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PYRIDINETHIONES—III

SYNTHESIS OF DITHIOCINES BY REACTION OF
3-FORMYL-2(1H)-PYRIDINETHIONE WITH AMINES.
CRYSTAL STRUCTURE OF THE RESULTING 5,11-
IMINO-5H-11H-DIPYRIDO{2,3-b: 2',3'-f][1 SIDITHIOCINE
RING SYSTEM
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Departmeat of Chemistry, Odease Usiversity, DK-5230 Odenss M, Deamark

(Received in UK 25 September 1978)

Abstracs—The reaction of 3-formyl-2(1})-pyridinethione and alkyl or aryl primery amines gives rise to a movel
imide bridged ring system. The structure 4 of this dithiocine was assigned by syuthesis as well as from the
spoctroscopic data aad the X-ray detormination. The dithiocine ring was fowad to have the “folded™ configuration.
The mass spectral fragmeatations of the dithiocines were investigated in dotail.

We have recently demonstrated’ the preparation of 3-
formyl-2(1 if)-pyridinethione (1) and the use of this syn-
thon for the preparation of otherwise inaccessible
heterocycles.? Reflux of 1 or its precursor 2 in conc
hydrochloric acid gave the mew dithiocine (a thio-
homiacetal) 3 in fair yield:
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As an exteasion of this work, we have reacted 2 with
primary amines and found this reaction to give rise to the
novel imide-bridged ring system 4.

RESULTS AND DISCUSSION
Preparation of 4. Reflux of 2 in ethanol with an
equivalent amount of a primary amine followed by ad-
dition of an ethanolic solution of hydrogen chloride to
eliminate the t-Bu group, yielded upon neutralization and
work up the ring system 4:
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Crystal data. Compound 4g has a formular weight of
360.46. The crystals are yellow prisms. M.p.: 276°. Space
group P2;(c (No. 14) a = 15.450(2) A, b= loslsa)A.c-
1209Q2) A, B=118616(8)", Z=4, Du=14Xl)gcm™>,
D.=1482gem™>t
Each of the two molecular fragments N(11), C(12),
C(13), C(14), C(15), C(16), C(17), S(1) and N(21), C(22),
C(23), C(24), C(25), C(26), C(27), S(2), are nearly planar
(plane T and II).
These molecular fragments make a dihedral angle of

N(21) S() c(m) coy
Fig. 1. Numbering of the atoms in the dg-molecule. Each

hydrogen atom (omitted oa the drawing) has the same pumber as
the atom to which it is attached.

Fig. 2. Perspective drawing of the molecule 4g.

tLists of atomic coordinates, interatomic distances, boad angles
and distances from some last square planes are deposited in the
Cambridge Crystaliographic Data Bank. Copies may be obtained
oa request from the authers.

C(17-C(27) (folded conformation) (Fig. 2). The plme
deﬁnedbyC(l‘I).N(J)andC(znmkuthuwul”?
and 125.6° with planes I and I respectively. The phenyl
ring (plane III) is tilted towards plane I1. The position of
thephenylm;uptoblblydm'nmedbymfm

The interatomic dutancuuelll nomnlfuanbc

S22 pyridipe ring dmlncu."" C-N distan-

"") Cormpoodlubonddummthetvomob-
cuhtfnanenusepanudbyphnewueolmdytbe
same length, except for the pair N(11)-C(16), N(21)-C(26).
This is in agreement with the symmetry resuits obtained
from the >C NMR spectra of the compounds 4a and e
(Scheme 3).

