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Abstract

The reaction of 1,2,4-triazepine-3-thiones (13) -haloketones afforded thiazolo[3,2-b]{1,2,4]triazepines

(14) selectively. The sam

eaction of the chalcones 11 with 3-amino-2-imino-4-R-

wit
e bicycles were obtained b

S

thiazolines. On the other hand, condensation of the chalcones 11 with 2-hydrazino-4-R-thiazoles led to the
hydrazones 17 which upon treatment with acid underwent ring closure to yield the non-condensed bicyclic
isomers of 14 i.e. the dihydropyrazolyl thiazoles 18. The elucidation of structurcs and stereochemistry was

achieved by comprehensive one- and two-dimensional NMR spectroscopy. © 1999 Elsevier Science Ltd. All rights reserved.

Keywords: bicyclic heterocyclic compounds. cyclisation; nitrogen heterocycles; sulfur heterocycles

In a research program on new immunomodulating agents, we were interested in the synthesis

of various sulfur and nitrogen containing condensed bicycles, including 5,7 bicycles and

r

especially thiazolo[1,2,4]triazepines.

Till now only a few thiazolotriazepines are known. Such compounds were first prepared by

Neidlein and Ober [1] from the triazepine 2 by condensation with ethyl bromoacetate (cf.
Scheme 1). In principle, this reaction can lead to a thiazolo[3,2-b][1,2,4]triazepine 3 and/or the

0040-4020/99/$ - see front matter © 1999 Elsevier Science Ltd. All rights reserved.
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Later Mahajan et al. and others [3,4] repeated this reaction using acetylacetone,
dibenzoylmethane and ethyl acetoacetate, respectively, instead of 3-chloropropionyl chloride,
and reporied on the isolation of analogous thiazolo[2,3-c][1,2,4]triazepine 7 derivatives.

In contrast with the above results, Peet et al. [5,6] concluded that the thiazolo[2,3-c][1,2,4])-

triazepine ring system car

6 under basic conditions leads to the tetrahydropyrazolyl thiazole 8 rather than to the

thiazolotriazepinone 7. On the other hand, the same authors prepared the thiazolotriazepine
ring system by cyclization of the unsaturated precursor 9 (cf. Scheme 2) yielding an isomeric
mixture of 7 and 10. This mixture was separated by column chromatography. Compounds 7

and 10 have very similar UV and NMR spectra and even their mass spectra exhibit only minor

differences which were utilised for the above structure assignment. Although it is difficult to

n the formation of isomer 10 from the precursor 9, Peet et al. suggested a partial Dimrotl
type rearrangement.

The above literature data suggest that the conventional tools of spectroscopy are not
effective enough for an unambiguous structure assignment. For a safe differentiation both
isomers are to be prepared and the formation of the tetrahydropyrazolyl thiazole is also to be

considered.

The aim of the present work was to synthesize diaryl-thiazolotriazepines with potential

biological activity where the aryl groups (phenyl, 4-fluorophenyl and 4-pyridyl) were chosen

YT

on the basis of pharmacological considerations. We intended to prepare the target compounds

by reaction of the 1,2,4-triazepine-3-thiones (13) with 2-haloketones (c¢f. Scheme 3). The

ctastrees bl cxrnen nldbni;mad e tlan 2 A Al A thinnranin aniAd 4 tha Ahalannac 1T anpnedins

Stdlitllg UIIUIICS WEIC UDLAdLICU DY UIC auullivll U1 LIVLydlilb atiu W UIC LHAIVULICS 11 au,uu.uug
to the known method [1] followed by reaction of the intermediate 12 with hydrazine.

