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Abstract: Threeseries of new 1-methyi-2-substituted-5-pyrroiyicarbonyi fluorinated nitroxides, i.e.,
3 (R¢=C,Fy), 4 (R=n-C;F;) and 5 (R;=n-C,F ,), generated by the H-abstraction/spin-trapping reaction
ofeleven 1-methyl-2-substituted-pyrrole-5-carbaldehydes (6) with the H-abstracting agent [RN(O*)R,]
1lan 1t RINO 2, were studied by EPR. Correlation analysis of their a,; values with
polar and spin-delocalization substituent constants shows that a, values are mainly affected by the polar
effect of the 2-substituent, but the spin-delocalization effect also exists. © 1999 Elsevier Science Ltd.

All rights reserved.

Introduction

viewpoints. The simple diakyl nitroxides RN(O *)R, with a-hydrogen on the carbon adjacent to the nitrogen,
typically undergo disproportionation reactions producing nitrones and N-hydroxyamines." ? In contrast to the
hardly isolable dialkyl nitroxides bearing B-hydrogen, CF,N(O *)CF,, known since 1965, is a stable and isolable
compound.’ Rather surprisingly, CF,N(O *)CF, was the only nitroxide of the bis(perfluoroalkyl) type which had
been studied in detaii* untii the deveiopment of our novei and generai method for the generation of reagents of this
type in 1986 by the spontanecous electron transfer initiated reactions between per(poly)fluorodiacyl peroxides
(R{Q,), and carbanions derived from nitroalkanes. Since then, a large number of fluorinated nitroxides with a
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This technique has proved to be extremely useful for mechanistic studies of electron transfer reactions by EPR
spectroscopy and for the synthesis of numerous fluorinated nitroxides. The blue F113 (CCIF,-CCLF) solutions

containing both the very effective H-abstracting agents, bis-per(poly)fluoroalky! nitroxides RIN(O )R, 1 and the

with NaNO,.° They were used in the study of H-abstraction from many kinds of substrates such as alkanes’,
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and silicones"?, In these reactions, the radical intermediates
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aldehydes®, ethers’, alcohols'®, 2-aminopyrimidines
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spin adducts, a large number of fluorinated nitroxides have been identified and much valuable information about

hyperfine splitting constants (hfsc), e.g., ay, a,’, a,? and a," values, substituent effects, temperature dependence
PR ol T hJ PRSI | IR DY S U Rt [
O1 NISC, 45 WCII 48 SCICCLIVE [INC Drodaciin
. (2)." However, our recent correlation analysis results for the

ay values of bis(p-substituted)phenyl nitroxides'* and p-substituted benzoyl tert-butyl nitroxides'® have shown that,

if a sufficient number of well distributed substituents are used, then application of the dual-parameter eqn. (1), in
which ¢ stands for the spin-delocalization substituent constant, together with a closer examination of the
experimental data, may reveal an independent spin-delocalizing effect of the substituent Y.

variable=po,+p°c*+C nH

variable=po, +C 2)

variable =p*c"+ C 3)

ab) snd () e came to realize that the |pa,/ps°| ratio may serve as a rough

On the basis of our studies,
measure of the relative importance of the polar and the spin-delocalization effects of substituents, and four
categories of possible circumstances might be visualized in the absence of measurable steric effects: I. When both

polar and spin effects are important, the |p,,,,, /p”'| values might fall in the range of (very) roughly 0.2 - 0.8.

yields much better correlation resuits than those from eqn.(2). Correiation resuits of the fiuorescence spectral data
of substituted styrenes and a-methylstyrenes'® have been found to fall in this category. II. When polar effects
dominate, this ratio might be around or greater than unity, e.g., in H-atom abstraction reactions by electrophilic

% addition reactions to phenylacetylenes by electrophilic radicals,” and EPR data of some

radicals,
phenylnitroxides.'>'* Under these circumstances, using eqn.(l) instead of eqn.(2) may not much improve the
correlation results, and the necessity of applying eqn.(1) cannot be established in a definitive manner. However,
the existence of the spin effect can still be revealed by careful examination of the individual and total deviations

of the experimental data from the regression lines of eqn.(1) and eqn.(2). III. When the spin-delocalization effect
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Application of eqn.(1) might yield a | D /pys’ | ratio of less than 0.2. A smali | Pus /Pss” | value suggesis the
dominance of the spin effect, but it does not necessarily signify the absence of the polar effect. IV. When there are
other complicating and interacting factors, then none of the three equations can be successfully applied.”'

