
Canadian o u r n a l  of C h e m i s t r y  
Issued b y  THE NATIONAL RESEARCH COUNCIL OF CANADA 

VOLUME 40 JULV 1062 NUMBER 7 

REACTIONS O F  
2,3,5,6-TETRAKPS (Q-HYDROXYETHYLMERCAPT0)-1,4-HYDROQUPNONE 

AND RELATED COMPOUNDS 

MAIZSIIALL I<ULIU 
R c s c a r ~ I ~  Laborato~ies, Dorrri~zio~s Rzlbbei. Con7patzy Li?riiled, Gz~elph, Ozlario 

Received February 19, 19G2 

ABSTRACT 

The trcatrnent of chloranil (I) with allcali and 2-mcrcaptocthanol resulted not only in 
replacement of the chlorine atoms b ~ ~ t  also in reduction to form 2,3,5,G-tetralcis(0-hydrosyethyl- 
mercapto)-1,4-hydroq~1i11011e (11). 'The conditions for the preparation of 2,3,5,6-tetraliis(p- 
chloroet1~ylmercapto)-1,4-hydroquin (111) from I1 differed from those r eq~~ i red  for the 
preparation of a lower-melting compound (IV) from I1 by such a narrow margin that  exact 
control of ten~pcrature and concentration were necessary in order to avoid erratic behavior in 
the preparation. The  structure of the lower-melting colnpound has been established as  2,3- 
dihydro-5,T,8-tris(p-chloroethylmercapto)-6-lydroy-l,4-be11zosathiin (IV) by analyses and 
cyclization reactions. The treatment of 2,3-dichloro-1,4-naphthoquinone (VIII) with 2- 
mercaptoethanol yielded 2,3-bis(p-l1ydroxyethylmercapto)-1,4-I~aphthoq1i1one (IX) and not 
the quinol as was the case with chloranil. The quinone (IX) co~lld not be converted to 2,3- 
bis(p-cl~lorocthyl~nercapto)-l,-l-napl~tl~oq~~i~~oe by treatment with hydrogen chloride because 
~lnder  these conditions only 1,4-oxathio-5,10-anthraq~1inone (X) was formed. A mechanism for 
the formation of S which involves intra~nolecular addition, elimination, and cycli~ation is 
clescribcd. 

A few ).ears ago 2,3,5,G-tetraltis(~-chloroetl~ylmercapt0)-1,4-l~~droquino1~e (111) was 
synthesizecl in tliis laboratory in connection with another project. This "four-pronged" 
sulphur mustard was then submitted to the National Institutes of Health, Bethesda, 
i\/Iargland, U.S.A., for evaluation in cancer chemotherapy. Prelinlinary screening results 
showed i t  to be active and curative to  sollie extent. This provided a stimulus for further 
study and a secoiid attempt to prepare I11 was made. Surprisingly enough the original 
preparation could not be duplicated and instead of I11 a lower-melting compound was 
isolated in high yield. The identification of tliis lower-melting compound and the explana- 
tion for the erratic behavior experienced in the preparation of I11 constitute the subject 
of this paper. 

The synthesis of 2,3,5,G-tetral<is(P-cl~loroetli y1rnercapto)-1,4-hydroquinone (I I I )  con- 
sisted of two steps-the preparation of 2,3,5,G-tetral;is(P-1~ydroxyethylmercapto)-1,4- 
liyclroquinoiie (11) from cllloranil (I) followed by the coilversion of I1 to 111. I t  was the 
second step of the sy~lthesis (I1 + 111) which proved troublesome. 

In the first step, the treatment of cliloranil (I) with 2-mercaptoethanol in the presence 
of potassium hydroxide resulted in two simultaneous reactions-the displacement of the 
chlorine atoms by p-11~-droxj~etl~yl~~~ercapto groups and the reduction of the quinone to  
form 2,3,5,G-tetral~is(~-h~roxyetliylmercapt0)-1,4-l~ydroquinone (11). 2-T\iIercaptoethanol 
proved to be such a powerful nucleophile (as well as  a reducing agent) that it attacked 
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other substituted benzoquino~les besides I. Thus when 2,5-dichloro-3,G-bis(dimethy1- 
amino)-l,4-benzoquinone or 2,5-dichloro-3,G-di-N-1norpholino-1,1-benzoquinone (I) was 
heated with 2-mercaptoethanol and pyridine, I1 was formed in high yield. The reduction 
of chlorailil (I) to the quinol by nlercaptides with the accompanying nucleopl~ilic attack 
has been observed before when I was treated with W-mercapto fatty acids (2, 3). 

