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Table |
nucleicacid  Na*(M) Kep Kamsp
call thymus  0.075 2X105M71 A 22 x 10" MT!
calf thymus 1.0 42X 104M~71 15X 107M7)
(dG-dC)(dG-dC) 1.0 2.0 X 104 M~ 7.5X 107 M)
dAdT 1.0 2X103M~1a 44X 104M7!
rAdT 1.0 23X 10°M~ e 23X 103M~!

¢ From Bresloff and Crothers.? # Data of LePecq?® reanalyzed in
terms of von Hippel-McGhee cquations.

trolyte theory of Manning.'® As shown by Record et al.,!? the
observed binding affinity, Kou, of a ligand at a monovalent
cation concentration equal to M* can be estimated by the
equation Kon = Ko[M*]7¥, where Ko is the binding affinity
at 1 M Na™, nis the number of ion pair interactions which the
ligand makes with nucleic acid, and ¥ is the charge density
parameter which is known for a variety of nucleic acids, For
example, {rom Table 1, at | M Na® the binding affinity of
BMSpis 1.5 X 107 M~! or 3.6 X 10? times greater than EB.
At low salt, 0.075 M, where electrostatic contributions become
more important, the estimated affinity of BMSp for calf thy-
musis 1 X 10" M~ or 106 times greater than EB. This esti-
mate compares favorably with the estimated affinity, K = 2
X 10" M~ determined experimentally from spectrophoto-
metric titrations.!”

In addition, the binding specificity of BMSp compared to
EB is substantially increased. From the work of Crothers.? it
is known that the binding of the monomer EB to the RNA-
DNA hybrid rA.dT is favored over the DNA-DNA duplex
dA-dT by a factor of 100. This 100-fold specificity exhibited
by EB increases to 5200 for BMSp. Since the only difference
between rA-dT and dA.dT is the presence of the 2’-hydroxyl
group on the sugar ring and not base sequence, these results
indicate that the specificity which BMSp and EB® exhibit for
certain nucleic acids can arise from preferential recognition
of different nucleic acid conformations.
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Mode of Nucleophilic Addition to Epichlorohydrin
and Related Species: Chiral Aryloxymethyloxiranes

Sir:
Nucleophilic attack on epichlorohydrin (1a) or a related
methyloxirane (1) generally results in the formation of a new

methyloxirane 2.1-% In principle, 2 may be derived from 1 via
two distinct processes: (1) direct displacement of the leaving

X © Displacement
(Retention)

Path .z,

\ Epoxide Attack
we (inversion)
3 (r)-2
La’ X=Cl; I’P X=0s; ls X=0T£

group (path a) or (2) initial epoxide attack (3) followed by
extrusion of the leaving group (path b). In spite of considerable
effort, the mechanism of such a nucleophilic addition has yet
to be conclusively established.*-”

Since the stereochemistry of the products obtainable from
chiral 1°:'% according to paths a or b would not be identical, a
determination of the absolute configuration and chiral purity
of 2 would establish the mode of nucleophilic addition. Our
results from the reactions of chiral 1910 with various phenols
to give chiral aryloxymethyloxiranes reported herein indicate
that the mode of nucleophilic addition depends on the leaving
group involved and the conditions used.

The reactions of (R)- and/or (S)-1 with phenols 4a—c have
been examined using two sets of conditions: (1) refluxing in
acetone or CH,Cl» in the presence of K,COj3 and (2) stirring
1 with the preformed phenoxide in DMF or THF. The S/R
ratios presented were determined by an examination of the 'H
NMR spectra of § in the presence of a chiral shift reagent,
Eu(hfbc)3.21213 and by optical rotation.
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The absolute configuration of § obtained from (R)-1a under
acetone-K>COs5 conditions was established by the reaction
with tert-butylamine to give 6, which was then compared with
chirally pure (S)-6 synthesized from (§)-7.14 The unambig-
uous assignment of the predominant configuration of Sand 6
derived from (R)-1a as (S)!5 was thus possible. The S/ R ratios

R
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Table I. Chirality of Aryloxymethyloxiranes § from Chiral 1

