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Carbon Acids. 9. The Effects of Divalent Sulfur 
and Divalent Oxygen an Carbanion Stabilities 

Summary: Using the trimethylammonio group, Me3N+, as 
a model to calculate the polar effect, the carbanion stabilizing 
effects of Me0 and PhO groups have been found to be smaller 
than calculated, and the carbanion stabilizing effects of MeS 
and PhS groups have been found to be much larger than cal- 
culated. 

Sir: There is long-standing and abundant evidence in the 
literature to indicate that divalent sulfur causes an adjacent 
C-H bond to be much more susceptible to cleavage by base 
than does divalent 0xygen.l The greater kinetic acidity pro- 
duced by or-RS (or or-PhS) than a-RO (or a-PhO) groups has 
been assumed by most experimentalists to be associated with 
a greater ability of divalent sulfur to stabilize an incipient 
carbanion in the transition state of the deprotonation reac- 
tions by a conjugative effect involving 3d orbita1s.l On the 
other hand, theoreticians have generally been skeptical of the 
need to invoke such conjugative interactions.2 For example, 
recent ab initio calculations have failed to reveal any role for 
3d orbital conjugation in stabilizing the HSCH2- anion, and 
the conclusion has been drawn that sulfur stabilizes carban- 
ions by polarization, rather than by d-orbital c~njugat ion.~ 

In the previous paper in this series4 we used the difference 
in acidities (ApK) of Me3N+CHzEWG and MeCHzEWG 
(EWG = CN, PhEiO2, or PhCO) as a measure of the sensitiv- 
ities of these carbon acids to polar effects, ApK = UIPI. The PI 
values were then used in conjunction with UI to estimate the 
polar effect anticipated for a group, G, in the GCHzCN, 
GCH2SOzPh, and GCHZCOPh carbon acid systems. When 
G is a a acceptor it should stabilize the GCHEWG- anion by 

Table I. Comparison of the Acidifying Effects of MeO, 
PhO, MeS, and PhO Groups with their Polar Acidifying 

Effects 

Me 
Me3N+ 
PhO 
PhS 

Me 
Me3N+ 
Me0 
PhO 
MeS 
PhS 

Me 
Me3N+ 
Me0 
PhO 
PhS 
PhSe 

Me 
Me& 
Me3N+ 
Me0 
PhO 
MeS 
PhS 

A. GCHzCN Carbon Acids; PI = 14.5 

-0.04e (0.0) (0.0) 
0.82f (11.9) 11.9 
0.38 5.2 4.4 
0.30s 4.4 11.7 

B. GCHzSOzPh Carbon Acids; PI = 14.1 

-0.04e (0.00) (0.0) 
0.82f (11.6) 11.6 
0.27 3.8 0.3 
0.38 5.3 3.1 
0.23 3.2 7.6 
0.30g 4.2 10.5 

C. GCHzCOPh Carbon Acids; PI = 11.9 

-0.04e (0.0) (0.0) 
0.82f (9.8) 9.8 
0.27 3.2 1.5 
0.38 4.5 3.3 
0.30g 3.6 7.3 
0.24h 2.9 5.8 

D. 9-G-Fluorene Carbon Acids; PI = 8.1 

-0.04e (0.0) 
-0.07e (0.0) 

0.821 (6.55) 6.51ji 
0.27 2.2 0.2 
0.38 3.1 2.4 
0.23 1.9 4.3 
0.30g 2.4 6.9 

-0.8 
7.3 

-3.5 
-2.2 

4.4 
6.3 

-1.7 
-1.2 

3.7 
2.9 

-2.0 
-0.7 

2.4 
4.5 

a From ref 9 unless otherwise noted. From ApK = UIPI.  
Relative to the pK of MeCHzCN (32.5, series A), or Me- 

CHzSOzPh (31.0, series B), or MeCH2COPh (24.4, series C), or 
9-methylfluorene (22.3, series D). AApK = ApKobsd - ApK,d,d. 
e Taken as (0.0). f An average value; see footnote 5 of ref 4. g See 
ref 10. Calculated from 0.45 Cr*CH2Seph using the data of L. D. 
Pettit, A. Royston, C. Sherrington, and R. J. Whewell, J. Chem. 
SOC. B, 588 (1968). Relative to 9-tert-butylfluorene (pK = 24.55). 