The second step in the synthesis of 111, which required the conversio~l of the hydroxy 
compound I1 to 2,3,5,6-tetrakis(~-chloroethylrnercapto)-l,4-hydroquinone (111), prc- 
sented difficulties. Thionyl chloride could not be used for this purpose because I1 was 
con~pletely insoluble in cold thionyl chloride and the hot reagent caused decomposi- 
tion. However, 2,3,5,6-tetral~is(~-l1ydroxyethyl1nercapto)-1,4-l~ydroqui1~one (11) dissolved 
readily in cold concentrated hydrochloric acid and when the solutio~l was allowed to 
stand a t  room temperature a white precipitate deposited. Analyses and melting point 
of this product indicated that i t  was inconlpletely chlorinated. However, the crude 
precipitate was now quite soluble in chloroform and the co~npletion of the chlorination 
could be acco~nplisl~ed with thionyl chloride in cl~loroform solution. The conversion of 
I1 to I11 was therefore satisfactorily acconlplished by the consecutive treat~nellt with 
concentrated hydrochloric acid and thionyl chloride a t  rooin tempesature. 

Some time after this method of conversion (I1 -+ 111) was developed, an attenlpt 
was inade to repeat it. I t  was found that the treatment of I1 with concentrated hydro- 
chloric acid a t  room temperature followed by the reaction with thionyl chloride gave 
a low-melting compound in high yield and no 111. After considerable experinlentatioil 
i t  became evident that  the conditions required for the preparation of I11 and those for 
the preparation of the lower-melting compound differed by a small margin only and 
that "roon~ temperature" had to be defined lllore precisely. Precise conditions for the 
preparation of I11 and those for the preparation of the lower-melting compound are 
described in the experimental section. 

The lower-melting compound, which formed a t  lower tenlperatures (20-25") in strong 
hydrochloric acid, was shown to be a product of cyclization. Analyses showed the presence 
of one phenolic group and three P-chloroethyl~~~ercapto groups and that  its empirical 
formula was one hydrogen chloride molecule less than that  of 111. On this basis the 
structural formula IV was proposed. A study of the properties of this colllpound gave 
support to the postulated structure IV. 

Pyrolysis of IV yielded ethylene dichloride. The liberation of ethylene dicllloride on 
heating is characteristic of colllpounds bearing reactive p-chloroethylmercapto substi- 
tuents (1). Infrared spectra showed the presence of a phenolic hydroxyl and this was 
confirllled by acetylation. The treatment of IV with 1 mole of alcol~olic potassium 
hydroxide caused dehydrocl~lorination and cyclization to form 2,3,8,0-tetrahydro-3,G- 
bis(~-cl~loroethylmercapto)be11zo(l,2-b:4,3-b')bis(1,4-oxathiin) (V). The structure V was 
chosen in preference to the other possible isomer VI because V yielded on pyrolysis a 
tetracyclic cornpound VII which sublimed in  vacua. The isomer VI would be expected 
to yield on pyrolysis a polymer which would not sublime. Further support lor the assign- 
ment of the structure IV lies in the fact that when 2,3,5,G-tetral<is(P-c1~loroethylmercapto)- 
1,4-hydroquinone (111) was treated with 2 moles of potassiu~n hydroxide a double ring 
closure occurred to form the same tricyclic compound V as was obtained from IV by a 
similar treatment. 