II} tun anactrim nf 12 recnrdad 1in DMSO-A. N4y and -5 are connled (49 7} and

- DIJ\/\/LIUJJI Ul AJ IULUILIULG B AUV TUG LATLN T Glid 12 o iy vUupiava (Tl 1i) Al

NOESY cross peaks were measured between H-N(4) (9.08d) and H-5 as well as between H-
N(4) and the ortho protons of Ar'. Additional proofs were obtained from the HMBC cross

TN s

peaks H-N(4)/C-5, H-N(4)/C-6, H-N(2)/C-3 and H-N(2)/C-7, respectively.
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Scheme 3
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The reaction of the thiones 13 with 2-haloketones (method A) afforded in each case a single
+ 1 e e acic ¥ tha sros P an smmn oo cmmantes ao s ac | S 13 o PO
pi‘GdﬂCL but on the basis of the usual IR and mass Speciia as well as 'H and “C NMR chemical

shifts it could not be determined which of the isomers 14 and 15 was obtained. Therefore
various other NMR techniques were used as described below. For the differentiation of the
structural isomers it was considered that the methine proton of the triazepine ring in 15 should
exhibit a vicinal J(C,H) coupling with both quaternary carbons in the thiazoline ring, whereas

in 14 only the C-9a carbon of isothiourea type is coupled with the above methine proton. The

appearance of the cross peak H-8/C-9a in the two-dimensional HMBC experiment, allowing

peak detected between the methyl group on the thiazole ring and the ortho protons of the
aromatic ring attached to the triazepine C=N afforded unambiguous evidence for 14.

Next, an attempt was made to prepare isomers 14 and 15 by other routes, i.e. starting with
the appropriate thiazole derivatives. Addition and condensation of chalcones 11 with 3-amino-
2-imino-4-R-thiazolines (¢f. Scheme 4) can lead to 14 or to the inversely oriented 16. Under
basic conditions (method B) a single product was isolated which was identical with the
compound obtained in the reaction of 1,2,4-triazepine-3-thiones (13) with 2-haloketones (cf.

Scheme 3). Structure 16 could be ruled out by the 'H and *C NMR signals proving the
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On the other hand, under acidic conditions the reaction of chalcones 11 with
thiosemicarbazide afforded the thiosemicarbazones 19, which could also be transformed into
the hydrazones 17 using 2-haloketones (method D).

In compounds 17 and 19 the appearance of Z/E isomers of the C=N bond was observed.

jecamearizatinne were rannrtad hu N ack st 4l 71 Accionmant nf the ctarenchemictry wac
LOVIUTRRLAGUIVIIDS WOIC ICPRAWIU Uy L/HIBNUCR ©F Ui, [/ ] D301 Ul UIC SWAITULLIVHIOU Y wao
based upon the consideration that in the E isomer, the NH group and the =CH (8¢ ~117)

the Z isomer (¢ ~128), this shift being due to the known y-steric effect [8]. The presence of the
diaryl substituted vinyl group with E configuration in 19 obtained from 11 with

f e 'H doublet signals § 7.74 and 6.8
(*J 16 Hz) and from the corresponding ’C signals 8¢ 138.4 and 117.7.

[§'%)

Our attempts to cyclize 17 under basic conditions similar to those applied by Peet [5,6]

failed. Upon heating 17 in HCI (method F) a new product, 18 was obtained. This exhibited 'H

13/~ nrn
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e
with the structure of type 18, no NOE was observed between the hydrogens of the methyl
A

(32 n acae 0y M Q
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further support for their structure [11].
To find synthetic evidence for the structure of 18 the potential precursor pyrazoline-1-
thioamide 20 was prepared (¢f. Scheme 6). Thus the reaction of 11 with thiosemicarbazide

under basic conditions led to 20. In this case the formation of the triazepine 13 (¢f. Scheme 3)
had also to be considered.

Deuteration experiments and a comparison of the NMR data of compound 20 with those of
its isomers, i.e. the thiosemicarbazone 19 and the triazepinethione 13 (see above), proved the

structure of 20. Exchange on the NH group in 13 resulted in a characteristic isotopic shift on

the C-5 si

N w Lo A vY ix. L2 CARA i A i AN n i a vy a
& r

a 1:1 mixture of H,0O and
D,0 afforded an isotopic shift only on the C=S signal, resulting in the appearance of a
characteristic virtual triplet (1:2:1 ratio). This experiment proved the presence of a primary

amino group in 20
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Scheme 6
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Reaction of 20 with 2-haloketones yielded 18 as expected.

Tl .- L. 1.

