
thermometric titration study of adenine, ribose, adeno
sine, 2'-deoxyadenosine, 3'-deoxyadenosine, and 2'-O-
methyladenosine which conclusively shows the acidity 
of adenosine to be associated with the presence of both 
the 2'- and 3'-OH groups and that substitution of H 
for either the 2'- or 3'-OH group or OCH3 for the 
2'-OH group results in loss of this acidity. In addi
tion pK, AH°, and AS° values obtained by the entropy 
titration method6 are reported for adenosine ionization. 

The chemicals used were the highest purity available 
from California Biochemical Corp. (Grade A ribose, 
adenine, adenosine) and Sigma Chemical Co. (Sigma 
grade deoxyadenosine) or were synthesized (2'-O-
methyladenosine, 3 '-deoxyadenosine).7 

In Figure 1 are plotted thermometric titration data 
taken from thermograms obtained by titration with 
0.6 F NaOH solution of 0.01 F solutions of adenosine, 
ribose, 2'-deoxyadenosine, sodium adenate (Na-
C6H4N6), 0.002 F 2'-0-methyladenosine, and 0.004 F 3'-
deoxyadenosine. The thermograms were obtained 
using a precision thermometric titration calorimeter.6'8 

The observed temperature increase (Figure 1) during 
the titration of 3'-deoxyadenosine, 2'-0-methyladeno-
sine, and 2'-deoxyadenosine is quantitatively accounted 
for by the heat of dilution of the titrant and heat from 
stirring. The small differences observed among the 
individual curves for these substances are quantitatively 
accounted for by small changes between determinations 
in the rate of heat input from stirring. The curve for 
sodium adenate shows a relatively large initial increase 
due to the reaction of a small amount of the hydrolyzed 
adenate species (adenine pK = 9.8). 

Calculations indicate that under the conditions used 
in this study proton ionization is detectable provided 
the pKis less than —-13.5. 

The curve for ribose shows the presence of an acid-
base reaction but the data have not yet been treated 
quantitatively. The curve for adenosine has been 
analyzed quantitatively,6 assuming one dissociable 
proton, to obtain, at zero ionic strength and 25°, 
pK = 12.35 ± 0.03, AH° = 9.7 ± 0.1 kcal./mole, 
and AS° = —23.9 ± 0.3 e.u. for the reaction adeno
sine -»- adenosine- + H+. This pK value is in good 
agreement with that reported by Levene, et a/.1 (12.5). 

The curves for sodium adenate and ribose clearly 
show that the proton in adenosine is ionized from the 
ribose moiety. Further, the fact that substitution of 
CH3 for H on the 2'-hydroxyl or substitution of H 
for OH in either the 2'- or 3'-position in adenosine 
causes a loss of acidity indicates that the two adjacent 
hydroxyl groups are a necessary structural feature for 
that acidic character to exist. Two possible explana
tions for this are (1) the combined inductive effect of 
the vicinal 2'- and 3'-hydroxyl groups and/or (2) the 
anion is stabilized by a hydrogen-bonded ring; e.g. 
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(6) L. D. Hansen, J. J. Christensen, and R. M. Izatt, Chem. Commun. 
(London), 3, 36, 1965. 

(7) The authors greatly appreciate the loan of 50 mg. of 2'-0-methyl-
adenosine and 100 mg. of 3'-deoxyadenosine by Dr. Roland K. Robins 
for use in this study. 

(8) J. J. Christensen, L. D. Hansen, and R. M. Izatt, Rev. Sci. Instr., 
in press. 
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Figure 1. Actual thermometric titration curves for titration of 
aqueous solutions of the indicated compounds with 0.6 F NaOH. 
Temperature 25°; initial volume in calorimeter 100 ml; pH of 
adenosine solution 11.6 (a), 12.0 (b), and 12.5 (c). 

It would now be of interest to determine whether 3'-O-
methyladenosine is acidic; however, this compound is 
not yet available for study. 

The data presented here suggest that the known 
acidity1,9 of the ribose in RNA is a result of the com
bined effect of the 2'- and 3'-hydroxyl groups. Sub
stitution of H for OH in the 2'-position (DNA) should 
result in loss of this acidity. Since the known chem
ical reactivity of the V- and 3'-positions in these 
substances would be expected to parallel the acidity of 
the OH groups, the different biological functions of 
DNA and RNA may be closely related to these acidity 
differences. 