The properties of chloroquinones and their derivatives in the naphthalene series dilfered 
from those of the benzene series. Unlike chloranil, 2,3-dichloro-l,1-nap11tl~oquinone 
(VIII) reacted with 2-mercaptoethanol and potassiunl hydroxide to give mostly tar and 
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a small yield of an orange-colored compound. M'hen pj.ridine was substitutecl for the 
potassium hydroxide and the temperature strictly controlled a high yielcl ol the orange- 
colored compound was obtaiilecl. This proved to be %,3-bis(P-l~yclroxyet1~yliuercapto)-l,4- 
naphthoq~~inone ( I S )  and not the cluinol as was the case in the benzoquinone series. All 
attempts to convert I S  to the sulphur mustard 2,3-bis(~-c11loroetl1y-l111erc;~~1)to)-l,4- 
naphthoq~~inone were ~ ~ i ~ s ~ ~ c c e s s f ~ i l .  The treatment of IX with thionj~l chloride, or with 
alcoholic hydrogen chloricle, or with acetic acid - hyclrogeil chloride yielded in each case 
a chlorine-free blaclt cornpo~~i~cl which sublimecl readily i?z vacuo ailcl cr).stallized as 
sparl<ling blaclt crystals. Iilfrarecl spectra sho\vecl the presence of carboilyl group(s), the 
absence of hyclroxyl groups, and analyses indicated the structure to be 1,4-oxathia-5,lO- 
a~ l th raq~~ inone  (X). Apparently this was formecl by displacement of one of the P-11)-clroxy- 
ethylmercapto groups and cyclization. 

There is one esainple in the literature ( 5 )  of clisplacemei~t ol n 0-l~ydroxyethylmercapto 
group from 2,3,3,G-tetracl1loro-l,4-bis(~-1~y~1roxyet1~y1i11er~~~~1)to)be1~ze1e but in this case 
it occurrecl in alkaline solution. However, the displacement oi' methoxy groups in the 
benzoquinone series bj. other alltosy groups ( G ) ,  by ainiiies (1, 7, lo),  and by other 
groups (1, 7,  S) is not Llncominon. 

The mechanism of the conversioil of I X  to S is probably similar to that proposed 
by Fieser (9) for the methylation of 2-l~yclroxy-l,4-i~ap1~t11oq~iii1oi1e by metl~anolic 
hydrogen chloride. Iiltramolecular aclclition of one hydrosyl group to the conjugated 
sj-stem of the quinone I X  occurs to form the intermediate XI.  From this, mercaptoethanol 
is eliniinatecl to form the oxatl~ianthraq~iinone X. 

EXPERIMENTAL 

Z,S,5,6-Tetiakis(~-l~ydroryet~l~ize~~apto)l,~-l~y d ~ o q z ~ i ? ~ o n e  ( I I )  
( a )  Fro?i~ C l~ lora i~ i l  ( I )  
T o  a stirred solution of 3,3,5,G-tetrachloro-l,4-be~1zoq~1i1io1~~ (chloranil) (100 g) in benzene (3.5 I.) warmcd 

up to 45' was adclecl dropwise a solution of 2-mcrcaptoethanol (200 ml) and potassium hydroxide (96 g) 
over 2 hours. Thc temperature of the reaction mixture droppcd to 41' during the first few nlinutcs and then 
rose g rad~~a l ly  to 48'. The stirring was continued for another 2 hours. The dark, siiclcy material which 
precipitated changed gradually to a light-colored solid which floated in the stirred benzenc. The rcaction 
~ n i x t ~ ~ r e  \\-as allowed to stand overnight and then thc benzene was decanted from thc sticky solid. The solid 
was stirred \vith cold water for 4 hour, filtered, \\lashed, and dricd, m.p. 141-143"; yield 138 g. Crystallization 
from aqueous methanol yielded (120 g ;  72y') ycllo~vish sparlcling crystals mclting a t  144-145". Anal. Calc. 
for CI.,M??OGS~: C, 40.58; 11, 5.31. F o ~ ~ n d :  C, 40.55; 11, 5.18. 

Infrared spectra of this compound indicated that it was the quinol and not the quinone. Furthermore, 
on treatment with zinc and acetic acid, I1 remaincd ~~nchangecl. 

( b )  Fro?it L,5-Dicltl0ro-S,6-d~i~i1orpIzolillo-l,~-be~1.zog1tinone 
T o  a solution of 2 ,5 -d i ch lo ro -3 ,G-d i1norpho l ino -1 ,4 -be~~ ioe  (3 g) (1) in benzene (250 ml) \\.as added 

2-~nercaptoethanol (10 1111) and pyricline (10 ml), and the dark reactior~ mixture heated ~rncler reflus for 
15 hours. The benzene was removed from the light-colored ~nisture,  the resid~lc was treated with water, 
and the solid was filtered and crystallized from aqueous methanol. The sparlcling crystals (2 g) melted a t  
144-145" alone or in adlnixti~re with thosc obtained in (a). 