ormer correlation analysis were phenyl derivatives. However, there is no
fluorinated nitroxides. In consideration of the higher degree of polarization of the 1-methylpyrrolyl derivatives
than the corresponding phenyl derivatives, we would like to know if the correlation analysis of EPR data of 1-

methyl-2-substituted-5-pyrrolylcarbonyl fluorinated nitroxides 3 (R; = C,F;), 4 (R = n-C;F;) and 5§ (R; = n-C,F ;)
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conform to any one of the Category-I, Category-II or Category-III behavior. In this paper, we report EPR studies

2SS s

of these new fluorinated nitroxides 3, 4 and 5, generated by the novel H-abstraction/spin

When 6 was mixed with bisperfluoroalkyl nitroxides 1 and fluorinated nitrosoalkanes 2 at room temperature,
the hydrogen of the formyl group was easily abstracted by the very effective H-abstracting agent 1 to produce 1-
methyl-2-substituted-5-carbonyl radical 7. This radical intermediate 7 was then immediately trapped by the
nitroso spin trap 2 to form 3, 4 or S, as depicted in Scheme 1.

The typical EPR spectrum of fluorinated nitroxide, e.g., 3(Y=CN) and 4(Y=COCHj;), was shown in Fig. 1.
From the well-resolved EPR spectra, g values and hfsc, i.e.,, ay, a.%, and a,” values were measured and
summarized in Table 1 (for 3), Table 2 (for 4) and Table 3 (for 5).

Scheme 1
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Fig. 1 Typical EPR spectrum for fluorinated nitroxide 3(Y=CN) (a) and 4(Y=COCH,) (b)
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Table 1. EPR parameters of fluorinated pyrrolyl nitroxides 3 (R; = C,F;) generated by the reactions of 6
with [C,F:N(O *)C,F. + C,F:NO] in F113 at room temperature (hfsc + 0.05G)

Y g ay (G) a,® (G) a;" (3F, G)
H 2.0062 7.95 11.98 0.88
CH,* 2.0063 8.28 12.20 0.94
Cl 2.0063 8.02 12.18 0.89
CN 2.0063 7.34 11.19 0.87
COCH, 2.0062 7.58 11.58 0.81
NO, 2.0062 7.26 10.91 0.79
COOH"® — — — -
SCH, 2.0062 8.44 12.78 0.96
COOCH; 2.0063 7.63 11.73 0.85
Si(CH,), 2.0062 8.10 12.16 0.88
Br 2.0062 8.04 2.2 0.90
OCH, 2.0063 8.75 12.90 0.98

a. Inaddition to 3(R,=C,F5), the OHCC,H,N(CH,)CH,N(O * )C,F nitroxide, with g = 2.0063, ay= 11.85,a,=15.08,

a B— @ a0
= 0.4V
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b. Only C,FsN(O *)C,F; spectrum was obtained because of low solubility of 6(Y=COOH) in CH,Cl,.

Table 2. EPR parameters of fluorinated pyrrolyl nitroxides 4 (R; = n-C,F,) generated by the reactions of 6
with [C;F;N(O *)C,;F, + n-C,F,NO] in F113 at room temperature (hfsc + 0.05G)

Y g ay (G) a? (G) a;’ (2F, G)

H 2.0062 7.80 9.80 0.88
CH,® 2.0063 8.08 9.88 0.95
Cl 2.0063 7.89 9.97 0.91
CN 2.0063 7.33 8.95 0.80
COCH, 2.0062 7.48 .60 0.82
NO, 2.0063 7.21 8.79 0.77
SCH, 2.0062 821 10.14 1.01
COOCH, 2.0063 7.58 9.47 0.80
Si(CH,), 2.0062 7.97 9.89 0.86
Br 2.0062 7.93 9.95 0.89
OCH,; 2.0062 8.50 10.98 1.05

a. In addition to 4(R;=n-C;F,), the OHCC,H,N(CH;)CH,N(O *)C,F, nitroxide, with g = 2.0063, ay=11.30, a;* =

14.17, agf= 8.01, ag" = 1.40 G was also found as a minor product.