Acknowledgments. This research was supported by 
National Institutes of Health Grant RG-9430-04. 
The authors wish to thank Dr. Roland K. Robins, 
Department of Chemistry, University of Utah, and 
Dr. John H. Mangum, Department of Chemistry, 
Brigham Young University, for several very enlight
ening and stimulating discussions. 

(9) A. M. Michelson, "The Chemistry of Nucleosides and Nucleo
tides," Academic Press, Inc., New York, N. Y., 1963, p. 340. 

(10) (a) To whom inquiries should be directed, (b) National Defense 
Education Act Predoctoral Fellow. 

R. M. Izatt,10a L. D. HansenI0b 

J. H. Rytting, J. J. Christensenlte 

Departments of Chemistry and Chemical Engineering 
Brigham Young University, Provo, Utah 

Received April 5, 1965 

Absolute Configurations of Sulfoxides by 
Asymmetric Oxidation of Sulfides' 

Sir: 
The oxidation of nondissymmetric sulfides by dis

symmetric oxidizing agents leads to optically active sulf
oxides,2,3 generally in low optical yields.4 It has been 
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Foundation (GP-3375). 

(2) A. Mayr, F. Montanari, and M. Tramontini, Gazz. chim. UaL, 90, 
739 (1960). 

(3) A. Maccioni, F. Montanari, M. Secci, and M. Tramontini, 
Tetrahedron Letters, No. 17, 607 (1961); K. Balenovic, N. Bregant, 
and D. Francetic, ibid., No. 6, 20 (I960); K. Balenovic, I. Bregovec, 
D. Francetic, I. Monkovic, and V. Tomasic, Chem. Ind. (London), 
469 (1961); M. Janczewski and T. Bartnik, Bull. Acad. Polon. Sci, Ser. 
Sci. Chim., 10, 271 (1962); R. M. Dodson, N. Newman, and H. M. 
Tsuchiya, J. Org. Chem., 27, 2707 (1962), and references cited therein. 

(4) K. Mislow, M. M. Green, P. Laur, J. T. Melillo, T. Simmons, 
and A. L. Ternay, Jr. ,/ . Am. Chem. Soc, 87, 1958 (1965). 
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Table I. Specific Rotations of Some Alkyl Benzyl Sulfoxides in Ethanol and Chloroform 

Alkyl group 

Methyl0 

Ethyl 
«-Butyl 
Isopropyl 
/-Butyl 

Percamphoric acid 
oxidn.," deg. 

+ 1.0 (1.0) 
+ 1.2 (2.5) 
+ 0 . 7 (4.4) 
+ 5.3 (4.5) 

+ 12.0 (4.3) 

Grignard 
synthesis,6 

+96 
+47 
+ 16 

+ 119 
+281 

deg. 

— In 
Percamphoric 

acid oxidn.," deg. 

- 0 . 5 (0.9) 
- 2 . 9 (3.0) 
- 1 . 8 (1.7) 
+ 0 . 6 (20) 

+ 10.3 (4.3) 

chloroform-
Grignard 

synthesis,6 deg. 

- 5 5 
- 9 7 

- 1 0 5 
+ 3 

+ 240 

" With the exception of the methyl compound, the data are taken from ref. 2. Values in parentheses are maximum per cent optical purities 
calculated on the basis of the rotations listed in the adjoining column. b Reaction of alkylmagnesium halide and I. c Present work, follow
ing the procedure reported in ref. 2. 

suggested2 on the basis of a proposed transition state that 
the direction of asymmetric synthesis follows a general 
pattern which can be summarized as follows: oxida
tion of a sulfide A-S-B with ( + )-monopercamphoric 
acid gives a preponderance of the enantiomer shown in 
stereoformula 1 when A is bulkier than B. 

i 

Although this generalization correctly predicted the 
absolute configurations of alkyl phenyl sulfoxides,4 

we now wish to report that it breaks down in the case of 
alkyl benzyl sulfoxides and thus may not be used as a 
general scheme for the assignment of absolute con
figurations to sulfoxides. 