Table 1. Final atomic coordinates with estimated stan-

dard deviations in parentheses

Atom X y 2

Sth) 0.6846(1) 0.3598(2) 0.2821(1)
S(2) 0.87741) 0.916(2) 0.6721)
N(3) 0.6874(3) 0.47644) 0.484204)
N(4) 0.4435(5) 0.922%6) 0.6430(6)
N(11) 0.7728(4) 0.137%5) 0.3596(3)
N(2h) 0.966%(4) 0.6308(5) 0.5811(5)
C(d) 0.4854(5) 0.8461(6) 0.6182(6)
C(12) 0.7551(4) 0.247%(6) 0.402%(5)
C(13) 0.7855(4) 0.2731(5) 0.5207(5)
C(14) 0.8381(4) 0.1747(6) 0.615%5)
cas) 0.8571(5) 0.0600(6) 0.57156)
C(16) 0.8220(5) 0.04647) 0.4437(6)
cumn 0.762%(4) 0.3964(6) 0.5805(5)
C(2) 0.8825(4) 0.5681(6) 0.5435(6)
) 0.805)4) 0.5653(6) 0.4191(5)
C(u) 0.821%(5) 0.6296(7) 0.32856)
C(29) 0.9101(5) 0.6924(7) 0.363%(7)
C(2¢6) 0.978X5) 0.6546(7) 0.4997(8)
(ov4)) 0.7057(4) 0.5047(6) 0.31%%5)
Cc@31) 0.6438(4) 0.5724(6) 0.5237(5)
C(32) 0.6256(5) 0.697%6) 0.471%(6)
C(33) 0.573%9) 0.7962(6) 0.5025(6)
Ci34) 0.5406(4) 0.753%%) 0.5382(9)
C(@39) 0.56134)  0.631X6) 0.6440(5)
C(36) 0.6124(4) 0.5421(6) 0.6120(5)

EXPFERIMENTAL

Microanalyses were carried ool i the Microaaslytical
Department of the University of Copenbagen. Instrameniation:
IR in KBr: Perkin Elmer 457, UV in abs. othanol: Beckman Acta
M1, "H NMR: Jeol C-60 HL, '’C NMR: Jeol FX 60 (ia DMSO-d,,
8 ppm from TMS, J in Hz). MS: Varian Mat 311A (Grant No.
511-3908 from the Daaish Science Research Council). M.p. Biichi
spparatms uacosrected.

Genersl procedure for the preparation of 13-substituted-S,11-
imino-SH,11H-dipyrido{2,3-b: 2’ 3'-f}{1,5)dithiocines (4a to @).
To a sola of 237 (5x 107’ mole) in ethanol (25 ml) was added
$% 107" mole of the required amine. This mixture was relluxed
for 10 min followed by stitving at room temp. for 18 he. EtOH
saturated with HCI (S mi) was thea added followed by refiux for
MO min. Aler cooling the mixtmre was oeutralived with 2 M
NaOH aad ferther cooled to 5°. Isolation of the ppt and recrys-
tallization from 2-methoxycthanoliwsier yiskded pale yullow
crystals of 4.

Compound &: 051g~67%, m.p. 201-202°. IR: 1588, 1568,
1420. UV: (A, log €}, (207, 4.36), (243, 4.28), (303, 3.89). 'H NMR:



L7

832(d.ofd,J=5Hzaod J= 1S Hz, 2H),7.52(d. of 4., I =8 Hz
and J=1SHz),7.03(d ol d.,J=8Hz aad J = SHz 2H), 543 (s,
2H), 2.83 (x, 3H). MS (m/z. %): (275, 12.0), (274, 18.5). (273 = M*",
100.0), (238, 9.3), (249, 10.8), (241, 8.0), (240, 42.9), (229, 9.8), (209,
23.0), (208, 33.9), (156, 9.0), (155, 8.7, (154, 83.5), (151, 12.1), (132,
8.5),(122, 11,4).(110, 8.6), (92, 9.5), (91, 7.0), (79, 5.0), (78, 25.0), (69,
7.9),(65,6.9), (63,8.2), (51,9.8), (45, 10.9), (42, 12.0), (39, 10.5). Anal:
Found: C, 57.35; H, 4.09; N, 15.15. C;sH,)N;S, requires: C, S7.11;
H, 4.06; N, 15.37%.

Compound &. 0.50g~31.6%, m.p. 192-194°. IR: 1580, 1560,
1412, UV: (A, log ¢), (206, 4.39), (244, 4.32), (302, 3.93). 'H NMR:
806 (d.ofd.,J=SHzand J = 1.5 Hz, 2H), 7.30 (d. of d., ] =8 Hz
and J=1.5Hz, 2H), 7.10 (d. of d., ] =8Hz and J = SHz, 2H),
598 (s, 2H), 3.00-1.70 (m, 3H), 093 (d. of d., J=6Hz and
I1=2Hz, 6H). MS (miz, %): 317, 10.9), 316, 21.0), (315=M*",
100.0), (283, 12.0), (282, 58.0), (272, 5.9), (260, 6.9), (255, 19.5),
(258, 52.0), (243, 10.0), (244, 12.0), (U3, 24.0), (227, 8.4), (26,
35.0), (225, 44.5), (211, 6.4), (195, 12.9), (194, 9.2), (193, 8.6), (191,
1.9), (156, 6.6), (155, 6.2), (154, 63.9), (149, 5.9), (137, 12.0), (124,
11.0), (123, 7.4), (122, 28.0), (79, 6.4), (78, 24.0), (63, 5.4), (51, 5.0),
(45, 8.4), (41, 13.0), (39, 7.5). Anal: Found: C, 60.90; H, 5.18; N,
13.05. C3cH17N;S: requires: C, 60.92; H, 5.43; N, 13.32%.