Table 3. EPR parameters of fluorinated pyrrolyl nitroxides 5 (R; = n-C,F 5) generated by the reactions of 6
with [C,FsN(O *)C,F;s + n-C,F;sNO] in F113 at room temperature (hfsc + 0.05G)

[ SV A G A s = =

Y g ax (G) as* (G) a¢' (2F, G)
H 2.0062 7.82 9.81 0.89
CH,* 2.0063 8.05 9.85 0.93
Cl 2.0062 7.88 9.95 0.92
CN 2.0062 7.31 8.92 0.82
COCH, 2.0063 7.45 9.64 0.82
NO, 2.0062 7.21 8.80 0.77
SCH, 2.0062 8.18 10.10 1.02
COOCH, 2.0063 7.60 9.46 0.84
Si(CH,), 2.0062 7.95 9.90 0.85
Br 2.0063 7.89 9.94 0.89
OCH, 2.0063 8.45 10.56 1.06

a. In addition to 5(Rg=n-C,F,;), the OHCC,H,N(CH,)CH,N(O * )C,F ; nitroxide, with g = 2.0063, ay = 11.28, a,®
= 14.10, agP= 8.05, a;' = 1.42 G was also found as a minor product.
Tables 1, 2 and 3 show that an electron-pair acceptor group, e.g., CN, COCH,, NO, and COOCH;, decreases

the ay value, while a donor, e.g., Si(CH;), and OCH,, increases the ay value. It has been found experimentally that

and the final fluorinated nitroxide could last 8 - 12 h. However, when a donor is attached to the pyrrole ring, the

H-abstraction and spin-trap rates are very fast and the final fluorinated nitroxide could only last 0.5 - 2 h.

Tables 1, 2 and 3 also show that ay values of 3 (R; = C,F;) are larger than those of 4 (R; =n-C;F;) and 5§ (R;=
n-C,F ;). Possibiy, this might be a refiection of the fact that the eiectron-pair attracting power of perfiuoroaikyi groups
n-C,F, and n-C,F ; is larger than that of C,F,,” ?? because greater electron-pair attraction disfavors the resonance
structure with the spin together with a positive charge on the nitrogen atom.

Values of representative Hammett-type unresolved polar substituent constants (o, ), i.¢., G,
taken from ref. 23, 23 and 24 respectively. Values of representative spin-delocalization constants (¢*), i.e., o,;°,
6., g, , were taken from ref. 24, 25 and 26 respectively. Results of correlation analysis in terms of p, p°, s, r or R,
v and F values by eqn. (1)-(3) are summarized in Table 4 (for 3), 5 (for 4) and 6 (for 5).*”) The identity of the

substituents used in each entry is given in the footnotes of the tables. As mentioned previously, a confidence level

(CL) above 99.9% (based on F, g, values given in the footnotes of the tables; c¢f. Ref. 21a and 21b) is considered
good, even though the r (or R) vaiue is smaiier than 0.95, because the r vaiue does not take into account the

number of substituents (n).



Table 4 Values of p and p * of eqn. (1), (2) and (3), and the corresponding values of the correlation coefficient r or R,
y, s and F-test for correlation of ay values of 3 (R;= C,Fs) with o,and &*

g.,org’
or p p° rorR s v F* n®

(o,+c")
o, - 1.241 0.9397 0.1657 0.3781 67.94 11
o’ - 0.8928 0.9806 0.0971 0.2190 200.6 10
Cmp - 0.9082 0.9789 0.0990 0.2259 206.6 11
S, * oy - 1.345 0.5171 0.9569 0.1493 0.3407 4337 11
g'toy - 08899 - 0.1823  0.9827 0.0980 0.2209 98.93 10
Cms+ O3 - 0.9589 0.4036 0.9894 0.0746 0.1703 185.7 ii
o, +100,° - 1.450 0.5175 0.9517 0.1583 0.3761 28.81 9
c*+100, - 0.8759 - 0.1793 0.9857 0.0887 0.2130 85.64 8
Cmpt 10 0,° - 0.9330 0.2577 0.9817 0.0981 0.2330 79.88 9
c,+to. - 1.450 0.6080 0.9520 0.1621 0.3656 33.90 10
c't+o.’ - 0.8519 - 0.2808 0.9859 0.0888 0.2003 121.1 10
O + O - 0.9484 0.2078 0.9797 0.1062 0.2394 83.72 10

