HETEROCYCLES, Vol 24, No 1, 1986

NITROGEN BRIDGEHEAD COMPQUNDS. PART 531. NUCLEOPHILIC RING
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Abstract-1-Thia-2a,5a~diazaacenaphtene ring is cleaved by
amines affording thiazole [4,5-b) pyridine derivatives which

undergo degenerate ring transformation.

In our previous paper2 we reported on the synthesis of the l-thia-2a,5a-acenaph-
tene ring system. Certain derivatives of this new condensed heterocycle are
unusually sensitive towards nucleophiles. Compound 1 (or its HCl salt ib) can
react even with arcmatic amines at room temperature in a few minutes suffering

cleavage of the pyrimidine ring.
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A 2 NHAr a: CGHS a: 4-Cl- C6H4
8 QBb 3 ArNH,y b: 2-Me~C_H £: 2-pyridyl
1 A, : gH, £: 2-pyridy

COOEt COOEt [+H] 4—Me-C6H4 I CH2C6H5

0 d: 4-MeOC.H,
_1_c|: base 1b: HCI salt go-g
X-ray crystallogram of cormpound 2h (Fig.l.)3 reveals that c{3)-c(4) double bond
has Z geometry stabilized by intramolecular hydrogen bonding moreover two molec-—
ules are associated in a dimer by the hvdrogen bonding of the —N=C—NH2 moieties
of the thiazole rings. Compounds 2a and 2f are supposed of the same structure (Z)
in seclid state owing to their similar IR spectra (vNH chelated 3150-3210 cm-l,

v CO chelated 1672-1685 cm_l)_ Compounds 2c,d,e, however, have different IR



spectra containing non-chelated vWH and ¥CC bonds 3200, 3170, 3180 crn'1 and

1700, 1700, 1710 cm ! respectively beside the chelated ones 3160, 3140, 3140 cm

and 1664, 1662, 1664 em * respectively
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lH NMR investigation also indicated that every compound existed in two isomeric

forms in solution CDCla, DMSO—d6 . The spectral data can be explained by the
supposition of Z/E isomers which could be distinguished by the different rates
of the deuterium exchange of the chelated and non-chelated protons {Z/E ratios

are calculated on the intensity of the ester methyl and CH= signals as well).

lH NMR chemical shifts of compounds 2 ppm
Z E
Comp. E/z
Me-6 H-3 Ar-NH Me—6 H-3 Ar—-NH Solvent ratio %
2a 1.06t 7.894 9.984d 1.09t 8.04d 9.85%d CDC13 69:31
- 1.03t 7.924 10.034 1.05¢ 7.944d 9.72d DMSO-—d6 66:34
1.07t 7.90d 9.96d 1.15¢ 8.,04d 9,854 CDCl3 64:36
Zb 1.00t 7.85d 9,97d 1.01t 7.87d 9.62d DMSO-d6 66:34
1.03t 8.00d - 1.03t 8.124 lo.174 CDCl3 83:17
2 1.02t 7.954 10.204 1,02t 8.04d 10.16d  DMSO-d, 80:20
1.05t 7.88d 10,054 1.0%t 8.024 9,904 CDCl3 58:42
2 .01t 7.89d 10,044 1l.0lt 8.004  9.69d  DMSO-d, 75:25
J=CH—NHAI=IZ'5 Hz trans coupling

If the reaction of 1 with two equivalents of amine is carried out at 80°C,a
reclosure by the ester group takes place after the ring cleavage meanwhile one

more mole of amine is incorporated in the product:
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This kind of degenerate ring transformation is very quick with compound 32. In
this case the ring deaved preduct could not be isclated owing to the very fast

recyclization of the nitrile group:

S _fﬁHch < _(NHz . _<NH

N N N _NHAr S N NH
EtOH
| + 2ArNHy — | —
25°C N N
CN CN CHNHAr
Me O Me O Me O
4 i i 5a,c,ed,9

Aliphatic primary amines are too reactive resulting in some unstable unidentified

compounds. Secondary amines, however, behave similarly as described for 4, but

the ring cleaved intermediates do not recyclize at ambient temperatﬁre. I't 1s due

to the decreased reactivity of the nitrile group caused bv the stong electronrel-

easing dialkylaminc substituents. !