Compound 4e. 0.50g ~ 57%, m.p. 172.5-174.0°. IR: 1580, 1560,
1412. UV: (A, log «), (207, 4.51), (244, 4.28), (302, 3.88). 'H NMR:
825 (d. of d., J=45Hz and J=15Hz, 2H), 72 (d. of d.,
J=THz and J = 1.5 Hz, 2H), 7.38 (s, SH), 708 (d. of d., J = THz
and J=4.5Hz, 2H), 538 (s, 2H), 423 (J=14Hz, 1H), 358
(I = 14Hz, 1H). MS (m/z, %): (330, 6.5), (349 = NI**, 30.0), (269,
5.2), (260, 10.5), (259, 16.0), (258 = M*'-C;H,, 100.0), (243, 6.0),
(40, 6.4). (227, 6.3), (225, 15.5). (195, 6.1). (194, 9.)
(193, 25.9), (184, 11.0), (168, 18.5), (134, 2L.5), (140, 7.7), (139, 5.7).
(138, 3.0, (137, 48.0), (122, 160), (111, 7.5), (92, 7.6), (91, 73.0),
(78, 12.0), (67, 5.0, (65, 13.0), (57, 15.9), (40, 14.0), (38, 8.2). Anal.:
Found: C, 63.15; H, 421: N, 1197. C;sH;sN,S; requires: C,
65.30; H, 433; N, 12.02%.

Compound 4d. 0.59g~T1%, m.p. 234-23¢". IR: 1580, 1560,
1410. UV: (A, log «), (210, 4.22), (242, 4.17), (298, 3.81). 'H NMR:
833(d.ofd,J=SHzand J = 1.5Hz, 2H),8.03 (d.of 4., =8 Hz
and J=1.5Hz, 2H), 7.23 (d. of d., J =8 Hz and J = $Hz, 2H),
7.18 (s, 2H), 4.30 (q, J = 7 Hz, 2H), 1.30 (t, ] = 7Hz, 3H). MS
(m/z, %): (333, 9.6), (332, 16.5), (331 = M*", $6.0), (260, 8.7), (259,
17.5), (258, 80.0), (243, 6.6), (242, 30.0), (226, 8.3), (225, 17.5), (156,
3.9), (155, 8.5), (154, 100.0), (122, 24.5), (78, 18.5), (45, 9.0). Anal.:
Found: C, 54.25; H, 409; N, 12.47. C 4H,;N,0,S, requires: C,
$4.36; H, 3.95; N, 12.69%.

Compound &a. 0.75 g~ 90%, m.p. 269-270°. IR: 1606, 1584,
1568, 1503, 1418, UV: (A, log o), (210, 4.46), (244, 4.46), (299,
3.99). '"H NMR: 830 (d. of 4., ] = SHz and J = 1.5 Hz, 2H), 7.93
(d.ofd,J=8Hzand J= 1.5 He, 2H), 7.30 (s, SH), 720 (d. of 4.,
J=8Hz and J = § Hz. 2H). 7.03 (s. 2H). MS (m/z. %): (337, 9.8).
(336, 17.0), (335 = M*", 74.0), (303, 12.0), (302, 47.0), (301, 6.0),
(271, 11.0), (270, 35.0), (244, 6.9), (43, 31.5), (42, 7.7, (213, 11.7),

(199, 5.1), (18, 8.1), (181, 5.4), (156, 10.8), (155, 10.3), (154, 100.0), -

(110, 7.0), (93, 5.2), (78, 27.0), (77, 26.0), (51, 17.0), (45, 5.7). Anal:
Found: C, 64.45; H, 4.01; N, 1266. C;4H;;N,S; requires: C,
64.45; H, 391; N, 12.53%.