%

en-  1(no.of condn® % S/R reten-
try equiv)? 4 time(h) yeld § ratio¢ tion
I (R)1a(2) 4a A,40 73 52 95/5 5
2 (R)la(2) 4b A 40 70  5b 92/8 8
3 (R)-1a(2) 4c A, 60 88 5S¢ 91/9 9
4 (R)1a(2) 4a A 40 60 S5a 87/13 13
5 (S)-1a(2) 4a A, 48 65 5Sa 5/95 5
6 (S)-1a(2) 4b A 40 74 Sb 10/90 10
7 (S)1a(2) 4c A, 60 80 Sc 3/97 3
8 (R)1a(2) 4a D, 18 65 Sa 50/50 50
9 (R)1a(2) 4b D, 18 35 Sb 70/30 30
10 (R)-1a(2) 4¢c D,18 83 5S¢ 50/50 50
11 (S)1a(2) 4a D718 70 Sa 50/50 50
12 (S)-1a(2) 4 D, 18 32 5b 30/70 30
13 (S)-1b(2) 4a A, 20 80 5Sa 20/80¢ 20
14 (S)-1b(l) 4a D, 18 53  Sa 85/15 85
15 (S)-1b(l) 4b D, 18 37 5b 80/20 80
16 (S)-1b(l) 4c D, 18 84  Sc 85/15 85
17 (S)-1e(l) 4a C,02 91 Sa =298/2 =298
18 (S)-1e(l) 4b C,02 97 Sb  =98/2 =98
19 (S)le(l) 4¢ C,02 96 S¢  =298/2 =298
20 (S)-1e(l) 4a B, 40 93 Sa 298/2 =98
21 (S)-1c(l) 4b B, 40 82 Sb =98/2 =298
22 (S)-1e(l) 4c B, 110 80 S¢ =298/2 =98
23 (5)-1a(2) 4a Ec40 50 Sa 15/85 15
24 (S)-1b(l) 4a E,c20 70  Sa 70/30 70
25 (S)-1a(2) 4a FJ/ 40 90 Sa 7/93 7

4 1 (2 equiv) was used in some instances to diminish the importance
of the reaction of product § with additional phenol. ¢ Reaction con-
ditions: A, K2COs-refluxing acetone; B, K2COs-refluxing CH,Cls;
C, NaH-THF used to form phenoxide, and then (S)-1c was added
in CH,Cly; D, NaH-DMF. ¢ Purification of all samples was ac-
complished by thick layer chromatography on silica ge! GF (Analtech,
2000 u) eluting with 0.5-2% CH3OH-CH2Cl, prior to the analysis
of chiral purity. Enanthiomeric ratios were determined from the 'H
NMR spectra in the presence of Eu(hfbc); and from optical rotation.
Errors are generally £2-3%. ¢ KH was used in the place of NaH for
this experiment. ¢ Preformed potassium phenoxide, formed in THF
(the THF was evaporated), was reacted with (S)-1a or (S)-1binre-
fluxing acetone. / Preformed potassium phenoxide (as in e) was
reacted with (§)-1a in refluxing acetone in the presence of 1 equiv of
phenol. & Product 5a was converted to the corresponding 6a prior to
the analysis of the enantiomeric ratio.

for § prepared under the other experimental conditions could
then be ascertained.

Racemization of the starting materials or products under
any of the reaction conditions was not observed!® with the
exception of (R)-1a in acetone.!” Gas chromatographically
purified (R)-1a° exhibited no such racemization. Since (S)-1a
also showed no racemization in control experiments, the
preference for path b under the acetone-K>COj conditions was
found to fall in the range of 90-97% (entries 5-7).

In all cases, the ratio of direct displacement (path a) to ep-
oxide attack (path b) increased as expected for the series (1a
< 1b < 1¢).'® Upon reaction with preformed phenoxides in
DMF or acetone, chiral 1a and 1b gave less selectivity for path
b when compared with the acetone-K>COj; conditions.2°
Therefore, another mechanism leading to this higher selectivity
for epoxide attack under the acetone-K»>CO; conditions was
implicated.?® A reasonable pathway involving a facilitation
via complexation is shown below. In support of this mechanism.,
a ratio very similar to that obtained under the K»COQOj; condi-
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tions resulted from the reaction of (§)-1a with potassium
phenoxide in the presence of 1 equiv of phenol. In the absence
of this activating complexation, the epoxide was an effective
leaving group only when it was in competition with the rela-
tively poor C1~ leaving group.

