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Abetract - 6,7-Dislkoxy-2-eryl-4H-1,3-benzothiszines (le-g)

react with chloro.cotyl chloride to give condensed /3-lsctea

derivatives (2a-g). Basic trestment of 2e-g in methanol led

to the corresponding 1,4-benzothiszepine derivetives (3e-g)

v ring expsneion, Tho structures of the products were
terained IR, NMR and MS studies,

The in situ generation of chloroketene wee utilized rocontly‘ for the prepare-
tion of the /3-lectems (2¢-g) froa chloro-cotyl chloride and a solutton of 6,7~
dialkoxy-2-aryl-44-1,3-benxothiazines (}rg) 7 ond triethylssine in benzene
under reflux., Spectroscopic evidence indiceted thst all the [3-lactem derive-
tives prepared in this work (2g-g) were sterechomogensous. The configuretions
of the compounds (the steric positions of the Cl substituent relative to the
four-membered ring) were estaeblished by spectroscopic methode,

RO AP Cl RO 02".
D@I/T ClCH,COC1 3 E\ NaOMe S
N —
X, Mo OH

0
8t R » OEt; Ar = Ph e: Rw OMS; Ar = g-nocsn‘
b: R = OMe; Ar & o-C1C.H, f: R « OMo; Ar = p-MeOC-H,
C: Rw OMe; Ar = g—ClCGH‘ gt Rw OMe; Ar = 3,4(".0)206N3
d: R e OMo; Ar = g—H.CsN‘

Scheee 1

*The numbering of the benzothiszepines 3 in the Title and Abetrsct is not
identicel with thet used in the text, Tebles or Scheme; this is to fecilitete
compsrison of spectroscopically snalogous atoms in 2g-9 end 3¢-g, respectively,
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When g2-9 were treated with one molar squivalent of sodius methoxide in
setheanol they were ssoothly transformed to 2=carbosethoxy=~3-aryl-7,8-dislkoxy-
-4 ,5-dihydrobenzothiszepines (32-g) (Scheme 1), This ring trsnsformation re-
sembles the ring expansion® of 6u-chloropenicillanic scid derivativee to dihydro=
=1,4-thiezines on treatment with sodium sethylete, snd it can be sseumed that
the mechenism of the reaction £ — 3 1s snslogous to that suggested for the former
procou.s Further investigations on the reaction sechenism of the ring trans-
formetion of 2 and releated derivatives bearing other substituents on the
szetidinone ring of l,s-bonzothuzino-p-loctnn are under way, snd the resulte
will be published lster.

Table 1, Physical and analyticel data on compounds 2p-g ond 3p-g

Com- Yield M,p. Formuls Anslysis/% Calcd,/Found
pound % S¢c M.w, c H N S
21 73 111-113 conZOCINo3s 61.61 5,17 3.59 8.22
389,89 62,03 5.27 3.85 8_.45
28 79  179-181 °1s"1 5012»035 54_55 3.81 3.53 8.09
396,28 54,77 4,12 3.33 8.26
22 89 184-185 cle“l 5012N035 54,55 3.8l 3.53 8.09
396,28 54.38 4,03 3.29 8.20
2d 75  156-157 319"1801"’035 60,71 4,83 3,72 8.53
375.86 61_00 4,60 3.86 8.25
32 8% 176-177 le"lBCINOSS 60,71 4,83 3.72 8.53
375.86 61.03 4,67 4,02 8.50
E! 67 179-180 019"1 BCI NO ‘S 58,23 4,63 3.57 8.18
391_86 568,20 4,51 3.66 8.45
29 67 174-17% czouzocmoss 56,93 4,78 3.32 7.60
421.89 56,77 4,82 3.12 7.40
}’ o4 149-150 021H23N04S 65,43 6,01 3.63 -
385,46 65,12 5,86 3.58 -
32 97 169-170 019"1301"045 58.23 4,63 3.58 -
391.86 58_09 4,67 3.51 -
3 %6 170-171 CygHy gClNO «S 58,23 4,63 3.58 -
391, 86 58,27 4,58 3.62 -
3¢ 91 142-143  C20H21NO,S 64.67  5.70  3.77 -
371.44 64,51 5,62 3.68 -
h o4 143-144 02°H21N048 64_67 5,70 3.77 -
371_44 64,75 5.59 3.84 -
3 80 162-163  CaoM2)NOsS 62.00 5,46 3,62 -
387.44 62,17 5.71 3.57 -
} 9 o1 189-191 czlnzsnoes 60_42 5,55 3.36 -
417_46 60.21 5,47 3.42 -

