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INTRODUCTION

The interest in dibenzothiophene chemistry was initiated
a8 few years ago in these laboratories by Jscoby and continued
to some extent by Avakian. Bubstituted dibenzothiophenes are
of interest for several reassons. First of all, the isosteriec
replacement of benzene and benzene derivatives by thiophene
and thiophene derivatives has been demonstrated beyond doubt
by Erlenmeyerl, who initiated the concept that divalent sulfur
contained a shell of valence electrons numericslly equal to
that of the group or f“pseudoatom" - CH=CH-. Also, the replace-
ment of oxygen by sulfur in certalin organie compoundsz has been
observed to produce an increase in phyelological action. Final-
ly, dibenzothionhene and substituted dibenzothiophenes are
easily oxidized to the corresponding sulfoxidee snd sulfones
which are known to possess pharmacological action (e.g., p,p'~
diaminodipvhenyl sul fones) .

Additional evidence for the concept of isosteric replace-

1. Erlenmeyer, Berger, and Leo, Helv. Chim. Acta, 16, 733
(1932); Erlenmeyer and Leo, 1bid., 18, 1381 (193%).

2. Gilman and Pickens, J. Am. Chem. Boc., 47, 245 (1928);
Tebern and Volwiler, ibld. ,“BT’ 1961 (1335). '

3. (a) Buttle and Co-workers, anoet 1937 (I), 1331 /8. A.,
3, 718 {(1937)_7; (b) Co , Maler, and Best, J.™
m. _Med. Asscc., 117, 10Wg%a941) (o) Marshall, et “al,
J. Fharn. E;pﬂ. ¥herap., 75, 89 {1942) /[C. A., 80, 4186
T1922) /.




ment was shown by Burger and oo—werkers4 in their studies of
the physical and pharmacological changes effected by introduc-
ing s thiophene nucleus into ring systems in nlace of an aro-
matic nucleus. Their results indicated that the amino alcohols
derived from dibenzothiophene had about the same analgesic
action as compounds derived by the introduction of similar sub-
stit&tenta into the dibenzofuran, carbazole, and phenanthrene
nuclel, Burtner and Lehpan5 found that #grdiethylamincethyl
2-dibenzothionhenecarboxylate hydrochloride had a weak anes-
thetic setion, although it ias of short duration.

Gilman and Avakians prenared some dialkylamino derivatives
of dibenzothiophene and submitted them for antimalariasl testing.
No compounds were found asotive against avian malaria. This
inactivity was attributed to the fact that the compounds ocon-
tained only one nuclear substitutent in addition to the ¥-di-
ethylaminoprooyl groun.

Dibenzothiophene itself has shown promiging results as an

8
1naeet1cida7 and 18 toxio at a dilution of 3 parts per million .

4. (a) Burger, Wartman, and Lutz, J. Am Chem. S8oc., 80, 2628
(1938); (b) Burger and Bryant, J. Or 1
%1929; (c¢) Burger and Bryant, J. f Chem. exa. Boc., 63, 1054
1941

5. Burtner and Lehman, J. Am. Chem. Soc., 62, 527 (1940).

6. Gilman snd Avakisn, Ibid., 88, 1514 (1948).

7. Dudley, Bronson, and ﬁarries U. 8. Dept. r. Bur. Entomol.
Plant Quarantine, E-651, 10 pp. (194 ¢. A., 39, 31T

e
8. PFink and 8mith, J. Econ. Entomol., 29804 (1936) [C. A, 30,
7722 (1926) 7.




The continued feeding of dlibenzothiophene to young rste was
found to lessen the growth ratog.

Neumoyer and Amstutzlo have prepared 2,8-diaminodibenzo-
thiophene-5-dioxide as a possible antibiotic since they re-
garded 1t as derived from 4,4'-dlaminodiphenyl sulfone.
Actually, this disminodibenzothiophene sulfone may be regarded
a8 the closed model of 4,4'-diaminodivhenyl sulfone and was
brepared independently during the course of this work as a
possible antimalarial.

The objects of thie work were to study the resction be-
tween 4-1ododibenzothiophene and sodamide in liquid ammonia;
to prepare certain substituted dlbsnzothiophenes which might
possess sntimalarial activity; and to add to the knowledge
of dibenzothiophene and eilicon chemistry through the pre-
paration and cleavage of some dibenzothiophene substituted

gllanes,

9. Thomas, De Eds, and Cox, Food Research, Z, 161 (1942)

C. A., 36, 4193 (19427
10. Reumoyer and Amstutz, J. Am. Chem. Soc., 69, 1920 (1947).




HISTORICAL

Dibenzothiophene has been known since the year 1870 when
it was first prepared by Btenhoueell, who passed the wvapors
of diphenyl sulfide over iron naile in an iron tube. A glance
at the known compnounds of dibenzothiphene might lrave one with
the impression that a large smount of investigation had been
carried out on this heterocycle. Actually, the chemical
knowledge of dibenzothiovhene 1g relatively incomplete when
compared with the considerably more complete knowledge of the
chemistry of the simllar heterocycle, dibenzofuran.

A detsiled survey of the chemistry of dibenzothiophene,
with particular emphasis upon the structure proofs of various
substituted dibenzothiophenes, has been given by Jacoby-.

His survey covers the work done up to 1838, The following

pages are devoted to the work done since that time with the
inclusion of a few miscellaneous reactions not mentioned by
Jacoby. B8ince there has been no complete literature survey
of dibenzothiophsne compounds, the followlng tables include,
a8 nearly as possible, all derivatives of dibenzothiophene.
Derivatives of some fused ring systems incorporating a d4di-

benzothiophene nucleus have been omitted. The numbering system

11, B8tenhouse, Ann., 156, 332 (1870).
12. Jacoby, Docloral Dlesertation, Iowa State College, 19378.



used in these laboratories and throughout this thesis is in
accord with that soproved by the International Rules for
Numbering Organic Ring Systemsla. The esorrect structure of
dibenzothiophene, together with the approved numbering system,

i8

The German, French, and English literature frequently
refers to dibenzothionhene as diphenylene sulfide and uses

a different numbering system:

§

The naming and numbering system of all compounds in the
rollowlng tables hag been made to conform with the current

Chemiocal Abstracts usage. The major references for each

compound are given first but all literature mention of each
compound 1s included, with the exception of dibenzothiophene

iteelr,

1%, Patterson, J. Am. Chem. Soc., 47, 543 (1925); Patterson
and Capell, The Ring Index, Reinhold Publishing Corp.,
New York, hm) p. 287; Patterson, Capell, and Magill,
C. A., 39, 5875 (1945).




A brief glance at the literature on dibenzothiophene
would impress one with the frequency of occurrence of the
name Courtot., He carried out much of the fundamental re-
search on orientstion in the dibenzothionhene nucleus. He

showed that halogenation14, nitrationls, and eulronationls

_all involved the 2-position. Gilman® *'° and Cullinane
have alsoc made important contributions to the knowledge of
substitution in dibenzothiophene.

¥While ordinary nuclear substitution, including the
Friedel-Crafts reasction, takes place in the 2-position or
© dlsubstitution in the 2,8-positionl, metalation with

organocalkall compounds tskes nlace in the 4—position17.

The
3~-position of dibenzothiophene was made avallable by metala-
tion with phenylesloium 1odide and indirectly in the course
of this research, by rearrangeﬁent'of 4-1ododibenzothiophsne
with sodamidé in liquid ammonia to give the 3-aminodibenzo-~
thiophene. Metalation wlth phaﬁylcaleium 1odide i8 of
l1ittle preparativo:value however, beeauae of the extremely low
yields,

There is no direct method for introducing substitutents

into the l-nosition.of dibenzothiophene but by bromination of

14, Courtot, Nicolas, and Liang, Compt. rend., 186, 1624 (1928).
18, courtot and Pomonis, 1bid., 182, 031 (1528).

16. Courtot and Kelner, ibid., 198, 2003 (1974).

17. Gilman and Jaocoby, J. Org. Crea., 3, 108 (1938).

18, Gilman, Jacoby, and Pacevitz, Ibid,, 3, 120 (1918)

19. Cullinsne, Davies, and Davies, J. Chem. Soc., 1435 (1938).



4-.gcetaminodibenzothiophene followed by hydrolysis and

deamination, Gilman and Jacoby17

have opened the route to this
posltion,

Burger and oo-woﬁkers4 isolated s small asmount of 4-
acetyldibenzothiophene as a by-product in the preparation of
2-acetyldibenzothiophene. The structure of the 4-lsomer was
determined through oxidation of the acetyl derivative to the
known 4-carboxylic acid and also by a Beckmann rearrangement
of the acetyl oxime to the known 4-acetamino derivative., Both
the 2-acetyldibenzothliophene and the 4-acetyldibenzothiophene
may be halogenated in the alpha vosition to the carbonyl group4b.
These W _-bromo ketones easlly exchange halogen atoms with
tertiary amino grouns to give aminoketonel4b’4°. 2-8uceinyl-
dibsenzothiophene has been pranared4b by the resection between
2ggipbromoacetyldiben£othiophene and ethyl sodiomslonate
followed by hydrolysis and decarboxylation.

A number of patents ?0,21,22,23,24, 28 record the prepara-
tion of 2-hydroxy-3-dibenzothiophenecarboxylio acid through a
Kolbe reastion on 2-hydroxydibenzothiovhene but no structure
proof is given in any of the references.

Gilman and Avakiane wvere able to prepare 2-amino-3-

20. German Patent 593806 / C. A., 28, 3422 (1934)
21. French Patent 768,052 / C.” A., 29, 475 (1925

22. German Patent 606 350 .'K., Eg 1474 (197% )
23. German Patent 607,361 . k., 29, 1997 (1935)
24, U. S. Patent 2,157,796 C."A., 33, 6346 (1939

25. U. 5. Patent 2,189,367 /C. A., 34, 4283 (1940):';



bromodibenzothiophene by bromination of 2-acetaminodibenzo-
thiophene followed by hydrolysis. The gtructure of the
bromination product was proven by deamination and oxidation
to the known 3-bromodibenzothiophene-5-dloxide.

In accordance with the copver powder catalyzed amination
prodedure of Gilman snd Jaoobyl7 for the prevaration of
2-aminodibenzothiophene from 2-bromodibenzothiophene, Neumoyer
and Amstutzlo were able to prepare 2,8-diaminodibenzothiophene
from 2,8-dibromodibenzothiophene. They were unable to oxidize
the 2,8-dlacetamino compound to the corresponding sulfone 8o
prepared the 2,8-dlasminodibenzothiophene-5-dloxide by amina-
tion of the 2,8-dibromodibenzothiophene~-5-~-dioxide. Independent
gstudies during the oourse of this work established the structure
of the 2,8-diaminodibenzothiophene-5-dlioxide which was pre-
pared by oxidation of the 2,8-A4iacetamino compound followed
by hydrolysis. Neumoyer andAAnstutzlo have 11isted corrected
mel ting points for 2,8-diaminodibenzothiophene and for 2,8-
diacetaminodibenzothiophene. Their results agree with the
8tudies in this laboratory.

Metalation of dibenzothiophene has been attempted with
various organoaslkall compounds, and various solvents have been
used a8 reaction media; the most useful metalating agent 1is
h-butyllithium in n-butyl ethsr;vige. Dibenzothiophene 18

27
not metalated as rapidly as dibenzofuran but this was

26. Gllman and Bebb, J. Am. Chem, Soc., 61, 109 (1939).
27. Gilman, Van Ees, Wil11s, and Stuckwisch, J. Am. Chenm.
Soc., 62, 2606 (1940).




predictable since preferential metalation was noted in
phenoxathiin, where lithium replaced the hydrogen on the
carbon orthe to the oxygen rather than the hydrogen on the
carbon orthp to the sulfur.

The sction of aluminum chloride on a mixture of sulfur
and biphenyl 1e the best method for the preparation of dibenzo-
thiophznel7. Thies procedure was developed by Gilman and
Jheabyl7 from the vague directions of a German Patentze and
modl fied somewhat during thé course of this work.

Dibenzothiophene is smoothly converted to the sulfhne
(dibenzothiophene-5-dioxide) by the action of strong oxidizing
agentalg. While the sul fur atom in dibenzothiophene 1tself 1is
strongly para direoting, conversion to the dloxide changes the
orientating abllity of the sulfur to meta direocting. Tris may
be explained on the basie that the electromeric effect of the
809 group 18 towards the oxygen, rasuiting in a deactivation of
the henzene ring. This effect 1& smallest in the meta position.
As would then be expected, nitratlonla and brominationlg of
the sulfone give the 3- and 3,7-derivatives respectively.

Moet of the substituted dibenzothiophenes can be oxidized
to the corresponding sul fones but many of the sulfones listed
in the tables were nrenared by the more tedious route of ring

closure of substituted biphenyls.

Considerable interesting research still remains to be

28, German Patent 579,917 /[ C. A., 28, 1083 (1934)_7/.



10

done on dibenzothiophene and dibenzothioprhene derivatives,
The pharmaocologioal properties of dibenzothiophene compounds
have been investigated only slightly. The orientation of
disubstituted and trisubstituted derivatives of dlbenzothio-
phene merits a great deal more study than has been given to
them thus far,
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TABLE I

DERIVATIVES OF DIBENZ0THIOPHENE

Name of Compound M.P. Reference
Dibenzothiophene 99-100 (17,29,12,19)
Dibenzothiophene picrate 125 (12)

MONOSUBSTITUTED DIBEN ZOTHIOPHENES
2-Acetaminodibenzothiophene 181-3 (17,12, 4a)
3-Acetaminodibenzothiophene 199-200 (20,29a)
4-Acetaminodibenzothionhene 198 {17,12, 4b)
2-(1-Acetoxyethyl)dibenzothiophene (4¢)
2-Acetyldibenzothiophene 111-2  (17,4a,12, 31)
2;Acety1dibenzothiophene oxime 161-4 (17,1é,4a)
2-Acetyldibengzothiophene semicarbazone 234-5 (4a)
4-Acetyldibenzothiophene 129-30 (4b, 4a)
4-Acetyldibenzothiophene oxime 185-60 (4b)
4-Acetyldibenzothiophene oxime acetate 142-3  (4b)
4-Acetyldibenzothiophene semicarbazone 302-4 (4a)

20, (a) This Thesig; (b) for absorption spectra of dibenzo-
: thiophene see Ley and Specker, Z. wilss. phot., 38

(1939) /¢

of dibengothiophene

202, 851 (1938).
30.
31.

[ C. A, 34, 4992 (1940)/;
and Chaix, Compt. rend.,

1479 (1945).
1941).

see Donzelo

Gilman and Noble, J. Am. Chem. Boe., 67
Steinkop? snd Engelman. Ann., 548, 205 (

c

s 12
&l spectra
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TABLE I (Continued)

Name of Compound K.P. Reference
2-Aminodibenzothiophene 133 (17,12,4a§
(19, 72,14
3-Aminodibenzothiophense égl.ﬁ- (29a, 20) |
4-Aminodibenzothiophene 110 (17,33,12,6)
2-y) -Bromoacetyldibenzothiophene 116-6 (4b)
4-uw -Bromoacetyldibenzothiophene 149-1851 (4b)
1-Bromodibenzothiophene 84 {(17)
2-Bromodibenzothiophene 127 (19,14,21,12)
(18, 34a, 34b)
o-Carbethoxy-(2-dibenzothenoyl)benzene 105-6 (17,12)
1-Carbomethoxydibenzothiophene 79-72.5(17)
2-Carbomethoxydibenzo thiophene 75 (12,17)
3-Carbomethoxydibenzo thiophene 120-30 (18,12)
4.Carbomethoxydibenzothionhene o8 (17,12}

2-(4-Carboxy-2-quinolyl)dibenzothiophene 299-30 {31)
2-Chloredibenzothiophene 113 (14, 34a, 34b)

32. Courtot and Pomonie, Compt. rend., 182, 893 (1928).

33. Avakian, Dootoral Disse%%ation, Iowa State College, 1944.

34. (a) Courtot, Compt. rend., 198, 2260 (1934); (b) for ab-
gsorption spectra of Q-Eromo-, 2-¢hloro-, and 2-nitrodi-
benzothiophene and 2,8-4ibromo-, and 2,8-dichlorodibenzo-
thiophene see Chalx, Compt. reand., 200, 1208 (1935);
(¢) for fluorescence of 2,8-dibenzothiophenedisulfonic
acld see Deribere, Tiba, 15, 349 (1939) /C. A., 32, 1602
(1938)_7. -
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TABLE I (Continued)

Name of Compound M,P. Reference
2-Cyanodibenzothiophene 159-60 (4b)
o-(2-Dibenzothenoyl)benzolc acid (17,12)
(3-(2-Dibenzothenoyl)proplonio aold  160.5-61 (17,12,35)
Y ~(2-Dibenzothienyl)butyric acid 131 (17,12, 35)
4-Dibenzothlenyllithium g%g 26, 30)
1-Dibenzothiophenecarboxylic acid 176-7 (17)
2-Dibenzo thliophenecarboxylic acid 255 (17,14,12)
3-Dibenzothiopheneearboxylic acid 300-308 (18,12)
4-Dibenzothiophenecarboxylic acid 261-2 (17,30,4b,12)
2-Dibenzothiophenesul finic acid 121 (18)
2-Dibenzothiophenesul finie acid

{(barium salt) (18)
2-Dlbenzothiophenesul finic aecid

(sodium salt) (16)
2-Dibenzothiophenesul fonic acid 172 (18)
2-Dibenzothiophenesul fonyl chloride 141 (34a)
2,2'-Didibenzothienyldisul ride 195 (18)
2,2'-Dldibenzothienylsulfoxide 260 (18)
2-(2-Diethylamino-l-acetoxyethyl)-

dibenzothiophene hydrochloride 188-92 (4¢)

35. Buu-Hoi and Cagniant, Ber.,
36. @Gilman, Moore, and Baine,‘g.
(1041).

76B, 1269 (1943).
Ar. Chem. Soc., 83, 2479
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TABLE I (Continued)

Neme of Compound M.F. Reference

_ﬁ_—sie thylaminoethyl 2-dibenszothiophene-

carboxylate 219 (5)
#27D1ethy1aminoethyl 4-dibenzothiophene~

carboxylate 213 (5)
2.(2-Diethylamino-1-hydroxyethyl)~

dibenzothiophene 59-60 (40)
2-(2-Diethylamino-l-hydroxyethyl)-

dibenzothiophene hydrochloride 163-4 (4c)
2-( ' ~-Diethylaminopropylamino)-

dibenzothiophene b.p.,280-2/

2 mm. (8)

4-( ) -Diethylaminorropylamino)-

dibengothiophene b.r.,210-13/

0.1 mm, (8)

2-(2-Diethylamino-~l-oxoethyl)-

dibenzothiophene hydrochloride 214-15 (4b,4e)
2-(3-Diethylamino-l-oxopropyl)-

dibenzothiophene hydrochloride 150-51  (4¢)
2-(2-Dimethylamino-l-acetoxyethyl)-

dibenzothiophene hydrochloride 214-15 {4e)

2-(2-Dimethylamino~l-hydroxyethyl)-

dibenzothiophene hydrochloride 228.28.6 (4c)
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TABLE I (Continued)

Rame of Compmound M.P. Reference

2-(2-Dimethylamino-l-oxoethyl)-
dibenzothiophene hydrochloride 220-226 (4e)
2-(3~-Dimethylamino-l-acetoxypropyl)-
dibenzothiophene hydrochloride 149-80 (4eo)
2-(3-Dimethylamino-l-hydroxypropyl)-

dibengothiophene 118 (4e)
2-{ 3-Dimethylamino-l-hydroxynropyl)-

dibenzothiophene hydrochloride 192-8  (4e)
2-Ethyldibenzothiophene 93 (16)
2-Ethylmercaptodibenzothiophene 23 (16)
2-Hydroxydibenzothiophene 156 %19,34)