( c )  Fioiiz 2,5-Dicbloro-S,6-d~N,N-di~11etlzylait1i~zo)-l,~-benzoqz~i~zone 
2,5-Dichloro-3,G-di(N,hT-din~ethylamino)-l,4-be~zoq~~i~oe (1) was trcated with 2-mercaptoethanol as  

above. The chloro as  well as  the dimethylamino groups mere replaced and redi~ction occurred to form 
2,3,5,G-tetralcis(~-hydroxyethJ.lmercapto)-l,4-hydroq~1i1one (I\/) in '70% yield. 

2,S,5,6-Tetrnkis(P-aceto.vyetlzyl?tzeicapto)l , ~ - ~ L ~ ~ I O ~ Z L ~ ? L O ) L C  
( a )  Usi71g Acetic A j t l~ydr ide  
To a solution of 2,3,5,G-tetral~is(~-hydrosyethyln1er~apto)-1,4-hydroq~1inoe (11) (5 g) in pyricline (15 ml) 

was added acetic anhydride (10 ml) and the s o l ~ ~ t i o n  mas heated under refl~lx for 2 hours. The pyridine and 
excess anhydride mere removed i n  vaczto. The  r e s i d ~ ~ e  was pulverized, washed with water, and the white 
solid (G.5 g) mas crystallized three times from methanol. This lielded white prisms melting a t  90-91'. 
Anal. Calc. for C??1130010S4: S, 21.00. Found: S, 22.42, 22.52. 
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( b )  Usillg Acetic Ac id  (171d I - I y d i . o ~ e ~ ~  Cllhoridc 
Into a solution of 2,3,5,G-tetral~is(p-l~ydrosyet1~yI1~~erca~~to)-1,4-1~yc1roc~~1i101e (11) (335 g) in acetic acid 

(750 ml) a t  GOo, hyclrogcn chloride gas was passed until saturation, and the solution \\-as allowcd to stand 
overnight. The acetic acid \\-as remo~~ecl ill. z~aczlo from the amber solution ancl the residue \\-as CI-ystallizecl 
from benzene. The ~vliite needles (:32 g )  melted a t  85-87'. Two further crystallizatio~ls from methanol yielded 
a product melting a t  00-91' alonc or in aclnlixture with that obtainecl in ( a ) .  

d , S - D i l ~ y d i o - c i , 7 , S - t i . i s ( p - c l ~ l o ~ i 1  ( I  V )  
( a )  U s i ~ l g  I-Iydioclrdoi.ic Ar id  Saturnfed .iuitl~ I-Iyd~ogell Cllloride 
H solution of 2,Y,5,G-tetral~is(p-hydrosyet1~yl1~~ercapto)-l,-lclroc~1i1iorie (11) (35 g) in cor~ce~ltratcd 

hydrochloric acid (250 ml) was saturated \vith hydrogen chloridc a t  room temperature (20') ancl the resulting 
solutio~l u7as allo\ved to stand overnight. The hard cake which precipitated was separated from the hydro- 
chloric acicl, pulverizecl, \\lashed with water, and dried. This crude product (27 g), which melted a t  9S-105°, 
was dissolvecl in chloroform (100 ml) ant1 treatcd 114th thionyl chloricle (15 ml) a t  YO0 in order to complete 
the chlorination. The solution was allowecl to stand overnight and then the solvent mas removecl i l l  aarLlo 
and the residue crystallized from benzene. \I7hite needles (20 g) arranged in rosettes and melting a t  129- 
130' were obtained. Repeated rccrystallizatio~~s did not raise the rmelting point. Anal. Calc. for CldH1?CIR- 
0?S4: C, 37.21; 11, 3.76; CI, 33.6; S, 28.3. Found: C, 37.55, 37.27; 13, 3.90, 3.67; CI, 23.64, 23.19; S, 29.01, 
28.84. 

( b )  Usillg Co~~ce)tti .ated I-Iydi.oc11lo~iC Acid 
In several other experiments the saturatioil of the coi~centrated hydrochloric acid solutioil xvith hydrogen 

chloride ~ v a s  omitted. The results obtainecl were the sarnc as in ( a ) .  However, in a few runs tlie 2,3-dihyclro- 
5,7,8-tris(p-chloroethylmercapto)-G-hydrosy-l,4-benzosatliiin (I\') was not obtained but instead the 
higher-melting 2,3,5,G-tctralcis(~hloroethylmercapto)-l,4-hydroq~1inone (111) (see below) \vas formed. 
I t  is believed that the runs which yielclecl I11 werc pcrformed on hot ancl humid days. 

