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An attractive explanation for the divergent influence of are- 
nediazonium ion substituents on the rates for oxidation of hem- 
oglobin is that electron transfer occurs in the heme pocket for those 
diazonium salts that would undergo electron transfer slowly, if 
at all, outside of this cavity. Once inside the hydrophobic pocket, 
electron transfer produces a neutral aryldiazo radical that is more 
likely to expel dinitrogen and combine with iron(II1) than to 
reenter the hydrophilic region outside of the heme pocket where 
hydrogen abstraction is the product-forming process.20 

The rate for electron transfer is dependent on the distance 
between the reaction centers.21 In the case of diazonium salts, 
crossover from the hydrophilic region outside of the heme pocket 
to the hydrophobic region inside the heme pocket reduces the 
distance for approach of the diazonium salt to hemeiron(I1) so 
that the rate for oxidation becomes a function of the kinetic barrier 
for entrance of the diazonium ion to the heme cavity. If this kinetic 
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barrier reflects the hydrophilic to hydrophobic crossover, corre- 
lation with hydrophobic parameters should be evident. Accord- cph Et3N, CH2ClZ 

ingly, the semilog plot of second-order rate cocstants for those 0 - 2b) MeZNH, C H z C 1 2  
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diazonium salts that produced o-aryliron( 111) complexes against Rd T B D P S ~  

H~~ gave a reasonable correlation (slope = 0.67, corr. coef. 0.90) i ( R = H )  (n=2)  

whereas, as is evident from Figure 2, no correlation exists with 6 (R=TBDPS) 8 ( n = 3 ,  8F4-) 

up or other electronic parameters. Furthermore, if there is a kinetic 
barrier to crossover, increasing the hydrophilicity of the diazonium 
salt should reduce the relative rate for reduction by hemoglobin Scheme 111 
and cause electron transfer to occur outside of the heme pocket. 
Indeed, reduction of the diazonium salt derived from @-amino- 
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phenyl) acetic acid by deoxyhemoglobin at pH 7.0, which occurs 7 

1b) NH4Cl/H20 , - N M ~ ~  with a second-order rate constant (k2 = 31 M-I s-') that is nearly 
one-quater that for reduction of p-toluenediazonium tetra- 

(90% yield). The near identity of second-order rate constants for 
ferrocyanide reduction of this diazonium salt ( k 2  = 2.4 M-' s-l) 

and p-toluenediazonium tetrafluoroborate ( k 2  = 2.1 M-' s-l) 

substituents for electron transfer to the diazonium functional 
group. 
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fluoroborate ( k ,  = 11 3 M-I s-]), produces only phenylacetic acid - 9 a ( n - 2 ) ;  %(n=3) ( R =  CH3)  trans-lla 
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Although the specific procedure worked exceptionally well for the 
cases required (1 to 2 and 1 to 3), our recent attempts to extend 
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been most disappointing. The source of the problem seems to be 
principaly associated with competitive deprotonation of 1 in  the 
y position, a difficulty that was observed but was correctable in 
the methyl series2 (Scheme I). 

We now wish to report a general and highly efficient solution 
to this problem. Treatment of @-epoxy sulfone 43 with DBU (to 
produce the water-soluble vinyl sulfone-diol Ei3) followed by in 
situ silylation with tert-butyidiphenylsilyl chloride4 affords an 86% 
yield of vinyl sulfone 6.536 Mesylation' of the alcohol moiety 
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Several years ago we reported a stereoselective method to effect 
the nucleophilic SN2' methylation of chiral epoxyvinyl sulfone l.2 
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>95% purity, 
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Table I 
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substr RM conditions product yield stereoselectivity' 
7 CH3Li  E t 2 0 ,  -10 OC, 10 min trans- l la  87%, 99%" 1:>99 

7 H2C=CHCH2Li" E t 2 0 ,  -10 OC, 10 min trans- l lc  8176, 63%' 4.9:95.1 
7 H2C=CHLib E t 2 0 ,  -10 OC, 10 min trans-1 Id  86%, 88%' 1:>99 
7 t-BuLi E t 2 0 ,  -10 c, 10 min trans- l le  46%, 85%' 3.6:96.4 
7 (CHJ3SiC=CLi T H F ,  0 OC, 30 min trans- l l f  6776, 65%2 1 :>99 

7 C6H,Li Et,O, -10 OC, I O  min trans-1 1 b 7796, 91%' <5:>95d 

(CH,),CuLi 
CH,Li 
CH3CeC12 
(C6H,),CuLi 
(CH2=CHCH2),CuLi" 
(CH2=CH),CuLib 
(t-Bu),CuLi 
(CH3)3SiC=CLi 