21,22)

4-Hydroxydibenzothiophene 167 (17,12)
2-(1-Hydroxyethyl) dibenzothiophene 76-7 (40)
2-Iododibenzothiophene 87 (14)
4-Jododibenzothiophene 101-2 (30,29a)
2-Mercaptodibenzothiophene 81 (18)

4-Methoxydibenzothiophene 123 (17,12)
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TABLE I (Continued)

Name of Compound M,P. Reference
4-Methyldibenzothiophene 65 (17,12)
2-N1trodibenzothi ophene 186 (19, 32,14)

(29a) :

2-(2-Piperidino-l-acetoxyethyl)-

dibenzothiophene hydrochloride 220-25 (4o0)
2-(3-Piperidine-l-soetoxypropyl)-

dibenzothionkene hydrockloride 185-6 (4¢)
2-(2-Piperidino-lshydroxyethyl)-

dlbenzothiophene 88-9 (4c)
2-(2-Piperiéino-l-hydroxyethyl)-

dibenzothionhene hydrochloride 228-29 {40)
4-(3-Piperidino-lehydroxyoropyl)-

dibenzothiophrene 106 (4c)
2-(3-Piperidino-l-hydroxypropyl)-

dibenzothiophene 102 (40)

2-( 3-Piperidino-lshydroxyproonyl)-
dibenzothiophene hydrochlorlde

2-(2-Piperidino-l-oxoethyl)-
dibenzothiophene

2-(2-Piperidino-l-oxoethyl)-
dibenzothiophene hydrochloride

201-201.5 (4e)

117

245-6

(4¢)

(4b)
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TABLE I (Continued)

Name of Commounrd M.P, Reference

4-(2-Piperidino-l-oxoethyl)-

dibenzothiophene hydrochloride 258-60 (4b)
2-(3~Piperidino-l-oxopropyl)-

dibenzothiophene hydrochloride 201-3 (40)
4~(3-Piperidino-l-oxepropyl)-

dibenzothlophene 112 { 40)
4-(3-Piperidino~l-oxopronyl)-

dibenzothliophene hydrochloride 229-.32  (4c)
2-Propionyldibenzothiophene 72-72.5 (4c)
Z-PrcpionyldibenzothiOphene

semicarbszone 196-8 (40)
2-(2-Quinolyl)dibenzothiophene 1445 (31)
2-8tearyldibenzothionhene 69-70 {37)
2-Buccinyldibenzothionhene 168-9 (4b)

2-/"2-(1,2,3,4-Tetrahydroisoquinolino-
l-acetoxypropyl)_/dibenzothiophene
hydrochloride 193-6 (4c)
_2ﬁ£-2-(1,?,K,4-Tetrahydroisoquinol1no-
1-hydroxyethyl) /dibenzothiophene 108-7 (40)

27. Ralston and Christensen, Ind. Eng. Chem., 29, 194 (1927).
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TABLE I (Continued)

Name of Compound

M.P.

Reference

2-/ 2-(1,2,3,4-Tetrahydroisoquinolino-
1-hydroxyethyl) 7dibenzothiophene
hydrobromide

2-/ 2-(1,2,3,4-Tetrahydroisoquinolino-
l-hydroxyethyl) /dibenzothiophene
hydrochloride

2-/3-(1,2,3,4-Tetrahydroisoquinolino-
1-hydroxypropyl)_/dibenzothiophene

2-/ 3-(1,2,%,4-Tetrahydroleoquinolino-
l1-hydroxypropyl)_/dibenzothiophene
hydrochloride

2-/2-(1,2,3,4-Tetrahydroisoquinolino-
l-oxoethyl) 7/dibenzothiophene

2-/2-(1,2,3,4-Tetrahydroisoquinolino-
l-oxoethyl) /dibenzothiophene
hydrobromide

2-/ 2-(1,2,3,4-Tetrahydroisoquinolino-
l-oxoethyl) 7dibenzothiophene
hydrochloride

2-/"3-(1,2, 3,4-Tetrahydroisoquinolino-

l-oxopropyl)_/dibenzothiophene

250-52

243-4

136

183-8

122-256

257-59

244-48

106-7

(4c)

(40)

(4c)

(40)

(40)

(40)

(4c)
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TABLE I (Continued)

Name of Compound M.P. Reference

2-/3-(1,2,3,4-Tetrahydroisoquinolino-

1l-oxopropyl)_7dibenzothiophene

hydrochloride 197-8 (40)
2-Thioacetoxydibenzothionhene 122 (18)
2-Thiobenzoxydibenzothiophene 118 (18)

4-Trimethylsilyldibenzothiophene b.p.,135-7/
0.8 mm. (29)

DISUBETITUTED DIBEN Z0THIOPHENES

2-Ace tamino-3-bromodibenzothiophene 199-200 (8)
2-Acetamino-3-chlorodibenzothiophene 199,5-

200 (8)
2-Amino-=3-bromodibenzothiophene 1356~

125.5 (86)
2-Amino-3-chlorodibenzothiophene 118-9 (8)
1l-Amino-4-methoxydibenzothiovhene 101-2 (6)

2-Acetamino-3(?)-nitrodibenzothliophene 208.5-9 (12)

B haat - P T TP ity 7 R v i, T
: ; %#wn&t?@ﬁibﬂnZchlﬁﬁhﬁnﬁhgﬁapm;:xxgggl;fa“2::Qg;wm

2,8-bis(4-Carboxy-2-quinolyl)-

dibenzothiophene 330-340 (31)
1-Bromo-4-acetaminodibenzothiophene 254 (17,12)
1-Bromo-4-aminodibenzothiophene 156 (17)

2-Bromo-8-aminodibenzo thiophene 150-51  (14)
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TABLE I (Continued)

Name of Compound M.P. Reference

l-Bromo~4~{ y'diethylaminopropylamino)-

dibenzothiophene bepa,263=6/
O¢S nma (6)
2-Bromo~8-nitrodibenzothlophene 264~5 (14,16)

N=~4-Carbazoyl-2-hydroxy-3~-dibsenzothlophene~

carboxamide ‘ 300 (23,24)
4t-Chloro~-2-hydroxy-3-dibenzothiophene=

carboxanilide 3GC+4 (23,24)

4%=Chloro=2t,5! -dimethoxy~2-hydroxy=3«

dibenzothiophenecarboxanilide 233 (23,24)
S5t=Chloro=-2t ,4t«dimethoxy~-2~hydroxy-3-
dibenzothiophenecarboxanilide 257 (23,24)
4'-Chloro-2~hydroxy-2t-me thoxy~-Z~-dibenzo-
thiophenecarboxanilide 234 (22)
5t-Chloro~2~hydroxy=-2+~methoxy-3-dlbenzo-
.thiophanecarboxanilide 250 (23,24)
4'-Chloro-2-hydroxy-2te-methyl-3-dibenzo-
thiophenecarboxanlilide 268 (23,24)
St~Chloro=2~hydroxy-2t-nethyl-s~dibenzo-
thiophenecarboxanilide 233 (23,24)
2,8-Clacetaminodlbenzothiophens 304=5.5 (10,294a)

(4a,32)
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TABLE I (Continmed)

Name of Compound M.P. Reference
l,4=-Diacetoxydibenzothiophene 126 (38)
2,8=Diacetyldibenzothiophene 208-9 (4a,292a)

(31)
2,8-Diacetyldibenzothiophene oxime 272 (4a,29)
2,8=Diaminodibenzothliophene 199.5~ (10,29a,4a)

201.5 (32,15)
2,8=Dibenzothiophenedicarboxylic acid 320 (14)
2,8«Dibenzothlophenedisulfonlc acld (32a,34¢)
2,8=Dibromodibenzothiophene 229 (16,34a,34b)
' (10,14)
2,8=-Dichlorodibenzothiophene 212 (348,34b,14)
Sty4t=-Dichloro=-2~hydroxy-3~dlbenzo~

thiophenecarboxanilide 288 (23,24)
2—(#Z;Diethylaminoethyl&mino)-8~

methyldibenzothiophene DePe 3235/

1 mmn. (39)
1-( J-Diethylaminopropylamino)~4-
nethoxydibenzothiophene DePe,251=4/
0.15 mm, (6)

38. Hinsberg, Ber., 565, 2008 (1923),

39. German Patent 550,327 /[ C. A., 26, 4063 (1932)_ 7.
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TABLE I (Continued)

Name of Compound M.P. Reference

2-(_f'-Diethylaminopropylamino )-3~bromo-

dibenzothiophene b.p., 275-280/
0.5 mm, (6)

2-( ¥ -Diethylaminopropylamino)-3-chloro-

dibenzothiophene b.p., 215-20/
O.l HMe (6)

2,21 '-Dihydroxy-4,4'"-bi-3-dibenzothiophene~
carbox-o-aniside /H,N'-(3,3'-dimethoxy~-
4,4'-biphenylene )bis/ 2-hydroxy-3-dibenzo~-

thiophenecarboxamide 7 / 336 (23,24)
2,8-Dilododibenzothiophene 219-220 (14)
2,8~Dimethyldibenzothliophene (40)
2,8=Dinitrodibenzothiophene 324-5 (32,29a)
2,8=D1{2=-quinolyl)dibenzothiophene 206~7 (31)

N~-(6~Ethoxy-2~benzothlazolyl)-2-hydroxy-

S~dibenzothiophenecarboxamide 270 (23,24)
2-Hydroxy-3-dibenzothiophenecarboxylic acild 265 (21,20,25)
2-Hydroxy-3-dibenzothiophenecarboxanilide 289 (23,24)

2-Hydroxy=-2t,4t~dimethoxy-3~-dibenzothio~

phenecarboxanilide 260 (23,24)
2-Hydroxy-2',5t'-dimethoxy-3-dibenzo~

thiophenecarboxanilide 203 (23,24)

40. Fuchs, Monatsh., 53/54, 438 (1929).
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TABLE I (Continued)

Name of Compound M.P, Reference

2-Hydroxy=-2!,5'~dimethyl-3~-dibenzo-

thiophenecarboxanilide 190 (23,24)
2«Hydroxy=-2t'-ethoxy~3~dibengzothliophene~

carboxanilide 205 (23,24)
2-Hydroxy~4t-ethoxy~3-dibenzothiophene~

carboxanilide 265 (23,24)
2-Hydroxy=-2t=-methoxy-3=dlbenzothiophene-

carboxanllide 195 (23,24)
2-Hydroxy-4'-methoxy-3-dibenzothiophene-

carboxanilide 265 (23,24)
2-Hydroxy=-4t!-methoxy-2'-methyl-3~dibenzo-

thiophenecarboxanilide 244 (23,24)
2=-Hydroxy~4t-methoxy-3t-methyl=3~

dibenzothlophenecarboxanilide 245 (23,24)
2-Hydroxy=-2*-methyl-3~dibenzothiophene-

carboxanilide 207 (23,24)
2—Hydroxj-4'-methyl-S—dibenzothiophene—

carboxanilide 295 (23,24)

2-Hydroxy~1lt!'-naphthyl~3~-dibenzothiophene-
carboxanilide 238

(23,24)
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TABLE I (Continued)

Name of Compound M.P. Reference

2-Hydroxy=-2'-nitro~3-dibenzothiophene-

carboxanilide 233 (23,24)
2~Hydroxy=~3!'-nitro-3-dibenzothiophene~

carboxanilide 302 (23,24)
1-Nitro-4-methoxydibengothiophene 161-2 (8)
2~Nitro-8-dibenzothiophenesulfonyl

chloride 257 (18)

TRISUBSTITUTED DIBENZOTHIOPHENES

1(?),3(?)=Dinitro~-4~-hydroxydibenzothio~

phene 204 (12)




TABLE IIX

DERIVATIVES OF DIBENZOTHIOPHENE-§-OXIDE
(DIBERZ0THIOPHENE SULFOXIDE)

Name of Compound M.P. Reference

Dibenzothiophene-~S~-oxide 188-88.5 (32)
MONOSUBSTITUTED DIBEN 20THIOPHERE-§~-OXIDES

2-Bromodibenzothiophene-5-oxide 171-2 (14)
2-BEydroxydibenzothiophene-6-oxide 147 (21)
DISUBSTITUTED DIBENZOTHIOPHENE- Q—OXIMj

1,4-Diacetoxydibenzothionhene-5-oxide 1856 (38)
2-Hydroxy-3-carboxydibenzo thiophene-
5.o0x1de 258 (21)
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TABLE III

DERIVATIVES OF DIBENZOTHIOPHENE-5=-DIOXIDE

(DIBENZOTHIOPHENE SULFONE)

Name of Compound M.P. Reference
Dibenzothlophene-5~dioxide 238 -(30,293,41)
(19,42)
MONOSUBSTITUTED DIBENZOTHIOPHENE=-S-DIOXIDES
3«-Acetaminodlibenzothiophene-~-5-dioxide 325~7 (30,29a)
2-Acetoxydibenzothiophene-5-dioxide 269 (34a)
3-Aminodibenzothiophene-5-dioxide 259-60 (18)
2-Benzoxydibenzothiophene-5-dioxide 176 (348)
l-Bromodibanzothiophene~5-dioxide 170-1 (17)
2~Bromodibenzothlophene~5-dioxide 266~7 (34a,43)
3=Bromodibenzothliophene-~5~dioxide 224-5 (6,18)
2-Chlorodibenzothiophene-5~dioxide 249 (34a,43)
2«Dibenzothiophenesulfonic acid
5-dioxide 276 (34a)
2«Dibenzothiophenesulfonyl chloride
S5-dioxide 234-5 (3418)
2-Hydroxydibenzo thiophene~5~dioxide 264 (21,34a)
2~-Nitrodibenzothlophene-5-dioxide 258 (19,29a)

41, Courtot and Evain, Bull. soc. chim., 49, 1555 (1931).
42. Cullinane and Davies, Rec. trav. chim., 55, 881 (1936),

43. Chaix and Rochebovet, Bull. SoOC. chim.,

57

2, 273 (1935).
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TABLE III (Continued)

Name of Compound M.P. Reference
3~Nitrodibenzothlophene-5-dioxide 265=6 (18)
DISUBSTITUTED DIBENZOTHIOPHENE-5-DIOXIDES

2,8=-Diacetaminodibenzothliophene~

S5-dioxide 356=7 {29a,32,10)
2,8-Diaminodibenzothiophene-5-dioxide 329-31 (10,29a)
3,7=Diaminodibenzothliophene-5-dioxide 327 (19,44,42)
2,8~Dibenzothiophenedisulfonyl

chloride 5-dioxide 333-340 (34a)
3,7=-Dibenzothiophenedisulfonyl

chloride S5-dioxide 236 (45)
347=-Dibenzothiophenedisulfonanilide

S5=-dioxide 207 (45)
2,8-Dybenzoxydibenzothiophene~5~-dioxide 227-8 (34a)
2,8-Dibromodibenzothiophene-5-dloxide 361-2  (10,34s)
3,7-Dibromodibenzothiophene~-S-dioxide 315 (19,46,41)
2,8-Dichlorodibenzothiophene~5-dioxide 340 - (344a)
3,7=Dychlorodibenzothiophene-5-dioxide 295~6 (41)
2,8-~Dihydroxydibenzothiophene~5-dioxide 331 (34a)

44, Courtot and Chaix, Compt. rend., 192, 1867 (1931).

45, Pollak, Kauss, Katsehe r, and Lustig, Monatsh., 55, 358

(1830).

46. Courtot and Lin, Bull. soc. chim., / 4/ 49, 1047 (1931),
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TABLE III (Continued)

Name of Compound . M.,P. Reference
2«Hydroxy~3~dibenzothiophenecarboxyllic
acid S5~dioxide 284 (21)
2,8«~Dimethyldibenzothlophene-5-dioxide 287-8 (47)
5,V-Dinitrodibenzothiophene-S-dioxide 280 (19,18)
2t'=Methoxy~4!=-chloro-2-hydroxy-3-
dibenzothlophencarboxanilide
5-dioxide 300 (23)
HEXASUBSTITUTED DIBENZOTHIOPHENE-S6-DIOXIDES
2,3,7,8-Tetramethoxy-1(%2)-9(?)-dinitro-
dibenzothlophene~5~-dioxide 238 (48)

47. Fuchs and Grosz, Ber., 63, 1009 (1930).
48.7FKoch and Stukenbrock, Ann., 468, 162 (1929),.

FAs>)
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EXPERIMENTAL

A. Dibenzothlophene Compounds

30
Dibenzothliophene.— The dibenzothiophene used during the

course of thils research was prepared in essential accordance
with the directions of Gilman and Jacobylv. However, 1t was
found that the crude yield previously obtained by eight
alcoholic extractions of the reaction mixture, could be dupli- -
cated by the use of two extractions of one liter each of
absolute ethanol., The yileld of pure dibenzothiophene after
distillation and recrystallization was 47 %.

| 4—Iododibenzothiophene:.50- 4-Dibenzothienyllithium @ was

prepared by refluxing a mixture of 134 g. (0.73 mole) of di-

9,5

benzothiophene and 0.88 mole of n-butyllithlum 0 in 1500 cc.
of ether for nineteen hours. At the end of this time, a
negative (Color Test II51 showed that the alkyllithium compound
had been used up. To the solution of 4-dibenzothienyllithium
was slowly added 190 g. (0.75 mole) of powdered iodine. When

the addition was complete, the reaction mixture was refluxed

52
for one hour, and a negative Color Test I at the end of this

49,  Gllmen and Stuckwisch, J. Am. Chem. Soc., 65, 1462 (1943).
50, The titer of the n~butyTlithium was determIned according

to the method of Gilman and Haubein, ibid., 66, 1515 (1944),
51, Gilman and Swiss, ibid., 62, 1847 (1940)y.
52. Gilman and Schulze, 1bid., 47, 2002 (1925).
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time showed the absence of any organometalllic compound. The
solution was poured into water and the ether layer separated.
The ether layer was treated with sodium bisulfite to remove
the unreacted lodine and then dried over sodium sulfate,
After removal of the ether by distillation, the residual oil
was distilled under reduced pressure to give 100 g. (44 ) of
erude product bolling from 160-170° / 1 mm. and melting over
the range 90-1000. Recrystallization of the crude product
from petroleum ether (b.p., 65-780) to a constant melting
point of 101-102° reduced the yield to 50 g. (22 %).

In following preparatiocna, the ilodine was dissoclved in
ether before being added to the organolithium compound. This
procedure was found to be without advantage and involves the
handling of an unnecessarily large volume of solvent. It was
also found impractical to attempt reerystallization before
distillastion since any unreacted dibenzothiophene is more
effectively separated from the 4-iododibenzothiophene by pre-
liminary distillation under reduced pressure. The yield in the
preparation in which this procedure was used was 20 7, |
H.IS: I, 41.0.

