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The aldehydes VIa and VIb were transformed by treatment with chloroform and sodium hydroxide 
in the presence of triethylbenzylammonium chloride to the IX-chloro acids VIla and VIIb which 
were demethylated with boron tribromide and the products were cyciized with'sodium hydroxide 
in dimethyl sulfoxide to 2-fluoro-6H-dibenz[b,eJ-l,4-oxathiepin-6-carboxylic acids Ia and lb. 
Syntheses of the aldehydes XVIIbcd were carried out and the products treated with I-methyl
-4-piperidylmagnesium chloride to give the amino alcohols XVIbed. Cyciizations with sodium 
hydride in dimethylformamide afforded the title compounds XIIbed; compounds XVIIIbe and 
XIX were isolated as by-products and characterized. Compound XIIb was transformed via the 
secondary amine XIIIb to the amino alcohol XIVb which was esterified to the decanoate XVb. 
Substances XIIbed are highly active neuroleptic agents with an important prolongation of the 
central depressant effect. The decanoate XVb revealed the properties of a medium long acting 
depot neuroleptic. 

In one of the previous communications of this series 1 we described an attempt 
at preparing 6H-dibenz[b,e ]-1,4-oxathiepin-6-carboxylic acid by demethylation 
of 2-chloro-2-[2-(2-methoxyphenylthio )phenyl]acetic acid with boron tribromide 
and by the following cyclization with sodium hydroxide in dimethyl sulfoxide. 
The reaction was complicated by a simultaneously proceeding bromination which 
made impossible the preparation of the desired acid in pure state. Within the same 
study we could establish that in the molecule of 6H-dibenz[b,e]-1,4-oxathiepin the 
position 2 of the skeleton is the most accessible for halogenation. In the first part 
of the present paper we describe the synthesis of the acids I a and I b with the position 2 
blocked by fluorination by making use of the just mentioned method. By substitu
tion of the position 2 with an atom of fluorine two purposes were followed: a) to pre
vent the mentioned simultaneous bromination in the reaction with boron tribromide 
and 2) to prepare fluorinated precursors suitable for the synthesis of neuroleptic 
agents with a prolonged effectiveness after the oral administration (analogy in the 
series of lO-piperazinodibenzo[b,f]thiepin derivatives, cf. 2). 

Part CLXX in the series Neurotropic and Psychotropic Agents; Part CLXIX: This Journal 
47, 3094 (1982). 
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The known 5-fluoro-2-methoxyaniline3 was the fluorinated starting material 
of our investigation; it was transformed via the corresponding aryldiazonium xanthate 
and aryl xanthate (method4

•
5

) to 5-fluoro-2-methoxythiophenol (IV). By a reaction 
with 2-chlorobenzaldehyde in hexamethylphosphoramide in the presence of aque-

Fn'P a, R=H 
b. R=Cl ~ I § c. R = OCH) o R 
d, R = SCF) 

COR' 
e. R=N02 

f. R = OH 
I. R'=OH 

ll, R'=NHz 
lIf. RJ= OC 2 H5 

ous sodium hydroxide at 100°C the aldehyde VIa was obtained which was subjected 
to treatment with chloroform and 50% aqueous sodium hydroxide in the presence 
of triethylbenzylammonium chloride (reaction, Cj.6-S). The ct-chloro acid VIla re
sulted in a satisfactory yield and its identity was corroborated by spectra. The treat
ment with boron tribromide in dichloromethane at room temperature effected the 
demethylation and the crude product was subjected to the action of aqueous sodium 
hydroxide in dimethyl sulfoxide at 70°C in order to achieve the cyclization. In a yield 
of 53% the homogeneous acid Ia was obtained with characteristic IR and IH NMR 
spectra. In order to prepare the amide I I a a reaction of the acid I a with ethyl chloro
formate in tetrahydrofuran in the presence of triethylamine was carried out and the 
mixed anhydride obtained was treated in situ with concentrated aqueous ammonia. 
Chromatography of the product on silica gel gave the amide Ila in a moderate 
yield and a similar quantity of a nitrogen-free substance which was identified as the 
ethyl ester lIla. The formation of ethyl esters in reactions of acids of the phenylacetic 
type with ethyl chloroformate in the presence of triethylamine has already been 
o bserved9

•
10 and their formation is probably due to the instability of the mixed 

anhydrides formed which cleave carbon dioxide under mild conditions already. 
We consider now this explanation as a more likely one than the basic catalyzed 
re-esterification of ethyl chloroformate with the acid used, which was a hypothesis 
expressed previously1o. 

A further goal of our work was the synthesis of the 2-fluoro-8-chloro acid lb. 
The starting 5-fluoro-2-methoxythiophenol (IV) was treated with 2-chloro-5-nitro
benzaldehyde 11 in ethanol in the presence of sodium hydroxide. The conditions used 
were evidently not much favourable because a mixture was formed from which the 
desired product Vie was isolated in a yield of only some 30%. By crystallization 
there were separated as by-products the disulfide V, formed by the oxidation of the 
thioll Vwith air oxygen, and further the diethyl acetal VIlle whose identity was con-
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VI, R' = CHO 
VI!. RJ = CHClCOOH 

VII!, R' = CH(OCzHsh 
IX, R' = COOH 

firmed by spectra. The acetal formation in an alkaline medium is hardly to be ex
pected even though the acetalization of all the three isomeric nitrobenzaldehydes 
was described by treatment with dimethyl sulfate in the presence of . sodium hydro
xide12

• In our case it is necessary to presume that the acetalization takes place under 
the catalytic action of the thiophenol IV prior to the addition of sodium hydroxide 
to the mixture. In the next step the nitroaldehyde VIe was reduced with stannous 
chloride in a mixture of acetic and hydrochloric acids and the aminoaldehyde formed 
was not isolated but immediately diazotized and subjected to the Sandmeyer reac
tion by treatment with cuprous chloride. Chromatography of the mixture formed 
on silica gel gave the chloroaldehyde Vlb in a low yield. As a more polar component 
there was eluted from the column a highly melting substance C14HsCIFOzS (mass 
spectrum and analysis) whose UV spectrum indicated a high degree of conjugation 
and the IR spectrum the presence of a keto group between two aromatic nuclei. 
All this material represents a sufficient evidence for assigning the structure of7-chloro
-1-fluoro-4-methoxythioxanthone (X) to our product. Its formation has to be ex
plained by oxidation of a small part of the aldehyde Vlb to the acid IX b and its 
cyclization (acetic, hydrochloric and nitrous acids involved). The correctness of this 
hypothesis could experimentally be confirmed as explained at the end of this para
graph. In a further experiment the reduction of the nitroaldehyde VIe with stannous 
chloride was carried out in a mixture of dioxane and hydrochloric acid and the 
following procedure was similar like in the preceding case. From the mixture formed 
chromatography on silica gel separated first the disulfide Vas the least polar product. 
This was followed by the chloroaldehyde VI b in a somewhat better yield than in the 
preceding case, and further by a little more polar isomeric product to which on the 
basis of IR and especially 1 H NMR spectra the structure of the chloroaldehyde XI 
was attributed. While the signal of the proton in ortho-position to the aldehyde group 
in compound Vlb is shifted under the influence of strong shielding to 7·89 ppm, 
in the spectrum of the isomer this signal is absent which indicates that the ortho-posi

tion to the aldehyde group is occupied by another substituent, in our case by the 
chlorine atom. We are dealing here with a rather rarely observed shift of the substi-
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tuent during the Sandmeyer reaction into a neighbouring position which is a pheno
menon which was described l3

,14 and explained for example by a transitive forma
tion of an aryne intermediate and by the following addition reaction. As the most 
polar product there was obtained from the chromatography the unsubstituted alde
hyde VIa, i.e . the product of the amino group elimination. The chloroaldehyde Vlb 
was treated similarly like in the preceding case with chloroform and 50% sodium 
hydroxide in the presence of triethylbenzylammonium chloride. In a small amount 
the acid IXb was obtained, evidently as the product of oxidation of the aldehyde 
Vi b. The mother liquor after this compounds yielded a further homogeneous, 
though non crystallizing acid which was assumed to be the desired IX-chloro acid 
VJlb. It was subjected to demethylation with boron tribromide in dichloromethane 
and the crude product was treated with aqueous sodium hydroxide in dimethyl 
sulfoxide. The wanted reaction sequence took evidently place because the acid Ib 
was isolated in a low yield; its identity was confirmed by analyses and spectra. 
The low yield prevented any further synthetic use. The cyclization of the acid IXb 

with sulfuric acid at room temperature afforded the thioxanthone X which represents 
a final proof of structure of this compound which was mentioned above. 

CH)O 

(YS1~ 
~V CI 

F 0 

X 

F CHO CI \ \=\ Q-s-<V 
OCH) 

Xl 

Similarly like in the preceding communications of this series 1 , 15 , 16 we chose for the 
synthesis of the pharmacologically most promising 6-(1-methyl-4-piperidyl) deriva
tives XJl bed the cyclization of the corresponding carbinols XVI with sodium hydride 
in dimethylformamide. The starting material was 2,5-difluorothiophenol whose 
preparation from 2,5-difluoroaniline by diazotization and the xanthate method has 
recently been described17 . Under the conditions described, however, 2,5-difluoro
thiophenol was obtained in a yield of only 25% and the main product was 1,3-
-bis(2,5-difluorophenyl)triazene, resulting already in the stage of diazotization. 
This inconvenience was now solved by making use of the Claus method 1 8 consisting 
in diazotization with nitrosylsulfuric acid, prepared from sulfuric acid and sodium 
nitrite (analogy, ef. 19 ,20); in this way it was possible to obtain 2,5-difluorothiophenol 
in a yield of 70%. 

