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Hydrogenation of Spartioidine and Seneciphylline.—A 
solution of 5.815 mg. of seneciphylline in ethanol absorbed 
1.70 c c of hydrogen at 27.5° and 748.6 mm. This is 
equivalent to 3.88 moles of hydrogen per mole of alkaloid. 

A solution of 5.595 mg. of spartioidine in ethanol absorbed 
1.72 cc. of hydrogen a t 27.5° and 744.0 mm. This is 
equivalent to 4.07 moles of hydrogen per mole of alkaloid. 

The ethanolic solution of the product of hydrogenation of 
spartioidine was evaporated to dryness at reduced pressure, 
the residual oily material was thoroughly dried and its 
infrared spectrum determined. Bands for a carboxyl 
group (zwitterion) at 1580 cm. - 1 , for an ester carbonyl at 
1730 c m . - 1 and for a salt-structure at 2340 c m . - 1 were 
present. An aqueous solution of the product of hydrogena­

tion of spartioidine had a pH value close to neutrality, 
which did not change after the addition of Dowex 50. This 
test has been used previously with success for the determina­
tion of the inter- or intra-molecular character of salt-like 
compounds.10 

Hydrolysis of Spartioidine.—•• Alkaline hydrolysis of 30 
mg. of the alkaloid by the usual procedure followed by 
separation of the acidic and basic fragments yielded retro-
necine, identified by its infrared spectrum, melting point 
and a melting point of a mixture with an authentic sample. 

(10) R. Adams and M. Gianturco, THIS JOURNAL, 78, 4464 (1956). 
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Addition of thiophenol and benzenesulfinic acid to 2-chloro-£-quinonedimethanesulfonimide gives 2-chloro-5-phenyl-
mercapto-£-phenylenedimethanesulfonamide and 5-benzenesulfonyl-2-chloro-£-phenylenedimethanesulfonamide, respec­
tively. Addition of hydrogen chloride to 2-phenylmercapto-^-quinonedimethanesulfonamide results in 5-chloro-2-phenyl 
mercapto-^-phenylenedimethanesulfonamide. The 2-benzenesulfonyl-£-quinonedimethanesulfonimide, on the other hand, 
does not give an hydrogen chloride adduct with 1,2,4,5-orientation; by analogy with the corresponding reaction in the 
benzenesulfonimide series, this compound is assigned a 1,2,3,4-orientation. 

Addition of thiophenol and benzenesulfinic 
acid to 2-chloro-p-qumonedibenzenesulfonimide re­
sulted in adducts with 1,2,4,5-orientation2'3 and 
addition of hydrogen chloride to 2-phenylmercapto-
^-quinonedibenzenesulfonimide also yielded 5-
chloro-2-phenylmercapto-^-phenylenedibenzenesul-
fonamide.3 With the strongly electron-attracting 
benzenesulfonyl group, however, addition of hy­
drogen chloride resulted in an adduct with 1,2,3,4-
orientation.4 

The orientation in addition of reagents to qui­
none diimides has been shown to be dependent in 
part on the character of the groups on the imide 
nitrogens. The benzoyl and benzenesulfonyl 
groups had markedly different effects. This sug­
gested a comparison of two sulfonyl groups, one 
containing an aromatic and the other an aliphatic 
residue. A few typical addition reactions of p-
quinonedimethanesulfonimides have now been stud­
ied. Thiophenol and benzenesulfinic acid added to 
2-chloro-p-quinonedimethanesulfonimide (I) to give 
adducts with identical orientations, since the thio­
phenol adduct II on oxidation with hydrogen per­
oxide gives the benzenesulfinic acid adduct III . 
The orientation of groups in these adducts was 
shown to be 1,2,4,5 by an unequivocal synthesis. 
2-Chloro-5-phenylmercapto -p - phenylenediamine 
(IV)5 was tetramethanesulfonated to V, oxidized 
to the benzenesulfonyl derivative VI, and one 
methanesulfonyl group removed from each nitrogen 
by means of aqueous alkali, to give III. 

(1) An abstract of a portion of a thesis submitted by M. D. Nair to 
the Graduate College of the University of Illinois, 1956, in partial 
fulfillment of the requirements for the degree of Doctor of Philosophy. 