1271
Found: I, 41l.1l.

Anal, Calcd. for C

3-Aminodibenzothiophene50.~ A solution of sodemide In

liquid axmmonla was prepared according to the directions of



31

Vaughn, Vogt, and Nisuwland55

from 4.6 g. (0.2 g. atom) of
sodium and 0.5 g. of ferric nitrate in 250 ce. of llquid
ammonia. Eighteen g. (0.058 mole) of 4-lododibenzothiophene
was added to the sodamide solutlon over a period of fifteen
minutes. If the addition of the 4-~iododibenzothiophene was
too rapld the reaction became violent. The reaction mixture
was stirred mechanicd ly for thirty minutes and the unreacted
sodamide decomposed with ammonium chloride. The solution was

allowed to warm to room temperature in order to facllitate
evaporation of the armmonia. The residue wes extracted with
benzene and the bengene extracts treated with dry hydrogen
chloride to preciplitate the amine as the hydrochloride. Treat-
ment of the amine hydrochloride with ammonium hydroxide liberat-
ed 8.5 g. (74 4) of the crude amine. (When 4~bromodibenzothio-
phene was used the crude yield was only 5 4). The amine was
purified by dissoclving 1t in hot methanol, treating the
methanol solution with decolorizing carbon, filtering, and add-
ing water to the filtrate until a 50-50 mixture resulted. There
was obtained 5.7 g. (49.5%) of 3-aminodibenzothiophene melting
at 114*1190. Repetition of this procedure raised the melting
point to 121.5-122°,

Anal. Calcd. for CIEHQNS: N, 7.05.

Found: N, 7.22,

53. Yiggi?, Vogt, and Nieuwland, J. Am. Chem. Soc., 56, 2120
L]
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30
3wAcetaminodibenzothlophene .~ A mixture of 3 g.

(0,015 mole) of 3-aminodibenzothiophene and 2 g. (0.019
mole) of scetic anhydride in 20 cc. of benzene was refluxed
for one hour., There was cobtalned by filtration 3 g. (83.5 %)
of the scetamino derivative melting at 197-1980. Recrystal-
lization from dilute ethanol raised the melting polnt to
199«2000.

Anal. Calcd. for C;,Hy,0NS: N, S5.82,

Found: N, 6.02,
A mixed melting point with 4~acetaminodibenzothiophene

(mepe 1980) melted over the range of 170-1900.

S-Acetaminodibenzothiophene-5-dioxideso. [A_J From

~Acecam e~ To 1.25 g. (0,005 mole) of 3~
acetaminodibenzothiophene 1n 20 cc. of glacial acetic acid
was added 10 cc. (0,08 mole) of 30 % hydrogen m roxide. The
reaction mixture was heated for three hours on & bolling water
bath. The orange=-colored solid that settled out was removed
by filtration after the mixture had cooled. The yleld of
product melting at 324~326° was one gram (70.5 7). The
yield was decreased considerably when the reactants were
refluxed. If the reactlon mixture was poured into water
rather than flltering directly, recrystallization from etheanol

was necessary. The yleld obtained when this method was used

was 61 %,
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/"B 7 From Z-Aminodibenzothiophene-5-dioxide., - A mixture of

0.1 g« (0,004 molse) of 3-aminodibenzothiophene~5~dioxide and a
few drops of acetic anhydride in 5 cc. of benzene was heated
for one~half hour at reflux temperature. There was obtained
0.1 g. (96 %) of the 3-acetaminodibenzothiophene-5-dioxide
melting at 325-327°, A mixed melting point determination with
the product cobtained by the oxidation of‘ﬁ-acetaminodibenzo-
thlophene was not depressed.

Anal. Calcd. for 014H1105NS: N, S5.13.

Found: N, 5.056.
Dibenzothiophane-S-dioxideso.- One~tenth mole (18.4 g.)

of dibsnzothiophene was dissolved in 100 cc. of glacisal acetic
acid and the mixture was warmed to 80°. To this solution was
added 30 cec. of 30 % hydrogen peroxide and the mixture_héated
at 90° for one hour, snd refluxed for one~half hour. The
sulfone soon separated, and an additional 10 cc. of hydrogen
peroxide was added, At the end of another thirty minutes the
flame was removed and the reaction mixture allowed to cool,
The white sulfone was removed by filtration and washed well with
water. The yield of product melting at 233-234° was 20,7 ge.
(96 ). |

A four-hour reflux period had no advantage and actually
lowered the yleld to 92 %. However, a small amount of crude

material was obtained by dilution of tae filtrate in this

preparation.
54. Unpublished studies of G. A, Martin,
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When the reactants were refluxed for one hour imme-
diately after the addition of the perczide, and the reaction
mixture d lowed to stand overnight, the yileld was 97.5 %.

Methyl 4-Dibenzotpiophenecarboxylateao.- 4-Dibenzo-

thienyllithium was prepared by refluxing 5 g. (0.0161 mole)

of 4-iododibenzothiophene and G.28 ge. (0.04 g. atom) of finely
cut lithlum in 50 ce. of ether. The reaction was kept under
an atmosphere of nitrogen. Color Test 152 was positive at

the end of one hour and an acid-titration analysiss5 made at
the end of three hours of refluxing showed the yield of aryl-
lithium compound to be 75 ¢. The solution was poured on Dry
Ice for the purpose of carbonation. The crude material that
was obtained was recrystalliged from dilute methanol to give
a 55 % yleld of acid melting at 245-2500. A second recrystal-
lization raised the melting point to 248-2510, and sublimation
at reduced pressure gave a melting point of 255~257°. The
melting point reported by Gilman and J’aco’bylv was 252-2530.
The acid was converted to the methyl ester by reaction with
diazomethane and the ester was shown to be ldentical with an

authentic specimen by a mixed melting point,

2=-Nitrodibenzothiophene.= Cullinane19 has reported a

40 % yield of 2-nitrodibenzothiophene by nitration of dibenzo-
thiophene with fuming nitrlc acid., All attempts to duplicate



35

this yleld resulted in ylelds below 20 %. In one particular
preparation the temperature was kept below 500, as compared

to a temperature of 40° reported by Cullinane, but the yleld
was only 15.5 %. In another attempt the theoretical amount
of fuming nitric acid was used rather than the fourfold
excess of Cullinane., The yield in this prepsration was 3.3 %.
The most successful preparation lnvolved the nitration of

10 g. (0.0544 mole) of dibenzothiophene in 80 cc. of glacial
acetic acid with 10 cc. of fuming nitric acid. The glaclal
acetic acid solution of dibenzothliophene was kept at 500
during the 30 minute addition of the nitriec acid. When the
addition was compléte the reaction mixture was stirred at
room temperature for one hour and then filtered directly.

In all previous runs the nitratioh mixture had been poured
into water. The nitrstion product was refluxed for several
hours with 100 cec. of ethyl alcohol, The insoluble 2-nitro-
dlbenzothiophene was removed by filtering the hot solution.
The melting point was 186-187° &nd the yleld was 3.5 g. (28.2 7).

2~Nitrodibenzothiqphene-s-dioxidelg.- To a suspension of

15 g. (0,065 mole) of 2-nitrodibenzothiophene in 125 cc. of
glacial acetic acid at 100o was added 100 cc. (0.88 mole) of
30 % hydrogen pe roxide. The reaction mixture was slowly
heated to reflux temperature and held at this temperature for

four hours. While the nitro compound was not completely
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soluble in the acetic acid, it was possible to notlice a
change in the erystal structure during the reflux period.
There was obtained by filtration 15 g. (88 %) of crude 2-
nitrodibenzothiophene-5-dioxide melting at 245-2480. Re~
erystallization of the crude product from dioxane gave a
melting polnt of 248-2510. A second recrystallization from
acetone raised the melting point to 255~256°. Cullinanel9
prepared this ccmpound by oxidation of 2-nitrodibenzo-
thiophene with a mixture of dichromate ahd sulfuric acid and
obtained a 90 4 yleld of product after recrystallization from
acetone. He also mentlons that a2 similar yleld was obtained

by oxidation with hydrogen peroxide but gives no detalls.,

2=Acetyldibenzothlophene.- Burgsr and Bryantéb reported

that they were unable to repeat the results of Gilman and
J’aeoby]“7 in obtaining & 70 4 yleld of 2-acetyldibenzo=~
thiophene from dibenzothiophene and acetyl chloride in the
preasence of aluminum chloride. Durling the course of this re-
search it was necessary to prepare this compound and a 78 %
crude yleld was obtained. The material was purified by a
new procedure ard a value obtained for the final pure yleld
not previoucly reported. Incidentally, Dr. R. R. Burtner was
also able to obtain the yield of Gilman and Jacoby in some
unpublished studies,

One-hundred and twenty g. (0.64 mole) of dibenzothio~
phene in 900 ee. of dry carbon disulfide was treated with
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52 g. (0.64 mole) of acetyl chlorlde according to the directions
of Gllman and Jacobylv. The reaction product was purlfied by
distillation at reduced pressure and the observed boiling polnt
was 183-185°/ 1 mmn. This materisl melted at 60-80° and there
was obtained 112.5 g. (78 ¥). Gilman and Jacocby listed the
yield as 70 % after this treatment., The crude material was re-
fluxed for two hours with two successive portions of 500 ec. of
ether. The melting point was 109-1100 sfter this treatment.
Recrystallization from methanol gave 60 g. (41.5 %) of pure
product melting at 111-111,5°,

Burger, Wartman, and Lutz obtained a 25 %4 yleld of pure
product melting at 111~112°. Gilman and Jacoby recrystallized
the distilled material from methanol several times to obtain
pure material melting at 1110.

2-Aminodibenzothiophene. /A 7 From 2-Nitrodibenzothiophene.-

A suspension of 13.5 g. (0.059 mole) of 2-nitrodibenzothiophens
and one and one~half teaspoon of Raney n{ckel catalyst in 150
cc. of absolute ethanol was treated with hydrogen in a small
bomb, The reaction mixture was shaken ov%rnight and a total

of 18 pounds of hydrogen was adsorbeg:awggﬁ solutlion was warmed
slightly and filtered. There was obtained 3.7 g. of very pure
amine melting at 1330. The filtrate was heated to reflux

tempe rature and diluted with water to the turbidity point. An
additional 7 g. of product melting at 129-131° was obtained.
The total yleld was 10,7 g. (91.5 %), The best yield of
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o-aminodibenzothiophene obtained by reduction with tin and
hydrochloric acld was 66.7 % and the product melted at 125~
126° after three recrystallizationas from dilute ethanol.

/"B 7 From 2-Acetyldibenzothiophene Oxime, - A Beclmann re-

arrangement of 18 g. (0.075 mole)} of the oxime of 2-acetyldi-
benzothiophene (prepared according to the method of Gilman and
Jacobyl7) in 250 cc. of benzene gave a quantitative yield of
erude 2-&0;taminodibenzothiophene. This crude product was re-
fluxed with 500 cce. of 1:1 hydrochloric acid for four hours.
The solution was filtered hot and the residus extracted with
two liters of bolling water. The free amine was liberated
from the extracts by treatment with ammonium hydroxide. The
yleld was 10.7 g. (72 %) melting at 129-131°. Gilman and
Jacoby17 prepared the acetamino compound in 70 & yield by this

methqd but did not hydrolyze it to the free amine. Burger,

Wartman, and Lutz4a

used dry hydrogen chloride in a similar
Beckmenn rearrangement but listed no yleld of product,

2-Aminodibenzothiophene~5~-dioxide. =~ A mixture of 9 g.

(0.034 mble) of 2-nitrodibenzothiophene~5-«dioxide, 23 g. of
granular tin metal, 115 ecc. of hydrochloric acid, and 100 cc.

of ethanol was stirred at reflux temperature until a clear
solution resulted. After a few minutes the white crystals of
amine hydrochloride began to settle out. Heating and mechanical

stirring were continued for one hour. When the reaction mixture
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had cooled to room temperature, the amine hydrochlorlde was
removed by filtration. Treatment of the amine hydrochloride
with ammonium hydroxide gave 6.86 g. (87 %) of 2-aminodibenzo-
thiophene-5-dioxide melting at 274-276 « Recrystallization
from methanol raised the melting point to 278-2800 but reduced
the yleld to 4.7 g« (59.5 %)

Anal. Calcd. for CygHgOpNS: S, 13.84.

Founds S, 13.50.
2-Hydroxydibenzothlophene. /A 7 From 2-Aminodibenzothio-

phene.- A mixture of 9.7 ge (0.049 mole ) of 2-aminodibenzo~
thiophene, and 10.2 g. (0.103 mole) of concentrated sulfuric
acid in 95 cc. of water was heated gently with stirring. Wwhen
the smine sulfate had formed, the solution was cooled to -5°
and 3.7 g. of sodium nitrite in 15 cc. of water was slowly
added. The reactlon mixture was allowed to stir for ten
minutes after the addition was complete and the slight excess
of nitrous scld was destroyed with a small amount of urea. The
reaction mixture was then heated on a water bath at 50-60° for
3 hours. The mixture was extracted with one liter of ether in
small portions and the extracts dried over sodium sulfate. The
ether was removed by distillation and the remeining oil extracted
with sodium hydroxide solution. Acidification of the extracts
gave 2 g. (20 %) of crude phenol., Crystallizatlion from dilute
ethanol gave a product melting at 150-1400. Recrystallization
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o
from petroleum ether (b.p., 68-75 ) followed by two recrystal-

)
lizations from dilute ethanol raised the melting point to 158 .

/B 7 Attempted From 2-Bromodibenzothiophene. - A mixture of

18.4 g. (0.1 mole) of 2~bromodibenzothiophene, 22 g. of sodlum
hydroxide, 8 g. of copper sulfate, 22 g. of copper turnings,
2.5 g. of copper-bronze powder, and 65 oc. of water were
gealed in an autoclave. The bomb was heated at approximately

300D for asix hours. The sclid mass that resulted was worked

up in the usual manner but no phencllc material could be 1solated.

Cullinan919

prepared 2-hydroxydibenzothlophene by dlazatiza-
tion of the amine hydrochloride and obtalned a 20 % yleld., He
purified the phenol by distillation with super-heated steam.

2,8=Diacetyldibenzothiophene. -~ The essential directions of
4a '

Burger, Wartman, and Lutz™ were followed but their method of
purification of the crude product was improved upon.

To & mixture of 22,6 g. (0.1 mole) of R-acetyldibenzo-
thiophene and 53 g. (0.4 mole) of aluminum chloride in 500 ce.
of dry carbon disulfide was added 7.8 g. (0.1 mole) of acetyl
chloride over a period of ten minutes. The reaction mixture
was stirred under reflux conditions for six hours. At the end
of this time the suspension was poured onto a mixture of ice
and hydrochloric acid and the resulting mixture stirred for one
hour. A quentitative yleld of crude product was obtained by
filtration since 1t is insoluble in carbon disulfide. The
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crude white so0lid was washed with 50 cc. of benzene and
recrystallized from ethanol to give 20.5 g. (76.5 £) of

the 2,S-diacetyldibenzothlophpne melting at 206-208°, 1If
the orude product is refluxed with one liter of ethanol {(an
insufficient amoﬁnt for comnlete solution) the ylield is

77 %.

Burger, Wartman, and Lutz® reported a yleld of 90 %
on a one gram run but do not svecify as to whether that was
the yield of pure or crude produot; They removed the
carbon disulfide from the original reaction mixture by steam
distillation. The residue was extracted with chloroform;
the chloroform extracts were evarorated; the residue was
treated with cold benzene; and, the insoluble vortion was
recrystallized from ethancl. When these same researchers
treated dibenzothliophene with two equivalents of acetyl
chloride they obtained only a 19 ¥ yleld of 2;8-diacety1~
dibenzothiophene.

2,8-Diacetyldibenzothiophene Dioxime.- One-tenth mole
(26.8 g.) of 2,8-diacetyldibenzothiophenes, 27.2 g. (0.4

mole) of hydroxylamine hydrochloride, and 60 cc. of pyri-
dine in 250 cc. of sbsolute ethanol were stirred under re-
flux conditions for 3 hours. The solution was evaporated to
one-half the volume and the remaining viscous liquid poured
into 1600 cc. of water. The white solid that formed was re-

moved by filtration and washed well with water. There was
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by dinitration of dibenzothiophene according to the directions
of CourtotS? gave only 12 £ of the 2-nitrodibenzothiophene.
Courtot renorted a yield of 45% of the dinitrodibenzothiophene
and a 40 £ yileld of mononitrodibenzothiophene.
2,8-Diaminodibenzothiophene.- A mixture of 1.1 g.

(0.004 mole) of 2,8-dinitrodibenzothiophene, 20 ec. of hydro-
chloric acid, 4 g. of tin, 20 cc. of ethsnol, and 40 cc. of
water was refluxed for four and one-half hours. The insoluble
dinitro compound gradually disappeared and a clear sclution
résulted. This solution was filtered hot to remove the small
amount of insoluble material and the filtrate neutralized
with ammonium hydroxide. The crude amine was removed by
filtration and dissolved in hot ethyl salcohol. The resulting
solution was filtered to remove the insocluble tin salts.
Dilution of the bot filtrate gave 0.3 g. (35 £) of the 2,8-
dlaminodibenzothiophene melting at 180-195°. The melting
voint of this small amount could not be improved by crystal-
lization from either dilute methanol of dilute ethanol.

In a second preparation 3.2 g. (0.0117 mole) of 2,8-
dinitrodibenzothiophene was dissolved in 100 cc. of absolute
ethanol and one teaspoon of Raney nickel catalyst was added.
The.mixture was warmed slightly and the reaction flask attached
to a hydrogenation avparatus. The flssk was sllowed to re-
main in the shaking apparatus until no more hydrogen was

. °
adsorbed. The reaction mixture was heated to about 80 and
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filtered hot. There was obtained 0.7 g. of 2,8-diaminodi-
benzothiophene mel ting at 194-1960. An additional 0.45 g.
of dismine was obtained by dilution of the filtrate. The
total yield was 46 %. A mixed melting point with the
dlaminedibenzothiophene (m.p., 199.5-200°) obtained by a
Beckmenn rearrangement (see following prenaration) of 2,8-
discetyldibenzothiophene dioxime followed by hydrolysie,
was not depressed.

Courtot and Pomonissz prepared this compound by re-
duction of the 2,8-dinitrodibenzothiophene but listed no
detzalils of the method employed. They rernorted the melting
point as 178°. Burger, Wartman, and Lutz® prepared the
compound by a Beckmann rearrangement of the dioxime of 2,8-
dlacetyldibenzothiophene followed by hydrolysis of the re-
sul ting dilscetamino commound. They purified their product
by sublimation and recorded the melting point as 193-194°,

Reumoyer and Aastutzlc

» iIn some recent studies, prepared 2,8-
diaminodibenzothiophene from 2,8-dibromodibenzothiophene by
a copper-cataslyzed ammination resction and obtained pure
product melting at 199.5-201.50. Ro ylelds were reported in

any of these references but ithis 18 understandahle atnaa &l
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obtained 28.5 g. (95.5 %) of 2,8-d1acetyldibenzothiophene
dioxime melting at 266-2670. Recrystallization from ethanol

o
raised the melting proint to 268-270 .

Burger, Wartman, and Lutz®® prepared this compound by
— R .a ca 4@ em meemd Pam aavan hanrs with hvdroxyvl-



benzene at 40° was added 60 g. (0.287 mole) of phosphorous
pentachloride at such a rate ag to cause the benzene to re-
flux gently. When reaction had subsided, the mixture was
poured on ice, and the resulting mixture made alksline with
sodium carbonate. There wsas obtained 25 g. (93.5 ) of
crude 2,8-dlaecetaminodibenzothiophene melting at 240-2800.

Burger, Wartmen, and Lutz®® dissclved their dloxime in
acetic anhydride and effected the rearrangement by saturat-
ing the sclution with 4Ary hydrogen chloride. They listed
no yield but nurified the crude material by vacuum sublima-
tion and reorystsllization from methanocl. The melting point
wes 252-253°, When their procedure was followed in these
viaboratories only a 30 % yleld of erude product was obtained
melting from 220-280°.