When the chalcor re hiydrazino

O wed to react with 2- uyUl‘auuu-'f'r-R-tuiaZGh“:S under basic
conditions (method G), again the dihydropyrazolyl thiazoles 18 were obtained. By a proper
choice of the solvent, the hydroxy containing intermediate 21 could also be isolated as a single
diastereomer; this was transformed into 18 upon heating (method H). The NOE experiment

-5) and the 3-OH.

proved the cis arrangement of the methine proton (H

Conclusion

We conclude that starting with the chalcones 11 the thiazolo[3,2-b]triazepine derivatives 14
could be obtained via the triazepinethiones 13 while the isomeric thiazolo-
[2,3-c]triazepines 15 were not formed. The same thiazolo[3,2-b]triazepine derivatives 14 could
be isolated when the chalcones 11 were allowed to react directly with 3-amino-2-imino-4-R-

thiazolines. On the other hand, cyclization of the hydrazone derivatives 17 did not furnish the
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aexnected thiazolol?2 3-cltriazenines 18 bhut the isomeric non-condensed dihvdronvrazolvl
expected thiazolol[2,3-cltriazepines 15 but the isomeric non-condensed dihydropyrazolyl
thiazoles 18
Experimental

The starting materiais ila, 1ic, 1id and 12 were synthesized according to published

. . 1

procedures [12-15]. Melting points are uncorrected. All yields refer to isolated products. 'H
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NOESY) the standard Bruker software package was applied.
5,7-Diphenyi-3,4,5,6-tetrahydro-2H-1,2,4-triazepine-3-thione (13)

Hydrazine hydrate (2 ml, 98%) was added to the stirred mixture of 3-isothiocyanato-1,3-
diphenylpropan-1-one 12 (0.46 g, 1.8 mmol) and 10% ethanolic HCI solution (10 ml) while the
temperature was maintained below 15 °C. After 2 h under cooling stirring was continued for 2

days at RT, then the precipitate was filtered off, washed with water, 5% NaHCO, solution and
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Triazepine-3-thione 13 (0.5 g, 1.8 mmol) was dissolved in 10 ml of ethanol. To this solution
or 2 h the

ixx b .nnulx; 15 AVL Lol v

reaction mixture was cooled, the precipitate was filtered off and washed with ethanol. The

solids were mixed with 5% NaHCO, solution and extracted with ether. The organic layer was

dried and concentrated under reduced pressure to afford the free base of 3-methyl-6,8-
8-dihydrothiazolo[3,2-b][1,2,4]triazepine (14a). Yield 68%, m.p. 135-137 °C. Anal.

8
Calcd for C,gH,,N,S: C 71.44 H 5.36 N 13.15, found: C 71.47 H 5.27 N 13.10. 'H NMR

3.19 (dd, 1H, 7-H,..,), 3.48 (dd, 1H, 7-H,;), 5.02

LAy 7 OAAFQASFY ~ AWy 422y 0 2CI8 s
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(dm, 2H, ortho-H of aryl at C-6). ’C NMR (CDCl3) 8 95.5 (C-2), 42.5 (C-
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g) in dimethylformamide (10 m

was stirred at RT. After 24 h, the mixture was diluted with 50 ml of water and extracted with
ether. The organic layer was dried and concentrated under reduced pressure. The residue was
refluxed in the mixture of ethanol (10 mil) and cc. HCI (1.0 mi) for 3 h. After standing
overnight in the refrigerator, the precipitate was filtered off and washed with ethanol. The

filtrate was mixed with 5% NaHCO, solution and extracted with ether. The ethereal extract

was dried and concentrated under reduced pressure to afford the free base of 3-methyl-6,8-

2-bromoacetophenone instead of chloroacetone, yield 30%,
r C.sHoN;S: C 75.56 H 5.02 N 11.01, found: C 75.21 H 4.92

H NMR ( ng,) 0 6.i2 (S 1H, 2-H), 3.36 (dd, 1H, H,,am), 3.53 (dd 1H, 7- m)
8-H). *C NMR (CDCl5) § 99.0 (C-2), 41.0 (C-7), 62.3 (C-8), 154.7 (C-9a).