Reaction of phenylmethanesulfinyl chloride (C6H5-
CH2SOCl) with /-menthol followed by fractional 
crystallization of the reaction mixture afforded a 
diastereomer (I) of /-menthyl phenylmethanesulfinate, 
[a]D +105° (chloroform). Reaction of I with p-
tolylmagnesium bromide gave benzyl />-tolyl sulfoxide 
(II), [a]D +228° (acetone), 9 1 % optically pure based 
on the highest reported rotation.5 The absolute 
configuration of II is (R),i!> corresponding to stereo-
formula 2, and since the Grignard reaction proceeds 
with inversion of configuration,46 it follows that ester I 
has the (R) configuration at sulfur.7 Reaction of a 
variety of branched and unbranched alkylmagnesium 
halides with I gave the compounds listed inTable I, all of 
which must have the configuration shown in stereo-
formula 2. 

O' '1VCH2CBH5 

R 
2 

R = alkyl or p-tolyl 

The rotational signs of the sulfoxides derived from I 
agree with the signs of the sulfoxides obtained by (+ ) -
percamphoric acid oxidation of the corresponding 
sulfides (Table I). Therefore the predominant enan-
tiomers produced in the asymmetric oxidation also have 
configuration 2. It follows that while the configura-
tional assignments2 based on the proposed transition 
state are correct in the cases of isopropyl benzyl and 
r-butyl benzyl sulfoxides, they are incorrect in the cases 
of «-alkyl benzyl sulfoxides (and, by extension, methyl 
benzyl sulfoxide) since the benzyl group is judged to be 
bulkier than w-alkyl groups.2 

The stereospecificities of the asymmetric oxidations 

(5) C. J. M. Stirling, J. Chem. Soc, 5741 (1963). 
(6) K. K. Andersen, J. Org. Chem., 29, 1953 (1964). 
(7) For configurational nomenclature, see ref. 4, footnote 10. 

are extremely low. Quantitative comparisons are 
rendered suspect by inconsistencies in the optical 
yields as measured in ethanol and chloroform (Table 
I); these discrepancies are most likely due to inac
curacies in the small rotations observed in the asym
metric oxidations.2 We therefore refrain from ration
alization of our findings at this time. 

A detailed study of this and related asymmetric 
oxidations is now under way. We shall report sep
arately on the optical rotatory dispersion (including 
solvent effects) of alkyl benzyl sulfoxides. 

(8) N.I.H. Predoctoral Fellow, 1964-1965. 
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Circular Dichroism of Copper(II) Complexes with 
Optically Active Amino Acids 

Sir: 

Pfeiffer and Christeleit1 have reported the usefulness 
of optical rotatory dispersion (ORD) of bis(optically 
active amino acid)copper(II) complexes as a tool in 
determining the configurations of the amino acids. The 
copper(II) complex of an L-amino acid shows a negative 
Cotton effect in the region of the visible d -»- d absorp
tion band, and the complex of a D-amino acid a positive 
Cotton effect. The present communication reports a 
circular dichroism (CD) study of the complexes [Cu-
(am)2] in aqueous solutions (am = L- and D-alanine, L-
serine, L-valine, L-threonine, L-allothreonine, L-proline, 
and L-hydroxyproline). The CD curves in the region 
from 1000 to 400 m t̂ were obtained on a Shimadzu 
spectrophotometer with CD attachment using 0.025 M, 
0.05 M, or saturated solutions of those complexes in a 
1-cm. cell. The copper(II) complexes employed were 
prepared from copper(II) hydroxide by the modified 
method of Abderhalden and Schnitzler.2 

As might have been expected from recent CD studies 
by other workers34 the split components of the d -»• d 
transition were clearly separated. The CD curve of 
[Cu(L-ala)2] shows a small positive band at about 730 
mfi and two negative bands at 630 and 565 m/i (Figure 
1). The curve of [Cu(L-ser)2] is similar to that of [Cu-
(L-ala)2] on the whole, namely, a small positive peak at 
about 730 m£i, a negative band at 595 myu, and a negative 
shoulder at about 640 m^. However, another small 

(1) P. Pfeiffer and W. Christeleit, Z. physiol. Chem., 245, 197 (1937). 
(2) E. Abderhalden and E. Schnitzler, ibid., 163, 94 (1927). 
(3) B. E. Douglas, R. A. Haines, and J. G. Brushmiller, Inorg. Chem., 

2, 1194 (1963). 
(4) R. D. Gillard, J. Inorg. Nucl. Chem., 26, 1455(1964). 
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