A pathway involving direct displacement (path a) was the
only one observed in the reaction of nucleophiles 4a—¢ with the
triflate (S)-lc. The results obtained under refluxing
CH,C1,-K»COj; conditions suggest that phenols may be
nucleophilic enough to react with 1 provided that a very good
leaving group is involved.

Our results indicate that these three carbon chiral units may
react via either mode of nucleophilic addition depending on the
leaving group involved and the reaction conditions used.
Synthetically, (S)-1c is extremely useful for the preparation
of the corresponding (S)-5 in good yield and in chirally pure
form. Alternatively, (R)-5 having a high chiral purity may be
obtained from (§)-1a under the acetone-K,COj5 conditions.

Acknowledgment. We are indebted to A. W. Raab, K.
Mensler, and J. Schwering for synthetic assistance.
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A Manganese Phthalocyanine-Dioxygen Molecular
Adduct
Sir:
In 1959, Elvidge and Lever' reported the ability of man-
. ganese(l1) phthalocyanine (1) to bind molecular oxygen in
pyridine solution, finally to yield> u-oxo-bis(pyridinemanga-
nese(111) phthalocyanine) (2) (L = pyridine) whose formation
proceeds through an intermediate proposed! to be an oxygen
adduct. Calvin and co-workers*# subsequently proposed that
the intermediate is (HO)Mn!!'P¢ (3).5 Clarification of this
system is of considerable importance because of relevance to
the role played by manganese in photosynthesis® and in certain
dismutases.” The adduct® is now shown to be (O;)MnPc (4).
as independently proposed by Uchida and co-workers,” who,
however, presented little supporting evidence.

Oxygenation proceeds more readily in N, /V-dimethylacet-
amide (DMA) because of a weaker manganese solvent inter-
action. Reaction of oxygen with Mn!'Pc (1) in spectroquality
DMA affords the sparingly soluble adduct 4 which precipitates
from solution.'® The infrared spectrum of 4 was recorded after
preparation from both 10, and '30,. Figure 1 illustrates the
region near 1100 cm~! where an additional band at 1094 cm™!
in the oxygen- 18 spectrum appears to correspond with a pro-
nounced shoulder in the oxygen-16 spectrum at ~1154 ecm~!.
These bands may be tentatively assigned as the r(O-0)

MnPc(®0s)

nPe(! 502}
]

|
nzs W50 Hes oo
em™!
Figure 1. The infrared spectra of (O2)MnPc incorporating oxygen-16 and
oxygen- 18 in the region 1075-1175 cm™' (Nujol mull).
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stretching vibrations of a coordinated terminal superoxide
ion.'! Bridging superoxides do not absorb in this region in the
infrared.!? No absorption near 800-950 cm~' attributable to
coordinated peroxide could be identified in these spectra.
The solid (4) is paramagnetic, the magnetic moment de-
clining from ~3.9 ug at 300 K to ~2.6 up at 84 K. In frozen
DMA solution the adduct 4 exhibits a complex X-band,
~18-line, ESR spectrum'? distinct from that of the other
species involved. The frozen solution Q-band spectrum shows
{wo species, a free manganese impurity and the oxygen adduct.
A seven-line multiplet may be shown to correspond exactly
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Figure 2, Solution spectra in DMA at ~5 X 107% M concentration: (a)
cquilibrium conversion of PeMn(11) (Agux 674) into PcMn(O2) under
various oxygen pressure; (b) conversion of pure PcMn(Oz) into (DMA)-
PcMn-0-MnPc(DMA) using imidazole (~1073 M) at1 =0(- - - ).t
=3h(--),and’ =20 h (--) (the reaction had not gone to completion
under these conditions): (¢) conversion of (DMA)PcMn-O-MnPc(DMA)
into PcMn(O3) with oxygen (1 atm)at! =0(—). 1 =50min{s--).1 =
12h(- - -).
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