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Fig. 1.—Plot of the rate data based on the assumption that
the substituent effect changes by a constant factor per methylene
group.

Based on the marked deviation of the point for 3-
chloro-1-pentene from the line defined by the other
rate constants, the rate of reaction of 5-chloro-1-pen-
tene may be calculated to be seven to ten times faster
than expected in the absence of chlorine participation.
Since terminal and nonterminal substituents show simi-
lar rate effects,?®® the per cent of 1,4-chlorine shift
expected for the reaction shown in eq. 1 is 43-45.%
The agreement with the value found, 409, is fair.

TABLE I

RATES OF ADDITION OF TRIFLUOROACETIC ACID TO w-CHLORO-1-

ALKENES AT 60.0°°

kX 10

Alkene sec. "1, 60°
4-Chloro-1-butene 2.85
5-Chloro-1-pentene 217°
6-Chloro-1-hexene 160
7-Chloro-1-heptene 308
8-Chloro-1-octene 708
9-Chloro-1-nonene ]68
11-Chloro-1-undecene 1283

20,125 3 sodium trifluoroacetate was present to neutralize
adventitious traces of strong acid. Alkene concentrations were
0.1 or 0.03 3. * Determined by Mr. G Thompson. ¢ From
ref. 3.

Previously a 1,4-chlorine shift was found in addition
of trifluoroacetic acid to 5-chloro-1-pentyne® but not in
addition of trifluoroacetic acid to 5-chloro-1-pentene.
The present demonstration of a 1,4-chlorine shift in an
alkene addition supports previous postulates®? con-
cerning the importance of cyclic halonium ion inter-
mediates in alkene additions and demonstrates that
halogen shifts are not a special feature associated with
the possible intermediacy of vinyl cations in the reaction
of alkynes.

{3y P B. Peterson and G. Allen, J. Awm. Chen. Soc., 88, 3608 (1963).

(4} Following the usual treatment for estimating anchimeric assistance.
and using the averaged value. (7 + 10) 2 = 8.3, (Eyuassistal + Rassisced)
kyopassined = 8.5 The fraction of assisted reaction presumed to proceed
riaa cliloroninm ion is fyssisced Booml = 7.0 8.5 = 0.88. The percent of chlo-
rine shift is 509 X 0.88 = 449,

5y P12, Peterson and J. E. Duddey, J. A, Chem. Soc., 88, 2865 (19631,
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The Signs of Si?*-H! and Si®*-FY
Coupling Constants®

Sir:

Although it is well established theoretically? and
experimentally® that the signs of directly bonded X-H!
coupling constants are positive (with the exception of
H-F), it 1s less certain that directly bonded X-Y cou-
pling constants follow the same pattern. Recent MO
calculations by Pople and Santry? indicate that the
X-Y coupling constants for first-row elements are
likely to be negative if one of the nucleii is F* and
positive in all other cases in agreement with the limited
experimental data available at present.*

In this communication we wish to report the signs for
directly bonded Si2*-H! and Si**~F!* coupling constants.
These have been determined by carrying out {Si?*}H!
field-sweep double resonance experiments on (CH;).-
SiHCI and (CH;);SiF molecules, respectively.  The
procedure followed can be illustrated by considering the
case of (CH;);SiF in some detail. The proton spectrum
for this compound, measured with a Varian DP-60
spectrometer, consists of a doublet centered at r 9.80 =+
0.01, with Jurceosips = 7.51 = 0.05 c.p.s. Super~
imposed about the midpoints of the main proton
signals are Si?° satellite doublets® with Jeic g
7.09 £ 0.05 c.p.s.  Although the Si?® spectrum was not
recorded, the first-order spectrum would consist of two
sets of decets (Jmic-gi» = 7.09 c.p.s.) separated by
Jsin_p1s between their midpoints.

The Si*° radiofrequency field was applied at 11.215
Mec./sec. with a Rohde and Schwarz Type XUA
frequency synthesizer, and frequencies were monitored
with a Rohde and Schwarz Type FKM counter.
The 5i% frequency was varied in small increments
(5-10 c.p.s.), while repeatedly scanning the proton
spectrum until the correct decoupling frequency was
obtained. Since JSizg,Fm >> JSi”—C‘H‘v it is pOSSi-
ble to irradiate near the frequency of one set of
81 multiplets without perturbing transitions of the
other set. The relative signs of Jgju_ru and Jgi_c_gj-r
can therefore be determmined by irradiating one of the
Si%¥ multiplets and observing which pair of satellite
lines collapses. For (CHj)sSiF, irradiation at the
lowest 1% frequency collapsed the low-field satellite,
increasing the Si* frequency by 280 c.p.s.; .., Jgu pos
led to a collapse of the high-field satellite. Thus
Jgigs and Jyi¢_g-pie have the same sign (note, v
for Si*® is negative). Since it is likely that the vicinal
H'-F' coupling constant is positive,® it can be con-
cluded that Jgpis i1s also positive. However, be-
cause of the negative magnetogyric ratio of Si*f
the reduced coupling constant®™ given by K = (27

(1} This work was carried out while the author was a guest worker at the
National Physical Laboratory, Basic Physics Division, Teddington, England.

(2) (a)J. A. Popleand 1D, P. Santry, Mol. Phys., 8,1 (1964); (b) M. Karp-
lus and 1D. M. Grant, Proc. Nad. Acad. Sci. U. S., 45, 1269 (1959); (c) M.
Karplus, J. Am. Chem. Soc.. 84, 2458 (1962); (d) N. Muller, J. Chem. Phys.,
26, 359 (1962).

