
zolylimino)-1,2-dihydro-3H-
azepine [ysiow needles)

[dark-yellow rhombs)
2-(3-Methyi-6-methoxy-2-
benzothiazolimino)-1,2-di-

0.2 (10)
1.1 (53)

0.81 (35)

1.6 (62)

1.1 (75)
2.5 (65)
0.9 (38)
1.1 (41)

1.3 (76)
1.3 (70)

hydro-3H-azepinium tetrafluoro-

borate [dark-yelow rhombs)

2-Pyrrolidino-6-trityl-3H-azepine 2.9 (73)

beige needies)

(
2-Pipendino-6-trityl-3H-azepine 3.2 (77)

(pesge crystals]
2-Morpholino-6-trityl-3H-
azepine [beige needies|
7-Pyrrolidino-3-trityl-3H-
azepine [bexge needies)
7-Piperidino-3-trityl-3H-
azepine (bege crystais|
7-Morpholino-3-trityl-3H-
azepine [bexge crystals
3-Pyrrolidino-7-trityl-2-aza-
2H+-norcaradienium tetra-
fluoroborate [beige powder)
3-Piperidino- 7-trityl-2-aza-
2H+-norcaradienium tetra-
fluoroborate [beige crystals)
3-Morpholino- 7-trityl-2-aza-
2H+-norcaradienium tetra-
fluoroborate [beige crystais)
2-Methyl-3-pyrrolidino-7-trity!-
2-aza-norcaradienium tetra-
fluoroborate [coloress rhombs)
2-Ethyl-3-pyrrokino-7-trityl-
2-aza-norcaradienium tetra-
fluoroborate [colortess rombs)

2-Methyl-3-morpholino-7-tnityl-

2-aza-norcaradienium tetra-
fluoroborate [beige mombs)
2-Pyrrolidino-6-methylthio-
1H+ 3H-azepinium tetra-
fluoroborate [coloriess piatelets)
2-Pipendino-6-methylthio-

1H+ 3H-azepinium tetrafiuoro-

borate [coloriess platelets)
2-Momhotino-6-methylthio-

1H*,3H-azepinium tetrafluoro-

borate [coloness plateiets)

2-Pyrrolidino-6-methylthio-3H-

a2eping [pale yelow oif}
2-Piperidino-6-methylthio-3H-
azepine [pale yelow oil)

2-Morpholino-6-methylthio-3H-

azepine [pale yolow oH]

3.1 (75)
3.5(87)
3.4 (81)
3.5 (83)

20.6 (83)

21.5 (86)

19.5 (78)

0.26 (51)

0.4 (77)

1.9 (71)

1.6 (54)

1.4 (45)

1.9 (61)

0.9 (87)
1.05 (94)
0.95 (81)
0.9 (43)
1.5 (87)

74-75

113-116

140-141

73.5-75

158-159
128-129
100-101

184-185

182.5-183.5

235-237
224-225
227-229
152-153
151-152
153-154

277-279

250-252

225-228 (dec.)

204-206

218-220

171173

176-177

157-157.5

160-161

202 (dec.)
135-136

64.69

72.70

72.44

73.70
56.72
64.47
81.97

49.00

48.28

86.09
86.08
82.82
86.09
86.08
82.82

7059

71.16

68.50

71.15

71.54

68.98

44 .82

46.47

4233

66.81

nun

C11H12N202 (204.2)
592 13.71/6490 586 13.58

C14H1gNO2 (231.3)
7.41 6.08/7287 7.58 6.12

C1eH15N30 (265.3)
750 1584/7248 761 1592

C1gH19N20 (293.4)

6.53 14.32/73.57 6.33 14.92
C1gH20BF 4N30 (381.2)

529 11.02/5561 541 11.07
C13H11N2aS (241.3)

459 17.41/64.65 4.75 17.44
C1aH13N30S (271.3) |
483 1549/61.74 488 15.27

C14H14BF 4N3S (343.2)
4.11 12.25/48.73 4.18 12.30
Ci1sH1gBF4N30S (372.2)
432 11.27/47.85 437 11.04

C29H2gN2 (404.6)

6.98 6.93/85.57 691 7.00
CaoliagN2 (418.6)

7.22 6.69/86.27 7.18 8.72
C29HogN20 (420.6)

6.71 6.66/82.34 6.85 6.76
CaoH2gN2 (404.6)

6.98 6.93/8568 7.12 7.28
CaptigoNy (418.6)

7.22 6.69/86.02 7.39 6.83
C29H2gN20 (420.6)

6.71 6.66/83.05 6.79 6.61

C29H29BF 4N2 (492.4)
594 569/70.59 575 6.09

CaoH31BF (N2 (506.4)
8.17 553/70.93 6.18 532

C29H29BF (N0 (508.5)
5.75 553/67.89 560 549

CaoH31BF4N2 (506.4)
6.17 553/70.97 596 545

CayH33BF 4N (520.4)
6.39 538/71.81 630 5.72

CaoH31BF ¢N2O (522 .4)
598 5.36/69.07 6.22 544

C11H17BF ¢N2S (296.1)
579 946/44.83 573 9.23

C12H19BF ¢N2S (310.8)
6.17 9.03/46.25 6.12 9.26

C11H17BF4N20S (312.1)
5.49 897/42.28 5.53 8.96

C23H21NgS (413.5)
5.12 20.32/66.93 5.30 20.20
C7HgNS2 (171.3)
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{ocre needies) 4909 530 8.18/49.39 5.12 7.9
31 - 0.9 (65) bp 150 (0.01 Tom) CgHy1NS2 (185.3)

{paie yellow oif] 51.58 598 7.56/52.36 6.03 7.70
328 - 0.1 (37) 187-188 C36H34N40O (538.6)

[pale yellow hombs) 80.28 6.36 10.40/79.73 6.34 10.53
32b - 0.1 (36} 235-236 CasHaiNsO2 {553.7}

lorange-yeliow needies) 75.93 564 126577551 564 1272
33 - 0.44 (66) 221-222 C34H3aN204S4 (667.0)

[coloriess needies) 61.23 574 420/61.36 573 4.14
34 - 0.15 (84) 273-274 C32H31BF (N2S2 (594.6)

{paie yellow needies) 6464 526 4.71/6493 525 4.65.
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