In series b (chloro derivatives) 2,5-difluorothiophenol was cOlidensed with 2,5-di
chlorobenzaldehyde16 by means of aqueous sodium hydroxide in hexamethylphos
phoramide. The aldehyde XVIIb was obtained which was subjected to the action 
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XII. RI = CH J 

Xlff, RI = H 

XIV, RI = CH 2CH 10H 

XV. RI = (CH 2l20CO(CH 1 lsCH J 

X VI, R I = - CH-GNCH , 
I " 

OH 

XVlf, RI = CHO 

of the Grignard reagent21 prepared from 4-chloro-l-methylpiperidine22 in tetra
hydrofuran. The resulting amino alcohol XVIb was cyclized in crude state and 
without characterization by treatment with sodium hydride in dimethylformamide 
at 70°C, There was obtained an oily mixture of products which was separated by chro
matography on aluminium oxide. As the least polar product there was eluted a nitro
gen-free substance whose analysis and 1 H NMR spectrum enable its identification 
as 2-fluoro-8-chloro-6H-dibenz[b,e ]-1,4-oxathiepin (XVII I b). Its formation has 
to be explained in that way that during the reaction of the aldehyde XVIIb with the 
Grignard reagent there comes in the extent of some 10% to the reduction of the alde
hyde to the corresponding primary alcohol which is then cyclized by the action 
of sodium hydride. As a further component there was eluted a base which is the 
main product and was identified as the desired compound XIIb . The single proton 
at C( 6 ) corresponds in the IH NMR spectrum to a doublet at 5·60 ppm. The com
pound affords a crystalline hydrogen maleate. The rechromatography of the most 
polar fractions on silica gel resulted in the isolation of the third product which is 
isomeric with compound XIIb but the IH NMR spectrum exhibits a singlet at 5·70 
ppm corresponding to a CH 2 group in position 6. The base peak of the mass spectrum 
(mlz 70) is an ammonium ion consisting only in a fragment of the piperidine ring. 
We have encountered with a similar product in the previous work 16 already and 
formulate similarly the present product as a compound XIX. The explanation of its 
formation supposes the sequence of three reactions: 1) reduction of the aldehyde 
XVIIb by the Grignard reagent to the alcohol, 2) nucleophilic substitution of the 
atom of chlorine by reaction with I-methyl-4-piperidylmagnesium chloride and 3) 
cyclization of the fluorinated primary alcohol with sodium hydride. A reaction of com
pound XIlb with ethyl chloroformate in benzene effected the N-demethylation and the 
primary product obtained (the carbamate) was hydrolyzed with potassium hydride 
in ethanoL The secondary amine XIIIb was obtained and alkylated with 2-bromo
ethanol in acetone in the presence of potassium carbonate to give the amino alcohol 
XI Vb. This was esterified with decanoic acid in boiling xylene under the conditions 
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of azeotropic distillation. The ester XVb formed was purified by crystallization 
of the hydrogen maleate and by its cautious decomposition with dilute sodium 
hydroxide; the '1 H NMR spectrum confirmed its identity and homogeneity. 

XVIIl XIX 

In the series c (methoxy derivatives) the work started from a reaction of 2,5-di
fluorothiophenol with 2-bromo-5-methoxybenzaldehyde2 3, carried out in dimethyl
formamide in the presence of potassium carbonate and copper at 150°C. Methoxy
benzaldehyde X Vii c was obtained as the main product which was distilled and crystal
lized. In a smaller amount there was isolated a further product as the higher boiling 
fraction. It contains a free phenolic hydroxyl (IR and IH NMR spectra) and was 
identified as the hydroxyaldehyde XVllf. The demethylation was evidently effected 
by the potassium salt of 2,5-difluorothiophenol; potassium thiophenoxide was 
described as a reagent for the cleavage of the aryl methyl ethers24

. Reaction of the 
aldehyde XVllc with I-methyl-4-piperidylmagnesium chloride gave the amino 
alcohol XVic which was characterized as the oxalate and by the mass spectrum; 
the fragment with 111 / Z 362 (M -17) is typical for benzyl alcohols and the base peak 
with 111/Z 98 corresponds to the ammonium ion with preserved piperidine nucleus. 
The cyclization of compound XVic with sodium hydride was carried out similarly 
like in the preceding case and the separation of the inhomogeneous product by chro
matography on aluminium oxide yielded 2-fluoro-8-methoxy-6H-dibenz[b,e]
-1,4-oxathiepin (XVllic) as a minor product and the base Xllc as the main product. 
The identity of both compounds has been confirmed by spectra and for the formation 
of the compound XVillc there is the same explanation as for the formation of com
pound XVillb. 

In compound Xlld the trifluoromethylthio group appears as the neuroleptic 
substituent with which we did not yet experiment in this connection but which showed 
to be in some series of tricyclic neuroleptics a substituent with positive influence 
on the activity 25 , 26. For the introduction of this substituent we used the known 4-chlo
rophenyl trifluoromethyl sulfide27 as the starting compound. It was chloromethylated 
with paraformaldehyde and chlorosulfonic acid; distillation of the product gave as 
the main fraction a mixture of monochloromethyl derivatives and a higher boiling 
fraction consisting in a mixture of bis(chloromethyl) derivatives. The monochloro
methyl derivatives XX and XXlli can be differentiated by the 1 H NMR spectrum 
and using this method there could be established that our product consisted in some 
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80% of the compound XX and the rest is the position isomer XXIII; the gas chro
matography gave a similar result. From the higher boiling fraction there crystallized 
from hexane a small amount of the substance CloH10Cl4 (mass spectrum, analysis) 
whose 1 H NMR spectrum indicates that we are dealing here with one of the tetra
(chloromethyl)benzenes28 ,29. With regard to the fact that all of the eight protons 
of the four CH2 Cl groups appear in the spectrum as a singlet, there seems to be 
a complete equivalence of these four CH2 Cl groups which is fulfilled only in the 
structure of 1,2,4,5-tetra(chloromethyl)benzene (XXIV). The literature29 reports 
for this compound a melting point value which is in a complete agreement with the 
melting point of our product. For these reasons we ascribe structure XXIV to our 
compound but we do not try to explain its formation in the reaction described. 

XX, R' = CH1CI 
XXI. Rl = CH 20H 
¥XII, Rl = CHO 

XXIII XXIV 

Reaction of the crude chloromethyl derivative XX with potassium acetate in di
methyl sulfoxide in the presence of triethylbenzylammonium chloride at 60°C and 
the following hydrolysis with boiling hydrochloric acid in a mixture of water and 
ethanol gave the crude 2-chloro-5-( trifluoromethylthio )benzyl alcohol (XXI) which 
was characterized by means of the 1 H NMR spectrum as to contain again approximate
ly 80% of the desired substance in addition to the corresponding position isomer. 
Without an attempt at purification the oxidation with potassium dichromate in a two
phase system of dichloromethane-aqueous sulfuric acid in the presence of triethyl
benzylammonium chloride at room temperature was carried out. The aldehyde XXII 

was obtained whose IH NMR spectrum indicates again the presence of some 20% 
of the undesired isomer. In the following reaction with 2,5-difluorothiophenol 
in hexamethylphosphoramide in the presence of aqueous sodium hydroxide at 100°C 
only compound XXII does react and affords the crystalline product XVIId; the 
less reactive position isomer of compound XXI I remains unchanged in the mother 
liquor. The aldehyde XVIId was then treated with I-methyl-4-piperidylmagnesium 
chloride in tetrahydrofuran and gave the amino alcohol XVId which was cyclized 
in crude state with sodium hydride similarly like in the preceding cases. Chromato
graphy of the mixture formed on aluminium oxide resulted in isolation of XII d as the 
single characterized product (spectra and the crystalline hydrogen maleate). 

Compounds XIIbcd were pharmacologically evaluated in the form of maleates 
as potential oral neuroleptic agents with the possibility of a prolonged action; the 
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doses (in mg/kg) given were calculated for the bases. Similar pharmacological methods 
like in one of the preceding communications of this series30 were used (oral admini
stration throughout). 

XlIb: LDso = 184 mg/kg. The effect on motor coordination of mice in the rotarod test is 
strongly protracted; EDso in 1 h after the administration = 0·9 mg/kg; in 3 h 0'3 mg/kg (maxi
mum activity), in 24 h 1·4 mg/kg, in 48 h 3·2 mg/kg; after 72 h a dose of S mg/kg brought about 
ataxia in SO% mice, after 96 h in 20% mice. Cataleptic effect in rats, EDso = 1·7 mg/kg (after 
24 h the effect disappeared). Antiapomorphine effect in rats in 4 h after the administration, 
Dso = J ·14 mg/ kg (for the inhibition of the apomorphine chewing) and 1·06 mg/kg (apomor
phine agitation). 

XIIc: LDso = 164 mg/kg. Rotarod, EDso = 0·77 (1 h), 0·46 (4 h) , 2' 3 (24 h), 3·6 mg/kg 
(48 h); inactive after 72 h. Catalepsy, EDso = 3·0 mg/ kg (inactive after 24 h). Antiapomorphine 
effects (4 h) , Dso = 2·9 (chewing) and 3'S mg/ kg (agitation). This compound was also tested 
with intravenous administration in further tests (effective doses or effective concentrations given) 
(Dr M. Bartosova, affiliated unit of this institute at Rosice ni L): LDso 60 mg/kg; analgetic 
effect (Haffner's test) 1- 5 mg/kg; corneal anaesthesia (rabbits'eye), 0,1-0, S%; a-adrenolytic 
effect (rat), 0·01 mg/kg; spasmolytic anti-acetylcholine effect (isolated rat duodenum),lllg/ml; 
spasmolytic anti-BaCl 2 effect, 1-10 Ilg/ml; hypothermic effect (mice), I - S mg/kg; antihistamine 
effect (detoxication of histamine in guinea-pigs), 0,1-1,0 mg/kg S.C.; thiopental potentiation 
(mice), 0·1 - 1·0 mg/ kg; antiamphetamine effect (mice), 0·01-0·1 mg/kg. 