The orude diacetamino comnound (0.84 mole) was refluxed
with 800 cc. of 18 £ hydrochloric acid for four hours. The
resul ting solution was diluted to 1600 cc. and heated agsin
to boiling subseaquent to hot filtration. There was obtained
13.7 g. (76 %) of 2,8-dilaminodibenzothiophene melting at
182-182°, Reorystallization from ethanol and treatment with
decolorizing carbon ralsed the melting point to 197-198°.

A further recrystallization from ethancl gave white orystals
melting at 199.5-2000. As mentioned above Bnrger4& listed

the melting polnt ae 193-194° and Courtot > as 178°, How-
ever, a mixed melting point, ae indicated previously, with



the material prepared by reduction of the 2,8-dinitrodibenzo-
thiophene, was not denressed.

Anal. Calcd. for CyoH; N,8: 8, 14.95.

Found: 8, 14,90,

To 0.1 g. (0.0004 mole) of 2,8-diaminodibenzothiophene
dissolved in 25 cc. of benzene was added a few drope of
acetic anhydride and the mixture refluxed for one hour. When
the reaction mixture had cooled to room temperature, the
benzene was removed by filtretion. There was obtained 0.1l
g. (92 %) of 2,8-dlacetaminodibenzothiophene melting at 299-
3010. Reorystallization from dilute ethanol raised the melt-

ing voint to 3030. Neumoyer and Amstntzlo

ueing essentially
the same procedure obtained a product melting at 304-305.5°.
Burger, Wartman, and.Lutz4a listed the melting voint as
252-253° and Courtot recorded 1t ss 237°.
Anal. Caled. for G, H O.N.S : N, 9.39.
Found: N, 9.44.
[ B7 From 2,8-Diaminodibenzothiophene Prevared from Di-

nitrodibenzothiophene.- One-tenth g. (0.0004 mole) of

2,8-diaminodibenzo thiophene (prevared by reduction of the
2,8-dinltrodibenzothionhene) was treated with acetic anhydride
a8 above and gave 0.1 g. of 2,8-diacetaminodibenzothiophene
melting at 298-3000. Recrystallization from dilute methanol
relsed the melting voint to 301-302°. A mixed melting

point with the material prepared sbove was not depressed.



2,8-Diacetaminodibenzothiophene-5-dioxide.- One g.

(0.003 mole) of 2,8-discetaminodibenzothiophene was dlssolved
in 20 cc. of glaeial acetic acid by warming to 700. To this
golution was added 2 co. of 30 # hydrogen neroxide end the
temperature glowly rslsed to 93° gnd held at thst temperature
for three hours. An additional 2 ec. of hydrogen veroxide
had been added during this heating verlod. The reaction
mixture wae poured m 1ce and the tan solid remoied by
f11tration. The yleld of dloxide melting at 330-321° was

1 g. (95 4). This 80lid was refluxed with 75 ce. of ethanol
to remove any unreacted 2,8-dlacetaminodibenzothiophene and
the melting noint of the 2,8-diacetaminodidbenzothiophene-5-
dloxide was raised to 339-341°., A similar treatment with
100 cc. of dioxane gave a melting voint of 356-35?0. Treat-
ment with boiling acetone did not change the melting noint.

Neumoyer and Amstutzlc

reported that they were unable %o
oxidize their 2,8-dilscetaminodibenzothiophene to the correspond-
ing dioxide with the use of bydrogen veroxide. They trested
2,8-diaminodibenzothiophene with an excees of acetioc anhydride
and suggested that they hed obtained the tetracetyl compound.
However, no attempt was made to purify thies doubtful compound
nor the resulting dloxide that was obtained after treatment
with hydrogen peroxide. They hydrolyzed this tetracetyl
dtoxide to 2,8-dlaminodibenzothiophene-5-dioxide and recorded

a melting point that 18 in agreement with the melting point



of the same compound vrepared during the course of this re-
gearch.

Ansl. Caled. for G gHy,ON,9 ¢ B, 9.70.

Found: 8, .65,

Ten g. (00,0335 mole) of crude 2,B-discetaminodibenzo-
thiophene (m.p., 275-280°) was suspended in %00 oc. of
glacial scetic acid at 800. One-undred cc. of freshly ore-
pared sodium hyvochlorite solution (prevared ascording to the
directions of Weijlardaa) was added over a period of fifteen
minutes. The resction mixture darkened considerably during
the following fifteen minutes that it was allowed to stir,

A quantitative crude yleld was obtained by pouring the re-
action mixture into one liter of water and removing the pro-
duct by filtration. The crude 2,8-dlacetaminodibenzothiophene-
B-dloxide was used for the vreparstion of the 2,8-diaminodi-
banzothiophene-5~-dioxide.

2. 8-Diaminodibenzothionhene-5-dioxide.- A mixture of

0.8 g. (0.0024 mole) of 2,8-diacetaminodibenzothlophens-5-
dloxide was refluxed for thirty minutes with 100 cc. of 18 &
hydrochloric acid. The dlacetaminodibenzothiophene-5-dloxide
was insoluble in the dilute hydrochloriec aeid solution but

a8 the hydrolysie proceeded the solution became clear. The
reactlon mixture was diluted to twice the volume with water

snd refluxed for an additional fifteen minutes. The solution

56, Weijlard, J. Am. Chem. Soc., 67, 1031 {1945),




wag flltered hot to remove the small amount of insoluble
material and the filtrate nuetralized with ammonium hydroxide.
There was obtained 0.6 g. of materisl melting at 306-308°,
Thls orude material was dissolved in 200 cc. of hot ethanol.
The ethanol solution was treated with decolorizing carbon

and filtered hot. The yleld of pure 2,8-diaminodibenzothio-
phene-5-d1oxide melting at 327-328° was 0.3 g. or 51 £.

In snother preraration, the crude 2,8-dlacetaminodi-
benzothliophene, prepared by the hypochlerite oxidation of
2,8-discetaminodibenzothiophene, was refluxed for two hours
with 300 cc. of 18 £ hydrochloric aeld and gllowed to stand
overnight. The insoluble material wass extracted twice with
one liter of water and the ocombined extrocts treated with
decolorizing carbon to remove the dark red coler. The solu-
tion of the diamine dihydrochloride wes treated with
ammonium hydroxide to give 4 g. (48.8 £ yield based on the
amount of 2,8-diacetaminodibenzothliophene used in the
hypoehlorite oxidstion) of 2,8-dlaminodibzizothiophene-5-
dloxide melting at 325-326°.

Neumoyer and Amstutzlo prepared this compound in 82 %
yileld by amination of 2,8-dibromodibenzothionhene-5-
dioxide in the nreeence of comnper-bronze nowdsr. They re-
cryatallized the orude rroduct from water to obtain oure
material melting at 329-3310.

Anal. Caled. for CyoHy0oN 8 3 8, 13.0.

Found: 8, 13.4.



4-Methoxydibenzothiophene-5-dioxide.- To a hot solu-

tion of 8.1 g. (0.038 mole) of 4-methoxydibenzothionhene in
50 ec. of glacial acetic acid was added 12 ec. (0.1 mole)
of 30 ¥ hydrogen neroxide. A precipitate formed sfter the
addition but almost 1mmodlatély rediessoclved. After the
addition of 15 ce. more of hydrogen neroxide the solution
was refluxed for three and one-half hours. After cooling
and filtering, 6.6 g. (70.5 %) of product melting at 189-
192° was obtained. An additional 1.3 g. of product was ob-
tained by dilution of the filtrate and this increased the
yield to 85 £. Reorystallization from ethanol raised the
melting voint to 191-192°,

Ansl. Calcd. for 013310038: 8, 13.00.

Found: 8, 13.33.
Reaction of Dibenzothiophene with Aluminum Chloride.-

One-tenth mole (18.4 g.) of dibenzothiophene and 0.3 mole
(40 g.) of sluminum chloride wae sealed in a Carius tube
under an stmoenhere of nitrogsn. The tube was heated a2t
200--210O for 72 hours. A considerable smount of hydrogen
sul fide burst from the tube when it was oracked open. The
dark tarry contents wore extrsoted with 150 co. of dry
benzene and the extracts treated with carbon dloxide at the
reflux temnerature of benzene for eight hours. No dibenzo-
thiophenecarboxylic soid could be isolated from the reaction

mixture and 1t would arpear that the high temverature caused
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cleavage rather than metalstion.
Reaction of Dibenzothiophene With Aluminum Bromide.-

One-tenth mole of dibenzothiophene was treated with 0,3
mole of aluminum bromide in a Carius tube at 150° for three
daye. The resction mixture was worked up in the eame
manner as the previous reaction but no acid could be iso-
lated.

Another attempt was made to metalate dlbenzothiophsne
with aluminum bromide at 120-125° for 48 hours but no acid
could be isolated on subsequent carbonation. In all the
experimente a large volume of hydrogen sulfide was present
when the Carlius tubes were opened.

Resotion of Dibengzothiophene with Aluminum Iodide.-

The same negative results were obtained as in the two pre-

ceding experiments when 0.05 mole of dibenzothliophene was

heated at 130-135° with 0.142 mole of aluminum lodide.
4-Trimethylsilyldibenzothiophene.- 4-Dibenzothienyl-

lithium was prepared in the usual manner from 37.8 g.

(0.2 mole) of dibenzothiophene and 0.23 mole of n-butyl-
lithium, The reaction flask was cooled in an ice bath snd
21.6 g. (0.2 mole) of trimethyleilyl chlortide in 50 cec.

of ether was added dropwise. The reaction mixture was
slowly brought to reflux temperature and held there for 48
hours. Color Test I52 was pogitive at the end of twenty-

four and forty-eight hours but a previous preparation had
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shown that additional refluxing or the addition of a large
excess of the trimethylsilyl chloride had no effect on the
gmall amount of organometallic compound remaining. Water
was added to the mixture to decompose the unreacted 4-ai1-
benzothienyllithium. The ether layer was removed and dried.
After removal of the ether, the remaining oil was distilled
at reduced pressure. The crude 4-trimethylsilyldibento-
thiophene boiled at 180°/ 5 mm. Other observed boiling
points were 215-217°/ 20 mm., 135-137°/ 0.5 mm., and 142-
1430/ 0.8 mm, Three fractionations were necessary to re-
move the unreacted dibenzothiophene. The pure yield was 27
g. (52 #). The following constants were obtalned for this
compound: m°g 1.6354; 422 1.112; MR calod. 80.5; and
MRy found 82.4. (The molecular refraction was calculated
from the values of Warriok5s and the value given by Langess
for the R-3-R linkage. The bond refraction of the R-8-R
linkage in a eyclie compound like dibenzothiophene has not
been determined as far as the author can ascertain.)
(2-Trimethylsilyldibenzothiophene has recently been
prepared in these laboratories by Mr. John Irwin and was

o
found to be a solid melting at 43 so we ocould not determine
whether the discrepancy between the ealculated.and found

56. Warrick, J. Chem. Boc., 68, 24556 (1946); Lange,

Handbook of 'Gﬁu Tstry, 6th Edition 1946, Handbook
Publishers, Sandusky, Ohlo, v. 1026; see also Sauer,
J. Am. Chem. Bog., 68 954 (1948).
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molecular refraction in 4-trimethylsilyldibenzothiophene
also occurred in other lilquid dibenzothiophene eompounds.)
Ansl. Calecd. for CygHygS81: 81, 10.94.
Found: 81, 10.80.
Cleavage of 4-Trimethylsilyldibenzothiophene.- Anhydrous

hydrogen chloride was slowly nasged through a refluxing
solution of 5.2 g. (0.2 mole) of 4-trimethylsilyldibenzo-~
thiophene in 100 oc. of glaclial acetic acid for fifteen
houre. The outlet of the condenser was connected to a Dry-
Ice acetone cooled tran. The reaction mixture was poured in-
to water at the end of the fifteen houre. There was obtained
3.2 g. (87 %) of dibenzothiovhene melting at 89-91°. Re-
cryastallization from ethanol raised the melting roint to
95-96°, A mixed melting roint with an authentic svecimen of
dibenzothionhene was not denressed.

The trap conteined 1 g. (48 %) of trimethylsilyl
chloride which was identified by preparation of the addition
compound with thiourea. The melting point was 111--113O and
a mixed melting point with an authentic specimen (m.p. 117%)
was not depressed. The proof of 1dentity of this addition
vroduct 18 belng deterﬁined by Mr. ¥m. Meilkle.

4-Trimethylsilyldibenzothiophene-8-dloxide.- To 5.2 g.

{0.2 mole) of 4-trimethylsilyldibenzothiophene in 50 co. of
glacial scetic acid was added 10 cc. of 30 ¥ hydrogen
peroxide in 15 ec. of glacial acetlic acid. The mixture was
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kept at a temperature of 100° for 2 hours and after the
addition of an additional 10 cc. of hydrogen peroxidé was
refluxed for two hours. The reaction mixture was poured
into water and a quantitative yleld of crude produce melt-
ing at 125—130o was obtained. Reorystsllization from
ethanol gave a melting point of 140-142°, A second re-
crystallizetion from petroleum ether (b.p., 85-78°) reised
the melting voint to 146-147°., The yleld was 2.5 g. (42 %).

Angl. Caled. for Glsnisozssiz 81, 9.74.

Pound: 81, 9.75.

Cleavage of 4-Trimethylsilyldibenzothionhene-5-dloxide.-

One g. (0.0036 mole) of 4-trimethylsilyldibenzothiophene-5-

dloxide in 80 co. of glaclal acetioc acid was treated with
dry hydrogen chloride in the same manner as was the 4-tri-
methylsilyldibenzothionhene. At the end of fifteen hours
the reaction mixture was poured into water and there was ob-
tained a quantitative yield of starting material.

Nitration of 4-Trimethyleilyldibenszothiophene-5-dioxide.-

To a mixture of 4 cc. of glacial acetioc acid and 4 ec. of
concentrated sulfuric acid was added 1 g. (0.0035 mole) of
4-trimethylsilyldibenzothiophene-5-dioxide. The mixture
was cooled to 5° and 6 cec. of fuming nitric acld added
dropwise. The nitration mixture was gtirred at 8° for one-

half hour. However, during this time the temperature was
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allowed to reach 20° for & minutes. The reaction mixture
was poured into water and there was obtained 1.1 g. (95 %)
of a product melting at 180-2000. Reerystallization from
ethanol raised the melting point to 223-224°. The yleld
of pure materisl was 0.4 g. (34 %).

Ansl. Calcd. for CygH,.O,NSS1: 81, 8.43.
Anal 158 504 o

Found: 81, 8.72.
N, 4.10.

Thanke are due to Mr. John Irwin for the nitrogen analysis.
4-Triphenylsilyldibenzothiophene, - Triphenylethoxy-

8llane was prepared by the method of 01ark57 from 41.6 g.
(0.2 mole) of tetraethyl orthosilicate 2nd 0.6 mole of
rhenyllithium in 600 ecc. of ether. 4-Dibenzothienyllithium
wss prepared from 55.3 g. (0.3 mole) of dibenzothiophenes and
0.29 mole of n-butyllithium. To the solution of triphenyl-
ethoxysilane wss added the 4-dibenzothienyllithium solution
in a dropwise manner. The ensulng resction was suffioclent
to reflux the ether for the first five minutee of the addi-
tion. When all of the 4-dibenzothienyllithium had been
added the solution was refluxed for twenty-one hours. Color
Test 152 was positive at the end of this time, but since an
excess of the 4-dibenzothienyllithium was probably present,
the reaction mixture was hydrolyzed with water and dilute
hydrochloric aeld. The ether layer was separated and dried
B7. Clark, Dootoral Dissertation, Iowa State College, 1946.



over calclium chloride. After removal of the ether by
distillation, a yellow oll remained. The o0ll solidified
almost completely after standing overnight. Thies solid was
refluxed with 100 ce. of ethyl acetste and 50 co. of glaeclal
acetic acld. The hot solvent was removed by filtration and
the remaining white solid (7.5 g.) melted at 181-186°. A
snall amount of thie orude masterisl was recrystallized from
dilute acetic 2014 and the melting point was raised to 190~
192°, One gram of the orude material was refluxed with
ethyl alcohol to give a melting voint (after filtration) of
192~194°. Recryetallization from ethyl acetate gave a melt-
ing point of 193-1940. The remaining crude material, and the
crude material obtained by dilution of the filtrates, was
recrystellized from ethyl acetste to give a total pure yleld
of 6 g. (6.8 %).

In another vrenaration of the same slze, the crude
mMaterial was distilled at 1 mm. pressurs in hopes of more
efficient removal of the unreacted dibenzothiophene. From
the material distilling at 200-250°, there was isolated only
1.4 g. of 4-trivhenylsilyldibenzothliophene.

Angl. Caled. for CapHoo8851: 81, 6.34.

Found: 8i, 6.06, 6.11.

4—?r1phsny1s11y1d1benzothtophane-5~dicx1Qg.- To 1.B

{0.0024 mole) of 4-triphenylsilyldibenzothiophene in 20 ce.
of glaeinl acetic acid was added 10 cc. of 30 % hydrogen
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peroxide. The solution wss refluxed for four hours and then
sllowed to cool to room temperature. There was obtained 1.5
g. (93 %) of the 5-dloxide melting at 195-210°. Two re-
orystallizations from ethyl acetate ralsed the melting voint
to 212-213°.

Anal. Caled. for CsnHpg0o881: 81, 5.95,

Found: 81, 5.75.
Cleavsge of 4-Triphenylsilyldibenzothiophene.- Anhydrous

hydrogen chloride was passed through a refluxing solution
of 5 g. (0.011 mole) of 4-triphenylsilyldibenzothiophene in
120 cc. of glacial acetic acid for 16 hours. The solution
wag allowed to cool to room temnerature and the eoclid re-
moved by filtration. There was obtained 2.75 g. (55 %) of
4-triphenylsilyldibenzothiophene melting at 187-191°. No
cleavage products were 1solated. The 4-trinhenylsilyladi-
benzothiophene was identified by means of s melting point
determination with an authentic specimen.

Reaction between 4-Triphenylsilyldibenzothiophene and

Bromine.- A refluxing solution of 1.2 g. (0.0027 mole) of 4-
triphenylsilyldibenzothiophene in 20 cc. of glacial acetlo
aclid was treated dropwise with 0.435 g. (0.0027 mole) of
bromine. The reaction mixture was refluxed for three hours.
Subsequent treatment with 50 cc. of water gave a yellow-
brown solid melting at 40-700. The material was prébably a
mixture of triphenylsilanol and 4-bromodibenzothlophene.



(A sodium fusion test verified the nresence of bromine.)

Reorystallizations from petroleum ether (b.p., 65-780)

would not raise the melting point above 60-85°.
Attempted Preparation of 4~Tri-p-butylsilyldibenzo-

thiophene.- To 20.8 g. (0.1 mole) of tetraethyl orthosili-
cate in 50 cc. of ether was added 417 cc. (0.2 mole) of n-
butyllithium. When the addition was complete the solution
vas refluxed for twenty-four hours, at the end of which time
Color Test 1151 was negative. To thie solution was added
a solution of 4-dibenzothienyllithium prepared from 18.4 g.
(0.1 mole) of dibenzothiophene and 0,13 mole of n-butyl-
lithium. The reasction mixture was refluxed for 50 hours
and then hydrolyzed with water and dilute hydrochloriec acid.
The ether layer was separated, dried over calcium chloride,
and the ether removed by distillation. The remaining solid
was crystallized from glaclial acetic acld to give 14 g.
(72 %) of unreacted dibenzothiophene.

Attempted Preparation of 2-Tri-n-butylsilyldibenszo-

thiophene.~ Tri-n-butylsilyl chloride was prepared by the
addition of 0.132 mole of n-butyllithium in 110 co. of ether
to 7.5 g. (0.044 mole) of silicon tetrachloride in 100 ce. of
ether. Color Test 1151 was negative immediately after the
addition was comnlete.