/
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1
H NMR chemical shifts of compounds 6h,6i,6] solvent: CDCl3 Ppm
Comp. Me-G,H-S,H2—7,a CHZN Ar H~3 CH2=CH— CH20 NH2
6h  1.19d,4.65m 3.9 b - 7.73s  5.0-5.4m - 5.4b
1.7=2.8m 4.24 b 5.6=-6.1m
Gi 1.194,4.69m 4,38b 7.1-7.5m 7.99s - - 5.2b
1.7=2.8m 4.68b
gjxg 1.07d,4.50m overlapped - 7.67s - overlapped 6.98s
1,7-2.7m by DMSG by DMSO
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C NMR chemical shifts of compounds 6h, 61 solvent: CBCI, ppm
comp. c2  c3t  cat o5t Me—g C7 €8 C8a C8b cN RY,R%
6h 163.5% 156,4 98,5 165.9% 49.5 16.8 28.7 18.1 74.4 139.5 119.1 51.6

131.6
118.4
%% 164.5 155.7 99.0 165.6™ 48.8 16.0 28.4 17.7 74.8 140.0 118.9 50.4
66.0

»: interchangeable

=% sclvent: DMSO-d

6

+: nhumbered according

to the l-thia-2a,5a—ace-

naphtene ring

b: broad

We have tried carbanions in order to obtain more informations on the unique

behaviour ¢f our compounds but the strong basic media

NaQEt

on. Nevertheless, we succeeded in accomplishing a new reaction with malononit-

rile furnishing a new condensed tetracyclic compound:

4+ CH,ICN),

NaQEt

EtOH, 25°C
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N N
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Compound 7 is the result of three subsequent reactions: first ring cleavage

then following two cyclizations caused by the original and one of the new

nitrile groups.

caused decompositi-
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EXPERIMENTAL

1 13

All melting points are uncorrected. The “H and C NMR spectra were recorded on a

JEQL FX-100 instrument using SiMe4 as an intermal standard, in CDCL. and DMS0O-4&

3 6

sgolutions.

Ring opening reaction of la with primary amines (General procedure).

1-Thia=-2a,5a-diazaacenaphtene la (3.88 g, 10 mmol) or its HCL salt b (5.24 g,

10 mmol) was allowed to react with a primary amaine (10 mmol or in the case of 1b
20 nmmﬂ) in ethanol (25 ml) at 25% to give after 15 minutes’ stirring the crys-
talline products 2 which were filtered off, washed with ethanol and recrystalliz-
ed from ethanol. 2a: Yield 62%. Mp 159-160°C. &nal.calcd. for C19H22N403S (386.46):
C, 59.05; H, 5.74; N, 14.50; Found: C, 59.15; H, 5.70; N, 14.45%. 2b: Yield 68%.
Mp 144-1459C. Anal.caled. for C20H24N403S @00.48): C, 59.98; H, 6.04; N, 14.00C;
Found: €, 59.%0; H, 6.01; N, 14.08%. 2c: Yield 71%t. Mp 164-167°C. Anal.Calcd.for

C20H24N4035 (400.48): C, 59.98; H, 6.04; N, 14.00; Found: C, 59.84; H, 6.08;

N, 14.08%. 2d: Yield 6B%. Mp 152-153°C. Anal.Caled. for C,.H,,N,0,S (416.48):

¢, 57.67; H, 5.81; N, 13.45; Found: C, 57.60; H, 5,82; N, 13.40%. 2e: Yield 76%.

Mp 186°C. Anal.Calcd.for C cin,o0,5 (420.91): ¢, 54.21; H, 5.03; ¥, 13.31;

19H21
Found: C, 54.20; H, 5.08; N, 13.27%, 2f: Yield 53%. Mp 148-1507C. Anal.calcd.

for C,gH, N.0,5 (387.45): c, 55.79; H, 5.46; N, 18.08; Found: C, 55.82; H, 5.48;

. o] A
N, 18.00%. 2g Yield 51%. Mp 125°C. Anal.Calcd. for C, H,,N,0.S (400.48):

C, 59.98; H, 6.04; N, 14.00; Found: C, 60.03; H, 6.03, N, 14.02%,

Ring transformation of lb with primary amines (General procedure).

A mixture of 1b (4.24 g, 10 mmol) and the primary amine (20 mmol) in ethanol
(30 ml) was refluxed for 2 h. After copling, the resulting precipitates were
collected by filtration and washed with ethanol @O ml) and dried to give com-

pounds 3. 3a: Yield 65%. Mp 225-230°C. Anal.Caled. for ¢, H, N,0.S {a16.48) :

C, 66.32; H, 4.84; N, 13.45; Found: C, 66.27; H, 4.90; N, 13,42%. 1H NMR CDCl3:

MeCHCH,CH

5CHy 1.294, 5.04m, 1.85-2,15m, 2.15-2,8, ArH 6.95-7.50m, =CH-NH 8.53d

(Jtrans = 13Hz) , NH 11.53d (Fast exchange with D,0).