A syetematic study of snalogous linesrly condensed A-lactems of type 2
(R = OMe, Ar a Ph, substituents on C-3s Ph, OPh, Cl and 012) confirsed the con-
figuretions (cis positions of the aryl end chloro substituents of the P-lactam
ring) given in the Formulee. The contfigurstions were deterained by 1y and 13¢
NMR investigations, meking use of the arcmatic solvent-induced lhiftt.g
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The practically identical carbon chemicsl shifts (within 0.3 ppm, except
for C-6,9,9a where the ehift differences sre 3.2, 2.9 and 0.6 ppm) of 29 and 2
(R = OMo)° are clear-cut evidence of the identical configurastion of these conm-
pounds (the reasonsbly higher shift differances of C-6,9,9a arise from the
different substituents R in positione 7 and 8).

Taking into account the substituent effects of the Ar group, no essentiasl
changes are obssrvable for compounds 2b-g, either., Consequently, the unsltersd
cis position of this group and of the C-3 chloro atom is plasusible. The proposed
ring transformation 2 —+ 3 is revealed by the following spectroscopic obser-
vations:

1. The charascteristic high-frequency IR carbonyl band (1775-1795 c-'l) of
the 3 -lactame 2p-g 1s substituted by the VC=0 band of conjugated ester groups
between 1650 end 1670 cm™ L.

2. In the IR spectrs of compounds Zg-g VNH bends are observable in the
tnterval 3390-3280 ca"l,

3. A spin-spin coupling can be detected in the "H NMR spectra of 389
through the doublet and triplet splitting of the S5-methylene and NH signels,
respectively, due to the presence of » CH,NH group,

4, Besides the practically unsltered proton signals of the sromatic rings
and of their substituents, the 1H NMR epectra of 29-g display the sethyl singlet
of the corbomethoxy group (3.30-3.45 ppa, of 3H intensity) relstive to 2g-g.
Further, the H-3 einglet of 1H intensity is not detectsble.

S. In the 130 NMR spectre of 3g-g, inetesd of the saturated C-3 and C-4
signale (at 68.0~69.0 and 71.0~72,2 ppm, respectively) for 29-9, the lines of
olefinic carbone appear at considerably lower fields (C-3: 153_.8-157_4; C-2:
89.9-92_1 ppm). The relatively etrongly shielded C-2 is characterietic of s
conjugated cerbonyl group: the mesomerism C, =Cp-CaG = ®PePa®-5P shows up 1n
the diamagnotic shift of the Cy(C-2) signal and in an opposite shift of
c,(c-z,).1 8

6. The ring expansion causes a strong pesramagnetic shift of the C-5a,9s,10
signels, too, for comspounds Jg-g.

7. In the csrbon NMR epectra of iars there 1s one more line than in the
spectrum of the corresponding 3-lectsm, and the cheamicsal shift of ths additio-
nal 1ine lies in the interval (50.8-51.5 ppm) expected for the carbomethoxy
derivativoo.IOb' 11

8. It is worth mentioning that the methylene protons in position S in com=-
pounds 3b and 3d, having an ortho-substltuted aryl group on C-3, are chemicslly
non-equivalent, whereas in the other benzothiszepines (3}g.c.2-g) they are
equivelent (cf. Table 2). The chemical equivalence of the H-5 atome is a
consequence of fast tnversion of the heteroring. This molecular motion is
hindered by the steric hindrance between the C-2 csrbomethoxy and the C-3 aryl
substituents in compounds bearing s bulky ortho-subetituted aryl group on C-3_
Thus, this fect is further evidence in eupport of structure 3.