( c )  Using a I-ligller Te i l rpc~a t z~re  
i\ solution of 2,3,5,G-tetrakis(p-hydrosyethylmercapto)-l,4-hydrocI~~inone (10 g) in concentrated hydro- 

chloric acicl (100 ml) \\-as heatccl a t  35-37' for G hours. The white, sticky precipitate was extractccl with 
chloroform and the chloroform solution dried and treated with thionyl chloride (5 ml) as in ( a ) .  The  ).ellow 
crystals (4.5 g) which precipitated meltecl a t  175-17Go and proved to be 2,3,5,G-tetral<is(p-chloroethyl- 
1nercapto)-l,4-hydroquinone (111) (see below). The mother liquors were talcen to dryness i l l  ~ ~ a c z ~ o  ancl the  
residue on crystallization from bcnzene yieldecl 3.5 g of 2,3-dihydro-5,7,8-tris(~-cl~loroetl~ylmercapto)-G- 
hydrory-l,4-benzosathiin (IV) melting a t  120-130' alone or in admixture with that obtained in (a) .  

2,S-Dil~~~di.o-5,7,S-tiis(p-cl~lo~oetI~yl~itei.capto)-6-aceto.vy-1,4-be~~zozatl~ii?~ 
12 mixture of 2,3-dil~ydro-5,7,S-tris(~-chloroethylmercapto)-G-l~ydrox~~-l,4-benzoxatl~iin (10 g),  acetic 

anhydricle (50 1111), and two drops of concentrated sulphuric acid \\-as heated 011 the steam bath for 4 hours. 
'The escess anhydride \\-as removed i ~ z  tlacz~o and the resiclue masl~ecl with ether and with methanol and 
crystallized from benzene-methanol. 'The \vhite prisms (5.5 g) melted a t  120-122'. Anal. Calc. for 
C ~ G H ~ ~ O ~ C ~ : ] S . I :  C, 38.9-4; 1-1, 3.85; Cl, 31.58. F O L I I I ~ :  C, 38.56, 38.32; I-I, 3.84, 3.99; C1, 21.:37, 21.05. 

9 , 3 , ~ , 6 - T e t i a k i s ( p - c / ~ l o r o c t l t y 1 r e i . c a p t o ) - ~ o n e  ( I I I )  
( u )  Usiltg 30% I-Iydroclrloiic Ac id  und  Tlziolzyl Clrloride 
T o  a solution of concentrated hydrochloric acid ( d  = 1.19, 200 ml) and water (55 ml) was acldecl 2,3,5,6- 

tctral;is(~-l~yclroxy~t1i}~11nercapto)-l,--l1clroq~1i1ore (11) (25 g),  arid the mixture s1lal;en until dissolved. 
Then chloroform (250 ml) was added and the mixture was hcatccl under reflus for 3 hours. The chlorofor111 
layer was separated, concentratecl to 75 ml i?t oclc~io a t  40°, cooled to 30°, and treated with thionyl chloride 
(15 ml) a t  30-35". Precipitation began immediately. The reaction nlisture was allowed to stand a t  room 
tcmpcrature for 3 hours and then cooled to 0' and filtered. 'The lemon-yellow prisnls ('0.5 g or 707;) melted 
a t  178-181°. Anal. Calc. for CIIH~SO~CIISI :  C, 34.42; I-I, 3.6;); C1, 29.10. ITo~lnd: C, 34.05; I-I, 3.59; CI, 
28.35, 28.94. 

In anothcr experiment, to  a solution of I1 (35 g) in ~nethanol (200 ml) and water (40 ml) was added 
concentrated 11ydrochlo1-ic acid (500 ml), and the solution was heated under reflus on the steam hat11 for 
:. hour. The precipitate was estracted ~v i th  chlorofor~n ancl then treated with thionyl chloridc as in tlie first 
experiment above. There \vas obtainecl 27 g of 111 melting a t  174-17Go and a t  178-179' aftel- cr).stallization 
from benzene. 