XlId: LDso = 338 mg/ kg. Rotarod, EDso = 3·0 (2 h), 1·8 (S h), 6·0 mg/kg (24 h); in 48 h 
a dose of 10 mg/kg brings about ataxia in 30% mice, in 72 h in 10%. Catalepsy, EDso = 3'3mg/kg 

(after 24 h the effect disappeared) . Antiapomorphine effects in 4 h, Dso = 1·6 (chewing) and 
1·6 mg/kg (agitation), ineffective after 24 h. A dose of S mg/kg influenced in a typical manner 
the dopamine metabolism in striatum of the rat brain (Dr M. Valchaf, Pharmacological depart
ment of this institute): in 3 h after the administration the concentration of homovanillic acid 
(mctabolite of dopamine) was significantly increased. After 24 h the increase of this metabolite 
is only insignificant. The compound did not influence the metabolism of serotonin in the rat 
striatum (the level of 5-hydroxyindoleacetic acid unchanged). 

XVb was tested as a potential depot neuroleptic agent. Doses of 25 and SO mg/kg intramuscul
arly (a 2'S% solution of the base in Miglyol) had antiapomorphine effects in rats lasting 3, and 
8 days, respectively. A dose of S mg/ kg i.m . inhibited the apomorphine emesis in dogs for 2 weeks 
and the effect disappeared in the 3rd week after the administration . The oral acute toxicity of the 
hydrogen maleate was tested and the dose was calculated for the base, LDso = 425 mg/kg. 

IIa was nontoxic until the dose of SOO mg/kg orally. Rotarod, EDso = 108 mg/kg. The com
pound was ineffective in a dose of SO mg/ kg (orally) towards the electroshock convulsions 
in mice. 

In conclusion, compounds XIIbcd are extremely potent neuroleptic agents with 
clear prolongation of the central depressant effect. 

Three of the compounds were also tested fo r antimicrobial activity in vitro (Dr J. Turinova, 
Bacteriological department of tbis institute); microorganisms and the minimum inhibitory 
concentrations in Ilg/ ml given: Streptococcus ~-haemolyticus, XIIb 12'5, XIIc 50; Streptococcus 
/aecalis, X TIb 2S, XIIc 100; Staphylococcus pyogenes aureus, XIIb 6'2, XIIc SO; Escherichia coli, 
IIa 100, XIIb 25, XIIc 12'S; Proteus vulgaris, XIIb 50; Mycobacterillm tuberclilosis H37Rv, IIa 50; 
Trichophyton mentagrophy tes, IIa SO. 
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EXPERIMENTAL 

The melting points of analytical preparations were determined in an automatic Mettler FP-5 
melting point recorder. The samples were dried at about 60 Pa over P2 0 S at room temperature 
or at 77°C. UV spectra (in methanol) were recorded with a Unicam SP 8000 spectrophotometer, 
the IR spectra (mostly in Nujol) with a Unicam SP 200G spectrophotometer, the IH NMR 
spectra (in C2 HCI 3 unless stated otherwise), with a Tesla BS 487C (80 MHz) spectrometer and 
the 19F NMR spectra (in CHCI 3 , "CFC13 = 0) with the same instrument. The mass spectra were 
recorded with the spectrometers MS 902 (AEI) and Varian MAT-31!. The homogeneity of the 
compounds was checked by thin layer chromatography on silica gel (Silufol). The column chro
matographic separations were carried out either on neutral AI 2 0 3 (activity II) or on silica gel 
(Silpearl). 

5-Fluoro-2-methoxythiophenol (IV) 

5-Fluoro-2-methoxyaniline3 (106 g) was slowly added to a stirred mixture of 150 ml hydrochloric 
acid and 150 ml water, the mixture was cooled to O°C and diazotized at 0 - 4°C ' with a solution 
of 55·2 g NaN02 in 120 ml water. It was stirred for 30 min and the cooled diazonium salt solu
tion was added dropwise over I h to a stirred solution of 140 g potassium ethyl xanthate in 180 ml 
water containing 0·3 g NiS04.7 H 2 0 at 40-45°C. The mixture was stirred for I h, cooled and 
extracted with ether. The extract was washed with 10% NaOH and water and ether was evaporat
ed. The residue was dissolved in a: mixture of 500 ml ethanol and 20 ml water and the refluxing 
solution was slowly treated with 180 g KOH. It was ref!uxed for 8 h, ethanol was evaporated, 
the residue diluted with 400 ml water and the solution washed with ether. The aqueous layer 
was acidified with a mixture of 110 ml H2S04 and 500 ml water, 10 g Zn were added and the 
product was distilled with steam. The distillate was extracted with ether, the extract dried with 
Na2 S04 and distilled; 73·3 g (62%), b.p. 92-96°Cfl'l kPa. 1H NMR spectrum: " 6'60- 7'10 
(m, 3 H, Ar- H), 3·90 (s, 1 H, SH), 3.80 (s, 3 H, OCH3 ). For C7H7FOS (158,2) calculated: 
53'15% C, 4'46% H, 12'01% F, 20'27% S; found: 52'89% C, 4'44% H, 12·28% F, 20'03% S. 

2-(5-Fluoro-2-methoxyphenylthio)benzaldehyde (VIa) 

A solution of 31 '6 g IV in 50 ml hexamethylphosphoramide was treated with a solution of 8·0 g 
NaOH in 15 ml water and then 28·2 g 2-chlorobenzaldehyde were added. The mixture was 
stirred and heated for 3·5 h to 100°C, poured into 300 ml water and extracted with benzene. 
Processing of the extract gave 55 g oily residue which crystallized from light petroleum; 37-4 g 
(71%), m.p. 78-82·5°C. Analytical sample, m.p. 83-84°C (benzene-light petroleum). UV 
spectrum: A. max 210 nm (log e 4'39), 236 nm (4'21), 295 nm (3'84), inf!o 335 nm (3'49). IR spec
trum: 739, 752, 810, 880 (4 and 2 adjacent and solitary Ar-H), I 190, I 200, 1255 (ArOCH3 ), 

1 485, 1 560, 1 588, 3 000, 3035, 3 054 (Ar), 1 680, 1 700,2745 cm -1 (CHO). 1 H NMR spectrum: 
.5 10·45 (s I H, CHO), 7·95 (m, 1 H, 6-H), 6·80- 7-60 (m, 6 H, remaining Ar- H), 3-81 (s, 3 H, 
ArOCH3) . 19F NMR spectrum: " -122·8 (dt, JF(o- H) = 7'5 Hz, JF(m - H) = 6·0 Hz). For 
C14HllF02 S (262'3) calculated: 64·11% C, 4'23% H, 7'24% F, 12'22% S; found: 64'36% C, 
4'28% H, 7'38% F, 12'18% S. 

2-(5-F1uoro-2-methoxyphenylthio)-5-nitrobenzaldehyde (VIe) 

A solution of 31·2 g IVand 36·6 g 2-chloro-5-nitrobenzaldehydell in 200 ml ethanol was stirred 
and treated over 20 min at 40°C with a solution of 7·9 g NaOH in 150 ml ethanol, added dropwise. 
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The mixture was stirred at 60- 70°C for 3 h, ethanol was distilled off at normal pressure, the 
residue was diluted with water and extracted with benzene. The undissolved substance was 
filtered off and dried in vacuo; 19·7 g (33%) VIe. m.p. 180-187°C. Analytical sample. m.p. 
186-187°C (dioxane). UV spectrum: Ama. 297 nm (log e 3'92), 337 nm (4 '08). IR spectrum: 
816, 880, 900 (2 adjacent and solitary Ar-H), 1020, 1 192, 1270 (ArOCH3 ), 1 344, 1490 
(ArNOz), 1571, 1596, 3053, 3082 (Ar), 1689 em-I (ArCHO). For Cl4H10FN04S (307'3) 
calculated: 54' 72% C, 3'28% H, 6·18% F, 4 '56% N, 10'43% S; found: 54'74% C, 3'33% H, 
(j'32% F, 4'47% N, 10' 13% S. 

The filtrate was separated, the benzene layer was dried and evaporated. The oily residue is 
a mixture of at least three components, one of them being a further quantity of VIe which, 
however, could not be separated in a preparative way. It was crystallized from a mixture of ben
zene and light petroleum and gave 39· 7 g mixture of crystals. The mother liquor deposited on stan
ding 7·5g crystals which were recrystallized from light petroleum and melted at 98 -:- 100°C.The 
substance was identified as 2-(5-fluoro-2-methoxyphenylthio)-5-nitrobenzaldehyde diethyl acetal 
(VIlle). Mass spectrum, m /z (%): 381 (M+ corresponding to ClsHzoFNOsS, 20), 306 (81), 
276 (31),260 (25), 182 (100), 150 (28), 136 (25), 126 (41). IR spectrum: 809, 830, 872, 903 (2 adja
cent and solitary Ar- H), 1058, 1064, 1 195 (ArOCH3, ROR'), 1349, 1489, I 527 (ArNOz), 
15821603,3010,3085 cm - 1 (Ar). lH NMR spectrum: a8·51 (d, J = 2·5 Hz, I H, 6-H). 7·96(q, 

J = 8'0; 2·5 Hz, I H, 4-H), 6·90-7·30 (m, 4 H, remaining Ar-H), 5·80 (s. I H, Arc{:} 

3·75 (s, 3 H, OCH3 ), 3·68 (q , J = 7·0 Hz, 4 H, 2 OCHz), 1·31 (t, J = 7·0 Hz, 6 H , 2 C- CH3)' 
19FNMR spectrum: a -122'8 (dt, JF(o- H) = 7·5 Hz, JF(m-H) = 6·0 Hz). For CIsHzo . 
. FNOsS (381-4) calculated: 56'68% C, 5'28% H , 4'98% F, 3'67% N , 8'41% S; found: 56'37% C. 
5'32% H , 4'83% F, 3'65% N, 8'19% S. 