3-Methyl-6,8-di(4-fluorophenyl)-7,8-dihydrothiazolo[3,2-b ][ 1,2,4 ]triazepine (14c)
Method B was followed, starting with 1,3-di(4-fluorophenyl)--propen-3-one (11¢). Yield
29%, m.p. 152-153 °C. Anal. Calcd for CyH;sFN3S: C 64.21 H 4.25 N 11.82 found: C 64.12

H453N 1142 'THNMR (CDC1V 8 5.71 (. 1TH. 2-H). 2.14 (5. 3H. Me). 3.15 (dd. 1
1900 I8N 11,594, 00 DUVERN (/L3O D07 1 \D, AXR, L-T1}, L1575, J1k, V1T ), 3.1 J \UU, 118, /~Xlygns)s
1

3.40 (dd, 1H, 7-H.;,), 5.02 (dd, 1H, 8-H), 7.55 (dm, 2H, ortho-H of aryl at C-6) ’C NMR
(CDCINAQT R(CN 49 1 (C-TY 61 O (C-RY 154 4 (C-OQa)
A\NWAINAR VW T 7.0 (T L ), TaL R Jy VL. Ny 20T \NT G
2-[N2-(1,_?-Dlphenyl-z-prvpen-]-thlvne)hydraz 0]-4-methylthiazole (17a)
Method C

A mixture of 1,3-diphenyl-1-propen-3-one 11a (1.04 g, 5 mmol), 2-hydrazino-4-methyl-

1. TTM £ 1N AIN FA7TY ~mand A EXT 1Y TN S stbman Al 1Y eI vxrao s fliie ] e

tniazoie PUL.OO g, 1 mInol) [1/7f ana ¢, il (1.U 1) 111 CUldiol (1vU 11} wdd ICluAcu 101
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1 h, diluted with water (80 ml) and neutralized with 25 % (w/v) NH,OH. The precipitate was
filtered off, washed with water and petroleum ether. Yield 89%, m.p. 130-132 °C. Anal. Calcd
for CjoH7N3S: C 71.44 H 5.36 N 13.15, found: C 71.06 H 5.34 N 13.14. '"H NMR (CDCl;) E-
isomer: 7.12 (d, J 17 Hz, 1H, 1-H), 6.84 (d, J 17 Hz, 1H, 2-H), 2.18 (s, 3H, Me). Z-isomer: &

.\l

2—{N2~[ 1,3-Di(4-fluorophenyl)-2-propen- 1-ylidene Jhydrazino }-4-methyithiazole (17¢)
Method

C was followed, starting with 1,3-di(4-fluorop h-nyl) 1-pr
47%, m.p. 83-85 °C. Anal. Calcd for C,gH,5F,N3S: C 64.21 found:

4.23 N 10.52. '"H NMR (CDCls) E-isomer:  6.95 (d, J 17 Hz, 1H, 1-H), 6.63 (d, J 17 Hz, 1H,
2-H), 2.13 (s, 3H, Me), Z-isomer: 6 7.01 (d, J 17 Hz, 1H, 1-H), 6.15 (d, J 17 Hz, 1H, 2-H), 2.14
(s, 3H, Me). *C NMR (CDCl,) E-isomer: 8 117.8 (C-2), 16.6 (Me), Z-isomer: 8 128.0 (C-2),

17.2 (Me).

W NN E NI R -l SN S N T (A mvridul ) mennen. 1.vlidons Hhodersing VA vapthulthinenlo
& IJV S Gt I’MUIUP’LCI‘Y!/ T l/’yl LU')/L/ L IIIUIJCIL 1 )/LLuCIlC]’l)’ulu(,LllU/ TRETIILELILYILTLEUL L ULT
hydrochloride (17d)

(11d). After refluxing for 1 h, the precipitate was filtered off, washed with ethanol, and
recrystallized from ethanol. Yield 66%, m.p. 157-160 °C (HCI salt). Anal. Calcd for

AT © ATIIT N SaIT. £ €7 CA Y A £A KT 1A O £ 16 27 Lossen A AQ YT A £ NI 17 Q~

\/18“151"1‘4\) LZIICULV. OV, U DL.04 I 4.04 IN 147U U6 1004 10UIIU. U J0£.40 IT 4.00 IN 1£.0/
i

Cl 16.21. 'H NMR (DMSO-d¢) 8 7.67 (d, J 17 Hz, 1H, 1-H), 7.20 (d, J 17 Hz, 1H, 2-H), 2.23