Componnd 4. 0998~ 86%, mp. 233-235°. [R: 1595, 1585,
1570, 1500, 1420. UV: (A, log ), (212, 4.42), (247, 4.49), (296,
3.96). '"H NMR: 833 (d. of d., ] = S Hz and ] = 1.5 Hz, 2H), 793
(d.ofd,J=8Hz end J= S Hz, 2H), 742 (AB, 4H), 7.23 (d. of 4.,
J=8Hz and J= | SHz, 2H), 7.02 (s, 2H). MS (m/z, %): (417,
5.1), (416, 10.7), (415 = M*", 41.0), (414, 11.0), (413, 38.0), (382,

- 16.5), (381, 6.7, (380, 15.9), (350, 11.9), (348, 12.1), (293, 5.4), (291,
5.2), (244, 6.8), (243, 35.5), (242, 6.0), (156, 11.9), (153, 12.8), (154,
100.0), (78, 13.9), (76, 8.2), (73, 6.9), (81, 5.1}, (41, 7.6}, (%9, 6.6).
Aml.: Found: C, 52.10; H, 3.13; N, 10.02. C\4H,,BrN,S,; requires:
C.5218; H, 292; N, 10.14%.

Compound 4g. 0845~ 9%, m.p. 276-276.5. IR: 1610, 1585,
1570, 1520, 1420. UV: (A, log ¢), (206, 4.58), (242, 4.31), (281,
4.49). '"H NMR: 833 (d. of 4., J = $ Hz and ] = 1.5 Hz, 2H), 7.95
(d.of d.,) = 8 Hz and J = 1.5 Hz, 2H), 7.6 (AB, 4H), 7.27 (s, 2H),
7.23(d. of d., J =$ Hz and J = S He, 2H). MS (m/z, %): (362, 6.9),
(361, 12.0), (360 = M*", 51.9), (328, 5.1), (327, 18.0). (295. 12.5),

J. BecHER of ol

(243,21.9), (238, 7.1), (156, 10.6), (155, 9.9), (154, 100.0), (102, 8.6),
(78, 12.5), (51, 6.1). Amal.: Fownd: C, 63.30; H, 3.47; N, 1535.
CisH13NS, requives: C, 63.31; H, 3.36; N, 15.54%.

A 0825~ 7%, m.p. 23.0-24.0°. IR: 1600, 1585,
1570, 1518, 1420. UV: (A, log ¢), (212, 4.66), (246, 443), (298,

. 390). 'HNMR:828(d. of ., ] =4 Hz and J » 2 Hz, 2H), 793 (d.

of d,J=7Hz and J=2Hz, 2H), 7220 (4. of d., J=THz and
J =4 Hz, 2H), 7.08 (s. 2H), 6.57 (s, 2H). 3.0 (s, 6H), 3.63 (s, 3H).
MS (m/z. %): (427, 11.5), (426, 26.9). (425 = M*", 100.0). (410,
12.0), (3%, 5.3), (393, 9.2), (392, 36.9), (376, 6.4), (303, 6.2), (2%9,

" 1.8), (238, 18.0), (257, 64.0), (256, 7.9), (245, 5.7), (244, 9.1), (243,

50.0), (242, 5.6), (230, 7.2), (226, 7.4), (225, 5.7), (183, 25.0), (168,
£3.9), (156, 8.3), (155, 8.0), (154, $9.0), (78, 10.0), (45, 9.2). Anal.:
Found: C, 59.15; H, 4.65; N, 9.68. C;H sNy0O»S; requires: C,
$9.27: H, 4.50; N, 9.87%.

X-ray difraction. Suitable single crystals of 4g used in the
XnyvamoWﬁuﬂmyMwh

filtered MoK« radiation. A refiection was designated not obser-
Mﬂl‘ﬂammhmmmdmm-

corrections were made. The crystal size
was (0.7%0.3x0.3) mm®, w-scan was used. The maximum vakie
of sin 6/A was 0.617.

Accurate wnit cell dimensioas were determined by a least-
squares refinement of data measured from a Guinier powder

" photograph taken with CuKa, radiation and calibeated with sili-

cou as an internal standard.

Alakuhﬁoumrfuudummlmlﬁm
using the X-ray system.

The structure was solved by direct methods and the structural
parameters were refined by full-matrix least squares. The posi-
tional H-parameters were calculated and then refined separately
(sin 8/A <0.4 A™Y). Unobserved reflections were not included in

the calculations. The minimized was S(Fy ~ [F,])?. The
final R index (R = 2R, - |F .Dwus.Jl Atomic scattering
factors were taken from
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