( b )  Us ivg  .~~Lco/~ol%c fPydioge71 Cllloride 
hlethanol (450 rnl) (or ethanol) was saturated with hydrogen chloridc a t  10'. To this mas acldccl 2,3,5,G- 

tetral~is(p-l~yclroxyetl~~~lmcrcapto)-l,-l~droq~~i~one (11) (25 g). After about half an hour of shaking it 
dissolved. 'l'lie so l~~ t ion  was allowecl to stand a t  root11 temperature for 2 clays and then cooled to 0'. Tile 
white precipitatc o n  filtration and drying melted a t  159-161". Repeated recrystallizations raised the melting 
point b ~ .  a few degrccs only. I-Iowever, when the CI-~ide procluct was treatecl with thionyl chloride in 
chlorofor~n pure 111 melting a t  180' \\.as obtained. 
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2,3,8,Q-Tetrahydro-5,6-bis(@-~1zloroetI1~~11izercapto)beizo(l,2-b:4,3-b')bis(l,4-oxathiin) ( V )  
(a) Froin 2,3,5,6-Tetrakis(@-chloroetiiy~iize~~apto)-l,4-hydroqz~ino~ze (111) 
T o  a boiling solution o f  2,3,5,6-tetrakis(@-chloroethylmercapto)-l,4-hdroquino1e ( 1 1 1 )  (1.0 g) in acetone 

(150 ml) and methanol (50 inl) was added a solution o f  potassium hydroxide (0.25 g) in nlethanol (25 ml ) .  
T h e  resulting solution was boiled for a few  minutes. T h e  white precipitate which fornled quickly was filtered, 
washed, and dried. It weighed 0.45 g and melted at 226-227O with decomposition. Recrystallization from 
ethylene dichloride raise the melting point t o  228-229O with decomposition. Anal. Calc. for C I ~ H I ~ O ? C ~ ~ S ~ :  
C ,  40.48; H, 3.86. Found: C ,  40.28, 40.11; I - I ,  3.84, 3.91. 

(b) Froin 2,3-Di~~ydro-5,7,8-t~is(@-chloroetlzylnze~capto)-6-I2ydroxy-l,~-benzo.z.atkii~z (IV) 
T o  a hot solution o f  IV (35 g) in acetone (700 ml)  was added methanol (700 rill) followed by  a solution 

o f  potassiun~ hydroxide (4.5 g )  in methanol (200 ~ n l ) .  After standing for 1 hour the reaction mixture was 
filtered and the white solid (22 g )  melting at 218-220° with decomposition was crystallized from ethylene 
dichloride. T h e  white prisms melted at 228-229O with decon~position, alone or in adlnixture with that 
obtained in (a).  

2,3,8,9-Tetra1zydro-5,6-ethyle~zedithio-be~zzo(1,2-b:4,S-b')bis(l,4-oxatlziin) (VII) and Ethylene Dichlorzde from V 
2,3,8,9-Tetrahydro-5,6-bis(@-chloroethyl1~1ercapto)benzo(1,2-b:4,3-b')bis(1,4-oxathiin) ( V )  (1.0 g) was 

heated in a Spath bulb at 250° for a few minutes, the distillate being collected in a dry-ice trap. T h e  distillate 
was treated with a solution o f  excess potassium p-chlorothiophenate in methanol, yielding a white co~npound 
(0.32 g) which melted at 92-94O and which did not depress the melting point o f  1,2-bis(p-chlorophenyl- 
111ercapto)ethane. This showed that the distillate was mainly ethylene dichloride. 

T h e  residue in the Spath bulb was then sublimed at 250° a t  0.5 lnln pressure. T h e  chlorine-free sublimate 
was crystallized from benzene, yielding 0.25 g o f  almost white needles, m.p. 239-240". Anal. Calc. for 
CI?Hl?O2S,: C ,  45.57; M, 3.79; S ,  40.50. Found: C ,  45.61, 45.48; M, 4.04, 3.98; S ,  40.68. 41.14. 

Pyrolysis of 2,3-Dihydr.o-5,7,8-tris(@-ckloroethylinercapto)-6-lzydroxy-l,~-benzoxatlziiiz (IV) 
2,3-Dihydro-5,7,8-tris(@-chloroethylmercapto)-6-hydroxy-l,4-benzoxathiin ( I V )  (25 g )  was heated in a 

distilling flask equipped with a condenser at 200' until no more liquid distilled. T h e  distillate (5 g )  had all the 
physical properties o f  etlzyle?ze dichloride. A derivative was prepared b y  heating the distillate (2  g) with a 
methanolic solution o f  excess potassium p-chlorothiophenate. T h e  product (4 g )  rnelted at 93-94' and did 
not depress the melting point o f  1,2-bis(p-chloropheny1mercapto)ethane. 