The above mixture of crystals was recrystallized first from a mixture of benzene and light 
petroleum and then from acetic acid without obtaining a homogeneous product. The acetic 
acid mother liquor deposited on standing 0·8 g bis(5-fluoro-2-methoxyphenyl) disulfide (V), 
m.p. 119-122°C (cyclohexane). Mass spectrum, m / z (%): 314 (M+ corresponding to C I4H 1Z ' 
.F2 0 ZSZ ' 91), 158 (20), 157 (26), 156 (34), 155 (21), 111 (100), 92 (26),91 (41), 83 (62). IR spec
trum: 798, 861, 892 (2 adjacent and solitary Ar- H), 1 174, 1 191 (ArOCH3 ). 1480, 
1 590, I 598, 3025, 3040, 3080 cm -I (Ar). 1 H NMR spectrum: a 7·21 (q, JH - F = 9·0 Hz, 
2 H , 6.6'-H 2), 6·80 (m, 4 H, remaining Ar- H), 3·88 (s. 6 H, 20CH3). 19 F NMR spectrum: 
a - 122,5 (dt, JF(o- H) = 7·5 Hz, JF(m - H) = 6·0 Hz). For CI4H12F20ZSZ (314·4) calculated: 
53-49% C, 3'85% H, 12'09% F , 20·40% S; found : 54'08% C, 3'94% H , 12 '08% F, 19·97% S. 

5-Chloro-2-(5-fluoro-2-methoxyphenylthio)benzaldehyde (Vlb) 

A) A solution of 6·15 g VIe in 90 ml acetic acid was treated with a solution of 13·54 g SnClz' 
.2 H 20 in 90 ml hydrochloric acid and the mixture was heated for 2 h gradually to SO°c. The 
solution was cooled to O°C and diazotized with a solution of 1·5 g NaN02 in 5 ml water. After 
20 min stirring at 0 - 4°C, 3 g CuCI in 15 ml hydrochloric acid were added, the mixture was 
stirred for 1 h at room temperature and then heated on a boiling water bath for 2 h. After cooling 
it was extracted with benzene, the extract was washed with water and 15% Na2C03' dried with 
MgS04 and evaporated. The oily residue was chromatographed on a column of 200 g silica gel. 
Elution with benzene removed in the first fractions the least polar impurities and afforded then 
1·40 g (27% per conversion) Vlb, m.p. 89- 91°C (cyclohexane). UV spectrum: )' 111" 295 nm 
(log e 3'91),347 nm (3·10), inflexes at 232 nm (4·18),253 nm (4·00),277 nm (3'84). IR spectrum: 
800, 830, 865, 882, 890 (2 adjacent and solitary Ar- H), 1 190, 1205 (ArOCH3), 1492. I 549, 
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1578" 1 599, 1605,3045,3065,3090 (Ar), 1690,1 702 cm- 1 (ArCHO). lH NMR-spectrum 
J 10-40 (s, 1 H, CHO), 7·89 (d, J = 2·5 Hz, 1 H, 6-H), 7·41 (q, J = 8'0; 2'5 Hz, 1 H, 4-H), 
7·18 (d, J = 8·0 Hz, 1 H, 3-H), c. 6·85 (m, 3 H, remaining Ar-H), 3·80 (s, 3 H, OCH3). For 
C14H10ClF02S (296'8) calculated: 56'66% C, 3'40% H, 11'95% Cl, 6'40% F, 10'81% S; found: 
57'40% C, 3'51% H, 12·15% Cl, 6'64% F, 10'87% S. 

Continued elution with benzene led to recovery of 0·81 g starting VIe, m.p. 182-185°C (ben
zene). Elution with chloroform gave 0·52 g compound crystallizing from benzene and melting 
at 231-233°C which was identified as 7-chloro-l-fluoro-4-methoxythioxanthone (X). Mass 
spectrum, m/z: 294 (M+ corresponding to C14HsClF02S), 279, 251, 223. UV spectrum: )'max 

255 '5 nm (log Ii 4'55), 318·5 nm (4'06), 391 nm (3'72), inflexes at 263 nm (4'52), 309 nm (3'91). 
IR spectrum (KBr): 816, 828, 868 (2 adjacent and solitary Ar-H), 1065, 1251, 1277, 2829 
(ArOCH3 ), I 575, 1 604, 3045, 3071 (Ar), 1 642 cm -1 (ArCOAr'). For C I4HsClF02S (294,7) 
calculated: 57'05% C, 2'74% H, 12'03% Cl, 6'45% F, 10'88% S; found: 57'12% C, 2·75% H, 
11'25% Cl, 6'22% F, 10'20% S. The same compound was obtained by standing of a solution 
of 0·1 g IXb in 2 ml H 2S04 at room temperature for 2 days; the mixture was decomposed with 
water, the solid filtered, washed with water and dried, m.p. 232·5-233·5°C. '. 

B) A solution of 26·2 g VIe in 300 ml dioxane was treated with a solution of 69·2 g SnCI 2 • 

. 2 H 2 0 in 300 ml hydrochloric acid and the mixture was stirred at 70°C for 2'5 h. The solution 
was cooled to O°C and diazotized with a solution of 6·4 g NaN02 in 20 ml water. It was stirred 
for 15 min at O°C, treated wit.h a solution of 13 g CuCl in 60 ml hydrochloric acid, stirred for 
30 min at room temperature and for 30 min on the boiling water bath. After cooling it was ex
tracted with benzene, the extract was washed with water, 10% Na2C03 and water, dried with 
MgS04 and evaporated. The oily residue was chromatographed on 400 g silica gel. The first 
to be eluted with benzene was 0·63 g disulfide V, m.p. 121-123°C (cyc1ohexane), identical with 
the product described above. It was followed by 7·51 g (30%) aldehyde Vlb, m.p. 88-92°C 
(cyc1ohexane). 

This was immediately followed by 0-44 g compound crystallizing also from cyc10hexane but 
melting at 113-116·5°C which was identified as 2-chloro-6-(5-fluoro-2-methoxyphenylthio)
benzaldehyde (XI). Mass spectrum, m/z: 296 (M+ corresponding to CI4HloClFOzS), 265, 
218, 189, 170, 126. UV spectrum: "'max 278 nm (log Ii 4'03), 292 nm (4'02), 349 nm (3·85), in flexes 
at 226 nm (4-46),240 nm (4'39) and 300 nm (3,99). IR spectrum (KBr): 743, 780, 809, 862 (3 and 
2 adjacent and solitary Ar-H), 1 190, 1 209, 1263,2820 (ArOCH3 ), 1486, 1 543, 1 576, 3030, 
3045. 3070 (Ar), 1 693, 2 740 cm -1 (ArCHO). 1 H NMR spectrum: i5 10·65 (s, 1 H, CHO), 
6·50 - 7·40 (m, 6 H, Ar-H), 3·71 (s, 3 H, OCH3 ). 19F NMR spectrum: i5 -122'8 (dt, JF(o-H) = 

= 7·5 Hz, JF(m _ H) = 6·0 Hz). For C 14H lOClF02S (296'8) calculated:56'66 % C, 3-40% H, 
11·95~~CI. 6'40%F, 1O'81%S; found: 57'1O%C, 3'41% H, 11'69%Cl, 6'50%F, 1O·95%S. 

As the last compound eluted with benzene was VIa, a product of the amino group elimination; 
identical with the compound described above; 2·71 g, m.p. 82- 83°C (cyc1ohexane). 

2-Ch loro-2-[2-(5-fluoro-2-methoxyphenylthio)phenyl]acetic Acid (VIla) 

A mixture of 37·2 g VIa, 200 ml chloroform and 1·5 g triethylbenzylammonium chloride was 
stirred and treated dropwise over 7 h at 30°C with a solution of 80 g NaOH in 80 ml water. 
It was allowed to stand for 2 days, stirred for 4 h and diluted with water. The aqueous 
was separated and acidified with hydrochloric acid, the product was extracted with ether, 
extract was dried with Na 2S04 and evaporated. The residue was dissolved in benzene and 
chromatographed on 1·1 kg silica gel. Benzene and chloroform eluted small fractions of 
polar impurities. The acid VIla was eluted with a mixture of chloroform and ethanol; 30·2 
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(65%), m.p. 107- 111°C. Analytical sample, m.p. 109 - 111°C (benzene- light petroleum). Mass 
spectrum, mjz (%): 326 (M+ corresponding to C tS H 12CIF03S, 33), 249 (20), 245 (100), 231 (37) 
230 (48), 215 (37), 202 (48). IR spectrum: 738, 750, 809, 877 (4 and 2 adjacent and solitary Ar-H) 
902, 1734 (RCOOH), 1 179, I 184, 1 193, 1 204, 1 256 (ArOCH3, COO H), 1 486, 1 594, 3040 
cm- 1 (Ar). lH NMR spectrum: a 10·80 (bs, 1 H, COO H), 6'30 - 7,80 (m, 7 H, Ar-H), 6·21 
(s, I H, Ar- CHCI-COO), 3·82 (s, 3 H, OCH3). 19F NMR spectrum: a - 122,8 (dt, JF(O-H) = 

= 7·5 Hz, JF(m - H) = 6·0 Hz). For ClsH12CIF03S (326'8) calculated: 55'13% C, 3'70% H, 
10'85% CI; found: 55'65~;;; C. 3'77% H, 10'20% CI. 