To the solution of tri-n-butylslilyl chloride was added
a solution of 2-dibenzothienyllithium nrepared by the
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addition of 0.044 mole of n-butyllithium to 11.5 g. (0.044
mole) of 2-bromodibenzothiophene in 50 ec. of ether. Color
Test 152 wag negative after the addition was complete. The
reaction mixture was treated with water; the ether layer
removed and dried; and the ether removed by distillation.
The o0il that remsined wae distilled under reduced vressure
and a clear l1iquid was collected at 111-112°/3 mm. A white
80114 distilled at 140-1700/3 mm. that was subsequently
found to be dlbenzothiophene. The liquid 4distillate was re-
fractionated and bolled at 90-91°/1.5 mm. The index of re-
fraction was ngg 1.4496, ﬁarShallse observed the boiling
point of tri-p-butyleilanol to be 80°/0.3 mm., and recorded
the index of refraction as nzg 1.4449, 80 it is probable that
the material cbtained here was slightly impure tri-n-butyl-
silanol.

Attempted Preparation of Triethoxy-4-dibenszothienyl-

sllane.~ To 0.1 mole of triethoxysilyl chloride in 50 cec.

of dry ether was added an ether solution of 4-dibenzothienyl-
1ithium prepared from 18.4 g. (0.1 mole) of dibenzothiophene
in 100 cc. of ether and C.2 mole of n-butyllithium., Color
Test 152 wag negative one-half hour after the addition was
complete. The l1ithium chloride was removed by filtration
al@ the ether removed from the filtrate by distillation.

The viscous oil that remained was distilled under vacuum

58. uazghall, Doctorsl Discertation, Iowa State College,
1948,
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and a 0114 was obtained bolling at 160°/ 1 mm. This

material was found to be dibenzothiophene.

B, Organosilicon Compounds

Triphenyl- 3 -styrylsilane.- Twenty-five g. (0.096

mole) of triphenylsilanol was suspended in 200 cc. of an-
hydroue ether in a 500 ec. three-necked flask fitted with an
effieient stirrer, a gss inlet tube, and a calcium chloride
tube. Anhydrous hydrogen chloride was passed through the
vigorously stirred solution until one-half of the volume of
ether had been carried away. The gae inlet tube was re-
moved and the remainder of the ether drawn off on the water
aSpirator. The final traces of ether were removed by heat-
ing the reaction flask containing the product on a water
bath at '?0a under the vacuum of the water asvirator. The
product was reorystallized from vetroleum ether (b.p., 95-
110°) to give 23 g. (88 %) of triphenylsilyl chloride melt-
ing st 91—94°. If s purer product 18 desired the material
can be erystallized again from the petroleum ether,

To 1.26 g. (0.18 g. atom) of very finely cut lithium
in 10 cc. of ether was added 9.15 g. (0.05 mole) of freshly
distilled #L—bromoatyrene (b.p., 127°/ 156 mm.) in 50 cc. of
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ethsrsg. The solution turned a blood red color during the
fifteen minutes required for the addition. The reaction
nixture was stirred five minutes at room temperature after
the addition was complete. Another preparation of the

game size waavmade simul taneously in another reaction flagk
since it was found that larger runs than the one deseribed
give nredoainantly'gﬁrlithioflgfbromoetyreno, which loses
1ithium bromide to give rhenyl aoetylenesg.

To 17 g. (0.6 mole) of the freehly prerared triphenyl-
8ilyl ehloride in 100 cc. of ether was ranidly added the
Jarstyryllithiun. The bloed red color of the styryllithium
disavpeared during the addition of the firet half of the
solution but remained theresfter. The seoond preparation
wag ranidly sdded immediately after the first. Oolor Teset
1°2 was negative after the resotion mixture had been re-
fluxed for three hours. The 2olution was treated with water;
the ether layer removed and dried; and the ether removed
by distilliation. A yellow o0il remained contalning particles
of solid. The material wae cooled snd the solid removed by
filtration. After recrystsllization from netroleum ether
(b.p., 85~78°) there wae obtalned 10 g. (47 %) of trivhenyl-
f2-etyrylsilane melting at 140-143°. Reorystallization from

o
ethanol raised the melting voint to 146-147 .,

59. Wright, J. Org. Chem., 1, 457 (1926); Gilman, Zoellner,
and Selby, J. Am, Chem. Soc., 55, 1257 (1933); Gilman,
Langham, and Mcore, 1bid. 82, 2327 (1940); wittig and
witt, Ber., 74B, 1472 (19417.
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mineral acids, and the material was vrobably a mixture of
various styrene nolymers,
Triphenylphenylethinylsi1ane®C.- Triphenylphenylethinyl-

gllane was prepared according to the method of ?lunketso

from 12.94 g. (0.0915 mole) of silicon tetrachloride, 0.2718
mole of phenyllithium in 289 cc. of ether, and 0.0915 mole
of phenylethinyllithium /prepared from 9.35 g. (0.0915 mole)
of phenylacetylene and 0.091%5 mole of phenyllithium in 88
co. of ether/. The yield of pure material melting at 96-
98° was 30 %.

When the same preparation was attempted using 0.03 mole
of triphenylethoxysilane and 0.2 mole of vhenylethinyl-
l1ithium the yleld of triphenylphenylethinylsilane was 10 %.
An attemnt to prepare ohenylethinyltriethoxysilane according
to method of Andrianovol resulted in failure.

Hydrogen Chloride Cleavage of Triphenylphenylethinyl-
silane.- Dry hydrogen chloride was nassed through a reflux-

ing solution of 4.5 g. (0.012 mole) of triphenylnhenylethinyl-
silane in 100 cc. of glsclal acetic acidfor 15 hours. At

the end of this time the clear solution was poured into

water. The water solution was extraocted with ether; <the
ether extracts were dried over sodium sulfate; and the

ether wae removed by distillation. The residue was distillsd

60. Plunket, Doctoral Dissertation, Iowa State College, 1947,
61. Andrianov, J. Gen. Chem., (U.8.8.R.) 8, 1255 (1928).
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under reduced pressure to give 1 g. (67 %) of acetophenone,
identified by preparation of the 2,4-dinitrophenyl hydrazone
(m.p. 245-248°). A mixed melting point with an suthentic
speclmen of the 2,4-dinitronhenyl hydrazone of aeetoghenone
was not depressed.

The solid residue remaining after removsl of the
acetophenone was dissolved in xylene. The xylene solution
was treated with petroleum ether (b.p., 95-110°) until
s0lild material settled out. Two reorystallizattdns from
benzene gave a melting voint of 223-224°%, A mixed mel ting
point with hexaphenyldlsiloxane was noi deprcssed. The
¥ield of hexaphenyldisiloxane wes 1 g. (32 %).

Triphenyl- £ -chloroethylsilane.- To 17.5 g. (0.0887

mole) of (-chloroethyltricklorosilane (orepared acoording
to the directions of Sommer and.Whitmoreag) in BO ce. of
ether was added 0.267 mole of phenyllithium in 216 cc. of
ether. The rate of addition was approximately 4 cc. per
minute, and the reaction flask was well cooled in ice dur-

2 was poeifiva when the

ing the addition. Color Test 15
addition was complete but negative after the reaction mixture
was stirred mechanically at room temperature for thirty
minutes. Water was added to the solution and the ether
layer removed and dried. The ether was removed by distilla-

tion and a Yyellow oily residue remained. The residue

62. (a) Bommer and Whitmore, J. Am. Chem. Soc., 68, 485
(1948); (b) for a discussion of the general use of
sulfuryl chloride see Kharssch and Brown, 1bid., 62,
926 (1940).
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partially solidified on standing overnight at a temperature
of 100. The melting pnoint of the 6 g. (21 % yield) of solid
materisl wae 90-110°. Recrystallization from petroleum
ether (b.p., 65-78°), ethanol, and petroleum ether, in the
order given, gave a melting point of 129-130°. It was ob-
gerved that 1f only sufficlient solvent was used to dissolve
the material, the melting noint was improved very slowly.
However, if a 10 £ excess of solvent was used only two
reocrystallizstions were necessary to obtaln pure materisl.

Anal. Calecd. for CponHyoClB8i: 81, 8,87,
C1,10.90.

Found: 81, 8.69.
Ci,1.01

Reaction of Trinhenyl:g;gchloroethylsilane with Sodium
Bydroxide.- One-half g. (0.0015 mole) of triphenyl-g« -

chloroethylsilane wss refluxed for one hour with 20 ec. of

10 4 sodium hydroxide. The reaction mixture was allowed to
- cool to room temperature and there was obtained by filtra-
tion 0.5 g. of material melting at 110-1150. Recrystal-~
1ization from ethanol raised the melting point to 130-132°.
A mixed melting point with the starting material was not
depressed.

Resction of Trivhenyl-« -chloroethylsilane with

Magnesium.- To 0.181 g. (0.007 mole) of magnesium in 10
cc. of dry ether was added 2.4 g. (0.007 mole) of nure
triphenyl- 4 -chloroethyleilane in 50 cc. of ether. There
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was no immediate resction so a few drons of methylmagnesium
iodide were added. The s=olution became somewhat turbid and
after refluxing overnight the amount of magnesium spparently
was diminished. The reaction mixture was poured Jetwise onto
Dry Ice and the resulting mixture trested with 3 % sodium
hydroxide after it had reached room temperature. Acidification
of the sodlum hydroxide extraects gave no solid materisl. The
ether solution gave an o0il after removal of the ether., Thise

01l was crystallized by sllowing 1t to stand overnight in a few
cc. of petroleum ether (b.p., 85-78°). The melting point was 90-
111°, Recrystallization from petroleum ether gave a melting
voint of 126-128° that wae not depressed when mixed with start-
ing material. The amount recovered was 0.4 g. (12.5 %) but it is
entirely possible that mechaniocal losses of such a small size

preparation would account for at least s similar vercentage of
materiagl.
Tr&phanylethylsilang§3’64.- To 104 g. (0.5 mole) of tetra-

ethylorthosilicate in 200 e¢c. of ether was added 1.5 mole of
phenyllithium in 1300 cc. of ether. The addition was at such a
rate a8 to cause only very gentle refluxing of the sther or no
refluxing at all. Rapld addition increased the formation of
the tetranhenylsilane impurity and reduced the yield of tri-
phenylethoxysilane.

One-half mole of ethyllithium (prepared just nrevious to use
from one mole of ethyl bromide in 200 cc. of ether and two g.,

83, Ladenburg, Ber., 40, 2278 (1907).
64. Marsden and Kioring, J. Chem. Boc., 83, 209 (1908).
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atoms of finely cut lithium in 400 ce. of ether) was added
rapidly to the solutlon of triphenylethoxysilane. Color Test
152 was negative after three hours of mechanical atirring. The
resction mixture was hydrolyzed with water; the ether layer
separated and dried over sodium sulfate; and, the ether re-
moved by dlstillation, The residue w as treated with 100 cc.

of hot petroleum ether (b.p., 65-780) and the solution flltered
hot. There was obtained 5 g. of material melting at 60-1600.
Reerystallization from benzene gave 3.5 g. of tetraphenylsilane
melting at 225-2286. The petroleum ether filtrate was evaporat-
ed to one-half the volume to give 50 g. (35 %) of triphenyl-
ethylsilane melting at 60-650. Recrystallization from petroleum
ether foliowed by a second recrystallization from & small amount
of benzene (the triphenylethylsilane is quite soluble in
benzene) gave a yileld of 32 g. (22.2 %) melting at 70-72, The
melting point prevlously reported was 72-740 64. This compound
has been prepared in almost quantitative yields from triphenyl-
silyl chloride and ethylmagnesium bromid864. I.&denburgs:5 pre~
pered it from triphenylsilyl bromide and diethyl zinc but gave
no yileld,

Reaction of Triphenylethylsilane with Sulfuryl Chloride.-

A mixture of 28.8 g. (0.1 mole) of triphenylethylsilane, 7 cc,
62
of sulfuryl chloride , 0.5 g. of benzoyl peroxide, and 30 ec.

of carbon tetrachloride was refluxed for eight hours. The
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reaction vessel was protected from moisture by a phosphorous
pentoxide tube. After standing overnight at room temperature,
the carbon tetrachloride was removed from the reaction mlxture
by distillation at reduced pressure. The remalning liquid was
dissolved in 50 cc. of petroleum ether (b.p., 65-780) and there
was obtained 16 g, of material melting at 60-110°. This
material was recrystallized from ethanol to raise the melting
point to 100-1100. Another recrystallization from petroleum
ether and one from ethanol gave a melting point of 133-134°,

A mixed melting point with an authentic specimen of triphenyl-
__=~chloroethylsilane (prepared by the reaction of phenyllithium
on __=~chloroethyltrichlorosilane) was not depressed. The
combined filtrates fro the various recrystallizations were
combined and the crude solid obtained from them was subjected
to vacuum distillation. The material distilling at 90-100°/2
mm. melted at 122-125° after crystallizatlon from ethanol and

petroleum ether. The total yleld was 3.5 g. or 11 .
Triphenyl- g-chloroethylsilane.~ T0 13.35 g. (0.0675 mole)

of )Q_-chloroethyltrichloros ilane (preparad62 from e thyltrichloro-
silane and sulfuryl chloride) was added three equlvalents of
rhenyllithium (0.203 mole) in 155 cc. of ether. The reacticn
flask was well cooled in ice during the addition. Color Test

152 was negative when the addltion was complete. The reaction

mixture was treated with 20 cc. of water and the ether layer
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was removed and.dried. A brown oil remained aftér removal of
the ether, Part of this oll solidified after standing over
night at a temperature of 10°, fThe melting point was 110-
115o but was raised to 124-1250 after two recrystallizations
from petroleum ether (b.p., 65—780). The yield was 1 g.
(5,2 4)s A mixed melting point determination with triphenyl-
& ~¢hloroethylsilane melted at 90-1000.

Anal, Caled, for CzOngclsi: si, 8.67.

Pound: 81, 8.60.

Reactlion of Tetraethylslilane with Sulfuryl Chloride.-

Five g. (0,035 mole) of tetraethylsilane / prepared in 93.5 %
yield from 10.4 g. of ethylsilicate in 100 cc. of ether and
0.73 mole of ethyllithium in 1500 cc. of petroleum ether

(DeDes 28-35°) _J» 4.7 go of sulfuryl chloride, 0.5 g. of ben-
zoyl peroxlde, and 20 cc. of carbon tetrachloride were refluxed
for 12 hours. The system was protected from molsture by a
phosphorous pentoxide tube. Fractlonation of the reaction
mixture gave no constant boiling product but since no tetra~
ethylsilane was recovered it indicated that chlorination did

take plsace,

Reaction of Triphenylmethylsilane with Sulfuryl Chloride.~

A mixture of 5 g. (0.018 mole) of triphenylmethylsilane, 2.44
g« (0.018 mole) of sulfuryl chloride, 0.5 g. of benzoyl
peroxide, and 10 cc. of carbon tetrachloride were refluxed for
8ix hours. The carbon tetrachloride was removed by distilla-

tion and the solid residue crystallized from pstroleum ether
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(bepe, 65-78°). The melting point was 55-80 . Recrystalliza-
tion from the same solvent gave 1.25 g. (20 %) of product melt-
ing at 94-990. A second recrystsllization from petroleum
ether raised the melting point to 98-990. The silicon analysls
would indicate that the product was triphenyldichloromethyl-
silane but apparently it was a mixture of triphenylchloro-
methylsilane and triphenyldichloromethylsilane since the
chlorine analysis was in between the theoretical for the two
possibilities.

An attempt to throw further light on this perplexing re-
sult was made recently 1n these leboratories by Mr.'thn Irwin.
He used a slight excess of sulfuryl chloride and increased the
reflux period to twenty-four hours. However, he also obtained
a mixture of chlorinated products from which no pure material
could be 1solated.

Anal. Caled. for ¢, _H.  _Clsl: 81, 9.07; Cl, 11.55.

1917
Calcd. for CIQHlBClzsi: Si, 8.163 Cl, 20.4.
Pounds Si, 7.95, 8.05; Cl, 13.07’
14.32,

65
2-Triphenylsilyldibenzofuran.- 2-Dibenzofuryllithium was

prepared from 4.2 g. (0.0168 riole) of 2-bromodibenzofuran and
0.0168 mole of n-butyllithium. To the solution of 2-dibenzofuryl-
lithium was added 4.0 g. (0.0135 mole) of triphenylsilyl

65, Gilman, Langham, end Willls, J. Am. Chem. Soc., 62, 346
(1940). -
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chloride. Color Test 152 was negetive after the reaction
mixture had been refluxed for one hour. The sclution was
treated with water smmd the ether layer removed and dried.
After removal of'ghs ether there remained a dark oll, This
dark oil was extracted with 25 cc. of absolute ethanol leaving
a light oll that crystallized on cooling. Recrystallization
. from petroleum ether (b.p., 95-1100) gave 0.5 g. (8.7 %) of
4-triphenylsilyldibenzofuran melting at 124-125 .

Anal. Calcd. for czOngosi; 83, 6.58.

Found: S1, 6.59.

Attempted Preparation of 4-Triphenylsilyldibenzofuran.-

A solution of triphenylsilyl chloride was prepared from 20.1
ge {04,123 mole) of silicon tetrachloride iIn 5O cc. of sther
and 0,369 mole of phenylllithium iIn 386 cc. of ether. To this
solutlion was added a solution of 4~dibibenzofuryllithium pre-
pered from 16.8 g. (0.1 mole) of dibenzofuran mmd 0.15 mole

of n~butyllithium. When the addition was complete the reaction
mixture was refluxed for two hours, at the end of which time
Color Test 152 was negative. The solution was hydrolyzed with
water and the ether layer sepsrated and dried. As usual in
such pregarations an o1l resulted after removal of the ether.
The o1l was crystallized from ethanol to glve & solid melting

o)
at 90«95 « Various methods were used in an attempt to purify

this material but all were unsuccessfui.
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Trimethyl-g-anisylsilane.~ To 27 g. (0.25 mole ) of tri-

methylsilyl chloride in 100 cc. of ether was slowly added a
solution of gfanisyllithiumss prepared from 52 g. (0.277 mole)
of co=bromoanisole in 200 cc. of ether and 4 g. (0.554 ge atomn)
of lithium in 100 cc. of ether. Color Test 152 was negative
one-halfl hour after the addition was complete., The reaction
mixture wes worked up in the usual manner to give 35 g. (71;%)
of trimethyl-o-anisylsilane distilling at 91-83°/15 mm,
Fractionatioh of the product at reduced pressure would not
separate 1t from the small smount of o-bromoanisole that wast
present so the sllane was fractionated at atmoapherie pressure
(bepe, 205-208°/733 mm.). The following constants were de-

20 20 5
tormined: n°| 1.5055; d 4 0.9587; MR calcd., 6

56.47; and
MRD found, 55.80,
&nal. Calcdo for 010H16081= Si, 15055'
Found: si, 15.32.

