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The Oxidative Cleavage of Hydroquinone Monosulfate 
Ester. A Model Reaction for Sulfate Transfer 

Sir: 

Sulfate transfer in biological systems from 3'-phos-
phoadenosine 5'-phosphosulfate (PAPS) to acceptor 
compounds is catalyzed by enzymes known as sulfo-
kinases; this process has been extensively studied.1 

Lipmann has shown that PAPS, a mixed anhydride of 
sulfuric and phosphoric acids, is the actual transferring 
agent in these enzymic systems. 

The recent work on the oxidative cleavage of quinol 
monophosphates2-6 and resultant transfer of phos
phate to acceptor compounds suggests that similar 
reactions might be achieved with quinol monosulfates.6 

The oxidation of a quinol monosulfate could conceiv
ably take place by a mechanism such as that indicated 
in reaction 1. In this scheme the S-O bond is cleaved 

0-SO3' 

0-H 

(Q). I 1 + SO3 (1) 

SO3 + acceptor —»• sulfonated acceptor (2) 

with the resultant release of SO3 which could then sul
fonate an acceptor present in the reaction medium (re
action 2). If sulfate transfer to an acceptor is achieved 
one has then essentially carried out an "oxidative sul-
fonation." The biological transfer of sulfate does not 
appear to involve oxidation, although recently it was 
suggested that the oxidative cleavage of L-ascorbic acid 
3-sulfate may be biologically important as a means of 
transferring sulfate.7 Nevertheless, the transfer of sul
fate from a quinol monosulfate to another compound 
by oxidative cleavage of the quinol sulfate can be ex
amined as a possible model reaction for in vivo sulfate 
transfer. To test this hypothesis we have synthesized 
the potassium salt of hydroquinone monosulfate ester8 

(HQ-SO3K) and have studied the action of various oxi
dants on this substrate. Preliminary experiments indi
cated that HQ-SO3K was oxidized by NaIO4, NaIO3, 
Br2, and eerie sulfate. 

At a periodate concentration of 0.151 M the oxida
tion of HQ-SO3K (8 X 10-3 M) at pH 1.0 and 25.0° 
obeys first-order kinetics with a pseudo-first-order rate 
constant of 4.85 X 10~3 sec -1. The periodate oxida
tion of hydroquinone under similar conditions and con
centrations is also first order with a pseudo-first-order 
rate constant of 9.45 sec -1 .9 Thus, the periodate oxi-
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dation of HQ-SO3K is approximately 2 X 103 times 
slower than that of hydroquinone. A kinetic depend
ence on the periodate concentration is also observed 
in the oxidation of HQ-SO3K. These experimental 
observations provide strong evidence that an oxidative 
cleavage OfHQ-SO3K is occurring, rather than hydroly
sis of the sulfate ester, followed by oxidation of the 
hydroquinone produced by the hydrolysis. 

The periodate oxidation of HQ-SO3K was carried 
out at pH 1.3 in water enriched in the oxygen-18 isotope 
(1.6 atom % 18O). The sulfate produced by the oxida
tive cleavage was isolated as BaSO4 after reduction of 
excess periodate and iodate by the addition of NaI and 
HClO4. The oxygen in the BaSO4 was converted to 
CO2 by treatment of the BaSO4 with Hg(CN)2 and Hg-
Cl2 at 40O0.10'11 Mass spectrometric analysis of the CO2 

indicated that less than 10% S-O bond cleavage had 
occurred. Therefore, the bulk of the sulfate obtained 
under these conditions was formed by aryl-oxygen 
cleavage (i.e., it was generated as bisulfate and not as 
SO3). 

It is possible to oxidize HQ-SO3K with periodate in 
the nonaqueous solvent, methanol. In this solvent we 
find that some of the solvent is sulfonated, resulting in 
monomethyl sulfate, CH3OSO3

-. The reaction was 
carried out as follows: 1 mmole of HQ-SO2K and 2 
mmoles OfNaIO4 in 15 ml of methanol were stirred for 
8 hr at room temperature. At the end of this period 
the reaction was complete, the solution was filtered, and 
the solvent was evaporated from the filtrate. The re
maining solid together with exactly 1 mmole of added 
sodium acetate was taken up in D2O, and an nmr spec
trum was run on the resulting solution. Integration of 
the CH3 peak of the CH3OSO3

- relative to the acetate 
peak indicated an 80% yield of CH3OSO3

-. This de
termination was possible through the use of nmr, since 
the methyl resonances of methanol, CH3OSO3

-, ond 
(CH3O)3SO2 do not overlap in D2O. 