Et,O or T H F ,  -78 OC, 20 min 
T H F ,  -78 OC, I O  min 
T H F ,  -78 OC, 25 min 
T H F ,  -78 OC, 20 min 
T H F ,  -78 OC, 20 min 
T H F ,  -78 OC, 20 min 
T H F ,  -78 OC, 30 min 
T H F .  -40 "C, I O  min 

c i s - l l a  
c i s - l l a  
c i s - l l a  
cis-1 1 b 
c i s - l l c  
c i s - l l d  
cis- 1 l e  
c i s - l l f  

99% 
33% 
95% 
91% 
91% 
78% 
25% 
85% 

98.7:1.3 
72.8:27.2 
97.4:2.6 
>95:5d 
>99:1 
>99:1 
96.1:3.9 
>99:1 

(i Via transmetalation from tetraallyltin. Via transmetalation from vinyltri-n-butyltin. 'The first yield reported corresponds to the conjugate- 
addition reaction with 7 ,  the second yield represents the overall yield for the alkylation/elimination reaction. d t rans - l lb  and c i s - l l b  could not be 
separated by HPLC;  the figures given represent a minimum ratio derived from 470-MHz ]H NMR. 'See ref I O  for H P L C  conditions. 

followed by immediate treatment with dimethylamine produces 
amino vinyl sulfone 76 via a "Lawton" reaction* in 87% yield. 
Reaction of 7 with methyl trifluoromethanesulfonate followed by 
counterion exchange with sodium tetrafluoroborate produces 
quaternary ammonium salt S639 as a stable crystalline material, 
mp 157-62 "C (92% yield) (Scheme 11). 

Treatment of amino vinyl sulfone 7 with methyl, phenyl, allyl, 
vinyl, tert-butyl, and (trimethylsilyl)ethynyllithium affords mo- 
noadducts 9a-f6 in excellent yield. Reaction of these amines with 
methyl trifluormethanesulfonate produces the corresponding 
trimethylammonium sulfonates loa-f which were not fully 
characterized but subsequently treated with DBU to afford the 
trans isomers 1 la-p respectively (Scheme 111). Alternatively, 
direct reaction of allylammonium salt 8 in T H F  at -78 OC with 
the corresponding homo cuprate reagents instantaneously affords 
the cis adducts lla-f6 in  excellent yield. Comparison of each of 
these reaction products by analytical HPLC'O establishes the 
stereoselectivity of all of these reactions to be in excess of 95% 
(Table I). 

The stereoselectivity observed in each of these reactions is 
worthy of comment. The trans additions to amino vinyl sulfone 
7 are apparently occurring under steric control; it is interesting 
to note that coordination of the amine moiety to the lithium 
reagents is apparently not occurring since this could have afforded 
the cis adducts, although such a directed addition would have 
required a 6-end0-trig~~<~' transition state. The complete reversal 
of stereochemistry seen in the cuprate additions to allylammonium 
salt 8 is quite striking. Reaction of allylammonium salts with 
organocuprates has been previously observed in simple systems,13 
but this example provides the first opportunity to observe the 
stereochemistry of the process in a system biased toward the SN2' 
Lawton* reaction. Although it is tempting to invoke an 
"ammonium cuprate" ion pair as the control element for additions 

to 8, the observation that methylcerium di~hlor ide '~  and di- 
methylamine3 also proceed via a syn addition pathway suggests 
that further research will be required to elaborate the intimate 
details of these reacti~ns. '~-' '  
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counterion was used throughout this entire study, we have found that the crude 
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(10) For all HPLC analyses, a normal phase econosphere silica 5 pm, 15 
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(12) Addition of a vinyllithium reagent to cis-4-(dimethylamino)-l-(si- 

lyloxy)-2-cyclopentenyl sulfone also occurs via the trans-addition mode,'; again 
avoiding the 6-endo-trig" directed addition option. 
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Industrial processes involving heterogeneously catalyzed re- 
duction of SO2 by CH4 or H2S are well established, and H 2  
reduction on Ru/A120, has been demonstrated under mild con- 
ditions.] Homogeneous studies of CO reduction by H2 have 
provided a wealth of mechanistic information relevant to heter- 
ogeneous catalysis and have led to homogeneous systems that are 
catalytic. Similar studies of SO2 reductions with H2 and metal 
hydrides should produce information pertinent to the elementary 
steps and even to practical reduction chemistry. Reactions of SOz 
with hydride complexes generally terminate with the formation 
of metal sulfide or oxy sulfide complexes,' precluding standard 
hydrogenation methods. However, Rakowski DuBois has shown 
that an organometallic Mo-S complex catalyzes l/sSs + H2 - 
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