a: Critical F values: Fogg; (1, 9) = 22.86; Fon; (1, 8) = 25.42; Fo oy (2, 8) = 18.49; Foo0; (2, 7) = 21.69; Fg oy (2, 6) =
27.00; Foooy (2, 5)=37.12. b:n=11, Y =H, CH,, Cl, CN, COCH;, NO,, SCH; , COOCHj , Si(CH,);, Br, OCH;;

n= 10, all of 11 substituted groups except for COCH; ; n =9, all of 11 substituted groups except for NO, and Br;

n = 8§, all of 11 substituted groups except for COCH; , NO, and Br.

Table 5 Values of p and p * of eqn. (1), (2) and (3), and the corresponding values of the correlation coefficient r or R,

v, s and F-test for correlation of a, values of 4 (R; = n-C,F,) with _and c¢*

g.orag’
o,0rg

or p* p* rorR s Wy F* n®
(o.,tc*)
Gy - 1.045 0.9367 0.1433 0.3872 64.39 11
c’ - 0.7408 0.9701 0.1009 0.2714 127.7 10
Gmb - 0.7627 0.9730 0.0945 0.2552 159.8 11
o, + Ou - 1128 0.4083 0.9517 0.1332 0.3599 38.45 1
at+o, - 0.7383 - 0.1534 0.9723 0.1039 0.2796 60.46 10
Gmp+ Oy - 0.8018 0.3114 0.9818 0.08244 0.2227 106.9 ii
c,*+ 10 o, - 1.187 0.3930 0.9440 0.1412 0.4041 28.56 9
¢*+ 100, - 0.7102 - 0.1444 0.9774 0.09114 0.2677 53.33
Cmpt 10 G,° - 0.7652 0.1816 0.9752 0.0948 0.2713 58.15 %
c,t o, - 1.195 0.4607 0.9453 0.1450 0.3899 29.39 10
c*+o. - 0.7011 - 0.2729 0.9772 0.0944 0.2539 74.03 10
Ogs +6.° - 0.7820 0.1315 0.9726 0.1033 0.2778 61.27 10

Note a. and b. are the same as



R. H.-Y. He et al. / Tetrahedron 55 (1999) 2263-227. 2269

Table 6 Valuesofp and p ° of eqn. (1), (2) and (3), and the corresponding values of the correlation coefficient r or R,

v, s and F-test for correlation of ay values of 5 (R, = n-C,F,;) with o, and ¢*

g,orc”
or p* p* rorR s v F°* n®

(oc+tc”)
c, - 1.011 0.9433 0.1305 0.3670 72.65 11
a* - 0.7139 0.9703 0.0969 0.2704 128.8 10
[ JIN - 0.7352 0.9763 0.0850 0.2391 183.4 11
G, * o - 1.085 0.3677 0.9564 0.1217 0.3424 42.92 11
6Tty - 07108 - 0.1901  0.9739 0.0972 0.2713 64.45 10
Gmpt Oy - 0.7693 0.2720 0.9836 0.0752 0.2115 118.9 11
o, + 100, - 1.134 0.3594 0.9475 0.1308 0.3916 28.34 9
c'+100, - 0.6779 - 0.1651 0.9764 0.0890 0.2729 51.19 8
Ompt+ 10 G,° - 0.7307 0.1571 0.9780 0.0853 0.2554 65.97 9
c,to.’ - 1.143 0.3978 0.9497 0.1341 0.3742 32.21 10
c*+ao.S - 0.6695 ~ 0.3051 0.9798 0.0855 0.2388 84.21 10
[ - 0.7465 0.0808 0.9752 0.0947 0.2643 68.05 10

Note a. and b. are the same as that in Table 4.