(2) R. Adams, E. F. Elslager and T. E. Young, T H I S JOURNAL, 75, 
663 (1953). 

(3) R. Adams and T. E. Young, ibid., 7S, 3235 (1953). 
(4) R. Adams, T. E. Young and R. W. P. Short, ibid., 76, 1114 

(1954). 
(5) R. Adams and M. D. Nair, ibid., 78, 5932 (1956). 

Addition of hydrogen chloride to 2-phenyl-
mercapto-^-quinonedimethanesulfonimide also re­
sulted in formation of II. These orientations are 
identical to those observed in the dibenzenesul-
fonimide series indicating that alteration of the sub­
stituted function of the sulfonimide groups does 
not have any profound effect on the orientation of 
adducts. 
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which does not have a 1,2,4,5-orientation since it 
was not identical with the 1,2,4,5-adduct une­
quivocally synthesized. Of the other two possible 
orientations, the compound is assigned a 1,2,3,4-
orientation (VIII) by analogy with the reaction in 
the benzenesulfonimide series. 

Addition of benzenesulfinic acid to 2-benzene-
sulfonyl-£-quinonedimethanesulfonimide was ac­
complished in acetic acid solution. The structure 
of the adduct was not established but is probably 
1,2,4,6 as shown in IX by analogy with the ad­
dition reaction in the dibenzenesulfonimide series. 
Attempts to hydrolyze this adduct to the diamine 
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with constant boiling hydrochloric acid or 1:1 sul­
furic acid were unsuccessful. 

Acknowledgment.—The authors are indebted to 
Mr. J. Nemeth and Mrs. M. Benassi for the micro­
analyses and to Mr. J. Brader for the determina­
tion and interpretation of the infrared spectra. 

Experimental 
2-Chloro-5-phenylmercapto-p-phenylenedimethanesulfon-

amide.—A solution of 1.0 g. of 2-chloro-^-quinonedimeth-
anesulfonimide6 in 30 ml. of dioxane was added to a solution 
of 0.7 ml. of thiophenol in 20 ml. of dioxane containing 3 
drops of concentrated sulfuric acid. There was an immedi­
ate transient pink color. The mixture was allowed to stand 
at room temperature for 24 hours and poured into cold 
water. The product was separated by filtration, washed 
and dried to give 1.3 g. (88%) of white powder. Three re-
crystallizations from glacial acetic acid gave white plates, 
m.p. 218-219°. The compound did not depress the melting 
point of 2-chloro-5-phenylmercapto-p-phenylenedimethane-
sulf onamide. 

5-Benzenesulfonyl-2-chloro-£-phenylenedimethanesul-
fonamide. Method A.—To a suspension of 0.55 g. of 2-
chloro-£-quinonedimethanesuIfonimide in 20 ml. of glacial 
acetic acid was added 0.6 g. of sodium benzenesulfinate. 
The mixture was shaken well and heated on a water-bath 
for 10 minutes. The color faded to a very pale yellow. 
The volume of the solution was reduced to 10 ml. and 10 
ml. of water added. The product was separated, washed 
and dried to give 0.9 g. (99%) of white solid. Recrystalli-
zation from glacial acetic acid and finally from ethanol gave 
white needles, m.p. 200.5°. 

Anal. Calcd. for CuH15ClN2O6S3: C, 38.31; H, 3.44; 
N, 6.38. Found: C, 38.60; H, 3.40; N, 6.10. 

Method B.—A mixture of 0.5 g. of 2-chloro-5-phenyl-
mercapto-^-phenylenedimethanesulfonamide, 2 ml. of 30% 
hydrogen peroxide and 30 ml. of glacial acetic acid was 
heated under reflux for 2 hours, cooled and poured into 
cracked ice and water. After allowing to stand at room 
temperature for one hour, the solution was filtered and the 
residue dried to give 0.35 g. (66%) of white product. 
Recrystallization from ethanol gave white needles, m.p. 
199.5°, identical with the product obtained by method A. 

Anal. Calcd. for C14H16ClN2O6S3: C, 38.31; H, 3.44. 
Found: C, 38.50; H, 3.37. 