/ T AAY I3 ATARAD MAACAN IS 117 Q /74 AN 1& 1 /NAAN

( , Me), "C NMR (DMSO-dg)o0 117.8 (C-2), 15.1 (Me)

Method D
A mixture of 19d (0.6 g, 2 mmol) and chloroacetone (0.2 ml, 2.5 mmol) in ethanol (10 ml)
ther

chloroa e (0.2 ml, 2.5 mmol) was added and the reflux was

was refluxed for 1 h. Fu mmol

YaS AlaS B8 4 11. 13

continued for another h. The precipitate was filtered off, washed with ethanol. Yield 93%, m.p.

fo
154-157 °C (HCl salt). Anal. Caled for CisH;sFN,S.HCl: C 57.67 H 4.30 N 14.95 CI 9.46

'y ML o XY A LD AT 1A L YYD
found: C 57.56 H 4.53 N 14.66 C1 9.35.
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2-(3,5-Diphenyl-4,5-dihydropyrazol-1-yl)-4-methylthiazole (18a)
Method E

A mixture of 20a (0.56 g, 2 mmol) and chloroacetone (0.2 ml, 2.5 mmol) in ethanol (5 ml)
was refluxed for 1 h, diluted with water (20 ml), and neutralized with 5% NaHCO, solution.
The precipitate was filtered off, washed with water and ether. Yield 75%, m.p. 128-130 °C.
Anal. Calcd for CjgH;7N3S: C 71.44 H 5.36 N 13.15, found: C 71.53 H 5.33 N 13.10: '"H NMR
(CDCl3) 8 2.15 (s, 3H, Me-4), 6.13 (s, 1H, 5-H), 3.21 (dd, 1H, 4'-H,,4,s), 3.83 (dd, 1H, 4-H..,),
5.61 (dd, 1H, 5-H). °C NMR (CDCl;) 8 164.9 (C-2), 17.5 (Me-4), 103.3 (C-5), 43.5 (C-4"),
64.0 (C-5").

Method F

A mixture of 17a (1.46 g, 5 mmol) and ¢. HCI (1.0 ml) in ethanol (10 ml) was refluxed for
15 h. The precipitate was filtered off, mixed with 5% NaHCO, solution and extracted with
ether. The organic layer was dried and concentrated under reduced pressure. The residue was

treated with water, filtered off and washed with water and ether. Yield 21%, m.p. 127-130 °C.

2-(3,5-Diphenyl-4,5-dihydropyrazol-1-yl)-4-phenylthiazole (18b)

Method E was followed, starting with 20a and 2-bromoacetophenone. Yield 97%, m.p. 214-
215 °C. Anal. Calcd for C,4H gN3S: C 75.56 H 5.02 N 11.01, found: C 75.33 H 4.95 N 10.95.
'H NMR (DMSO-dg) & 7.23 (s, 1H, 5-H), 3.35 (dd, 1H, 4'-H,,,,,), 4.07 (dd, 1H, 4-H), 5.69
(dd, 1H, 5'-H). ’C NMR (DMSO-d,) & 164.4 (C-2), 104.8 (C-5), 43.0 (C-4"), 64.3 (C-5").

2-(3,5-Di(4-fluorophenyl)-4,5-dihydropyrazol-1-yl]-4-methylthiazole (18¢)

Method E was followed, starting with 20c. Yield 95%, m.p. 191-193 °C. Anal. Calcd for
CoH;sF>N3S: C 64.21 H 4.25 N 11.82, found: C 64.03 H 4.12 N 11.73. '"H NMR (CDCl;) &
2.15 (s, 3H, Me-4), 6.15 (s, 1H, 5-H), 3.17 (dd, 1H, 4'-H,,,,,s), 3.83 (dd, 1H, 4'-H,;), 5.63 (dd,
1H, 5-H). "C NMR (CDCl3) 8 165.0 (C-2), 17.2 (Me-4), 103.5 (C-5), 43.6 (C-4"), 63.4 (C-5".
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Method G
A mixture of chalcone 11d (1.14 g, 5 mmol), 2-hydrazino-4-methyithiazole.HCI (0.83 g,
5 mmol) and KOH (0.78g, 1.4 mmol) in ethanol (10 ml) was stirred for 1 h at RT, then diluted

with water. The precipitate was filtered off, washed with water and ethanol. Yield 58%, m.p.