2- F I uoro-6H-dibenz[b,e ]-1 ,4-oxathiepin-6-carboxylic Acid (Ia) 

A sol ution of 16·1 g VIla in 200 ml dichloromethane was treated dropwise over 10 min with 
25· 1 g BBr3, the mixture was stirred for 5 h at room temperature, allowed to stand overnight, 
treated with 100 ml ethanol and the solvents evaporated in vacuo. The residue was dissolved 
in 150 ml dimethyl sulfoxide and the solution was added drop wise over 5·5 h to a stirred mixture 
of 50 ml 20% NaOH and 300 ml dimethyl sulfoxide at 70°C. The heating was continued for 1 h, 
the mixture was diluted with water and the solution washed with benzene. The aqueous layer was 
then acidified with hydrochloric acid and the product was extracted with benzene . Evaporation 
of the extract gave 7·2 g (63%) la, m.p. 199-202°C (benzene-ethanol). IR spectrum: 726, 776, 
811, 868 (4 and 2 adjacent and solitary Ar- H), 935, 1 729, 2 630, 3 150 (R- COOH), 1 100, 
I 182, 1 254 (ArOR, COO H), 1 580,1 590, 1 609 cm - t (Ar). 1 H NMR spectrum (C2H3S0C2H3): 
(5 13-40 (bs, 1 H, COOH), 6'80-7·70 (m, 7 H, Ar- H), 6·12 (s, 1 H, ArCH- O- ). For C14H 9 . 

. F0 3 S (276'3) calculated: 60'86% C, 3'28% H, 6'88% F, 11'61% S; found: 60'69% C, 3'30% H, 
6·82% F, 11 ·82% S. 

8-Ch lo ro-2-fluoro-6H-dibenz[b,e ]-1 ,4-oxathiepin-6-carboxylic Acid (Ib) 

A mixture of 5'63 g VII;, 40 ml chloroform and 0·3 g triethylbenzylammonium chloride was 
treated dropwise over 2 h with a solution of 15 g NaOH in 15 ml water. The solution was stirred 
for 5 h at 30°C, diluted with water and the organic layer was separated. The aqueous layer was 
acidified with hydrochloric acid and the product extracted with benzene. The benzene solution 
was chromatographed on a column of 120 g silica gel. Benzene eluted only small amounts of the 
least polar impurities. The main acid fraction was eluted with chloroform; 2·63 g oil. It was 
dissolved in a small vol ume of cyclohexane and 0·40 g compound was obtained, m.p. 208 - 209°C 
(benzene- light petro leum). It was identifted as 5-chloro-2-(5-fluoro-2-methoxyphenylthio)ben
zoic acid (IXb). UV spectrum: I' max 221 nm (log e 4'40), 258'5 nm (4'04), 297 nm (3 '92), infl. 
325 nm (3' 76). IR spectrum: 784, 811 , 824, 780 (2 adjacent and solitary Ar-H), 925, 1 695, 2 535, 
2600, 2 640, 2705 (ArCOOH), I 259 (ArOCH3, COOH), 1 490, 1 550, 1 588, 1 600 cm- 1 (Ar). 
I H NMR spectrum (C2H 3 S0C2H 3 ): (5 7·90 (d, J = 2·5 Hz, 1 H, 6-H), 7·00 - 7·50 (m, 4 H, 
4-H and 3 ArH of the fluorophenyl), 6·70 (d, J = 8·0 Hz, 1 H, 3-H), 3·70 (s, 3 H, OCH3)·For 
Cl4H IOC1F03S (312,8) calculated: 53·77% C, 3'22% H, 11'34% CI, 6'08% F, 1O·25%S;found: 
53· 56% c, 3'29% H , 11·13% Cl, 6'13% F, 10'62% S. 

The cyclohexane mother liquor was evaporated. The oily residue (2·23 g) represents the crude 
acid VI/b . It was dissolved in 25 ml dichloromethane and the solution was treated with 3·1 g 
BBr3 ' The mixture was stirred for 7 h at room temperature, treated with 20 ml ethanol and the 
sol vent s were evaporated. The residue was dissolved in 20 ml dimethyl sulfoxide and the solu
tion was a dded dropwise over 90 min to a stirred mixture of 8111120% NaOH and 401111 dimethyl 
sul foxi de at 70°C. It was stirred for 4 h at 70°C, diluted with water and washed with benzene. 
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The aqueous solution was acidified with hydrochloric acid and the product extracted with chloro
form . The extract was washed with water, dried with MgS04 and evaporated. The oily residue 
crystallized partly from benzene; 0·90 g (15% calculated per starting Vlb) crude lb, m.p. 180 to 
185°C. Analytical sample, m .p. 197-198°C (benzene). UV spectrum: )' max 277 nm (log e 3'89), 
284 nm (3'95), inflexes at 252 nm (4'03) and 300 nm (3 '86). IR spectrum: 814, 860, 876 (2 adjacent 
and solitary Ar-H), 907,1714,1740,2660, 3 140 (R-COOH), 1 193, 1250 (ArOR, COOH), 
1 564, 1 584, 1 610 cm -1 (Ar). 1 H NMR spectrum (C2 H 3S0c2 H 3): (j 7·30- 7·70 (m, 3 H, 
7,9, IO-H3), 6·80-7·20 (m, 3 H, 1,3,4-H3), 6·18 (s, 1 H, ArCH -- O-). For C14H sCIF03S 
(310'7) calculated: 54·11% C, 2'60% H, 11-41% CI, 6'11% F, 10'32% S; found: 54'14% C, 2'64% H, 
11'31 % CI, 6·23% F, 10'28% S. 

2-FI uoro-6H-dibenz[b,e ]-1 ,4-oxathiepin-6-carboxamide (Ila) 

A solution of 7·25 g Ia and 7·0 g triethylamine in 100 ml tetrahydrofuran was stirred and treated 
at - 5°C with 6·0 ml ethyl chloroformate, added dropwise. The mixture was stirred for 90 min, 
200 ml 20% NH4 0H were added and the stirring at room temperature continued for 4 h. The 
mixture was extracted with ether, the extract washed with water, dried with ~3C03 and eva
porated. The residue was dissolved in ethanol and a small amount of an insoluble substance 
was filtered off. The filtrate was evaporated again and the residue (6·9 g) was dissolved in benzene 
and the solution was chromatographed on 200 g silica gel. Benzene eluted 2·82 g (35%) of a less. 
polar component which was identified as ethyI2-f1uoro-6H-dibenz[b,e]-1,4-oxathiepin-6-carboxyl
ate (IlIa), m.p. 86,5- 87'50C (cyclohexane). IR spectrum: 727, 750, 770, 810, 864 (4 and 2 adjacent 
an d solitary Ar-H), 1050, 1063, 1079, 1 180 (ArOR), 1240, 1253,1750 (R-COOR '), 1480, 
1 607,3020,3035, 3060cm- 1 (Ar). lHNMR spectrum: (j 7·15- 7·70 (m, 4H, 7,8,9,IO-H4 ), 

6'60 - 7'00 (m, 3 H, 1,3,4-H3), 6·31 (s, 1 H, Ar- CH- O), 4·34 (q, J = 7·0 Hz, 2 H, CHzO), 
1·29 (t, J = 7·0 Hz, 3 H, CH3 of ethyl). For Cl6H13F03S (304'3) calculated: 63·14% C, 4'31 % H , 
6·24% F , 10'54% S; found: 63'18% C, 4'53% H, 6'15% F, 10'50% S. 

The chromatography was continued using chloroform as the el uent. There were obtained 2·85 g 
(40%) amide Ila, m.p. 175'5-176'5°C (benzene). IR spectrum (KBr): 774, 797, 816, 854 (4 adjacent 
and solitary Ar- H), 1 192, 1250 (ArOR), 1483, 1 592, 1609 (Ar), 1673, 1704 (CONHz), 
3 110, 3 180, 3220, 3448 cm -1 (NH2 ). 1 H NMR spectrum (C zH 3S0CZH 3 ): (j 7·88 (bd, 2 H, 
CONH2 ), 6·80-7·60 (m, 7 H , Ar- H), 6'38 (s, 1 H, Ar- CH-O). For C14H10FNOzS (275 ' 3) 
calculated: 61·08% C, 3'66% H , 6'90% F, 5'09% N , 11'65% S; found : 6050% C, 3·84% H, 6'98% F, 
5'17% N, 11 '34% s. 