N ' , N ' , N ",N "-Tetramethanesulf onyl-2-chloro-S-phenylmer-
capto-p-phenylenediamine.—A mixture of 0.25 g. of 2-
chloro-5-phenylmercapto-^-phenylenediamine,5 0.35 ml. of 
methanesulfonyl chloride and 10 ml. of reagent pyridine was 
allowed to stand at room temperature for 48 hours. The 
color had changed to red and some crystals separated. The 
solution was poured into cracked ice and hydrochloric acid 

(6) R. Adams and W. P. Samuels, T H I S JOURNAL, 77, 5383 (1955). 

which precipitated a white solid. When filtered and dried 
it weighed 0.45 g. (83%). I t was recrystallized from di-
methylformamide-water mixture to give white needles, 
m.p. 270.5-271°. 

Anal. Calcd. for C16H19ClN2O8S5: C, 34.07; H, 3.57; 
N, 4.96. Found: C, 34.37; H, 3.67; N, 4.95. 

5-Benzenesulfonyl-2-chloro-£-phenylenedimethanesul-
fonamide.—A mixture of 0.25 g. of N' ,N ' ,N",N"- te t ra-
methanesulfonyl-2-chloro-5-phenylmercapto-ji-phenylenedi -
amine, 1 ml. of 30% hydrogen peroxide and 20 ml. of gla­
cial acetic acid was heated under reflux for one hour, then 
cooled and poured into cold water, which precipitated a 
white product. Filtration yielded 0.25 g. (95%) of white 
crystals. After one recrystallization from acetic acid, the 
product, m.p. 306°, was hydrolyzed. 

The compound was heated with 8 % aqueous sodium hy­
droxide for a few minutes, cooled, filtered and neutralized 
with acetic acid. The precipitate thus obtained was re-
crystallized from ethanol to give white needles, m.p. 199.5-
200°. It did not depress the melting point of the benzene­
sulfinic acid adduct of 2-chloro-^-quiuonedimethanesul-
fonimide and their infrared spectra are identical. 

2-Phenyknercapto-/>-quinonedimethanesulfonimide.—To 
a mechanically stirred suspension of 1.5 g. of 2-phenylmcr-
capto-£-phenylenedimethanesulfonamide6 in 20 ml. of gla­
cial acetic acid was added in one lot 1.85 g. of lead tetra­
acetate. The mixture turned blood red in color. It was 
stirred for one hour, 5 drops of ethylene glycol added and 
the solution stirred for 10 minutes more. The precipitate 
was filtered and dried to give 1.3 g. (88%) of red crystals, 
m.p. 180-183°. No satisfactory solvent was found for 
purification. I t was used directly in the addition reactions. 

5-Chloro-2-phenylmercapto-£-phenylenedirnethanesul-
fonamide.—To a solution of 1.0 g. of 2-phenylmercapto-p-
quinonedimethanesulfonimide6 in 60 ml. of reagent chloro­
form was passed a current of hydrogen chloride for 2 hours 
during which time the color faded to a very pale yellow. 
The solution was evaporated to dryness and the yellow oily 
residue heated with 20 ml. of ethanol. On cooling a white 
precipitate separated. I t weighed 0.4 g. The filtrate on 
standing deposited another 0.2 g. bringing the total yield to 
0.6 g. (55%). It was recrystallized from glacial acetic acid 
to give white needles, m.p. 219.5-220°. 

Anal. Calcd. for Ci4H15ClN2O4S3: C, 41.32; H, 3.71; 
N, 6.88. Found: C, 41.60; H, 3.66; N, 6.59. 

2-Benzenesulfonyl-^-qumonedimethanesulfonimide.—To 
a mechanically stirred suspension of 4.0 g. of 2-benzenesul-
fonyl-£-phenylenedimethanesulfonamide in 50 ml. of glacial 
acetic acid was added 4.5 g. of lead tetraacetate. The 
solution turned yellow in 5 minutes. After stirring at room 
temperature for 90 minutes, 2 ml. of ethylene glycol was 
added and stirring continued for 10 minutes more. The 
precipitate, which was collected and dried, weighed 3.1 g. 
(78%). Two recrystallizations from glacial acetic acid 
gave beautiful yellow crystals, m.p. 201° dec. 