Single-parameter correlation resuits for 3 summarized in Table 4 show that correlations with CL’s greater
p: 1=09397, ¥=0.3781,F=6794,n=11;
for ¢*: r = 0.9806, ¥ = 0.2190, F = 200.6, n = 10; for o,,,: r = 0.9789, ¥ = 0.2259, F = 206.6, n = 11. However,

than 99.9% can be achieved by eqn. (2) with 6, 6* or g, , i.e., for o

less results (r < 0.55). By
parameter eqn. (1), all the nine parings of (g,, %) yield good correlations with CL > 99.9%, e.g., for (5,, 6;;"): R =
0.9569, v =0.3407, F =43.37, n=11; for (Cpy, G45°): R =0.9894, v =0.1703, F = 185.7,n = 11; for (¢*, 6.°): R
=0.9859, y =0.2003, F = 121.1, n = 10.

Although application of the dual-parameter eqn.(1) seems to improve the correlation results, this
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practice 10 examine the individual deviations (D-1, D-2) as weli as the sum oI the deviations (- | D} ), in which D-

I represents the individual deviation of ay value from the regression line of the plot of ay vs. ¢,, and D-2
represents the individual deviation of ay value from the regression line of the plot of ay vs. (PubOms + P2 Cus )-

Notably, the D-1 of SCH; and Si(CH,),, which have very weak polar effect but very strong or moderately strong
spin-delocalization effects, is 0.18 and 0.13 respectively, but the D-2 of SCH; and Si(CH;); is 0.03 and 0.04

beiieve that the above-mentioned indecisive improvement by application of the dual-parameter equation is
genuine and that the spin-delocalization effect is in operation even though it is overshadowed by the polar effect.

Judging by the [p,,,,, 1pss” | value of 2.38 and by careful examination of the individual and total deviations of the
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ay values of 3 are mainly affected by the polar effects of the substituents, but spin-delocalization effects also
exist.
Similar correlation results have been obtained for 4 and 5 (cf. Tables 5, 6 and Fig. 2). Therefore, the behavior

of ay values of 4 and 5 can also be classified as category-II.

700 s : .
-1.00 050 0.00 0.50 1.00
Fig.2 Plotsofayvaluesof3 (2}, 4 (s} and S(x} vs. o

It should be noted that all the p  values derived from the (o,, °) combinations are negative, this shows that

observation might be simplistically rationalized by the following proposition. Since among the various
conceivable resonance structures (A-G), B is the only structure with a spin on the nitrogen atom, polar effects of
the Y substituents on the spin density of nitrogen might be understood in terms of their effects on the relative

importance of B. Evidently, electron-pair donors would favor B, while acceptors would disfavor it. In other words,
donors should increase the ay values, while acceptors should decrease them. Furthermore, the relative

unimportance of the spin-effects of Y substituents might be conceived as a consequence of the relative

unimportance of the various possible structures of G, which depend on the nature of Y.
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reported elsewhere.’® Perfluorodiacyl peroxides (R Q,), were prepared from RCOCI with H,0, and 12% NaOH
inFl13at - 8 to - 10 °C according to the reported procedure.”

Blue F113 solution containing [R.N(O ")R,; and R,NO] was made before us

"W as 1

o

by mixing F113 solution of

(R/CO,), and dry NaNO, in a deoxygenated tube with vigorous shaking for about 10 min at room temperature.®

In a typical experiment, 6 (ca. 20 mg) and dry CH,Cl, (0.2 mL) were added into a deoxygenated EPR tube
containing ca. 0.2 mL of blue F113 solution [RN(O *)R, and RNO]. The tube was shaken vigorously for several
mins, then inserted into an EPR cavity and the EPR spectra of fluorinated nitroxide(s) were recorded immediately.

.

employed were as follows: modulation, 100 KHz; frequency, 9.17 GHz; microwave power, 5 ~ 10 mW; time
constant, 0.064 s; sweep width, 100 G; sweep time, 8 min. The magnetic field was determined by an 'H-NMR

fieldmeter and the microwave frequency by a superhigh frequencymeter.
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