2,5-Difluorothiophenol 

NaNOz (24'0 g) was slowly added with stirring to 152 ml H 2S04 at 5- IO°C, the mixture was 
heated to 70°C, the clear solution formed was cooled and treated dropwise at 15-20cC over 
I h with a solution of 35·8 g 2,5-difluoroaniline31 in 270 ml acetic acid. The mixture was stirred 
for 3 h at 20cC, allowed to stand overnight at O°C and added dro pwise over 75 min to a stirred 
solution of 80 g potassium ethyl xanthate and 545 g Na 2 C03 in I 500 ml water at 50cC. The 
mixture was stirred for 2 h at room temperature and extracted with ether. The extract was washed 
with water and evaporated. The residue was dissolved in 190 ml ethanol and the refluxing solu
tion was slowly treated with a solution of 87 g KOH in 65 ml water. The mixture was refluxed 
for 12 h under nitrogen. Ethanol was distilled off in vaClIO, the residue dissolved in 200 ml water, 
7 g Zn were added and the mixture treated drop wise at 5-IOcC with 165 ml hydrochloric acid. 
The product was extracted with ether, the extract dried with MgS04 and distilled; 28·3 g (70%),' 
b.p. 58- 6O°C/2 kPa. Lit.l 7, b.p. 60- 62°C/2 kPa. 
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2-Chloro-5-(trifluoromethylthio)benzyl Chloride (XX) 

A stirred mixture of 116·8 g 4-chlorophenyl trifluoromethyl sulfide27 and 20 g paraformaldehyde 
was treated dropwise at -5°C with 60 g chlorosulfonic acid, the mixture was stirred for 3 h 
at - 5°C and allowed to stand for 3 days at this temperature. It was then decomposed by pouring 
on ice and extracted with chloroform. The extract was filtered, dried with MgS04 and distilled. 
First of all there were recovered 54·1 g starting 4-chlorophenyl trifluoromethyl sulfide, b.p. 
70 - 80°c/l'6 - 2 kPa. The fraction boiling at 115-140°c/2 kPa is a mixture of monochloro
methyl derivatives consisting mainly in XX; 33·7 g (44% per conversion). IR spectrum (film): 
824, 888 (2 adjacent and solitary Ar-H), 1091, 1113, 1135, 1 162 (ArSCF3), 1469, 1580, 
3030, 3060 cm -1 (Ar). 1 H NMR spectrum: J 7,20- 8·00 (m, 3 H, Ar- H), 4·63 (s , 1·6 H, 
ArCH 2Cl in XX), 4·75 (s, 0·4 H, ArCH2Cl in XXIII); this spectrum indicates that the product 
contains 80% XX and 20% XXIII. The analysis by gas chromatography gave the same result. 
For CsHsCI2F3S (261,1) calculated: 36'80% C, 1'93% H, 27·16% Cl, 21·83% F, 12'28% S; 
found: 37'25% C, 2'00% H, 26'81 % CI, 20'79% F, 12'80% S. 

There were further obtained 5·2 g fraction boiling at 140 - 180°Cj2 kPa consisting mainly 
in a mixture of isomeric bis(chloromethyl) derivatives . The fraction was dissolved in a small 
volume of hexane. By standing the solution deposited 0·2 g crystals melting at 152'5-153°C 
(benzene-light petroleum). On the basis of the evidence available this product is formulated 
as 1,2,4,5-tetra(chloromethyl)benzene (XXIV). Mass spectrum, mlz: 270 (M+ corresponding 
to CloH1035C14)' 235 (CloHI03SCI3)' IH NMR spectrum: J 7'39 (s, 2 H, Ar-H), 4·65 (s, 8 H, 
4 ArCH2CI). For C(OH( oCl4 (272-0) calculated: 44·16% C, 3·71 % H, 52·14% CI; found: 44'25% C, 
3-65% H, 51·24% CI. Lit. 29 , m.p. 151-153°C. 

2-Ch loro-5-( trifluoromethy I thio )benzy I Alcoho I (X XI) 

A mixture of 55·6 g crude XX, 23 g potassium acetate, 150 ml dimethyl sulfoxide and 10 g tri
ethylbenzylammonium chloride was stirred for 5 h at 60°C, poured into water, extracted with 
benzene and the extract was evaporated. The residue (55 g oil) was dissolved in 200 ml ethanol, 
the solution was treated with 100 ml water and 20 ml hydrochloric acid and the mixture was 
stirred and refluxed for 7 h. Ethanol was distilled off, the residue was diluted with water and 
extracted with benzene. The extract was dried and distilled; 40·2 g (78%), b.p. 140- I 50°Cj2 kPa. 
According to the IH NMR spectrum the product contains 80% XXI and 20% of the position 
isomer: J 7·18-7·90 (m, 3 H, Ar- H), 4·71 (s, 1 ' 6H, ArCH20 in XXI), 4·83 (s, 0·4 H , ArCH20 
in the isomer), 2·39 (s, 1 H, OH). IR spectrum (film): 821, 876, 894 (2 adjacent and solitary 
Ar·-H), 1090, 1 114, 1 143, 1 164 (ArSCF3), 1040, 1055, 3290 (CH20H), 1460, 1 560, 1 580 
em-I (Ar). For Cs H6 CIF30S (242'7) calculated: 39'60% C, 2-49% H, 14'61 % Cl, 23-49% F, 
13'21 % S; found: 40'45 % C, 2'55% H, 15'21% CI, 23'17% F, 13'47% S. 

2-Chloro-5-(trifluoromethylthio)benzaldehyde (XXII) 

TriethylbenzylammoniGill chloride (3 '6 g) was added to a solution of 39·9 g crude XXI in 400 ml 
dichloromethane, the r:-.ixture was cooled to 15-20°C and treated dropwise under stirring 
with a solution of 20·6 g K 2Cr20 7 and 135 ml H 2S04 in 270 ml water with maintaining the 
temperature mentioned. The mixture was stirred for 4 h, allowed to stand overnight, the organic 
layer was separated, washed with water and 5% NaOH, dried with MgS04 and dist illed; 34· I g 
(37%), b.p. 120- 130°Cj2 kPa. IR spectrum (film): 7 .~4, 756 (C- Cl), 831,900 (2 adjacent and 
solitary Ar-H), 1 091, 1 113, 1 135, 1 163 (ArSCF3), 1 462, 1 578, 3030, 3055 (Ar), 1 700 cm- 1 

(ArCHO). 1 H NMR spectrum indicates again the presence of some 80% XXII and 20% of its 
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position isomer: J 10·53 (s, 0·2 H, ArCHO in the isomer), 10-45 (s, 0·8 H, ArCHO in XXll), 
7,30- 8,30 (m , 3 H, Ar- H), For CsH4CIF30S (240'6) calculated: 39'93% C, 1'68% H, 14'73%CI, 
23'69% F, 13'32% S; found: 40'51% C, 1'75~~ H, 15'13% CI, 23-66% F, 13-47% S. 

5-Chloro-2-(2,5-difluorophenylthio)benzaldehyde (XVIIb) 

A solution of 3'60 g NaOH in 6 ml water"was added to a solution of 13·1 g 2,5-difluorothio
phenol in 20 ml hexamethylphosphoramide, the mixture was treated with 13·65 g 2,5-dichloro
benzaldehydel6 and heated for 5·5 h to 100°C. After cooling it was diluted with 150 ml water 
and extracted with benzene. The extract was washed with 5% NaOH and water. dried with 
MgS04 and evaporated under reduced pressure. Crystallization of the residue from a mixture 
of benzene and light petroleum and processing of the mother liquors gave 16·4 g (74%) product 
melting at 84- 89°C. Analytical sample, m.p. 88- 90°C (benzene-light petroleum). UV spectrum : 
Amax 235 nm (log e 4·17), 280 nm (3'90), inll. 245 nm (4,10). IR spectrum (KBr): 760 (C-Cl), 
825, 880 (2 adjacent and solitary Ar- H), 1 480, 1 548, 3025, 3062 (Ar), 1 688 cm -I (ArCHO). 
For C13 H 7 CIF20S (284,7) calculated: 54'84% C, 2'48% H, 12-46% CI, 13'34% F, 11'26% S; 
found : 55'31% C, 2'40% H, 12·15% CI, 13-82% F, 11 '08% S. 

2-(2,5-Difluorophenylthio)-5-methoxybenzaldehyde (XVIIc) 

A mixture of 19·7 g 2-bromo-5-methoxybenzaldehyde23 , 14·1 g 2,5-difluorothiophenol, 14·0 g 
K ZC03 , 75 ml dimethylformamide and 2·1 g Cu was stirred and heated for 6 h to 150°C. After 
cooling it was diluted with 150 ml water and 150 ml benzene, filtered and the filtrate was extracted 
with benzene. The extract was washed with water, dried with MgS04 and distilled. The lower 
boiling fraction is the crude product XVIIc; 13-3 g (52%), b.p. 163-165°C/40 Pa. This crude 
product was chromatographed on a column of 500 g Al z0 3; first fractions of benzene eluted 
9·97 g (39%) XVIIc, m.p. 67-68°C (cyclohexane). UV spectrum: Amax 228 nm (log e 4'32), 
241 nm (4'28), 281 nm (3'86), in flexes at 322 nm (3'09), 335 nm (3'00), 350 nm (2'92), 366 nm 
(2'88). IR spectrum: 817, 830, 869, 877 (2 adjacent and solitary Ar- H), 1166, 1 183, 1230, 
1 275 , 1 304 (ArOCH3), 1 475, 1 582, 1 610,3030 (Ar), 1 689 cm - 1 (ArCHO). I H NMR spectrum 
J 10·40 (s, 1 H, CHO), 7·41 (d, J = 3·0 Hz, 1 H, 6-H), 7·35 (d, J = 8·5 Hz, 1 H, 3-H), 7·02 
(q, J = 8'5 ; 3·0 Hz, 1 H, 4-H), 6'30-6'95 (m, 3 H, Ar- H in difluorophenyl), 3·80 (s, 3 H, 
OCH3). 19F NMR spectrum: J - 117'78 (m, 2 F). For CI4HIOFzOzS (280'3) calculated: 
59'99% C, 3-60~ H, 13-56% F, 11 '43% S; found: 60'22% C, 3'52% H, 13·76% F, 11-51% S. 