Anal. Calcd. for C14Hi4N2O6S3: C, 41.78; II , 3.50; N, 
6.96. Found: C, 42.09; H, 3.63; N, 6.75. 

The infrared spectrum of this compound shows a band at 
1575 cm. ~J corresponding to the C = N (str.) of the imide. 

2-Benzenesulfonyl-3-chloro-/>-phenylenedimethanesul-
fonamide.—Into a solution of 1.2 g. of 2-benzenesulfonyl-^-
quinonedimethanesulfonimide in 60 ml. of dry, reagent 
chloroform was passed a current of hydrogen chloride. 
The color turned to a pale yellow in 5 sec. but did not show 
any further change. The solution was allowed to stand at 
room temperature for 12 hours and then evaporated to dry­
ness. The residue was triturated with 10 ml. of ethanol 
and filtered. The precipitate weighed 0.48 g. Concen­
tration of the filtrate gave an additional 0.3 g. of product 
bringing the total yield to 0.78 g. (60%). Two recrystalli­
zations from ethanol yielded needles, m.p. 224-225°. 

Anal. Calcd.' for C14Hi5ClN2O6S3: C, 38.31; H, 3.44; 
N, 6.38. Found: C, 38.50; H, 3.36; N, 6.18. 

2,X-Dibenzenesulfonyl-£-phenylenedimethanesulfon-
amide.—To a suspension of 0.75 g. of 2-benzenesulfonyl-/>-
quinonedimethanesulfonimide in 15 ml. of glacial acetic acid 
was added in one lot 0.3 g. of sodium benzenesulfinate. 
The slurry was shaken and warmed on the steam-bath for 
one hour. A small amount of white precipitate separated. 
This was collected by filtration and to the filtrate was added 
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15 ml. of water which caused precipitation of a white Anal. Calcd. for C2OH20N2O8S4: C, 44.06; H, 3.70; 
product. The combined fractions were recrystallized from N, 5.14. Found: C, 44.09; H, 3.82; N, 4.95. 
ethanol to give white crystals, m.p. 201.5-202°. The total 
yield was 0.8 g. (77%). URBANA, ILLINOIS 
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The ^-quinols and their O-acetates obtained from £-cresol, methyl j!>-hydroxyphenylacetate and 6-hydroxytetralin were 
rearranged to derivatives of hydroquinone under aqueous acidic or basic conditions and to resorcinols under the conditions 
of the Thiele reaction or by the use of boron trifluoride in ether. The rearrangements are pictured as acyloin shifts, and 
mechanisms are proposed for the alternate alkyl or acyloxy migrations. Homogentisio acid (XVII) was shown to be the 
product of the action of alkali on 4-carbomethoxymethyl-4-acetoxy-2,5-cyclohexadien-l-one (XVI). The o-quinoid diacetate 
X X yielded the triacetate of 5-methylpyrogallol (XXI) under the conditions of the Thiele reaction. The implications of 
these rearrangements are discussed in connection with biological oxidation mechanisms. 

The oxidation of p-alkylated phenols with per-
acids in acidic solution2 leads to alkylhydroqui-
nones. Under neutral conditions the labile inter­
mediates in this reaction can be isolated,8 namely 
p-alkylquinols, originally obtained by the aniono-
tropic, acid-catalyzed mtermolecular rearrange­
ment45 of £-alkylhydroxylamines.6 The analogy 
of these rearrangements to the metabolic sequence 
tyrosine —»• homogentisic acid was recognized by 
several investigators7'8; however, attempts to pre­
pare the intermediate quinol in this series failed.8-10 

In this paper the preparation and various rearrange­
ments of a number of free and O-acetylated simple 
mono- and bicyclic quinols as well as of the quinol 
precursor of homogentisic acid are described follow­
ing up a preliminary communication published 
several years ago.11 

^-Toluquinol (I) and the homologous xyloquinol 
have been rearranged by the action of aqueous acid 
and by aqueous alkali.6'12 

(1) Labile Metabolites. IV. Preceding paper in this series, B. 
Witkop and T. Beiler, T H I S JOURNAL, 78, 2882 (1956). 