3c Yield 72%. Mp 197-199°C. Anal.Calecd.for C 0,8 (444.53): c, 67.54;

1

25124
H, 5.44; N, 12.60; Found: C, 67.49; H, 5.48; N, 12.61%. 'H NMR CDCL,

MeCHCH,CH, 1.25d, 5.02m, 1.7-2.1m, 2.3-2.6m, ArMe 2.33s5, 6.80-7.20m,

2772

=cH-NH 8.554 (g = 13Hz); NH 11.45d.

trans



Ring transformation of 4 with primary amines (General procedure)

A mixture of 4 (338 g, 10 mmol) and a primary amine @0 mmol) was stirred in
ethanol (30 ml) at amblent temperature for 0.5 h. The resulting crystalline materi-
al precipitated, was collected by filtration and washed with ethanol (10 ml) yiel-
ding the preducts 5. 5a: Yield 73%. Mp 210-212°C. anal.Caled.for C

N.OS

178175
(339.40): c, 60.15; H, 5.05; N, 20.63. Found: C, 60.10; H, 5.08; N, 20.61 %.
'mwiR (DMS0-4,) : MeCHCH,CH, 1.20d, 1.29d (2/E=2:1) 1.7-2.6m, 4.8m, ArH 7.1-7.7 m,

=CH-NH 9.05d =12Hz) , 12.6d. S5c: Yield 80%. Mp 212-214%C. Anal.caled. for

(Jtrans
CygH1oN:08 (353.43): C, 61.17; H, 5.42; N, 19.8l. Found: C, 61.20; H, 5.49;

N, 19.80 8. 5d: Yield 76%. Mp 208-210°C. anal.Calcd. for C,gH  N.0.$ (369.43):

C, 58.51; H, 5.18; N, 18.95. Found: C, 58.47; H, 5.24; N, 18.96 %. 5Se: vield 61%.
Mp 228-230°C. Anal.Caled. for C,-H, CIN50S (373.83): C, 54.61; H, 4.31; N, 18.73.
Pound: C, 54.57; H, 4.35; N, 18.70%. 5g: Yield 76%. Mp 195-197°C. Anal.Calcd. for
Craf1g¥508 (353.43): ¢, 61.16; a4, 5.42; N, 19.81. Found: C, 61.13; H, 5.43;

N, 19.83%.

Ring opening reaction of 4 with secondary amines (General procedure)

A mixture of 4 (3.78 g, 10 mmol) and the secondary amine (20 mmol) in ethanol
(25 ml) was stirred for 30 min. at ambient temperature. The reaction mixture was
filtered off and the solid residue was washed with ethanol @D ml) and dried to
givecompounds 6. They were recrystaliized from ethanol. 6h: Yield 70%.

Mp 136-138%c. anal.calcd. for C NSOS (342.43): C, 59.62; H, 5.88; N, 20.45.

17H20
Found: C, 59.59; H, 5.93; N, 20.42%. 6i: Yield 81%. Mp 138—1400C. Anal. Caled.

for € os (442.54): C, 67.84; H, 5.46; N, 15.82. Found: C, §7.82; H, 5.51;

257245
N, 15.80%. 6j: Yield 85%. Mp 152-154°C. Anal.Calcd. for CygH gNc0,5 (332.39):

C, 54.19; H, 5.46; N, 21.06. Found: C, 54.20; H, 5.49; N, 21.0Cl%.

Ring transformation of 4 with malononitrile

Into a soluticn of malenonitrile (0.66 g, 10 mmol) and sodium ethoxide (0.82 q,
12 mmol) in ethanol (25 ml), 4 (3.98 g 1cC mmol) was added and the reaction mix-
ture was stirred for 30 min. at ambient temperature. The product 7 waslfiltered
off and washed with ethanol and dried. Yield: 88%. Mp 220-222% (pthanol).

Znal. Caled. for C N, 0S (312.34): ¢, 53.83; H, 3.87; N, 26.91. Found:

14812
€, 53.79; H, 3.91; N, 26.87%. 'H NMR (bmMso-d,) : MeCHCH,CH, 1.15d, 4.74m,

272
13

1.8-2.0m, 2.2-2.7m, CH= 8.10s, NH, 8.0 broad. ~~C NMR (DMSO-dG): c2 151.7,%

2
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C2b 160.3, C4 1i9.6, C5 101.4, Ck~-5 115.8, C6 143.3, Cba 101.4, C7 154.3:",C c8 45.0,

Me-8 16.5
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There are two independent molecules A and B in the asyvmmetric unit that

form a dimer by N-~27A-H....N-3B and N-27B-H.....N~3A hydrogen bonds. N-§,

C=10 and (C=-12 atoms are in the plane of the drawing, respectively.

Torsion Angles (Deg)(E sds)

9-C5-C4-NE6 12 (5)
N3-C4-C5-51 -12 (3}

Torson Angles (Deg]{Esds)
{9-05-C4-N& -01 |5)
N3-06-(5-S1 -31 3]

Pig.l. Molecular diagram of the structure of compound 2b showing atomic
numbering, bond distance /R[ /E.s.d.s are in the range of ©.0Q03-
—o.oosﬂf,and bond angles fdeg./ /E.s.d.s are in the range of

0,2-0.5 degq,/.
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