Trimethyl-p-anisylsilane.~ To 27 g. (0.25 mole) of tri-

methylsilyliggfzride in 100 cc. of ether was added a solution
of Bfanisyllithium66 (approximately 0.25 mole) prepared from 6
g. (0.831 g. atom) of lithium in 200 ccs of ether and 52 g.
(0.277 mole) of gfbromoanisole in 300 cc. of ether. The re-
action mixture was allowed to stir overnight and then treated

with water in the usuasl manner. The sther was removed from

66, ?iégg?, Langham, and Jacoby, J. Am. Chem. Soc., 61, 106
[
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the product by dlstillation and the resldue distilled at 118~
120°/ 30 mm. The crude product was contaminated with unre-
acted p-bromoanisole. Fractional distillation at atmospherie
pressure, steam distillation of the crude product, and freez-
ing the solution were attempted in hopes of separatling the
vroduct from the gfbromoanisole but all were unsuccessful. As
a last resort, the contaminated product was extracted wilth
500 cc. of water in 50 cc. portions. Fractionation of this
material gavevls g. (40 %) of pure trimethyl—gfanisylsilane
n°p 1.5014; dzi 0.9298; R caled.,’
56.47; and MRD found, 56.46,

boiling at 220°/740 mm,;

Anal: CalCdo for ClOHIGOSi: Si, 15.55.
Found: 31, 15.48,

Trimethyl-p=bromophenylsilane.~ To 47.55 g. (0.28 mole)
-

of silicon tetrachloride in 100 cc. of cold ether was added
0.84 mole of methyllithium in 900 cc. of ether. The rate of
addition was controlled at 3-4 cc. per minute. Color Test 152
was negative at the end of the addition, A solution of p-
bromophenyllithium, prepared in accordance with the procedure
of Gilman, Langham, and Mooresv from 0.15 mole of gfdibromo-
benzene and 0.35 mole of n-butyllithium, was rapidly added to
the sclution of trimethylsilyl chloride, (This compound was

prepared before trimethylsilyl chloride became commercially

67, GCilman, Langham, and Moore, J. Am. Chem. Soc., G2, 2327
(1940), ' —
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available. It can now be nurchased from the General Electrioc
Co. or the Anderson Laboratories.) The solution was refluxed
overnight and then hydrolyzed with water. The ether layer
was dried and the ether removed by Adistillation. The residue
was fractionated under reduced vressure to give 35 g. (55 %)
of crude trimethylfg-bromophenylsilane boiling at 103-10?0/
14 mm. The crude product was rofraotionated‘twice to give

pure material distilling at 104-108%/ 14 mm. The following

constants were observed: nzg 1.5221; 622 1.2016; MRD
caled., 57.52; and MRy found, 57.32. This comnound has re-

cently been prepared57’68

in 45 % and 53 % ylelds from p-
bromophenyltrichlorosilane and methyllithium, and from_g-
bromophenylmagnesium bromide and trimethylsilyl chloride. It
20

4 1.2022

1.56271 and 1.5302; MRD 57.48 and 58.03.

distilled at 146-148°/ 50 mm. or 95-96°/ 3 mm; 4

20
D

There was aleo obtained 8 g. of trimethyl-n-butylsilane

and 1,2197; n

distilling at 122-1230/742 mm. nzg 1.4020. Clar‘k57 liste

23 1.40%0. A small

amount of material boiling at 165-180° was also present and

the boiling pnoint as 1150/760 mm. and n

wsg8 probably trimethylrhenylsilane but 1t could not be
rurified sufficlently for identification.

Attempted Preparation of Trimethyl-o-hydroxynhenylsilane.-
[ A7 Erom Trimethylsilyl Chloride and Lithium o-1ithiovheno-

xide.- To the reaction mixture from 17.3 g. (0.1 mole of o-

68. Burkhard, J. Am. Chem. Soc., 68, 2103 (1946).
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bromophen0169 in 50 cc. of ether and 0.2 mole of lithium
in 400 cc. of ether was added 5.4 g. (0.05 mole) of tri-
methyleilyl chloride, There was no avvarent reaction dur-
ing the addition, The resulting solution was refluxed over-
night and treated with water. The ether layer contained
less than 1 g, of a mixture (b.p., 90-95°) suspected of
being trimethylesilanol and hexamethyldisiloxane, (Sauervo
revorte that trimethylsilanol and hexamethyldisiloxane form
an azeotrovic mixture boiling at 91-929) Acidification of
the water layer gave an oil that was extracted with ether.
The ether was removed and the residue distilled. There

vg8 obtained 10 g. ofphenol dietilling at 175-180°., No
other phenolic material was isolated.

[ B7 By 8odium Cleavage of Trimethyl-o-anisylsilsne in

Pyridine.- To 18 g. (0.1 mole) of trimethyl-o-anisylsilane
in 250 cc. of pyridine wae added 10 g. of sodium in small
portions according to the method of Prey71. The renction
mixture was slowly heated to boiling and refluxed over-
night. The system was kent under an atmos~here of nitrogen
except during the addition of the sodium. After the re-
action mixture had cooled to room temperature, 1t was treated
with pyridine, pyridine-water, and water, in the order
B9. For the preparation of 1ithium lithiophenoxides see
Gilman and Amtzen, J. Am. Chem. Soc., 69, 1537 (1947).

70. Sauer, 1bid., 68, 1707 (1944).
71. Prey, Ber., 76B, 156 (1943).
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given, to remove any unreacted sodium. The dark solution
was worked up in search of trimethyl-o-hydroxyphenylsilane
but no phenolic material wae isolated.

Attempted Preparation of Trimethyl-p-hydroxyphenylsilesne.-

[ A7 From Trimethylsilyl Chloride and Lithium p-lithiopheno-

xide.- To 43 g. (0.25 mole) of p-bromophenocl in 200 cc. of
ether 7a8 renidly added 0.5 mole of n-butyllithium in 470 ocec.
of ether. Color Test II51 »#a8 negative after the resction
mixture had been refluxed for ninety minutes. To this solu-
tion wes added 21.8 g. (0.2 mole) of trimethylsilyl chloride
in 25 cc. of ether. The resction mixture was refluxed for two
hours and Color Test 152 gshowed the absence c¢f any organo-
metallic compound. The solution was hydrolyzed with water
and dilute hydrochloric scid and the ether layer removed and
dried. The ether was removed by distillation and the residue
distilled at reduced pressure. There was obtained one
fraction bolling at 81-86°/ 25 mm. and another boiling at
86-120°/ 25 mm., Both fractions gave positive phenol testis
and poeitive halogen tests. Redistillation at atmospherie
pressure gave the following fractions: 164-188°, 168-170°,
170-172°, 175-186°, 186-200°, snd 210-220°. The lower boil-
ing fractions were identified ss phenol and the higher
fraction (210;2200) was found to be p-bromophenol. The
identification was by means of the aryloxyacetic acids. Mixed

melting point determinations with authentic specimens were
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the final proof of identity.
/ B_/ By Sodium Cleavage of Trimethyl-p-anisylsilane in

Pyridine.- To 13 g. (0.072 mole) of trimethyl-p-anieyl-
sllane in 50 cec. of dry nyridine was added 7 g. of sodium
sccording to the method of Prey71. The reaction mixture
was refluxed overnight and then treated with pyridine,
pyridine-water, and finally water to dissolve any unreacted
sodium that may still have been present. A large amount

of carbonaceoug material was present that was insoluble in
water and organic solvente. No organic material of any

kind could be isolated from the‘reaction mixture.

Zfb;7.§1 Oxidation of Trimethyl-p-lithiophenylsilane.- A

solution of‘trimethylﬁgflithionhenylsilane was vrenared from
1 g. (0. 14 g. atom) of 1ithium in 20 oc. of ether and 18 g.
(0.07 mole) of trimethyl-p-bromophenyleilane in 100 cc. of
ether according to the method of Clark57. To this sclution
wa8 added 0.07 mole of n-butylmagnesium bromide. The mix-
ture was cooled to -10° and 4dry air nassed through the solu-
tion for three hourg. Color Test 152 was negative at the
end of this time. The reaction mixture was hydrolyzed with
water and dilute hydrochloric acid. The ether layer was re-
moved and the water layer extracted twice with ether. The
combined ether extracts were treated with 200 cc. of 3 %
sodium hydroxide solution in 50 cc. vortions. The basic
extracts were acldified vith hydrochloric acid and the

solution extracted with ether. The ether was removed and
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the residue distilled at reduced rressure to give 3 g.

(25%) of product distilling at 80-82°/ 15 mm. This material
wag ildentified as phenol by prenaration of the phenoxyacetic
acid. A mixed melting point with an suthsntic svecimen was

not depressed,

In part /A 7/ of this attemnted premaration, the ab-
sence of a Color Test I after interaction of the lithium
p-lithiophenoxide and trimethylsilyl chloride indlcates
that trimethyl-p-hydroxyohenyleilane nrobably was formed
but may have been cleaved during the attempted isolation.
The negative Color Test I in part / C_/ in thre oxidation
of trimethyl-p-lithiophenylsilasne shows that the lithium
salt of trimethyl-p-hydroxyphenylsilane must have exlisted
in solution but again may have been cleaved during the sub-
sequeht operations. This same reasoning ocan be anplied to
the attempted preparation of trimethyl-o-hydroxyphenylsilane.

It 18 difficult to explain the presence of the phenol
ieolated in these experiments unless one attributes it to
the clesvage of the trimethylhydroxynhenylsilanes. It could
hot have come from the lithium lithiophenoxides by hydrolysis
since the Color Test I showed the absence of any organo-
metallic compound.

Anparently, these trimethylhydroxynhenylsilanes are
very unstahble comnounds and are easily cleaved by dilute

aclds. DBenkeser noted in some unpublished studies that
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trimethyl-p~aminorhenylsilane was also a very unetable
compound. When he attemnted to prenare the dlazonium salt
under very mild conditions, aniline was 1solated as -ne of
the clesvage nroducts,

72
Attempted Prenaration of Trimethyl-p-aminonhenylsilane .-

To 4% g. (0.25 mole) of p-bromoaniline in 100 cc. of ether
was added 0.5 mcle of‘g-butyllithiunvs in 650 cc. of ether.
Color Test 1151 was negative at the end of the addition. To
this solution was added 27 g. (0.25 mole) of trimethylsilyl
chloride in 100 cc. of ether. The ether refluxed gently dur-
ing the addition. The reaction mixture wes allowed to stir
at room temperature for two hours and then let stand over-
night before tresting with vater. The ether layer was
seperated snd dried before disti’lation. The residue remain-

ing after removal of the ether was dietilled to give some

, o
p-bromoaniline distilling at 95-100 /0.7 mm. A small

72. Benkeser, Doctorsl Dissertation, Iowa Btate College, 1947.
73. The use of two or three equivalents of n-butyllithium for
the interconversion reaction with p-bromoaniline has
never been definitely settled. GiIman and Stuckwisch

/[ 8ee J. Am. Chem. Boc., 63, 2844 (1941) 7 revorted the
use of three equlivalents of n-butyllithium and obtained a
vield of 68 % of p-11thio-N,N-dilithiocaniline. Clark
(2ee ref. 57) used two equivalents for the interconversion
reaction with p-bromoaniline and used the 1ithium com-
nound for reaction with ethyl silicate. He obtained a

27 % yleld of p-aminophenyltriethoxysilane. Galner

(sec Gainer, Doctoral Diseertation, Iowa State College,
1948) re-orted the use of three equivalents of n-butyl-
lithium for the same interoconversion reaction. BSee also
Gilman and Gainer, J. Am. Chem. Soc., 69, 1946 (1947).
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amount of lewer boiling material (75°/ 0.7 mm.) was obtained
but 1t 414 not contain silicon and was too small to attempt
1dentification. It was thought to be aniline.

Reaction Between Trimethylbenzylsilane and t-Butyl

Chloride.- PMive g. (0.03 mole) of trimethylbenzylsilane,

1.2 g. (0.1 mole) of aluminum chloride and 5 cc. of earbon
disulfide were mixed together in s small flask and cooled

to 10°%. To this mixture wae slowly added 2.5 g. (0.027

mole) of t-butyl chlorice. The reaction mixture was slowly
warmed to room temperature while being stirred ranidly.

Small smounte of hydrogen chléride were given off during this
warming verind, At the end of one hour the reaction mixture
wag hydrolyzed with water and the layers sevarated. The
water layer was extractsed with ether and the ethar extracts
corbined with the carbon disulfide layer. The ether and
carbon disul fide were rewoved and the residue fractionated.

A variety of high beiling fractions was obtained but no
cleasvage vroducts (toluene, trimethylsilanol) nor unreacted
etarting materisl were obtained, It would seem that a
Friedel-Craftes reaction may have taken nlace but purification
and identification of the small amounts present was imnoseible.
Melvin74 has treated trivhenylasilanol with acetyl chloride
and benzoyl chloride in the presence of sluminum chloride

and other leee active catalysts. He obtained no alkylated

74, Unnublished studles of H, Melvin,
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triphenylsilanols nor any isolable materisl when the
catalyst wae aluminum chloride. Only starting material weas

obtained when less active catalysts were used.

C, Pyrrole Compounds

?-(2,5—D1methylnyrry1~1)~pyridin375.- A mixture of 57

g. (0.5 mole) of =mcetonylecetone, 27 g. (0.5 mole) of 2-
aminonyridine, snd 7 cc. of hydrochloriec acld was refluxed
for four hours. The resulting water layer was removed and
the o1l dl1etilled at reduced pressure. The material dlestil-
ling et 146°/ 15 mm. wes found to be 2-(2,5-dimethylpyrryl-1)-
ryridina. The yleld was 50 g. (57 #). The following con-
stants were oheerved: azg 1.5710; dgi 1.058; MRD caled.
5%.17; and MRy found 53.40.
Anal. Caled. for GllEi2N2: N, 18.28
Found: N, 18,30.
The comnound formed & nicrate melting at 114-118° arter
recrystallization from ethanol.
Ansl. Calcd. for Cy,R 50,8 ¢ N, 17.50
Found: N, 17.86.

75
1-{4'-Benzenesul fonsmido)-2, S-dimethylpyrrole .- A

golution of 10 g. (0.067 mole) of p-aminobenzenesulfonamlide,
7.8 g. of scetonylasetone, and 3 ac. of glacial acetic acld

in 15 occ. of ethancl was refluxed for five hours. The #o0lid

75, Gilman, Stuckwisch, and Nobis, J. Am. Chem. 8o0c., 88,
326 (1946).
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that preoipitated was removed by filtration and melted at
154—1350 after reorystallization from ethanol. The yield
was 5 g, (33 ).
Anal. Calcd. for O, H, 0-N,8: N, 11.20,
Found: N, 11.21.
1—(j£rniethylam1n0pr0pyl)-2,5-d1methy1pyrr01075.-

Ten g. (0.07 mole) of ¥ -diethylaminopropylamine was re-
fluxed for two hours with 14 g. (0.122 mole) of acetonylace-
tone. At the end of this time the reaction material was
subjected to distillation at reduced pressure. There wss
obtained 16 g. distilling at 144-146°/ 15 mm. Redistil-
lation gave 8 g. (50 %) boiling at 146°/ 16 mm.
Anal. COaled. for C,aHogl¥,! N, 13.48,
Found; N, 13.46.
2-(2, 5-Dimethylpyrryl-1)-6-(p-dimethylaminovhenyl)-

pyridine.- A solution of p-dimethylaminonhenyllithium was
prepared from 22 g. (0.1 mole) of p-bromoaniline in 40 cc.
of ether and 1 g. (0.14 g. atom) of lithium in 35 oc. of
ether. This solution was filtered through glass wnol and
to the filtrate wss added 17 g. (0.1 mole) of 2-(2,5-41-
methyloyrryl-l)-pyridine in 35 cc. of ether. Color Test
152 was positive shortly after the addition wss comnlete,
but negasive after the rerotion mixture had been refluxed
for two hours. The dihydro compound was oxidilzed by pass-

ing dry alr over the solution for four hours. The solution
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2"[:E"(z'5"”"“”’1"3'1?”3’1'1‘3"1--1)--pl'lel‘lyl_7qumo:!.s.ne.—'75 n-

(2,5-Dimethylpyrryl-1l)-phenyllithium was prepared as in the
previous nreparation from 195 g. (0.5 mole) of p-(2,5-3imethyl-
pyrryl-l)-bromobenzene in 200 cc. of ether and 7.0 g. (1.0
g. atom) of lithium in 100 ec. of ether. To the solution
of the pyrrylphenyllithium wae added 65 g. (0.5 molel of
quinoline in 100 cc. of ether over a period of one hour. The
solution was allowed to stir for three hours and then poured
on ice to give the dihydro commound. The dlhydro compound
wae refluxed for two hours with 100 cec. of nitrobenzene and
the nitrobenzene removed by steam distillation. The brown
20114 that remsined was crystallized from ethanol to glive
7 g. (5 %) of the desired product melting at 149-160°. The
product was shown to be identical (mixed melting noint)
with 2~/ p-(2,5-dimethylnyrryl-1)-phenyl /-quinoline pre-
pared’’ earlier by condensation of 2-(p-aminophenyl)-
quinoline with acetonylacetone.

Anal. Calcd. for CpyHygNo: N, 9.51.

Found: N, 9.53.

The compound formed s vicrate which melted at 176-177°

after recerystallization from ethanol. |

Anal., Calcd. for CopHoyOpNg: N, 13.20.
Found: N, 13.20.

77. Unpublished studles of 3. M., Spatz,
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1-(2'-Chlorophenyl)-2, 5-dimethyloyrrole.- A mixture

of 64 g. (0.5 mole) of o-chloroaniline, 57 g. (0.5 mole) of
acetonylacetone, and 10 cc. of glacial acetic acld was
refluxed for four hours in essential accordance with the
method of Hazelwood?e. The nroduct was obtained by vacuum
distillation of the resction mixture. 1-(2!'-Chlorophenyl)-
2,5-dimethylpyrrole bolls at 180-182°/15 mm. (as compared
to a boiling point of 1300/15 mm. recorded by Hazelwood)
and was obtained in 55 % yleld.
1-Anilino-2,5~-dimethylpyrrole.- A mixture of 57 g.

(0.5 mole) of acetonylacetone, 50 cc. (0.5 mole) of
phenylhydrazine, and 5 ec. of hydrochloric s0ld was re-
fluxed for four hours. The reaction mixture was dlstilled
at reduced pressure and there was obtalned a solid boiling
at 1510/15 mm, Recrystallization from netroleum ether
(b.p., 95-1100) gave 7 g. (7.5 %) of 1-anilino-2,5-
dimethylvyrrole melting at 949. This nrocedure was gimpler
than the method used by Knorr78. After heating equimolar
amounts of acetonylacetone and phenyl hydrazine, Knorr
poured the reaction mixture into water and sevarated his

vroduct by steam distillation. He listed no yleld.

1-(p-Bromophenyl)-2-me thyl-5-phenylnyrrole.- Phenacyl-

acetone was prenared in 40 £ yleld according to the method

of Helbe:ger79 from luvulinic acid and benzene. A mixture

78. Knorr, Ber., 22, 170 (1889),
79. Helberger, Ann., 522, 264 (1936); Ann., 522, 273 (1936).
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of 30 g. (0.17 mole) of vnhenacylacetone, 29.2 g. (0.17 mole)
of p-bromocaniline, and 0.5 cc. of hydrochloriec acid was re-
fluxed for two hours. The resction mixture so0lidified when
1t was sllowed to cool to room temnersture. Reorystalliza-
tion from ethanol gave 45 g. (85 %) of the desired pyrrole
melting at 119-120°,

Ansl. Calecd. for 01751433r: Br, 26,60; N, 4.48.

Found: Br, 25.70, 28.00; N, 4.38.
2-({2-Methyl-5-phenylpyrryl-l)-pyridine.- A mixture of

21 g. (0.119 mole) of phenacylacetone, 9.4 g. (0.114 mole)
of Z2-aminopyridine, 13 co. of glacial acetic acld, and 1 ce.
of hydroechloric acid was refluxed for fifteen hours. The re-
action mixture was sllowed to reach rnom temperature and
then noured on ice. The addition of a few Arops of hydro-
chloric acid to the resulting oll caused solidification of
thie oll. Reorystallization of the solid from ethanol gave
9 g. (33.7 %) of product melting at 94.5-96°.

