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6.5 ml. of a 4.5M solution of sodium methoxide in methanol 
was added. A precipitate of colorless plates formed im- 
mediately. The mixture was shaken once and allowed to 
stand for 1 hr. at room temperature. It was then added, 
still under nitrogen, to 100 ml. of water which had been 
boiled and allowed to cool under nitrogen. The solution 
was neutralized by dropwise addition of acetic acid and the 
precipitate of long faintly blue needles was filtered off, 
washed with cold water, and dried under vacuum, yielding 
1.24 g. (68%) of (trimethylsilyl)hydroquinone, m.p. 126- 
127'. Recrystallization from n-hexane removed the blue 
color but did not change the melting point. 

Anal. Calcd. for CgHldOzSi: C, 59.3; H, 7.7; Si, 15.4. 
Found: C, 59.7; H, 8.0; Si, 15.4. 

In two other experiments, using 2 M  sodium methoxide 
solution and reaction times of 1 hr. and 18 hr. the yields of 
(trimethylsily1)hydroquinone were 33% and 48%. It is 
essential that the reaction mixture be protected from air a t  
all times until after the neutralization has been completed. 
Traces of oxygen cause the development of a deep black 
color and reduce the yield and purity of the product. 

,$-( Trimethylsilyl)catechol. A mixture of 3.26 g. (0.01 mole) 
of 3,4bis(trimethylsiloxy)trimethylsilylbenzene and 6.5 
nil. of 4.5M sodium methoxide solution was allowed to 
stand under nitrogen a t  room temperature for 5 min. and 
was then diluted with 100 ml. of deaerated water and neu- 
tralized with acetic acid as in the preceding example. A 
brown oil separated which was extracted with 100 ml. of 
diethyl ether. The extract was washed several times with 
water to remove any catechol which might have been pro- 
duced and was then dried over sodium sulfate. After evapo- 
ration of the ether there remained 1.6 g. of dark brown oil 
which partially solidified on standing a t  0'. The oil was dis- 
solved in 20 ml. of pentane, treated with decolorizing 
carbon and the pentane solution was cooled to -20'. 
The colorless plates which separated were filtered o f f ,  washed 
with cold pentane, and dried under vacuum. The yield of 
purified 4 (  trimethylsily1)catechol was 0.62 g. (34y0); 
m.p. 33-35'. 

Anal. Calcd. for CeHlaOzSi: C, 59.3; H, 7.7; Si, 15.4. 
Found: C, 59.7; H, 7.9; Si, 14.8. 

When the reaction was carried out using a 2 M  sodium 
methoxide solution and a reaction time of 18 hr., the only 
product isolated was catechol, obtained in 54% yield. The 
desired compound w~ts obtained, along with some catechol, 
when the aryloxysilane reacted for 1 hr. with 2M sodium 
methoxide or 15 min. with a 4.5M solution, but the product 
was contaminated with an unidentified compound which 
could not be completely removed by crystallization from 
pentane and which resulted in slightly low silicon and carbon 
analyses. 

Attempted preparation of 4-(trimethykilyl)resorcinol. 
Several attempts were made to convert 2,4bis( trimethyl- 
si1oxy)trimethylsilylbenzene to  (trimethylsilyl)resorcinol, 
varying the sodium methoxide concentration, reaction time, 
and temperature. In every case the aqueous solution ap- 
peared completely homogeneous and the only product 
which could be isolated by extraction was resorcinol, which 
was obtained in over 80% of the theoretical amount. 

( TrimethylsilyE)benzoquinone-1,4. A solution of 1 g. of 
(trimethyldy1)hydroquinone in 60 ml. of diethyl ether was 
stirred for 2 hr. with 5 g. of silver oxide and 5 g. of anhy- 
drous sodium sulfate.' The mixture was filtered and the 
cther evaporated under vacuum, leaving 0.62 g. of yellow 
solid melting a t  60-65'. Vacuum sublimation of this ma- 
terial yielded bright yellow needles of (trimethylsily1)benzo- 
quinone- 1,4 ; m.p. 67-68'. 