Mass spectrometric study of 3b-g slso gave results in strong support of the
above benzothiszepine structures:

(a) 8ll mess epectrs (Table 4) exhibited abundant peaks of molecular ions,
the oxact masses of which were found to correspond to the chemical formulae
listed in Table 1;

(b) moet of the fragsentstion routes are common or anslogous (Schese 2),
and characteristic procesees involving contraction of the seven-mesbered hetero-
ring nre observable (SH loss and ArCN elimination);

1
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Table 2. IR and 1H NMR data on compounds 29-g ond 209
IR date (cel) 4 MR chemicel shifts ( = 0 ppe) in CDCl, at 250 Mz
™S 3
No in K8r
IM4 DCa0 ¥C, H CH OMe 8, (3H) H=-3NH ArH-6 ArH=9 ArH
Ar 2, =0 2 1
band band® band (2H)° Poe.7,8 Ar® coome (1H)! s(1H) a(1H) (Ar group)
(2x3H)
1.382
750, 4.25 1.39 - _ 7.3-7.45
2 - 1775 ga09 450 3-98; s.12 6,67, 6.68 al5H)
4,02
g - 1780 755 3-40 3-78 - - 5.27 6.62, 6.73 szgz-‘s
2¢ - 1795 @845 :-gg g-gé - -  s5.11 6.66, 6.67 ;iz%éx;ﬁ)
4.35 3,79 - 7.1-7.3
2d - 1785 749 o8 3Ta2 2.50 s.18 6.64, 6,76 atan)
852 4,25 3,80 h 7.16, 7.3
88 - 1780 510 493 3g2 2-33 - 5.0 6.66 2xm(2x2H)
i
852 4,26 3.81 i h 6.88, 7.2
8 - 1785 gi4 4lo1 3lg2t 3.78° - 5.09 6.66 2xm(2x2H)
1 1 6.85, 6.9
29 - 1e0 - 423 383 3O - s 6.69"  2xd(2x1H)
- - - 7.02 dd(1n)
755 1.41°
39 3380 1670 [37d a4.esk 10439 - 330 4.85% 7.15" 6.7 :zé;zhfg
d 4.15 2(6H)
685
4.75 3.88 7.1-7.4
3b 3330 1670 755 00 g0 - 3.45 w4.5 7.15 6.74 a{an)
3375 840 3.87 _ 7.12, 7.2
3 3370 1665 g9 4.90 387 3.42 4.55 7.13 6.73 2x5(2x2N)a
3¢ 3380 1670 755 482 385 o 41 333 a5 75" 672 22§;§h2
3375 3.87
38 3365 1665 825 4,88 -0 2.32 3.42 4.50 7.15 6.73 7.08 s(4H)
i
3390 1665 3.87 i 6.8, 7.15
3f 3370 1ess 835 ~4.9 3 gol 3-787 3.45 4,55 7.15 6.75 2xm(2x21)9
1 1
3g 3280 1650 - 490 3874 3-301 341 465 7.15 6.7-6.8 s(an)"
8 of f~lacten (2g-g) or of csrbomethoxy group °.f CHy, t(3H) and CHy g9 (2H)
(32-93) signale of OEt groups in,
b Pos. 10 (§2-9). AB spectrum, J(AB): 16.2 Pos, 7,8 (J =8 7 Hz)
(2g), 16.4 (2b,g,e), 16.5 (2d) and 16.3 Hz 9 part A or B of an AA‘BB’
(2f.g) or Pos, 5, part Ay of an A X multi- sultiplet J(AB) ®8.5 Hz
plet, J(A,X) %5 Hz (3p.c.2-g) or part AB of ‘" two overlespping signals
an ABX multiplet, J(AB) M1S Hz, J(AX) I(8X) 1 alternative assignaent ie
%5 Hz also possible
€ 4n 2d,e and 3d.0 cAr"° J 3= 8.4 and 2.0 Hz
d9c. c, band cherscteristic of mono- 1y (29-g). 8 or HN (3a-g).