Anel. Caled. for CygHy4Np: N, 11.98.

Found: N, 11.82,

The 2-(2-methyl-S-phenyloyrryl-1)-pyridine formed a
picrate that melted at 183,.5-156° after recrystallization from
ethanol,

Angl. Caled. for CyoHypNg0,: K, 15.11.

Found: N, 14.91.
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1-(p-Carboxyphenyl)-2-methyl~5-phenylvyrrole.- / A 7

From Phenacylacetone and p-Aminobenzoie Acid.- To s mixture

of 10 g. (0.057 mole) of phenaoylacetone and 7.8 g. (0.057
mole) of p-aminobenzolic acld wzs sdded 15 oc. of glacial
acetic acld. The mixture was heated at 120° for three
hours. The 50114 pyrrole wsas removed by filtration and re-
cryetallized from glacial acetic acid. There was obtained
10.4 g. (67.5 %) of nroduct melting at 210-211°.

[/ B_7 By Carbonation of 4-(2-Methyl-S-phenyloyrryl-1)-
phenyllithium.- 4~(2-Methyl-5-phenyloyrryl-l)-nhenyllithium

was prenared from 7.25 g. (0,023 mole) of 1-(p-bromo-
phenyl)-2-methyl-5-phenyloyrrole in 25 oc. of ether and
0.023 mole of n-butyllithium in 50 cc. of ether, [/ 4-(2-
Methyl-S-phenyloyrryl-l)-pvhenyllithium masy also be pre-
pared by the interaction of the bromophenylpyrrole with
1ithium metal./ The solution of 4-(2-methyl-5-phenyl-
pyrryl-l)-nhenyllithium was poured Jet-wiee on a suspension
of Dry Ice in ether. %YWhen the carbonation mixture had
warned to room temversture 100 cc. of water wae added and
the ether layer removed. Acidification of the water solu-
tion gave 3.38 g. (52.3 %) of crude acid melting at 208-
208°, Recrystallization from glacial acetic acld ralsed
the melting point to 209-210°. A mixed melting voint with
the previously vprepared 1-(p-carboxyphenyl)-2-methyl-5-

phenyloyrrole was not depressed.,
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8—(2-uethyl-sephenylnyrryl-l)-6—methoxnginoline.-

A mixture of 8.7 g. (0.05 mole) of 6-methoxy-8-amino-
quinoline and 9 g. (0.05 mole) of phenacylacetone was re-
fluxed for two hours at 120-130°. At the end of this time
10 drope of hydrochloric acid was added snd the temperature
raised to 160° for two hours. The reaction mixture was
poured on ice and the yellow oil solidified on the addi-
tion of 3 drops of hydrochloric acid. Reorystallization
from ethanol gave 9.4 g. (60 %) melting at 139-140°.

Anal. Calcd. for C,,H, ,ON,: N, 8.93.

Found: N, 9.10.
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DISCUSSION

A. Dibenzothiophene

Experimentsl evidence of orientation in the dibengo-
thiophene nucleus shows excellent agreement with the modern
theory of aromatic substitution. However, there 18 no
modern detalled discussion of the competing factors present
in hetero-vnolynuclear systamaaoa. GulllnaneaOb in 1832
made the following stastements regarding the similar hetero-
cycle dibenzofuran.

"Modern electronic theory would lead one to ex-

pect the oxygen atom in dibenzofuran to be op-direct-
ing (II), yet the main mononitration nroduct is the

H
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80, {(a) For a discussion of substitution in condensed
homocyeclic ring systems see Waters and Lowry, Physical
Agpects of Organic Chemist D. Van Rostrand Co. 7
522877 (o] GalTinane, ¥ Chem. Sco., 5366 (19%3);
{c) For a detalled discussion of substitution in
divhenyl see ref. 80a, p. 4685.
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3-nitrodibenzofuran, Professor R, Robinson has
suggested the followlng explanation, The nitration
of carbazok proceeds normally (III) and thus there

is a direct electromeric system involving the aro-
matic nucleus that ls substituted and the iminowgroup.
‘The same thing appsars to hold true for tetrahydro-
carbazole (IV), but if t he imino=-group is acetylated
or benzoylated nitration occurs in the pesition indi--
cated (V), snd it was suggested by Robinson thee
Perkin and Plant, J., 123, €84 (1923) 17 that this
anomalous orientatTon Is the result of the route
selected for t he electromeric changes. In any aro-
matic gystem comprised of fused homocyclic aro-

matic groups such as naphthalene, anthracene, and
phenanthrene, no alteration in the results to be ex-
pected can be made by altering the route taken by the
electromeric changes. But the case is different when-
ever one of the fused rings comprises an odd number
of atoms, and the result obtained in the present work
can be accounted for by the electromeric change in the
course of nitration taking the route indicated (VI

or VII).

V1% VII

In all probabllity bromination is a more faclle
process than nitration and can take asdventage of a
smaller degree of polarization occurring more fre-
quently than the activatiocns of greater amplitude
required to facilitate nitration: dibenzofuran, there-
fore is brominated normally glving the 2-bromo de-
rivative. The subatitutlion of the second nitro group
in divenzofuran proceeds normally, for the positive
fleld of the first nitro group will inhibit any
electromeric changes from passing out of the nucleus
containing 1it."
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Wo such explanation 1s necessary in dibenzothiophene
however, since all substitution 1s in accordance with the
direct prediction as ist he bromination of dibenzofuran. (The
metalation of dibenzothlophene by phenylcalcium lodlide in the
3-position 1s an exception to this generalization.) The fol-
lowing discussion is a compilation of the existing views on
aromatic substitution and the experimental evidence of re-
lated compounds.,

It 13 generally recognized the ordinary aromatic sub-
stitution is brought about by the attack of electrophillic
reagents and therefore accelerated by the pmesence of electron-
releasing groups within the molecule. Substitutlion also de~
pends on the relative extent to which various ring positions
become activated. Of particular importance in the fused
ring systems is the fact that the presence of electron-
attracting groups (i.e., nitro groups) will impede substitu-
tion and the attacking group will enter another ring vhere
possible,

There are two electron-releasing groups competing for
posltion activation in dibenzothiophene. The directive in-

fluence of one benzenoid ring upon the other in dibenzothio-
c

-

phene would be comparable to the effects existing in dipheny180
The other effect would be the sulflide linkage (&) jolning the

benzene rings in the position ortho to the phenyl group (b),
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A study of substitution in diphenyl shows that monosub-
stitution takes place chiefly in the para position due to the
extended conjugation possible between the tw benzene rings.
It is also.of interest to note that substituted diphenyls con-

taining a strong ortho and para directing group in the 4-

position, will nitrate in the same ring ortho to the hydroxyl

group, rather than ortho tc the phenyl groupBl.

Wor_
Ho %r4\> 7 <
Qw —= Ho <_—>< 7

Experimental evidence82 hag shown that the methyl mer-
capto group (as in methyl phenyl sulfide) will glve 90-95 % of
the para lsomer on bromination or sulfonetion. When a methyl

mercapto group competes with an alkyl group for position acti-

vation, the thiomethyl group has the greater activation effectss.

8l. See reference 80a, p. 468. Zf'_7
82, Van Hove, Bull, scl. acad. roy. Belge. 5 12, 929 (1926).
85. Van Hove, IBIA., I3, 056 (192%). P =
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From a study of benzene derivatives contalning competing
groups Robinson84 has postulated that when a substitutent
possesses unshared electrons on the atom next to the benzene
ring, it will compete successafully for control of direction,

Arplication of the m eceding evldence to dibengothiophens
would lead to the predict’on that the Z2«posltion would be the
mogt active for monosubstitution and the 2,8-~positions most
active for disubstitution. The 2-position would be more
active than the 3-position because of the greater activity of
the sulfide linkage and the resulting mesomeric shift of the
electrons from the sulfur atom. This effect would overshadow

the affects of the phenyl linkage,

|
S4

The observed orientation of dibenzothiophene (see histori-
cal section of this thesls) is in complete accord with these
theoretical considerations. It has been demonstrated that
monosubstitution (nitration, halogenation, sulfonation, as

well as acylation by the Friedel-Crafts reaction) tskes place

BT, Roblinson, Outline of klectrochemical Theory of the Course
of Organic Heactions, The Instltute of Chemistry of Great
Britain and Ireland, p. 41,
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in the 2~position and thet disubstitution takes place in the
2,8-poslitions. The only recorded case of direct substitution
by any of the common reagents in the 4-position 1s Burger's4
isolation of & very small amount of 4~acetyldibenzothlophene
from the reaction of acetyl chloride with dibenzothlophene in
the presence of aluminum chloride. The mein reaction product
was 2-acetyldlbenzothiophene.

As one would expect, the electron-attrascting nitro group
and sulfonic acid group deactivates the nucleus that contains
them and further substitution takes place in the corresponding
position of the opposite ring. It is also reasonable to pre-

dict that a uninuclear substituted dibenzothiophene containing

a2 strong ortho and para directing group (electron-releasing
group) would direct further substitution to the same nucleus.
This prediction has been verified by halogenation of Z2~-scetamino-
dibenzothliophene to ~btain Z2-acetamino-3-~-bromodibenzothio~
phenee. As further evidence of ring activation in dibenzo-
thlophene by electron-releasing groups, the preparation of 1l-
nitro-4-acetaminodibenzothiophene by nitration of 4-acetamino-
dibenzothlophene should be mentioned.

The metalation of dibenzothiophene in the 4-position is
entirely in agreement with the recent theories. According to

85
Morton , n-butyllithium and organometallic compounds in general,

85. Morton, J. Am. Chem. Soc., 69, 969 (1947).
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attack the aromatic nucleus in an electrophilic manner. The

position ortho to a group containing free electrons is pre~

ferred in the attask since this position offers the possibility

of coordinate ring formation.

S

4 Y H
- Led

One apparent ancmaly to this mechanlsm is the metalation
of dibenzothicphene by phenylcalclum lodide in the 3-position.
However, no such exception to the theory exists in the re-
lated heterocycle, dilbenzofuran, wherse all metalating agents
attack the 4 position.

Gilmen a&nd Avakianss have shown that ortho halogenated
ethers react with sodamide 1n liquid emmonla solution to give
meta amino ethers. The types of ethers employed in support
of this rearrangeuent were 4-locdodlbenzofuran, 4~bromodibenzo-
furan, o-halogenated anisoles, and 2~liododiphenyl ether. These
halogen ethers all gave the meta amino ethers on treatment with
sodamide in liquid ammonia, This rearrangement has been ex-
tended to include thioethers in the course of this work. 4-

Jododibenzothiophene was found to give 3-aminodibenzothiophene

86, Gilman and Avaklan, J. Am. Chem. Soc., 67, 349 (1945),
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when treated with sodamide in liquld ammonia. The aminodl-
benzothiophene was converted to the acetaminodibenzothiophene-
S-dioxide. This 5-dioxide was shown to be identical with an
authentic specimen of 3-acetaminodibenzothiophene-5~dioxide
prepared by nitration of dibenzothiophene-5~dioxide followed

by reductlon and acetylation,

Since the 4-lododibenzothliophene was & new compound, it

was converted to the inown methyl 4~dibenzothlophenecarboxylate

by reaction with lithlum followed by carbonation and esterifi-
cation of the acid resulting by hydrolysis with diazomethane.
A mixed melting point with an authentic specimen was not de-
pressed. 4-Dibenzothiophenecarboxylic acld is difficult to
purify by recrystallization so sublimation at reduced pressure
was effected to prepare the pure acid.

Incidentally these rearrangemen ts wl th sodamlide have been
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since extended to include the preparation of‘ﬁifdiathylamino~
naphthalenegv, g—diethylaminoanisolese, and other dlethyl-
amino compounds by the interaction of lithium dlethylamide
and ortho halogenated ethers in dry ether,

In the course of thls research, hydrogen peroxlde was
found to be a reagent of choice for convert.ng dibenzothiophene
and substituted dibenzothliophenes to the corresponding 5=
dioxides., The use of oxidizing agents such as potassium
dichromate and sulfuric acid is impractical for converting
acetaminodibengzothiophenes to the S-dloxides because of the
formation of nitroso compounds. Hydrogen peroxide gave good
yields of the acetamincdibenzothlophene«5-dioxides I1f the re-
action temperature dld not exceed 1000. The use of hypochloroia
acld was also Investigated and found to be slightly superior
to hydrogen pe roxide for the oxldation of 2,8«-dlacetamino-
dibeniothiophene to 2,8«~dlacetaminodibenzothlophene~5~-dioxids,

Burger and Bryant4a reported that they were unable to
obtain the 70 % yield of 2-acetyldibenzothlophene reported by
Gilmen end Jacobylv. The procedurs of these latter researchers
was followed carefully during the course of this research and

a 78 % crude yleld of the controversisl compound was obtained.

87. Gilman, Crouse, Massie, Benkeser, and Spatz, J. Am. Chem
Soc., 67, 2106 (1945). ’ T = =

88+ Gilman, Kyle, and Benkeser, ibid., 68, 143 (1948).
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The pure yield not reported by Gilman and Jacoby was found to
be 41,5 %. Burger and Bryant obtained a pure yleld of 25 %e
Incidentally, Dr. R. R. Burtner, in some unpublished studles,
was also eble to obtain the yield reported by Gilman and
Jacoby,

2-Acetyldibenzothiophene 1s an lmportant compound since
it gives almost quantitative ylelds of the oxime, which can
be transformed into 2-aminodibenzothiophene in 72 % yield by
a peclmann rearrangement followéd by hydrolysis of the result-
ing acetamine compound. Although this desirable amine can be
prepared by nitration of the parent heterocycle followed by
reduction, the yields of Z2-nitrodibenzothiophene are very poor,
These low ylelds are accounted for by the fact that'appreé
clable amounts of dibenzothlophene-5-oxide, dibenzothiophene-
S~dioxide, 3=-nitrodibenzothiophene~5-oxide, and 3-nitrodibenzo-
thiophene-5~dioxlide are formed under the conditions necessary
for nitration. These by-products mske 1solation of the desired
nltro compound exceedlingly difficult.

Apparently, catalytic reduction of 2-nitrodibenzothiophene
has been overlooked up to this time, but 1t was found that
pure 2-aminodibenzothlophene could be obtained in 91 ¥ yield
by this method as compared to & 67 % yleld of less pure material
resulting from reduction with tin and hydrochloric acid.

2-Acetyldibenzothlophene is also an important starting

material for the preparation of 2,8-diacetyldibenzothiophane.
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2,8-Diacetyldibenzothiophene was prepared in 77 % yield in
essential accordance with the directions of Burger, Wartman,

4a but the method of purification was changed some-

and Lutz
what, They revorted a yield of 90 £ on a one gram run (as
opposed to 2 22 gram run made here) but do not epecify as

to whether or not that was the yield of nure comvound,.

Since Burger and co-workers were the first to prepare
thie diacetyl compound they were concerned with the proof of
strueture. The second acetyl group was shown to be in the
8-position by rearrangement of the diacetyldibenzothiophene
dioxime to the diacetamino comnound. This diacetamino com-
pound melted at 253-255° as orposed to a melting point of
237-239° renrorted by Caurtot and Pomonissz. Courtot and
Pomonis prenared thelr compound by dinitration of dibenzo-
thiophene followed by reduction and acetylation. The 2,8-
discetaminodibenzothiophene nrevared here by the methods of
both of the above mentioned grouns melted at 3030. A mixed
melting point determination established the identity. The
preparation of such an authentic specimen was aoparently
‘neglected by Burger and co-workers. Neumoyer and Amstutzlo

have recently prenared this comnmound by amination of 2,8-
dibromodibenzothiophene followed by acetylation. They re-
ported a melting point of 304-308°.

As further proof of structure Burger and cosworkers

hydrolyzed their diacetamino compound to the dlaminodibenzo-
thionhene and obtained a crude product melting at 178° which
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agfeed with the melting point of Courtot and Pomonis for
2,8-d1aminodibenzothionhene. However, upon further purifi-
cation Burger's groun obtained a melting noint of 193-194°,
They 414 not mention that an authentic specimen had been
prepared. Neumoyer and Amstutz listed the melting point
of 2,8-dlaminodibenzothiophene was 199.5-201.5°. The melt-
ing point of the diamino compound prevared during the course
of this research was 199.5—2000. This melting point was
obtained when the compound was prepared elther by the method
of Burger and co-workers or by the method of Courtot and
Pomonis. A mixed melting point was not depressed. The com-
pound was analyzed and the percentage of sul fur found was in
excellent agreement with the theoretical nercentage.

The 2,8-diacetyldibenzothiophene ig an important com-
- pound seince it offers ah alternate route to the preparation
of 2,8-diaminodibenzothiophene. The diacetyl compound will
form the dioxime in 968 % yield and a Beckmann rearrangement
of this dioxime in the vresence of nhosphorus ventachloride
gave 94 £ of 2,8-diacetaminodibenzothiophene. The yleld ob-

4a L8

tained when the procedure of Burger and co-workers
followed was 30 £. The 2,8-diacetaminodibenzothiophene gave
76 % of 2,8-diaminodibenzothionhene unon hydrolysie. As

mentioned previously, this diamino compound can also be pre-
pared in considerably lower yields by nitration of dibenzo-

thiophene followed by catalytic reduction of the dinitro con-
pound.



101

Neumoyer and’Amstutle

were unable to oxidize their
2,8-dlacetam{nodibenzothiophene to the corresmonding dloxide
with tho/ﬁse of hydrogen neroxide. They prenared 2,8~
diaminodibenzothiophene-~-5-di0oxide by amination of 2,8~
dibromodibeniothiophene-s-dioxide rather than by oxidation

of the diacetamino derivative. It has been found here that
this oxidation 18 poseible with the use of either'hydrogen
peroxide or hypochlorous acid, The crude yleld of 5-dloxide
was 90 % when hydrogen veroxide wae used. The hypochlorite
oxidation method or'WQijlardss gave even better results,
Whereas the hydrogen veroxlde oxidation followed by hydrolysis
gave an overall yield of 40 £ of 2,8-diaminodibenzothionhene-
-$-dloxide from 2,8-d1acetaminodibenzothiophene, the oxidation
of the diacetamino compound with hypoehlorous acid followed by
hydrolysis gave an overall yield of 49 £ of the diamino 5-
dioxide.

In conneotlion with the studies of Gilman and Haubeineg
on the reactlion between dibenzofuran and aluminum lodide to
give an drganometallie comound, a study was made of the re-
action of aluminum halidee with dibenzothiophene. Gilman and
Haubein had isolated a small amount of 2-dibenzofurancarboxylio
acld after carbonation of the reaction mixture. Although the

reaction oconditions between dibenzothionhene and the various

89, Gilman and Haubein, J. Am. Chem. Boc., 87, 1033 (1948).
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aluminum halides were varied considerably, no dibenzothio-
phenecarboxylic acid could be isolated. It is known,how-
ever, that dlbenzothiophene is less active towards metalat-
ing agents than 1s dibenzofuran so these results were not
completely unexpected. Nevertheless, had the 2-dibenzo-
thiophenecarboxylic acid been formed, it would have con-
tributed somewhat to further the theory that metalation with
aluminum halides 18 a vossible mechanism for the Friedel-
Crafts resction.