Anal. Calcd. for CeHlzOpSi: C, 60.0; H, 6.7; Si, 15.6. 
Found: C, 59.8; H, 6.7; Si, 15.3. 
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In continuation of the study of compounds de- 
rived from dibenzo-1-thia-4,5-diazacyc1ohepta-2,4, 
6-triene it was of interest to prepare derivatives con- 
taining chloro substituents. This purpose was 
achieved by the cyclization reactions of both di(4- 
chloro-2-nitropheny1)sulfone (I) and di(4-chloro-2- 
aminopheny1)sulfone (11). 

The reductive cyclization o€ I was accomplished 
most conveniently by the controlled reduction ub- 
ing hydrazine in the presence of Raney nickel, and 
in this fashion the cyclic azoxy compound (111) was 
obtained in 60% yield. The reductive cyclization 
of I by means of iron or zinc in acidic medium was 
less reliable. The reduction of I with an excess of 
hydrazine gave quantitative yields of the corre- 
sponding diamine 11. The latter was subjected to the 
previously described3 oxidative cyclization using 
iodosobenzene diacetate to give good yields of the 
cyclic azo compound IV. The new cyclic compounds 
were related chemically by the essentially q u a n t i b  
tive oxidation of IV to I11 by means of peracetic 
acid, and by the reduction of I11 to IV using Raney 
nickel in diethyl carbitol in a manner analogous to a 
conventionxl desulfurization procedure. 

I11 

I V  

From the reaction mixture of I, hydrazine, and 
Raney nickel, there was isolated on two separate 
occasions a product which, upon purification by 
chromatography on alumina, showed an analysis in 
accord with the structure of the nitrosohydroxyl- 
nminophenyl sulfone. This result is analogous to 
the previously described' o-nitrosophenyl of-hy- 
droxylaminophenyl sulfone, but unlike the latter, 
the compound described in this study could not be 
dehydrated to the cyclic azoxy compound. 

Catalytic hydrogenation of I in the presence of 
Raney nickel gave a poor yield of the cyclic hydrazo 

( 1 )  For paper I11 see J. Am. Chem. SOC., 79,5583 (1957). 
(2)  Present address: Department of Chemistry, Univer- 

(3) H. H. Szmant et al., J .  Am. Chem. SOC., 78, 458 
sity of Puerto Rico, Rio Piedras. 

(1956); 79, 4382 (1957). 
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TABLE I 
,YEW L)EHIVATIVEY OF DI(o-AMINOPHENYL) SULFONE 

NH " , 
I 

R'-CO CO-R' - 
Found, - 

R R' M.P. % Formula C H S K  C H S K  
Yield, Calcd., % 

H H  205 80 C I ~ H I ~ O S ~ S  55 26 3 98 9 21 55 33 3 93 9 39 
H CFI 220' 82 CI~HIOO~N~SFO 43 64 2 29 7 28 6 36 44 77 2 34 7 27 6 21 
C1 H 284b 67 C14Hm04N2SC13 45 06 2 70 8 59 7 50 45 68 2 68 8 73 7 39 
C1 CHj 245 88' Ci6Hi4049d3Cli 47 88 3 51 7 98 6 98 47 76 3 46 7 99 6 56 

CisHsOd'JiSFeCls 37 73 1 58 6 29 5 50 38 09 3 00 6 04 5 40 C1 CF, 268 54 

' c g  F, calcd. 25.89; found 25.33. 
amounts of perchloric acid were added. 

- 
qo C1, calcd. 19.00; found 18.84. ' This amide was obtalned only when catalytic 

compound which was readily oxidized by air to a 
complex mixture of products including 111. 