196-198 °C.

VAT sral/ie 54

A 71 2 Nimbowul. D mrmnon. ] s lidene \thiosemicarbazi ido (100 )
N (L, I-LIPr€nyi-4-properi-1-yuacneji thiosemicarbazide {L17a)

Prepared as described in the literature [7]. Yield 64%, m.p. 128-129 °C (lit. m.p. 135-
i37 °C)
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iosemicarbazide (19d)

°C. Anal. Calcd for C;sH3FN,S: C
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: 4
(d, J 16 Hz, 1H, 1-H), 6.83 (d, J 16 Hz, 1H, 2-H). °C NMR (DMSO-ds) 8 117.7 (C-2), 179.4

A mixture of 1.3-diphenyl-1-propen-3-one 1la (2.08 g, 10 mmol), thiosemicarbazide

{\{\1

91 g, 10 mmol) and KOH (1.0g, 1.8 mmol) in ethanol (30 ml) was refluxed for 2 h. After

cooling the precipitate was filtered off, washed with ethanol and ether. Yield 66%, m.p. 204-

INEA O Anal ("‘.lrl{?n O N.Q. M &AaQ2N 1
U0 L. AdldL. LdiCa 101 \,1511;31‘30 v U060V

'H NMR (DMSO-dg) 8 3.12 (dd, 1H, 4-H,,,.), 3.90 (dd, 1H, 4-H,,.), 6.05 (dd, 1IL, 5-H), 7.96
fhe TLT NLIIY Q@ 11 /le 11T AJLIN ]3F ANRMD /MACN_A N KA L (O AN L2 N (O KN 174 2 (M QY
{Of, 101, INI1), 8.1 1 (D, 11, (Ni1j. C NMIR (DMSU-G4) 0 42.6 (L-4), 65.0(C-5), 1/06.5 (L=5)

I I2S_DilA _{fliunvanhenvl\d S_ArhvAvanverasnl_1_uvlthincavhavinasdof e )

L{ 2, 2R aJIHOTOPNEN YL -4, 0 -QINYAropyrazoe-i -y inioCarcoxXamiaé| «aul )

Method I was followed, starting with chalcone 11¢. Yield 55%, m.p. 261-262 °C. Anal.
Caled for CyeH 3FaN3S.H,0: C 57.30 H4.51 N 12.53, found C 57.28 H 4.39 N 12.40. 'H NMR
(DMSO-dy) 6 3.20 (dd, 1H, 4-H,,,.,), 3.93 (dd, 1H, 4-H_;), 5.95 (dd, 1H, 5-H), 8.00 (br, 1H,
NH), 8.12 (br, 1H, NH). ")C NMR (DMSO-dg) § 42.6 (C-4), 62.3 (C-5), 176.3 (C=S).

""""""""

-re AR Ay DN

Method 1 was Iouowed, starting with chaicone 11d. Yieid 22%, m.p. 227-228 °C. Anal.
Caled for CsH3FN4S: C 5998 H 4.36 N 18.65, found C 60.16 H 4.39 N 18.40. '"H NMR

(DMSO-dg) 3 3.15 (dd, 1H, 4-Hyans), 3.88 (dd, 1H, 4-Ha). 5.97 (dd, 1H, 5-H). 8.15 (br, 1H,
NH), 8.30 (br, 1H, NH). "C NMR (DMSO-d¢) 8 42.0 (C-4), 62.9 (C-5), 176.9 (C=S)

2-[5-(4-Fluorophenyl)-3-hydroxy-3-(4-pyridyl)-2,3,4,5-tetrahydropyrazol-1-yl]-4-methyl-

, 2-hydrazino-4-methylthiazole.HC! (0.83 g,
The

ed for 3 hat RT

1S
aLiiivG 18 3 AN 1 .
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