There were further obtained 2·8 g of a higher boiling fraction, b.p. 170- 190°C/ 60- 100 Pa , 
which crystallized from a mixture of benzene and light petroleum and was recrysta llized from 
benzene, m .p. 161-162°C. It was identified as 2-(2,5-difluorophenylthio)-5-hydroxybenzal
dehyde (XVII!). UV spectrum: Amax 222 nm (log e 4'28), 280 nm (3·79), 325 nm (3·16), inflexes 
at 240 nm (4·23), 350 nm (2,93), 364 nm (2,87). IR spectrum: 791, 811, 823, 880 (2 adjacent and 
solitary Ar- H), I 250, 1 300 (ArOH), 1480, 1 563 (Ar), 1 669 (ArCHO ... HOAr), 3 170cm - I 

(OH). IH NMR spectrum (CZH 3S0C zH 3 ): J 10·36 (s , disappears after zHzO, 1 H, OH), 1025 
(s, 1 H, CHO), 6'60-7-40 (m, 6 H, Ar-H). For C13HSF20zS (266'3) calculated: 58'64% C, 
3'03% H, 14'27% F, 12'04% S; found: 59'12% C, 2'84% H, 14'37% F , 12'05% S. 

5-(Trifiuoromethylthio)-2-(2,5-difluorophenylthio)benzaldehyde (XVlId) 

A solution of27·6 g crude XXII (containing 22·1 g pure XXII) in 30 ml hexamethylphosphoramide 
was treated with 13·4 g 2,5-difluorothiophenol and then with a solution of 4·0 g NaOH in 7 ml 
water. The mixture was stirred for 5·5 h at 100°C, poured into water, the precipitated product 
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was filtered, washed with water, dried and crystallized from cyc!ohexane; 24·0 g (75%), m.p. 
92-102°e. Analytical sample, m.p. 103-104'5°C (cyc!ohexane). UV spectrum: )'ma" 238 nm 
(log Ii 4'04), 279 nm (4'00), infl. 230 nm (4'06). IR spectrum: 820, 876 (2 adjacent and solitary 
Ar-H), 1 110, 1 125 (ArSCF3), 1 481, 1 534, 1 578, 3013, 3040, 3073 (Ar), 1 689 cm- 1 

(ArCHO). 1 H NMR spectrum: 0 10·22 (s, 1 H, CHO), 8·09 (s, J = 2·0 Hz, 1 H, 6-H), 7·59 
(q, J = 9'0; 2·0 Hz, 1 H, 4-H), c. 7·15 (m, 3 H, Ar-H of difiuorophenyl), 6·95 (d, J = 9·0 Hz, 
1 H, 3-H). For C14H7FsOS2 (350'3) calculated: 48'00% C, 2·01% H, 27'12% F, 18'30% S; 
found: 48·29% C, 2'01% H, 27'07% F, 18·68% S. 

2-(2,5-Difiuoropheny Ithio )-5-methoxy-cx-( I-methy l-4-piperidyl)benzy I A Icohol (X VIc) 

The Grignard reagent was prepared by reacting 1·25 g Mg and 6· 7 g 4-chloro-l-methylpiperidine22 

in 40 ml tetrahydrofuran and refiuxing for 1· 5 h . It was stirred and treated over 10 min with 
a solution of 9·35 g XVIlc in 20 ml tetrahydrofuran, added dropwise. The mixture was refiuxed 
for 3 h, cooled, decomposed with a solution of NH4C1 and extracted with benzene. The extract 
was washed with water, dried with K 2C03 and evaporated in vacuo; 12·6 g (100%) oily product 
which was used without purification for the next step. A sample was neutralized with oxalic 
acid giving the hydrogen oxalate, m.p. 160- 163°C (acetone). Mass spectrum, m/z (%): 379 
(M+ corresponding to C2oH23FN02S, 10%), 362 (M-17, 1'5), 361 (1), 360 (2). 99( 100). 
98 (100). For C22H2SF2N06S (469 '5) calculated: 56'28% C, 5'37% H, 8'09% F, 2·98% N, 
6'83% S; found: 56'43% C, 5'53% H, 7·98% F, 3'34% N, 7'10% S. 

8-Chloro-2-fiuoro-6-(I-methyl-4-piperidyl)-6H-dibenz[b,eJ-l,4-oxathiepin (XIIb) 

The Grignard reagent was prepared from 4·5 g Mg and 22'3 g 4-chloro-l-methylpiperidine22 

in 140 ml tetrahydrofuran and was treated over 10 min with a solution of 31·6 g XVIIb in 80 ml 
tetrahydrofuran, added dropwise . The mixture was refiuxed for 2 h, allowed to stand overnight. 
decomposed with 150 ml 20% NH4C1 solution and extracted with benzene. The extract was 
washed with water. dried with K 2C03 and evaporated in vacuo giving 42·6 g crude XVIb. It was 
dissolved in 200 ml dimethylformamide and the solution was added to a mixture of 7·8 g NaH 
and 300 ml dimethylformamide. It was stirred under nitrogen for 2 h at room temperature 
and for 14 h at 50°e. Afterwards it was poured into water and extracted with ether. The extract 
was washed with water, dried with K 2C0 3 and evaporated. The oil obtained was chromato
graphed on a column of 1 kg A1 20 3 . E lution with benzene gave first 1·75 g 8-chloro-2-fiuoro
-6H-dibenz[b,eJ-I,4-oxathiepin (X VIIIb) , m.p. 121'5- 123'5°C (cyc!ohexane). IR spectrum: 
815, 870 (2 adjacent and solitary Ar- H), 1 260 (ArOR), 1490, 1 588, 1 606, 3005, 3025 cm- 1 

(Ar). 1H NMR spectrum: 0 6·70- 7'50 (01, 6 H, Ar- H), 5·35 (s, 2 H, ArCH20). 19F NMR 
spectrum: 0 - 122'09 (dt, JF(o-H) = 8·5 Hz; JF(m -H) = 6·0 Hz). For C 13 H 8C1FOS (266·7) 
calculated: 58'54% C, 3'02% H, 13-29% Cl, 7'12% F, 12'02% S; found: 58·66% C, 3'13% H. 
13-25% Cl, 7'15% F, 11'92% S. 

Continued elution with benzene gave 12·39 g XIIb which was recrystallized from cyclohexane 
and melted at 127- 129°e. 1 H NMR spectrum: 0 6·70- 7·50 (01, 6 H, Ar- H), 5·60 (d, J = 

= 9·0 Hz, 1 H, Ar- CH- O), 2·28 (s, 3 H, NCH3), 1-40- 3·00 (01, 9 H, 4 CH2 and CH of pipe
ridine). For C1 9H19CIFNOS (363'9) calculated: 62' 71% C, 5'26% H, 9'74% CI, 5'22% F, 3'85% N. 
8'81% S; found: 62'67% C, 5'30% H, 9'50% Cl, 5'33% F, 3'79% N, 8'62% S. 

Neutralization of the base XIIb with maleic acid in a mixture of acetone and ether gave the 
hydrogen maleate, m.p. 190-192°C (ethanol). For C23H23C1FNOsS (480'0) ca lculated: 57'56%C, 
4'83% H, 7'39% CI, 3'96% F, 2-92% N, 6'68% S; found: 57'55% C, 5·11 % H, 7'64% CI, 3'60% F, 
2'71% N, 6'65% S. 
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Hydrocllloride monohydrate, m.p. 168-170°C (95% ethanol-ether). For C19H20CI2FNOS + 
+ H20 (418'4) calculated: 54'55% C, 5'30% H, 16·95% CI, 4'54% F, 3'35% N, 7'66% S; found: 
54-75% C, 5·29% H, 16'31% Cl, 4'33% F, 3·18% N, 7·47% S. 

Chromatography was continued using a mixture of benzene and chloroform as the eluent. 
There were obtained 3·08 g mixture which was rechromatographed on 200 g silica gel. Elution 
with a mixture of chloroform and ethanol gave first 2·24 g XIIb, m.p. 126-128'5°C, The total 
yield is thus 14·63 g (36%). Continued elution with the same mixture yielded 0' 52 g 2-fluoro
-8-(I-methyl-4-piperidyl)-6H-dibenz[b,ej-l,4-oxathiepin (XIX) m.p. III - 112°C (hexane). Mass 
spectrum, m/z (%): 329 (M + corresponding to C19H 20FNOS, 6·8%), 328 (17'6), 311 (23'6). 
300 (6'4), 267 (9'6), 253 (6 '4), 128 (11'6), 115 (16,8), 98 (12'0), 70 (100), 58 (36), 57 (40). IR 
spectrum: 812, 872, 898 (2 adjacent and solitary Ar- H), 1 188, 1255 (ArOR, Ar- F), 1484, 
I 567, I 585, 1 605 (Ar), 2720, 2760, 2780 cm -1 (N- CH3)' lH NMR spectrum: 0 6,60-7,50 
(m, 6 H, Ar- H), 5·70 (s, 2 H, ArCH20), 2·30 (s, 3 H, NCH3), 1,70-3,10 (m, 9 H, 4 CH2 and 
CH of piperidine). For C19H 20FNOS (329'4) calculated: 69'27% C, 6·12% H, 5·77% F, 4'25% N, 
9'73% S; found: 68'93% C, 6'30% H, 5'82% F, 4'00% N, 9·90% S. 

2-Fluoro-8-methoxy-6-(l-methyl-4-piperidyl)-6H-dibenz[b,ej-l,4-oxathiepin (XIIc) 

A solution of 12·5 g XVIc in 60 ml dimethylformamide was added to a suspension of 2' 5 g NaH 
in 80 ml tetrahydrofuran and the mixture was stirred under nitrogen for II h at 70°C. It was 
then poured into water and extracted with ether. Processing of the extract gave 10·0 g oil which 
was chromatographed on 500 g A1 2 0 3 . Benzene eluted as the least polar fraction 1·06 g 2-fluoro
-8-methoxy-6H-dibenz[b,ej-l,4-oxathiepin (XVIIIc), m.p. 119 - 120°C (cyclohexane). UV spec
trum: Amax 230 nm (log 8 4'42), 279 nm (3,94), inflexes at 295 cm (3'83), 302 nm (3·76). IR spec
trum: 820, 829, 856, 873, 895 (2 adjacent and solitary Ar-H), 1 182, 1 240, 1 250 (ArOR, C-F), 
1478, 1570, 1600,3038 cm- 1 (Ar). IH NMR spectrum: 0 7·39 (d, J= 8·5 Hz, I H, lO-H), 
6'60 - 7'00 (m, 5 H, remaining Ar- H), 5·40 (s, 2 H, ArCH20), 3·80 (s, 3 H, OCH3). For C 14H 11 . 
. F02S (262'3) calculated: 64'11% C, 4'23% H, 7'24% F, 12'23% S; found: 64'88% C, 4'29% H, 
7-45% F, 12·03% S. 