For the synthesis of larger amounts of 11' froni 
I1 it was of interest to find an oxidizing agent more 
economical than iodosobenzene diacetate. Since 
di(o-aminopheny1)sulfone was cyclized by means 
of peracetic acid,4 there was now investigated the 
use of 6% hydrogen peroxide in the presence of 
formic acid. Instead of an oxidation reaction there 
was produced the diformamide of 11, while the use 
of hydrogen peroxide in trifluoroacetic acid gave 
the ditrifluoroacetamide. Since the use of acetic 
acid as solvent lead to no reaction whatsoever, it  
was suspected that the amide formation takes place 
only in the presence of relatively strong acids and 
in support of this assumption is the observation 
that the diacetamide of I1 was obtained in acetic 
acid when perchloric acid was also present. The 
parent cornpound, di(o-aniiiiophenyl)sulfone, was 
coilverted in similar fashion to the correspoiidiiig 
diformamide and ditrifluoroacetamide. 

The nitration of I11 gave a mononitro derivative 
which, oii the basis of previous is thought to 
coiitaiii the nitro group paru to the oxygen-free 
azoxy nitrogen atom. 

KXPEKIMEXTAL~ 

g. of di(2-nitro-4-chlorophenyl)sulfone ( I )  in 150 nil. of 
ethylwe glycol \vas treated with 1.5 nil. of !EYG hydrazinc 
and  ii sniall amount, of Raiiey nickcl. The mixture was 
stirrcd for 21 hr. iwiiitaining t~hr tcmpcratiirc tlelow 35" 
and then poiirrrt int,o w a h .  Cr llieation o f  the preripilato 
from dhanol gave. ii!)ic,it yield of I I ,  n1.p. 165". 

A l r i u / .  Calrd. for C:14HIO02C1?SK~: C, 45.45; H, 3.18; N, 
8.88;S, 10.11.E'oiiiiti:C,-15.08;H,3.11;S,8.-1!!;SS,!).78. 

Ui( ~ - U n l i n O - 4 - c h l O ~ O p h e ~ ~ ~ ) s / ~ ~ f o n e  (11). A Sollltioli (Jf 3.8 

(4) H. H. Szmant and Y. L. Chow, J .  Am. C'hem. Soc., 
79, 1382 (1957). 

(5) H. H. Szniant and Y. L. Chow, unpublished work and 
in part presented a t  the meeting of the American C h t ~ h a l  
Socirtv, Pan Francisco, 1958. 

( 6 )  The melting pointh :ire u t i r o r r w t d .  All niirrouriulyae~ 
by l j r .  L\lfied Ber i ihd t ,  ~I i i l l i~~ini ,  Ruhr, Gerinaiiy. 

11 was itlso prepared in Y85; yield by the catalytic hy- 
drogenation of I in the presence of Raney nickel in acetic 
acid and a t  an initial pressure of 42 p s i .  The reduction of I 
in a mixture of benzene and water and using iron filings and 
catalytic amounts of hydrochloric acid gave only 36% of 11. 

Cyclization o.f I to 111. A solution of 7.6 g. of I in Diethyl 
Carbitol was cooled in an ice hat,h and treated with 1.2 ml. 
of 95% hydrazine in the presence of a small amount of 
Ranep nickel. The mixture was st,irred for 24 hr., filtered, 
and the filtrate was concentrated at  80-85" ( 8  mni.). The 
residue was poured into water and t'he azoxy compound 
I11 was obtained in 60% yield, m.p. 245' upon crpstal- 
lizat,ion from ethanol. 

dnal .  Calcd. for C1lHBOAC1?SS?: C, 43.78; H, 1.84; S, 
9.74; S, 8.51; C1, 21.55. Found: C, 43.48; H, 1.89; S, 9.97; 
X, 8.47; C1, 21.27. 

A benzene solut,ion of 111 was chromatographed on alum- 
ina (elution by benzene containing lOy0 methanol) and 
shown t,o be homogeneous. 