Ar AP

esubstituted benzene ring

broad t
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(c) significent ortho-effects were observed, especially on the primary loss
of a Cl atom of the Ar group and on the abundances of [M-59]" and [M=-73]* ione
for the isomeric peirs (3b-c and 3d-g).

n/z 356
(t+=1]"° (M-73]"
el ()
-H ) o -(CHsocochz)
COzno
* Ms O Ny~ Ar
ArCNH Mt _-SH
s M A\
3b-g Me O
e
-ArCN -CO,Me [M-33]"°
* -
-CH
m/z 239 _._.‘L_ n/z 254 (m-59] *
-C0,CH, W  =SH|% Me //://f::CN s =X
o/z 196 m/z 221 m/z 195 m/z 297
-CH3 » “~H| »
m/z 180 n/z 296

Xdenotes s substituent of the Ar group
Xprocesses supportad by 1st or 2nd FFR metastable pesks

Scheme 2
EXPER IMENTAL

The IR e;ectro were run on a Specord 75 (JENA) grating spectrometer, in
KBr pellets, "H NMR spectra were recorded at room temperature in CDCI3 solution
at 250 MHz, on a BRUKER WM=2S0 FT spectrometer equipped with » superconducting
magnet, using TMS as internal standsrd. The mass spectrs of normal and
metastable ions were teken and the exact mass measurements were cerried out
using an AEI MS-902 double focusing instrument with s direct inlet system.
Opereting conditions: 8 kv, 70 eV, 160 °c source temperature.
General procedure (for 2p-g snd Za-g). Compounds lg-g (0.01 mol) and chloro-
scatyl chloride (0.0l mol) were dissolvad in benzene end EtyN (0.0l mol) was
edded dropwise, with stirring, during 1 h, The crystslline EtsN_Hcl nas removed
by filtration, the benzene solution was evsporated, and the residue was
crystesllized from EtOH to yield colourless crystals (2g-g. cf. Table 1).

Compounds gg-g (0.0l mol) were dissolved in methasnol and sodium methoxide
(0.0l mol) was added. The solution waes stirred under reflux. After 3 h the sol-
uttion was diluted with chloroform and extracted with water. The organic layer
wae dried (N02904) and eveporated and then crystallized from MeOH to yield
crystals (3g-g, cf. Teble 1),
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Table 4. Main selectsd ions in the 70 sV mass spectrs of ;g—-g

Relative abundances (B X)

Ions
3 3 3 - 3t 39
M* 60 61 63 60 61 84
[M-11° 12 8 13 7 6 10
n/z 356 24
[»-33]* 100 100 100 100 100 100
[M-59]* 16 54 38 60 65 57
[(m-73}° 4 24 5 28 27 45
w/z 297 76 23 16 8 15 26
»/z 296 75 26 17 12 19 25
w/z 254 9 23 6 20 40 36
n/z 239 14 1?7 10 12 17 15
»/z 221 7 11 4 6 9 12
»/z 196 19 33 6 23 22 18
a/z 195 32 54 10 40 51 42
»/z 180 9 14 4 11 9 7
{arca]* 13 13 8 16 23 18

REFERENCES

lrart 1: L. Fodor, 3. Szabé, G, Bernsth, L. Pérkényi and P, Sohér, Tetrghedron
Letters, gg, S077 (19el1).

2at the seme time this peper is regarded as Part 3 of the sertes "Cycloaddition
Reactions of 1,3-Benzothiszines®, Part 2: L. Fodor, J. Szabé, G. Bernéth and
P. Sohér, Heterocycles, 19, 488 (1982 and as Part 73 of the series: “Seturated
Hetarocycles®, Part 725 G, Bernéth, F, FOldp, Phar ie, 1n press,
sNo-oncloturo follows thet reported by A. K. Bose, J, Heterocyclic Chem., 13.
93 (1976).

“w. T. Brady and R. D. Wetts, 3, Org, Chem., 4§. 4047 (1981).

Se Vinkler snd J. Szeb6, Acty Chim, Aced, Sci, Hung., §, 323 (1955).

6,5, Szabé, L, Fodor, 1. Verga, E. Vinkler snd P_ Sohdr, Actyg Chim, Acgd, Sci.
m., §3. 403 (1977).

3 Szebé, L, Fodor, E, Szlce, G. Berndth and P, Sohér, to be published.

8!. McMillan and R. J. Stoodley, Tetrshedron Letters, 196§, 1205; J, Ches.

soc. (C), }96§. 2533.

S.. Fodor, 3. Szabé and P, Sohér, Tetrghedron, 37. 963 (1961).

1°P. Sohdr, NMR Spectroscopy, CRC Press, Boce Raton, Florids, (1983) Vol. II.

p. 181 {e), Vol., II. p. 168 (b).

J. B, Stothers, C-13 NMR Spectroscopy, Academic Fress, New York, London

(1872) p. 150.