conjugation, as well as by a polar effect, and the increase in 
acidity observed should be larger than that calculated from 
the UIPI relationship. This was found to be true when G is a 
strong r-acceptor group (CH3C0, PhCO, NOz, PhS02, CN), 
the AApK's ranging from 6.2 to 18.0 pK units.* If RS or PhS 
groups have a-acceptor capacity, we would then expect to find 
that the acidities are enhanced to an extent greater than ex- 
pected on the basis of their polar effects; no enhancement is 
expected, of course, for RO and PhO groups. The results are 
summarized in Table I for four carbon acid systems. 

For reasons given earlier,4 we do not expect the Me group 
in MeCHzEWG to be a good model sterically or electronically 
for the Me3N+ group in Me3N+CHZEWG. In addition, the 
steric relationships between G and the site of electron charge 
density changes for the various GCHEWG-  anion^.^ Steric 
effects for 9-substituted fluorenes are more severe than in the 
GCHzEWG carbon acids. In fluorene, substitution of Me& 
for H at  the 9 position causes a 1.7 pK unit decrease in acidity, 
whereas substitution of Me for H causes a 0.5 pK unit increase 
in acidity. In the fluorene system 9-tert- butylfluorene has 
been used as a model for 9-trimethylammoniofluorene, but 
9-methylfluorene has been used as a model to calculate ApK's 
for 9-Me0-, 9-Ph0-, 9-MeS-, and 9-PhS-fluorenes. Although 
the difficulties in choosing proper models are such as to make 
the calculations of polar effects of an approximate nature, the 
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results obtained for the various carbon acid systems are con- 
sistent and we believe that the AApK’s are significant. 

Note first that the AApK’s for Me0 and PhO groups are 
negative in every instance, Le., the observed ApK’s are smaller 
than those expected on the basis of the polar effect. This is a 
pattern that has been observed previously for the effect of 
a-Me0 substituents on the base-catalyzed exchange rates for 
deprotonation of acetates, GCH&02Me, and their cyclic 
 analog^.^ It has been suggested that, when G = MeO, the in- 
cipient carbanion produced in the transition state for these 
deprotonations is destabilized by an electronegativity effect 
and by lone pair-lone pair  interaction^.^ Such destabilizing 
effects by Me0 or PhO in the carbanions, MeOCHEWG- and 
PhOCHEWG- would account for the negative AApK values 
in Table I. 

In sharp contrast to the negative AApK’s observed for PhO, 
the AApK’s for PhS are all positive and large, ranging from 
3.7 to 7.3 pK units. This suggests stabilization of the anions 
over and above that expected from a polar effect of the order 
of 6 to 10 kcal/mol. These effects are similar to those observed 
with strong r-acceptor  group^,^ although they are somewhat 
smaller in magnitude. 

The strikingly large acidifying effect of the PhS group can 
be brought out further by some direct comparisons of the pK 
data. Despite the much smaller polar effect of PhS (cq = 0.30) 
than Me3N+ (UI = 0.82), PhSCHzSOzPh is only 0.9 pK unit 
less acidic than Me3N+CHzS02Ph, PhSCH2CN is only 0.2 pK 
unit less acidic than MesNWHzCN, and 9-PhS-fluorene (pK 
= 15.4) is 2.4 pK units more acidic than 9-Me3Nf-fluorene 
(pK = 17.8). 