Cyclization of I1 to IV. A mixture of 3.2 g. of 11, 5.8 g. of 
iodosobenzene diacetate and 500 ml. of dr3 benzene was 
allowed t,o stand for 3 days a t  room t,eniperature. The 
mixture was filtered to remove a small amount of precipitate, 
and the filtrate was subjected to steam distillation. The 
solid residue from the steam distillation was crystallized 
from isopropyl alcohol imd benzene to givc 717; of IV, 
m.p. 175". 

A n a l .  Calctl. for C12HsOaS2SC12: C, 46.02; H, 1.61; S, 
10.24; ?;, 8.!45; C1, 22.65. Found: C, 46.20; H, 1.85; S, 
10.31; S, 8.73; C1,22.46. 

Oxidation of IV to 111. A solution of 0.5 g. of IV in 45 ml. 
of acetic acid was treated with 10 ml. of 35y0 hydrogen 
peroxide, and after the initial reaction subsided, the mixture 
was refluxed for 23 hr. Upon cooling the solution deposit'ed 
yellow crystals, m.p. 240°, which upon cryst.allization 
gave m.p. 245' arid no depression of authentic 111. 

Mdirction of 111 to IT.'. rl solut,ion of 0.5 g. of 111 in 50 ml. 
of Ijict,fiyI Carbitol was wnrnicd with rtpproxiinutt~ly 1 g. 
of 1lanc:y nickel. The iiiixtiire was filtc:rcd after J5 niiii. 
:tt i+80°, ant1 t,hc filtrxte was poured into watcr. The solid 
prothict, was crpst,ullized froni lwrizone to givc 0.2 K. of IV, 
111.p. 175". 

8-~\'it~oso-Z'-liyd~0x~l~~iiii~i0-~,/t'-dichlorodiphenyl su l fow .  
A solution of 7.6 g. of I in 300 cc. of Diethyl Carbitol was 
treated with 1.2 ml. of 95% hydrazine in the presence of 
Ranry nickel. The mixture was worked up as described 
a h v e  for the preparation o f  111. The product, was chroma- 
tographed on alumina and rlution with hexizene gave 4.8 g.  
of  IIIj whilc wiilwyucvit vliitioii \vith mcthnriol ~ a v c :  U.7 
g. of Lvhite rr>.st,:tls, 1 i i . p .  2555". 
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Anal. Calcd. for C12HsO&lzSKj,: C, 41.54; H, 2.32; S, 
9.23; ?;, 8.06; C1, 20.42. Found: C, 41.50; H, 2.65; S, 8.95; 

Reduction of I to the cyclic hydrazo coinpound. .2 solution 
of 23 g. of I in acetic acid was hydrogenated in the presence 
of Raney nickel a t  the initial pressure of 40 p.s.i. The mix- 
tiire was filtered arid diluted with xater. The aqueous solu- 
tion deposited yellow crystals which were chromatographed 
on alumina using a mixture of benzene-lOyo methanol for 
elution. There was isolated a 13y0 yield of yellowish crystals, 
m.p. 130". 

Anal. Calcd. for Cl2H802C12SX2: C, 45.72; H, 2.24: S, 
8.88; S, 10.17; C1, 22.49. Found: C, 45.41; H, 2.30; 3, 
8.81; S, 10.09; C1,22.18. 

Attempted oxidative cyclizations of I1 with  hydrogen peroxide. 
The attempted oxidative cyclizations of I1 were carried out 
by dissolving the diamine in the organic acid, addition of an 
excess of 6Yc hydrogen peroxide and warming the reaction 
mixt,ure for 24 hr. The products were isolated by pouring 
the mixture on ice and water, nnd crystallization of the solids 
from suitable solvents. The same procedure was employed 
with the parent compound di(o-aminopheny1)siilfone. 
The experiment~al results are summarized in Table I. 