The organosilicon derivatives of dibenzothiophene were

nrevared in the conventional mannerﬁv

from the avpropriaste
dibenzothienyllithium compounds and the trisubstituted
silicon halides. The preparation of all dibenzothienyl-
8ilanes involved the 4ilfficulty of separation of the unre-
acted dibenzothiophene“. The triphenylsilyl derivatives
were almoet imnossible to lsolste. The 5-dloxides of the
compounds were prepared by oxidation with hydrogen peroxide
in excellent ylelds,

Cleavage of the dibenzothienylsilanes with’anhydfout
hydrogen chloride gave results that were in agreement with
the findings of Marshallse. 4-Trimethylsilyldibenzothionhene
wag cleaved in 87 % yleld while the corresponding 5-4dioxide
was completely resistant to treatment with hydrogen chloride.
Apparently the formation of the 5-dioxide stablilized the

molecule to a considerable extent. Additionsl evidence of

# The unreacted dibenzothiophene results from the incomplete
metalation of dibenzothiophene by n-butyllithium,
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this xtability was noted by the fact that it was vosgsible
to obtain s mononitro derivative of 4-trimethylsilyldibenzo-
thiophene-8-dicxide. Tlmé d41d4 not permit a structure voroof
of the nitro compound but it ig very probably 3-nitro-4-
trimethylsilyldibenzothiophene-5-dioxide. This structure
18 based on the assumntion that the electrophilic ' attack-
ing group would prefer the 3-position, which is activated by
the 5-dioxide group, the trimethylsilyl group, and the phenyl
group,

4-Triphenyleilyldibenzothiophene was fairly stable to
treatment with anhydrous hydrogen chloride since 56% of the
material was recovered unchanged. Marshall58 also observed
thet tﬁe trimethylsilyl groups would cleave more easlily
than the corresvonding triphenylsilyl groups, when attached
to the same nucleus.

8ince the chemistry of dibenzothionhene is analogous in
many respects to the chemiatry of dibenzofuran, a comparison
of melting points of similar compounds in the related
heterocyclese has been included in the following Table. The
melting polnt of the substituted dibenzofuran has been given
L£irst and the melting noint of the similar dibenzothiophene
compound (if known) follows it in narentheses.

From a study of Table IV the following generalizations
are apparent. 1l. Most dibenzothiophene derivatives con-

taining the same functional group In the ansalogous position
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to the dibenzofuran derivative melt higher. 2. The melting
points of the substituted dibenzofursn ecompounde increase

from the l-position to the Z2-position to the 3-position

TABLE IV,

MELTING POINTS OF SOME MONOSUBSTITUTED DIBENZO..
FURAN COMPOUNDS AND ANALOGOUS DIBENZOTHIOPHENE COMPOUNDS

Br- HO- - NE,- NHCOCH;- COOH=  COOCHz-
1- 87 (84) 140 74 208 233(177) 83 (72)
2-  110(127) 134(158) 128(123) 163(182) 249(258) 83 (75)
- 120(100)"128 101(122) 178(200) 272(305) 138(130)
4- 722 102(167) 88(110) 172(198) 210(262) 94 (95)

with the melting point of the 4-isomer usually lower than
that of the 3-1somer. This same vhenomenm seems to be borne

out in the dibengzothionhene series,

¥ Unpublished studies of Dr. G. Illuminati.
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B. Organosilicon Commounds

In 1939 Kharasch and Brownezb found that sulfuryl chlo-
ride in the presence of catalytic amounts of organic peroxides
could serve ag a source of chlorine atoms for the introduction
of chlorine into paraffin hydroecarbons, side chains of aro-
matic hydrocarbons, aliphatic acids, and aliphatic ketones.
Previous to thie discovery, sulfuryl chloride had served ss
a source of molecular chlorine and was used almost exclusively
for the chlorination of aromatic nucle!l in the nresence of
halogen carriers. |

Chlorination of aliphatic comnounds with sulfuryl
chloride shows a nreference for secondary hydrogens over nri-
mary hydrogens snd the rresence of a halogen on a earbon atom
incresses the dAifficulty of further substitution. The opposite
generslity is true in the case of photochemlcal chlorination.

Sommer and'Whitmorcgo have made excellent use of the
peroxide catalyzed sul furyl chloride chlerination method for
the introduction of chlorine into a series of alkylsilanes.
These chloroalkylsilanes have shown many interesting oro-
perties and have contributed cmmeiderable valuable informs-

tion to the organic chemistry of silicon.

90. Sommer, Whitmore, and co-workers, 1bid., 68, 481, 485,
488, 1083, 1881 (1948).
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In the course of this research several new chloralkyl-
silanes were prepared. Triphenyl-ef-chlorcethylsilane and
triphenyl-‘gfchloroethylsi1ane were prepared from the g - amd
ﬁchhloroethyl trichlorosilanes and phenyllithium, Triphenyl-
4 ~chloroethylsilane was d so prepared by chlorination of
triphenylethylsilane with sulfuryl chlorlide. This alpha-
chlorine was found to be quite unreactive. The compound would
not form a Grignard reagent aad was recovered unchanged when
refluxed with 10 % sodium hydroxids.

Although it 18 revorted to be impossible to introduce
chlorine atoms by the use of sulfuryl chloride into the methyl
groups of compounds like methyltrichlorosilane, acetlié acid
or acetyl chloride, studies here have shown that replacement
of the chlorine atoms by phenyl groups removes the deactivating
effect of the ~SiClz group. When triphenylmethylsilane was
treated with sulfuryl chloride in the presence of benzoyl
peroxide, a chlorinated compound was obtained. Time did not
permlit a thorough study of the reaction but indications were
that the product was a mixture of triphenyldichloromethyl-
silane and triphenylchloromethylsilane,

Hydrogen chloride cleavage of triphenyl-llrstyrylsilane
and triphenylphenylethinylsilane gave interesting results.

The latter compound was cleaved rather easily to give aceto-
phenone and hexaphenyldisiloxane. The following steps are

suggested as a possible mechaniam for the cleavage reaction,
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H Cl

HzCOCgHg + (CgHg) 55101 Fel
S P

HCL HCL

HOH HOH

CCOCLH (C.H.).S10H —=2
H30COCgH; 653 LTCeHg ) 2~
5170

It is possible that in the first stage the slilicon to carbon
linkage may be broken before addition of the hydrogen
chloride to the acetylenic linkege to give triphenylsilyl
chloride and phenylacetylene. The following steps, however,
would lead to the same products. It is known that phenyl-
acetylene and styrenegla’glb will add halogen acids according
to Markownikoff's rule so the production of acetophenone
dichloride i1s nothing unusual. Ac¢etophenone dichloride and
similar compounds are easily hydrolyzed to the corresponding

9le
ketones in the presence of mineral acilds « Phenylacetylene

itself forms acetophenone when heated with a dilute solution

of sulfurlc acid’l®, The cleavage products of triphenyl-_ -

9l. (a) Richter, The Chemlstry of the Carbon Compounds, Vol.
III, Elsevier PublIshing ﬁg New York, N. Y., :
(b) Schramm, Ber., 26, 1709 (1890); (c) Erlenmeyer,
Bero, 1.4’ 323 mva)t
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styrylsilane were hexaphenyldisiloxane and what was thought
to be a polymer of styrene.

The preparation of triphenyl-zzystyrylsilane m esented
somewhat of a problem since plfstyryllithium is very unstable
and cen be prepared only in low yieldng. It has been sug-

gestedsg that initial lateral metalation of the ﬁLfbromostyrene

takes place, followed by the loss of lithium bromide,

p— n-butyllithium -
CxHCH=CHBY A-oavy » [ CgHgCLizCHBr 7/

This mechanism was verified to some extent by the isoclation

of triphenylphenylethinylsilane from one attempted preparation
of tripﬁenyl-liystyrylsilane from triphenylchlorosilane and
what was thought to be #lfstyryllithium. This result indi-
cated that Wright'ass procedure for the preparation of A;:
styryllithium 13 useful only for small runs. The attempted
preparation of ﬁlrstyryllithium Trom 0,25 mole of 427bromo-
styrene gave no #zrstyryllithium. It would seem that the
longer reaction time allowed for complete formation of the
styryllithium also allowed lateral metalation of the unreacted
43¢bromostyrene which lost lithium bromide to give phenyl=-
acetylene. The phenylacetylene would proceed to react with
the lithium present to glve phenylethinyllithium, When 0.05

nmole of #2fbromostyrene was treated with n~butyllithium and
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the reaction mixture used within a period of twenty minutes,
ﬁ;:styryllithium was obtalned as shown by a 47 % yield of
triphenyl-ﬁigstyrylsilane.

Several attempts were made to prepare some triphenyl-
silyldibenzofurens for cleavage studlies but the same diffi-
culties were encountered as in the dibenzothiophene series.

Various routes were used in attempts to prepare the tri-
me thylhydroxyphenylsilanes. However, the results indleated
that these compounds though initially formed were not stable.
The reaction between trimethylsilyl chleride and lithlum
p~lithlophenoxide gave coplous amounts of phenol although no
organometallic compound was present, as evidenced by a nega-
tive Color Test I, when the lsolation of the product was
attempted. The presence of phenol can be explalned only by
admitting that the trimethyl-p-hydroxyphenylsilane formed

with subsequent cleavage upon hydrolysis of the reaction

mixture.
4 >
(CHz)z81C1 —f— L, o — (CHg),S1C H OH
HOH
(CHz) zS1CgH,OH _101_) (CHz)3S10H 4 C.HL0H
1

Additional proof of this theory was found in the attempted
preperation of trimethyl-p~hydroxyphenylsilane by oxidation
of trimethyl-p~lithlophenylsilane. The only phenolic compound
isolated from this reaction was phenol ltself. The lithium
salt of trimethyl-p-hydroxyphenylsilane must have exlsted in
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solution since a Color Test I was negative before any attempt
was made to isolate the products. Apparently, trimethy1~fo
hydroxyphenylsilane is very unstable and was cleaved during
isolation producing phenol,

Attempts bto prepare the desired phenocls from the corre-
sponding ethers (trimethyl-o-anisylslilane and trimethyl-p-
enisylsilane) by cleavage with sodium in pyridine7l also re-
sulted in failure.

The preparation of the anisylsilanes offered some diffi-
culty since the products were ccntamlinated with small amounts
of unreacted bromoaniscles. This same difficulty was en?
countered by MarShallsa in the preparation of other trimethyl

substltuted silenes so is possibly general for these compounds,

Ce Pyrrole Compounds

Incldental to some war research nroblems it was shown
that 6-methoxy~-8-(2,5-dlmethylpyrryl~l)~-quinoline was

moderately active agal nst avian malariagz. A series of various

92. Wiselogle, A Survey of Anti~Malariael Drugs 1941-1945,
J. W. Rdwerds Cc., Ann Arbor, Mich., 1.46,
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pyrryl derivativesg3 has been prepared to determine whether

the activity of the above mentioned compound was alded by the
introduction of the pyrrole group. The antimalarial actlivity
of these compounds is not available since the testing was
carried out undervtha ausplces of the 0ffice of Seclentifle
Research and Develop ment during the wartime period.

The discovery that acetonylacetone would enolize suf-
ficiently to condense with primary amines was made by Pasl
and Schneider94»in 1886, This condensstion was more or less
neglected until 1938, when Hazelwood, Hughes, and Lyan376
made an extensive study of the optimum experimental conditions
end limitations of this reaction. They found tha a small
amount of hydrochloric acid or glaclisal acetic acld was a
necessary catalyst in the condensation., Studies in these

laboratories have shown that some amines W 11 condense 1In

good ylelds with 1l,4~diketones without the ald of these

93, A number of compounds containing the pyrrole nucleus
were prepered in these laboratories. For further in-
formation see Gilman and O'Donnell, J. Am. Chem. SocC.,
66, 840 (1944); Gilman and Karmas, Ibid,, 67, 343
(I945); Gilman and Tolman, ibid., 67, I847 (1945);
Gilman, Stuckwisch, and Nobis, Ibid., 68, 326 (1946);
Gilman, Tolmen, Yeoman, Woods, Shirley, and Avakian,
ibide, 426 (1946); Gilman & d Fullhert, lbld., 68,
O78 (1946); Gllmam and Gainer, ibid., 69, 1546 (I047);
and, Gilmsn md Broadbent, 1bid., 69, 2053 (1947).

94. Paal and Schneider, 3er., 19, 558 (1883).
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catalysts.

The simple 2,5-dimethylpyrryl type compounds studled
in this research were prepared by condensation of the appro-
priate smine with acetonylacetone. The 2-methyl-5-phenyl=~
pyrryl compounds were prepared similarly by ccndensation of
emines with phenacylacetone. The phenacylacetone 1s best
prepared from levulinyl chloride and benzene in a Friedel=-
Crafts type reactionvg.

Several interesting compounds were prepared by the addi-
tion of g_--(2,5-dimethy1pyrryl-—l)—phenyllithiumg5 to pyridine
and quinoline. The resulting dihydro compounds, formed by
the addition of the orgenometalllc compound to the anil
linkage, were oxidized by passing dry air through the rapidly
stirred solutions,

It was also possible to react organolithium compounds
with the anil linkage in 2~(2,5-dimethylpyrryl-l)-pyridine.
The dihydro compound was oxidized subsequent to hydrolysis by
refluxing with nitrobenzenegs.

4~{2=Methyl-5~phenylpyrryl-l)~-bromobenzene reacted quife
readily with lithium. Carbonation of the resulting organo-

metallic compound gave 52 % of 1l-(p=-carboxyphenyl)-2-methyl-

95, CGilman and O'Donnell, J. Am. Chem. Soc., 66, 840 (1944),
96, According to the method of Dr. Lo L. A. Woodse
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S=-phenylpyrrole. This compound was also prepared by con-

densation of p-aminobenzolc acld with phenacylacetone,



1.

2e

Se

4,

5.

6.
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SUMMARY

A survey of the known derivatives of dibenzothlophene
has been presented.

A number of new dibenzothlophene compounds have been
prepared. The structures of these new compounds have
been proven, and final proof of structure for some pre-
viously reported compounds has been presented.

Some dlbenzothlenylsilanes have been prepared and s tudies
made on the rates of cleavage of these compounds.,

A number of new silicon compounds were prepared and the
stabillity of the carbon to silicon linkage studied.
Mechenlsms of some cleavage reactions have been examined.
A series of attempts to introduce functional groups into
some arylsilanes was made.

A number of special pyrrole compounds were prepared inci-

dental to some war research problems.
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APPENDIX

The following is a copy of a letter received from Ir.
Leconard T. Capell concerning an inquiry on the correct nomen-
clature of some substituted amldes of 2-hydroxy-3-dlbenzo-
thiophenecarboxylic acid:

¥r. John F, Nobis,
Iowa State College,
Anes, Jowa

Dear Mr. Nobls:

I have written the names of the compounds in your letter,
If you have further questions reguarding these names I will be

glad to answer them,
Sincerely vours,

(sipned) Leonard T. Capell

German Patent 606,350 /C. A., 29, 1997 (1935) 7 and U. S.
Patent 2,157,796 /C. A., 33, 6346 (1939)_7 record the prepara-
tion of the following amldes of 2-hydroxy-3-dibenzothlophene-
carboxylic acid., I have listed the names that I might use.

1, Z-Hydroxy-3-dibenzothlophenecsarboxylic acid anilide
"2-Hydroxy-3-dibengothiophenecarboxanilide™

2. 2-Hydroxy-3-dibenzothliophenecarboxylic acid 2'-anisidlde
"2-Hydroxy-3-dibenzothiophenecarbox~o-anisidide"

3. Dbis-(2-Hydroxy-3-dibenzothiophenecarboxylic acid)
bianisidide

"Our name under our present practice is 2,2!''-Dihydroxy-
4,41 '=bi~C=-dibenzothiophenecuarbox~-o=-anisidide or, as
entered in the 3rd Decennial Index, the name would be
N,N'-(3,3'~dimethoxy=-4,4'~biphenylene)bis/ 2-hydroxy-
Z-dibenzothiophenecarboxamide /"

4. 2-Hydroxy-3-dlbenzothlophenecarboxylic acid lt~carbazole-
anide
"N=4~-Carbazolyl-2-hydroxy-3~dibenzothiophenecarbox-
amide"
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L-Hydroxy-3-dibenzothlophenecarboxylic acld 4°t-
chloroanilide

"4t ~Chloro-2-hydroxy-3-dibenzothiophenecerboxanilide™

2-Hydroxy-3-dibenzothiophenecarboxylic acid 21,4~
dimethoxyanilide

"2-Hydroxy-21,4'-dimethoxy-3-dibenzothlophene~
carboxanilide™

2~Hydroxy~Z~dibenzotulophenecarboxylic acid 6'-ethoxy-
ct«benzothlazoleanide

"N~ (6-Ethoxy~2-benzothiazolyl)-2-hydrcxy-3~dibenzo~
thiophenecerboxamide™

2-Hydroxy-3-dibenzothicphenecarboxylic acid O -naphthyl-
amide A

"2-Hydroxy=-N-l-naphthyl-3-dibenzothiophenecarboxamide"

2-Hydroxy-3-dlbenzothiophenecarboxylic acid 4'-ethoxy~-
enilide

"2-Hydroxy~2~dibengothlophenecarboxy-p~phenetidide"

The above compounds are representetive of the various

types. They are referred to in the subject index C. A., 29,
2080 (1935), but the names given thsre omit the prositTon of
the hydroxy and carboxamlide groups. Some of the nemes used
are more or less confusing.

I would also like to know the approuved names for:

"2-fiydroxy-3-dlbenzothiophene-
carboxylic acid S5-dioxide™

"2-Dibengothlophenesulfonic
acid 5-dloxide"
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"2,8-Dibenzothlophenedi-
sulfonyl chloride 5-dioxide”

4. "2,8«Dibenzothlophenedl -
§02 $ sulfonanilide S5~dioxide"
ﬁzV H

802.'

S5 Is i1t best to ugye S-dioxide or sulfone for the S0, group?

"We cousider 5~oxlde and S5-dioxide as. the correct
forms when the S is a part of the heterocycllic ring.
One would not say dimethyl sulfide suifone, which would
be analogous to dibenzothiophene sulfone,"

6+ The compounds listed in the second above mentioned
reference were llisted in the subject inaex in C, A., 33,
6346 (1939) only as "aioenzothiophenecarboxamiab,
hydroxy-, deriv,".

"Since these compounds were indexed from C. A., 29,
1997 (1935), it was not ccnsidered necessery to reindex
them from the Patent In ¢, A., 33, 6346 (1929) which is
a duplicate cf the German Peatent. Only genersl entries
were made from the duplicate Patent."

This second letter 1s & reply received from Dr, Leonard T.
Capell follewing & further inqulry regarding the order of the
substituents in the eabove letter.

Mr. John P. Nobils
Department of Chemistry
Jowa 3tate College
Anes, Iowa

Dear Mr. Nobls:

Chemical Abstracts uses the alphebetliec order of sub-
stituents, which accounts for the apparent dilscrepancy in the




1lls

names given for the compounds. The parent compound in each
cagse 1s 3-dibengothliophenecarboxanilide. The names of the
substituting groups are given in alphabetlic order regard-
less of whether they are 1n the dibenzothiophene or in the
benzene ring of the carboxanilide, and regardless of the
number of any particuler group (dimethoxvy ls alphabeted with
respect tc other substituents as methoxy)e The dibenzothio-
vhene numbers esre plan numbers, the anilide numbers are
primed numbers, so that any other order than the alphasbetic
one does not add to the clarity of t he name.

Chemlcal Abstracts prefers the slphabetic order because
no one &8 I&r as we xnow has been able to devise simple
rules for any other order. An explanation of this is given
in Section 77, page 3878 of the Introduction to the Volume
39 Indexs

Very truly yours,

(Signed) Leonard T. Capell
LTC/tam
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