Continued elution with benzene, a mixture of benzene and chloroform and finally with chloro
form resulted in 7·17 g (61%) homogeneous oily XIIc which was neutralized with maleic acid 
in a mixture of acetone and ether and gave the hydrogen maleate, m .p. 180-181'5°C (acetone
-ether). For C24H26FN06S (475'5) calculated: 60'62% C, 5·51% H, 4'00% F, 2'95% N, 6'74% S; 
found: 61'25% C, 5·68% H, 3'82% F, 2'91% N, 6'75% S. 

Decomposition of the maleate with NH4 0H and extraction with ether gave the pure oil y 
base Xllc which was used for recording the spectra. IHNMR spectrum: 0 7·48 (d, J = 8·5 Hz, 
I H, lO-H), 6,60 - 7,00 (m, 5 H, remaining Ar-H), 5·70 (d, J = 9·0 Hz, 1 H, Ar- CH- O) , 
3·80 (s, 3 H , OCH 3), 2·28 (s, 3 H, NCH3 ) , 1'40-3 '00 (m, 9 H, 4 CH2 and CH of piperidine). 
19F NMR spectrum: 0 -122'59 (dt, JF(o-H) = 8·5 Hz, JF(m-H) = 6·0 H). 

2-Fluoro-8-(trifluoromethylthio )-6-(1-methy 1-4-piperidyl)-6H-dibenz[b,e j-I, 4-oxa thiepin 
(Xlld) 

The Grignard reagent was prepared from 2·4 g Mg and 12·0 g 4-chloro-l-methylpiperidine22 

in 70 ml tetrahydrofuran and was treated similarly like in the preceding cases with a solution 
of 21·2 g XVlld in 40 ml tetrahydrofuran. Similar processing gave the crude oily XVId which 
was dissolved in 100 ml dimethylformamide and the solution was added to a suspension of 4·3 g 
NaH in 150 ml dimethylformamide. The mixture was stirred under nitrogen for 15 h at 70°C. 
Processing gave 16·35 g oily mixture which was chromatographed on 1 kg A1 20 3 . Elution with 
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benzene separated first 0·81 g less polar impurities. Continued elution with benzene and then 
with ,chloroform resulted in 5'34 g (21%) XIId which crystallized from light petroleum and melted 
at 77- 81°C. IR spectrum: 810, 830, 860 (2 adjacent and solitary Ar-H), I 100, 1 120, 1 165 
(ArSCF3 and ArOR), 1 480, 1 580, I 605 (Ar), 2 700, 2745 cm -1 (N-CH3). 1 H NMR spec
trum: b 7'50 (s, 3 H, 7,9,1O-H3), 6,60-7,00 (m, 3 H, 1,3,4-H3), 5·50 (d, J = 8·0 Hz, I H, Ar
- CH- O), 2·25 (s, 3 H, NCH3), 1'40 - 3·00 (m, 9 H, 4 CHz and CH of piperidine). For CZO H 19 • 

. F 4NOSz (429'5) calculated: 55'93% C, 4'46% H, 17'69% F, 3'26% N, 14'93% S; found: 56'05% C, 
4'37% H, 17'93% F, 3'09% N, 15·09% S. 

Hydrogen maleate, m.p. 151-153°C (acetone-ether). For C24H23F4N05S2 (545'6) calculat
ed: 52·84% C, 4'25% H, 13 '93% F, 2'57% N, 11'75% S; found: 53'09% C, 4'29% H, 14·13% F, 
2'29% N, 11'83% S. 

8-Chloro-2-fluoro-6-(4-piperidyl)-6H-dibenz[b,e)-1 ,4-oxathiepin (XIIlb) 

A refluxing solution of 11·0 g XIIb in 50 ml benzene was treated over 30 min dropwise with a sol u
tion of 5·7 ml ethyl chloroformate in 30 ml benzene. The mixture was refluxed for 1'5 h and after 
cooling, 0'35 g substance was filtered off which proved to be the hydrochloride of the starting 
Xl/b, m.p. 232'5-235°C, and after recrystallization from a mixture of 95% ethanol and ether, 
m.p. 168-170°C (monohydrate described above). The filtrate was washed with water, 10% 
H2S04 and 5% NaHC03, dried with MgS04 and evaporated under reduced pressure. The 
residue (the carbamate) was dissolved in 15 ml ethanol, 13 g KOH were added and the mixture 
was refluxed for 2 h (bath temperature of 125°C). It was then diluted with water and extracted 
with benzene. The extract was shaken with an excess of 10% hydrochloric acid. The precipitated 
hydrochloride was filtered, added to the aqueous layer of the filtrate, the suspension was made 
alkaline with NH4 0H and the base extracted with benzene. The extract was dried with K 2C03 
and evaporated under reduced pressure; 8·96 g (85%), m.p. 120-122°C (cyc!ohexane). IR spec
trum: 782, 821,857, 882,900 (2 adjacent and solitary Ar-H), 1 193, 1 250 (ArOR), 1480, 1 608 
(Ar), 3 323 cm- 1 (NH). I H NMR spectrum: b 6·60-7·50 (m, 6 H, Ar- H), 5·52 (d, J = 8·0 Hz, 
I H, Ar- CH- O), 1-49 (s, disappears after 2 H20, 1 H, NH), 1,40- 3,00 (m, 9 H, 4 CHz and CH 
of piperidine). For C 1s H I7 ClFNOS (349'9) calculated: 61'79% C, 4' 90% H, 10·13% CI, 5-43% F, 
4'00% N, 9·17% S; found: 62'27% C, 5'00% H, 10'22% CI, 5'21% F, 3'99% N, 9'30% S. 

Hydrochloride , m.p. 313~ 317°C with decomposition (aqueous ethanol). For ClsHISCizFNOS 
(386'3) calculated: 55'96% C, 4·70% H, 18'35% Ci, 4'92% F, 3'63% N, 8'30% S; found: 56'12% C, 
4-60% H, 17'88% CI, 4·72% F, 3-68% N, 8·26% S. 

8-Ch I oro-2-fluoro-6-[ 1-(2-hydroxyethy 1)-4-piperidy 1)-6H-dibenz[b,e )-1 ,4-oxathiepin (Xlb) 

A mixture of 7·0 g Xl/lb , 3·75 g 2-bromoethanol, 5·0 g K 2C03 and 100 ml acetone was st irred 
and refluxed for 6 h, fi ltered, the solid washed with acetone and the filtrate evaporated in vacuo. 
The residue was dissolved in ether and the undissolved solid was filtered off. The filtrate was 
evaporated again; 5-45 g (69%) homogeneous oily XIVb which was neutralized with oxalic 
acid in acetone. Hydrogen oxalate, m.p. 141~ 143°C (acetone). For C22HZ3ClFN06S (484'0) 
ca lcula ted: 54'60% C, 4'79% H, 7' 33% CI, 3'93% F, 2'89% N, 6'63% S; found: 54'32% C, 4·68% H, 
752% CI, 3'88% F, 2'65% N, 6'50% S. 

8-Chloro-6-[ 1-(2-decanoyloxyethyl)-4-piperidyl)-2-fluoro-6H-dibenz[b,e )-1 ,4 -oxathiepin (XVb) 

A mixture of 4·35 g XIVb, 6·0 g decanoic acid and 50 ml xylene was distilled through a column 
and the evaporated xy lene was substituted in the course of 6 h by a slow addition of 350 ml dry 
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xylene. The residue was diluted with benzene, the solution washed with 5% NaOH and water, 
dried with K 2 C03 and evaporated in vacuo. The residue was dissolved in benzene and the solu
tion was filtered through a column of 150 g A1 2 0 3. The elution with benzene gave first 0'32 g 
neutral impurity and then 3'35 g (55%) homogeneous oily base XVb. IH NMR spectrum: i5 6·60 to 
7·50 (m, 6 H, ArH), 5·60 (d, J = 9·0 Hz, 1 H, Ar-CH- O), 4·20 (t, 2 H, CHzO), 2·65 (t, 2H, 
NCHz in the chain), 0·86 (def. t, 3 H, terminal CH3), 1,00-3,00 (m, 25 H, remaining 12 CHz 
and 1 CH groups). 

Hydrogen maleate, m.p. 135-136'5°C (acetone-ether). For C34H43CIFN07S (664'2) cal
culated: 61-48% C, 6'53% H, 5'34% CI, 2'86% F, 2'11% N, 4'83% S; found: 61'11% C, 6'40% H, 
5' 54% CI, 3'21% F, 1'94% N, 5'07% S. 

The authors are indebted to Dr J. Protiva (Department of organic chemistry. Charles university. 
Prague) for recording and interpretation of the mass spectrum of compound XVIc, to Mrs A . Hrad
kovafor recording the UV and IR spectra. to Mrs M. Hrubantovafor technical assistance with the 
syntheses and finally to Mrs J. Komancova. Mrs V. Smidova. Mr M. tech. Mrs J. Kropacova 
and Mrs Z. Volkova (Analytical department of this institute) for carrying Ollt the a/:lalyses. 
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