Mononi t ro  deriz~ative o j  111. A mixture of 10 nil. of nit'rir 
acid (sp. gr. 1.416) and 5 nil. of concd. sulfuric acid was 
added dropwise to an ice cold solution of 1 g. of I11 in 35 ml. 
of concd. sulfuric acid. The nitration mixture was kept in a 
refrigerator for 72 hr. and then poured on ice. The white 
solid was obtained in 6070 yield and upon crystallization 
from benzene gave m.p. 264'. 

Anal. Calcd. for C12H50jClqSX3: C, 38.50: H, 1.34; h', 
11.23.Found: C,38.25;H, 1.49;N, 11.67. 

s. 7.73; c1, 20.25. 
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Tetrahydroisoquinolinediones. 
I. The Structure of 4-Hydroxyisocarbostyril 
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Over sixty years ago Gabriel and Colmari' rc- 
ported a base-catalyzed rearrangement of cy- 

phthalimido esters to form derivatives of isoquino- 
line, hydrolysis and decarboxylation of which gave 
compounds that were reported as 4-hydroxy-3- 

:Ilkylisocarbost3-rils (structure A ) ,  as the result of 
rvidenre obtained by degradation. A similar rcar- 
rangemelit was observed with a-phthalimido ke- 

These reactions will hcrcafter bc callcd 
the Gabriel-Colman rearraiigemeiit. 

There are two points in structure A a t  whivh 
tautomerism is possible, permitting the possibility 
of three other structures, B, C, aiid D, in equi- 
librium with A. These possibilities cariiiot be 

( 1 )  S. G:tbriel and J. Colman, Ber., 33, 980 (1900). 
(2) S. Gal)riel arid J. Colman, Rer., 33, 2630 (1900). 

ruled out on the basis of previously reported 
structural work. 

The bisenol structure B would appear to be the 
most likely structure because of its aromatic char- 
acter. However, isoquinolone, in which the aro- 
matic structure would seem even more likely, is 
a neutral compound whose ultraviolet absorption 
spectra are identical in acidic, basic, and neutral 
media. 3 , 4  This result would be possible only with 
an amide structure exhibitiiig very little tautom- 
erism. Actually, the amide structures of isoquino- 
lone and structure A are probably as aromatic as 

?H 

QQH -CR 
I 

I a>R 
OH OH 
A 

OH 

B 
I. R=CO&H.q 

I I . R = H  
III .R=CHj 

c D 

stiucture B, as the result of completion of the 
electronic requirements for aromaticity by the 
unshared pair of electrons on the nitrogen atom. 
Structures B and C thus appear to be less likely 
than A and D. 

In order to make a more exact evaluation of the 
structures of the 4-hydroxyisocarbostyrils, the 
ultraviolet absorption spectra of three of these 
compounds have been compared with the spectra' 
of 1,4-naphthoquinone and 1.4-dihydroxynaph- 
thaIene in neutral, basic, and acidic solutions. 
In  structures B and C the nitrogen atom should 
show basic properties. However, no significant 
differences were observed in comparing the spectra 
of these cornpounds in acid solution with their 
spectra in neutral solution, indicating the absence 
of protonation. Structures B and C can therefore 
be eliminated. 

In comparing the spectra of the iieutral solutions 
(Fig. 1) with those of the basic solutions (Fig. a), 
two assumptions can be made. First, compounds 
showing spectra closely resembling those of 1,4- 
iinphthoquirionc or 1,4-dihydroxynaphthalene will 
have flectroiiic coilfigurations similar to  the coli- 
figurations of these models, aiid should have about 
the same amounts of keto, enol, or eiiolste at both 
the 1,2- aiid the 3,4-locations. Sccoiid, for R = 
C02CHa (I), the extent of 3,4-enolization should 
be much greater than of 1,2-eiiolization as the re- 
sult of hydrogen-bond stabilization of the 3,4- 

~~ 

(3) G. W. Ewing and E. A. Steck, J .  Am.  Chem. SOC., 

(4) 8. Albert and J. N. Phillips, J .  Chein. Soc., 1294 
68,2181 (19x5). 

(1956). 