(2) T. Kumazi and R. Wolffenstein, Ber., 41, 297 (1908). 
(3) E. Bamberger, ibid., 36, 2028 (1903). 
(4) E. A. Braude, Quart. Rev. Chem. Soc, 4, 423 (1950); Nature, 

169, 80 (1952). 
(5) H. E. Heller, E. D. Hughes and C. E . Ingold, Nature, 168, 

909 (1951). 
(6) E. Bamberger, Ber., S3, 3600 (1901). 
(7) E. Mayer, Deutsch. Arch. Klin. Med., 70, 443 (1901). 
(8) E. Friedmann, Beitr. Chem. Physiol. Pathol., 11, 304 (1908). 
(9) O. Neubauer, Deutsch. Arch. Klin. Med., 95, 211 (1909). 
(10) H. D. Dakin, J. Biol. Chem., 8, 13 (1910). 
(11) Cf. B. Witkop and S. Goodwin, Experientia, 8, 377 (1952). 
(12J E. Bamberger, Ann., 390, 164 (1912). 

The rearrangements can best be pictured as vin-
ylogous acyloin shifts.13 Normally an a-hydroxy-
ketone (or aldehyde) by the action of acid or 
base14,15 is converted to the isomeric a-hydroxyke-
tone with concomitant interchange of the oxygen 
functions and migration of one alkyl group. The 
quinols will not stop at this stage (Ie or Ic) but 
aromatize to hydroquinones. Such rearrange­
ments are of importance in the biosynthesis of iso-
leucine and valine and in the formation of uranes 
in the metabolism of 17-hydroxy-20-ketoster-
oids.16 

Whereas gentle acetylation of ^-toluquinol with 
ketene (see Experimental) leads to the O-acetate 
III, which is more easily prepared by the action of 
lead tetraacetate on p-cresol,17 rearrangement to 
the liquid cresorcinol diacetate VII occurs under 
the conditions of the Thiele reaction (acetic anhy­
dride with coned, sulfuric acid). The same cresorci­
nol diacetate VII is obtained from the quinol ace­
tate III in the Thiele reaction. Since the methyl 
group migrates more readily than a hydroxy! 
group, under Thiele conditions acetylation of the 
tertiary hydroxyl group of I18 by acetylium ion 
probably precedes attack of the ion on the carbonyl 
oxygen followed by migration of the tertiary ace-
toxyl group (IV —*• V with acetoxyl instead of 
-OBF 3

-) . Whereas the ordinary Thiele reaction 
proceeds with external addition of acetoxyl ion,19 

the cresorcinol diacetate VII arises probably by an 

(13) C. K. Ingold, "Structure and Mechanism in Organic Chemis­
t ry ," Cornell University Press, Ithaca, N. Y., 1953, p. 
479. 

(14) D. B. Sharp and E. L. Miller, THIS JOURNAL, 74, 5643 
(1952). 

(15) R. B. Turner, ibid., 78, 3484 (1953). 
(16) For a more complete survey of the literature, cf. M. Strassman, 

A. J. Thomas and S. Weinhouse, ibid., 77, 1261 (1955); S. 
Weinhouse, Amino Acid Biogenesis and Protein Synthesis Symposium, 
University of California, Los Angeles, April 18 and 19, 1955, Proceed­
ings, pp. 1-45. 

(17) F. Wessely and F. Sinwell, Monatsh., 81, 1055 
(1950). 

(18) The acetylation of tertiary hydroxyls of acyloins, even of highly 
hindered ones, is remarkably facile under acid conditions: Huang-
Minion, E. Wilson, N. L. Wendler and M. Tishler, THIS JOURNAL, 74, 
5394 (1952), and ref. 15. 

(19) H. A. E. Mackenzie and E. R. S. Winter, Trans. Faraday Soc, 
44, 159, 171, 243 (1948); H. Burton and P. F. G. Praill, Chemistry &• 
Industry, 92 (1950); Quart. Revs., 6, 316 (1952). 