Pyrolysis of 2,3,5,6-Tctrakis(@-c1~loroetlzylntercapto)-1,4-1zydr0qzii~z0~ze (111) 
2,3,5,6-Tetral;is(@-chloroethyln1ercapto)-l,4-hydroq~1inone ( 1 1 1 )  was pyrolyzed in the same manner as 

was IV above. Ethylene dichloride (0.5 g) was obtained from 2 g o f  111 .  

2,3-Bis(@-1zydrosyetlzylnzercapto)-l,4-~zaphtlzoqzii~zoize (IX) 
(a) Using Potassiunz I3ydroxide and 2-~Vfercaptoethanol 
T o  a stirred solution o f  2,3-dichloro-1,4-naphthoquinone ( V I I I )  (60 g) in benzene (2  1.)  was added drop- 

wise a solution o f  2-mercaptoethanol (45 ml)  and potassium hydroside (30 g) over 1:  hours. T h e  temperature 
was liepi at 40' b y  cooling. T h e  dark reaction mixture was stirred for 2 hours and then let stand overnight. 
T h e  warmed benzene solution was decanted from the  salt and tar, concentrated t o  about 700 1111, and allowed 
t o  cool. The  precipitate was filtered and crystallized fro111 methanol, yielding orange needles (12 g )  melting 
a t  117-118". Anal. Calc. for C I I H I ~ O ~ S ? :  C ,  54.19; M, 4.51. Found: C ,  54.53, 5-1.12; H ,  4.51, 4.63. 

(b) Using Pyridine and 2-il/lercaptoethanol 
A solution o f  2,3-dichloro-1,4-naphthoq~1inone ( V I I I )  (100 g )  in benzene (1600 m l )  and 2-inercapto- 

ethanol (72 1111) was stirred and the teniperature ad j~~s ted  to  exactly 54". Then  pyridine (80 ml )  was added 
all at  once. IVhen the teniperat~~re reached 66" (in a few minutes) the reaction mixture was cooled occasion- 
ally on a water bath in order to  keep the temperature at 65-67'. In about 15 minutes precipitation was 
con~plete ant1 the temperature began t o  fall. The  reaction mixture was cooled, treated with water, the 
precipitate filtered, washed with water, and crystallized from methanol. T h e  yield o f  orange needles from 
two crops melting at 115-1 16' was 94 g. This compound turned dark and decon~posed on standing in air after 
a few weelts. 

2,3-Bis(@-1zydro~ycthylntercapto)-l,~-naphtlzoqziiwol 
T o  a suspension of 2,3-bis(@-hydrosyethyl1nercapto)-l,4-naphthoquino1~e ( I X )  (62 g )  in glacial acetic 

acid (620 ~ n l )  was added portionwise, with cooling on a water bath, zinc dust (25 g) .  T h e  temperature was 
kept at  25-30". After being stirred for 1 hour the reaction mixture was filtered and the filtrate talten t o  dry- 
ness in vaczio. T h e  residue on crystallization from methanol yielded 39 g o f  white prisms melting a t  124-126'. 
Anal. Calc. for ClrMl6OaSz: S ,  20.51. Found: S ,  20.52, 20.54. This quinol turned red on exposure t o  the air. 

1,4-0xatkia-5,1O-antlzraqziinone (X) 
T o  a solution o f  2,3-bis(@-hydroxyethylmercapto)-1,4-naphthoqui11one (IS) (25 g) in methanol (300 1111) 

at  50" was added a solution o f  dry hydrogen chloride (120 g) in methanol (200 ml).  T h e  tenlperature rose t o  
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60" and cooling was necessary in order to keep it below 60". The dark purple solution was allowed to stand 
overnight and then the precipitated black sparkling crystals (10.5 g) were filtered, washed with methanol 
and benzene, and dried. This halogen-free compound melted a t  230-232' and a t  231-233' after sublimation 
a t  a temperature of 200" and a pressure of 1 mm. Anal. Calc. for C I ~ H ~ O ~ S :  C, 62.07; H, 3.45; S, 13.8. Found: 
C, 61.52, 62.51; H, 3.49, 3.07; S, 14.16. 

The same results were obtained when IX was treated with hydrogen chloride in acetic acid instead of in 
methanol. 
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