It is difficult to decide whether these large effects are caused 
solely by the high degree of polarizability of sulfur, as the ab 
initio calculations ~ugges t ,~  or whether a conjugative effect 
is also operative. Several results from our pK data lead us to 
believe that more than polarizability is involved. Note, for 
example, that AApK is greater for PhSCHzCOPh (3.7) than 
for PhSeCH2COPh (2.9), despite the greater polarizability of 
selenium. In addition, Hammett correlations for equilibrium 
acidities in Me2SO in both the meta- and para-substituted 
phenylacetonitrile system6 and the 3-substituted fluorene 
system,’ require up- for PhS, rather than op, despite the fact 
that resonance effects are greatly attenuated when operating 
across a benzene ring.4 Finally, there is strong evidence that 
the F3CS02 and PhS02 groups enter into conjugation based 
on their strong acidifying effect on methane and the diminu- 
tion of this effect when the substituent is placed on a cyclo- 
propane ring.8 Since tetravalent sulfur can exert strong con- 
jugative effects, it seems likely that divalent sulfur can also 
enter into electron acceptor conjugation with a carbanions. 
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Nucleic Acid Related Compounds. 19. 
Concerning the  Mechanism of Formation of 
“2,3’-Imino- ~-(@-D-lyxofuranosyl)uraci~” 
[ 2-Amino- l-(3-deoxy-@-~-lyxofuranosyl)- 
4-pyrimidinone-~-3~-anhydronucleoside] from 
0 2 4 2 ’  Cyclonucleosides and “Ammonium Azide”’ 

Summary: Postulated attack of azide anion (from “ammo- 
nium azide”) a t  C2 of the pyrimidine ring of 02-+2’ cyclonu- 
cleoside 1 followed by intramolecular cyclization with ac- 
companying loss of nitrogen gas to give N2-+3’ cyclonucleoside 
3 does not occur, as was demonstrated by incorporation of 15N 
from labeled ammonium chloride and verified by analogous 
formation of 3 using “ammonium acetate”. 

Sir: In a very recent issue of this journal, the conversion of 
02-2’-anhydro-1-(5-0 -benzoyl-3-0 -methanesulfonyl-P- 
D-arabinofuranosy1)uracil (1) and related 02-,2’ cyclonu- 
cleosides to the corresponding N2-+3‘-anhydro-2-amino-l- 
(5-0-benzoyl-3-deoxy-~-~-lyxofuranosyl)-4-pyrimidinone 
(3) and related derivatives using “ammonium azide” in hot 
N,N-dimethylformamide (DMF) was described.2 This 
transformation was postulated to proceed via azide attack at  
C2 of the pyrimidine ring followed by an unusual intramo- 
lecular attack by the geminal electrons of N1 of the azide 
moiety (intermediate 2) to give 3 by an unexplained (neces- 
sarily reductive) process, Treatment of 5’-O-trityl-O2-2’- 
anhydro-1-(0-D-arabinofuranosy1)uracil with “ammonium 
azide” in DMF at  llOo was reported2 to give 59% 1-(5-0- 
trityl-2-azido-2-deoxy-~-~-ribofuranosyl)uracil, plus 33% 
starting material, which is in agreement with previous studies 
of Moffatt and coworkers3 involving SNP-type displacement 
of 0 2  from C2’ of an 02-2’ anhydronucleoside using lithium 
azide. An “unprecedented” “introduction of an azide group 
into pyrimidine bases through O2 anhydronucleosides”2 was 
proposed to explain the formation of 3. A ‘striking “through 
bond” electronegative influence to C2’ was attributed2 to the 
leaving group (mesylate) a t  C3’ to rationalize azide attack at 
C2’ in the 5‘-0-trityl-3’-hydroxy compound (Le., absence of 
the 3’-O-mesyl function). 

Fox and coworkers4 have reported that treatment of 3‘- 
O-mesyl-O2-+5’-anhydrothymidine with ammonia at  room 
temDerature in a sealed vessel gave the N2-.3‘-anhydro- 
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2 ’,3fdideoxy compound (corresponding to 3). Attack of am- 
monia at  C2 of the pyrimidine ring with displacement of alk- 
oxide (OH2C6’ or OCHs from reaction with MeOHBt3N) was 
postulated with subsequent intramolecular displacement of 
mesylate by the exocyclic amino function of the isocytosine 
system to give the N2-+3’ cyclon~cleoside.~ 

In the present reaction, ammonium azide was assumed to 
be generated in Situ from a sixfold molar excess o f ~ ~ m o n i u m  
chloride and sodium azide.2 This more soluble azide salt was 
the presumed nucleophile. H ~ ~ ~ ~ ~ ~ ,  the following acid-base 
equilibrium (eq 1) would be expected to provide a finite [PK, 