The most plausible explanation for sulfonadon of the 
methanol would be that SO3 is generated by the oxida
tive cleavage and then attacks the solvent. In order to 
check this, an experiment was done with 1 mmole of 
NaHSO4 substituted for the HQ-SO3K. No CH3O-
SO3

- was detected by nmr. Therefore, it appears that 
bisulfate does not act as a sulfonating agent for meth
anol under these conditions. 

Further sulfate transfer studies have been done using 
N,N-dimethylformamide (DMF) as a solvent and bro
mine as the oxidant. Oxidation of equimolar amounts 
of HQ-SO3K and methanol in DMF with Br2 and analy
sis by nmr indicated that approximately 65 % of the 
methanol had been converted to CH3OSO3

-, with the 
remaining methanol left unchanged. Nmr integration 
was not carried out due to the nearness of the low T 
methyl peak of DMF to the CH3OSO3

- methyl peak. 
Detailed studies on the oxidative cleavage and trans

fer reactions of hydroquinone and other quinol mono
sulfate esters are in progress. 
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An Unusual Rearrangement of a 
Benzobicyclo[2.2.2]octadienol 
Sir: 

Carbonium ion reactions in the bicyclo[2.2.2]-2-octyl 
series generally lead to products which have either re
tained the [2.2.2] ring structure or rearranged to the 
[3.2.1] ring system.1 In a recent meticulous study, 
Tanida2 found that the group which migrates is anti 
to the leaving group. Thus la gave the [3.2.1] vinyl 
migration product 2a, whereas lb gave the [3.2.1] aryl 
migration product 2b. In addition, la gave minor 

OBs 

HOAo HOAo 

OAc AcQ 

2a 

\ + 
AcO' 

amounts (17%) of cyclopropylcarbinyl product 3a.3 

We wish to describe an unexpected, profound, but 
facile, rearrangement of a highly methyl-substituted 
derivative of 1; the product is a benzodihydropentalene. 

Addition of benzyne4 to hexamethyl-2,4-cyclohexa-
dienone5 gave an adduct, mp 108-108.5°, in 73%yield.6 

Reduction with LiAlH4 in ether at 0° afforded a nearly 
quantitative yield of the alcohol mixture 4 in which the 
epimer with OH anti to the aryl ring predominated 
(63:37).7 The alcohol mixture8 on treatment with 
strong acid afforded a crystalline hydrocarbon, mp 
101-102°, in 45% yield.9 It analyzed for Ci8H22; its 
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mass spectrum showed a strong parent peak (m/e 238), 
a base peak at m/e 223, and other strong peaks at m/e 
208, 193, and 178, indicating a fairly stable carbon 
framework with at least four pendant methyl groups. 
The nmr spectrum consisted of an aromatic multiplet 
(r 2.77-3.02, 4 H), two quartets due to homoallylically 
coupled methyls (T 8.02 and 8.23, J = 1 cps, 3 H each), 
and two very sharp singlets (T 8.61 and 8.80, 6 H each). 
The nmr spectrum quickly eliminated all anticipated 
structures.10 The ultraviolet spectrum showed an 
unusually intense long-wavelength band (Xmax 321 imx 
(log e 4.35)), as well as other bands at X 246 (log <• 3.89), 
238 (4.10), and 203 m/x (4.21). On the basis of these 
data and further conversions, we assign structure 5 to 
the dehydration product of 4 . u 

Pd-C 

Compound 5 readily absorbed 1 mole of hydrogen 
(ethanol, 5 % Pd-C, room temperature, 1 atm) to give, 
as the major product, a dihydro derivative (mass spec
troscopy) which still had two homoallylically coupled 
methyl groups (T 8.28 and 8.45) as well as four separate 
unsplit aliphatic methyl peaks (r 8.62, 8.77, 8.92, and 
9.41). Thus the hydrogens (AB quartet at r 6.50 and 
6.89) must have added to a tetrasubstituted double bond 
which did not have any methyl substituents. The 
ultraviolet spectrum (X 273 (log e 3.33), 266 (3.33), 260 
(3.26), 253 (3.20), and 208 m^ (3.95)) showed that the 
dihydro compound lacked a styrene chromophore; 
it is assigned structure 6.12 

One of the allylic methyl groups of 5 (T 8.02) under
went complete exchange when 5 was in contact with 
excess 80% D2SO4-D2O at room temperature for 3 hr. 
Since the most stable carbonium ion from protonation 
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perature over 15 min, followed by dilution with ice. 

(10) Products of phenyl migration (i or ii), vinyl migration (iii), or 
double bond participation (iv), followed by proton loss, should have two 
vinyl protons. 

(11) Space limitations preclude presentation of all the supporting 
evidence for the structural and nmr assignment. 

(12) Another dihydro-5 (from 1,4 addition of hydrogen) and a tetra-
hydro-5 have also been identified. 

Journal of the American Chemical Society j 89:17 j August 16, 1967 