(3) (a) P. C. Lauterbur and R. J. Kurland, J. Am. Chem. Soc.. 84, 3406
{1962); (b) F. A. L. Anet, ibid., 84, 3767 (1962); (c) S. L. Manatt, G. L.
Juvinall, and D. D. Elleman, ibid., 88, 2664 (1963).

{(4) (&) G. V. D. Tiers, bid., 84, 3972 (1862); (b) J. H. Noggle, J. D.
Buldeschwieler, and C. B. Colbarn, J. Chem. Phys., 37, 182 (1962); (c) K.
Brei and H. J. Bernstein, 1bid., 38, 1216 Y1963).

(5) Qi natural abundance. 4.7 [ = 1'9; y = —0.55477 nuclear magne-
tons.

(8) 1. P, Evans. $. .. Manatt,and 1>. ID. Elleman, J. Am. Chem. Soc., 85,
238 {1963).
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h‘YSi-w’)’Flg)JSiey_Fle is negative in agreement with the
sign predicted by Pople and Santry.”

The relative sign of Jgje i and Jygi c_gi-m was ob-
tained in a similar manner. In this case, however,
the lowest Si%* frequency collapsed the high-field satellite
pair indicating that the signs were opposite. Since
the vicinal H'-C-Si-H! coupling constant is almost
certainly positive, it follows that Jg g is negative.
1f the negative magnetogyric ratio is taken into ac-
count, however, the reduced coupling constant Kgjm:
is positive in agreement with the signs observed for
other X-H couplings.

Acknowledgments,—The author is indebted to Drs.
D. H. Whiffen, K. A. McLauchlan, and A. D. Cohen of
the Basic Physics Division for many helpful discussions
and to Dr. E. A. V. Ebsworth for kindly providing the
samples investigated. This paper is published with the
permission of the Director of the National Physical
Laboratory, Teddington, Middlesex, England.
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Perchlorodiphenylmethyl (PDM), a Carbon
Free Radical of Remarkable Stability!
Sir:

Within our program on aromatic and alkaromatic
chlorocarbons, we showed a few years ago the formation
of perchlorobenzyl radical (1I) in the reaction of per-
chlorotoluene (1) with iodide ionn. This radical dimer-
izes to perchlorobibenzyl (111) which undergoes im-
mediate dechlorination to c¢is- and frans-perchloro-
stilbene (1V).2

CeClaCCla + 17— CeCl;’,CClz + 1.

I / II - 0

CsCL;CCLCCLLCCl, —> C:CL,CClI=CCIC,Cl;
III cts and trans
v
The analogous reaction with perchloro-p-xylene (V)
gives perchloro-p-xylylene (VI).? The ultraviolet and
infrared spectra of this chlorocarbon in solution ruled
out the alternative biradical structure.*?®

Cl C

p—(CC]s)zCsCLﬁ + I~ —>C12C CC]z + Iz (2)

v
Cl a

VI

We now report the preparation of a stable, remark-
ably inert, carbon free radical, the perchlorodiphenyl-

(1) This work has been sponsored by the Office of Aerospace Research,
United States Air Force, through contract AF 61(052)-749.

(2) M. Ballester, C. Molinet, and J. Rosa, Tetrahedron, 6, 109 (1959).

(3) M. Ballester and J. Castafier, Anales real soc. espafi. fis. y quim., §6B,
207 (1960).

(4) Its inertness contrasts with the high reactivity of the parent hydro-
carbon (p-xylylene) which oxidizes and polymerizes very readily.

(5) Over 100 highly chlorinated and perchlorinated benzene derivatives
synthesized by us, including PDI, show the intense characteristic benzenoid
band group at 7.5 u which is absent in perchloro-p-xylylene and all non-
benzenoid derivatives available to us. Also, the band group at 6.4-6.6 u
found in perchloro-p-xylylene indicates the presence of conjugated perchloro-
ethylene groupings, These observations rule out the biradical (benzenoid)
structure for perchloro-p-xylylene. Its ultraviolet spectrum is also con-
sistent with a polyene structure of quinoid type.?® Furthermore, perchloro-
p-xylylene is not paramagnetic in solid form.

We are indebted to a referee for suggesting this explanatory footnote.
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methyl (PDM, V1II). This can be obtained in good
yield by the reaction between perchlorodiphenyl-
methane (VII) and stannous chloride in ethyl ether or
chloroform. A4mnal. Caled. for CisCly: C, 28.6; Cl,
71.4; mol. wt., 546.1. Found: C, 28.6; Cl, 71.4;
mol. wt., 563 £ 25. E.s.r. data® show g-factors of
2.0062 (solid) and 2.0057 (in chloroform); N: 3.1 X
10% spin/mole (solid)?; hyperfine splitting: 2.5 =+
0.1 gauss (in chloroform). No perchlorotetraphenyl-
ethylene is isolated.

(CeCl5):CCl: + SnCl, — (C4Cl;).CCl (3)
VII VIII

PDM consists of orange-red, paramagnetic crystals
melting about 190° dec. Under certain conditions, the
description of which is not pertinent to this brief pre-
liminary note, PDM can be oxidized to perchlorobenzo-
phenone or reduced to «H-undecachlorodiphenyl-
methane.

The facts given above show PDM'’s structure as well
as its being a true free radical even in solid form. This
is not unexpected for the following reasons.

On account of the steric interactions among the atoms
around the a-carbon, VII is an extremely strained
chlorocarbon. The formation of PDM occurs, there-
fore, with a great release of strain. Perchlorotetra-
phenylethane would be, consequently, prohibitively
strained since it would result from VII by substitution
of the huge PDM group for a chlorine.

A remarkable property of PDM in solid form is its
stability toward oxygen. It can be left for months in
the air without appreciable alteration, as ascertained by
analyses and spectra. There is no question that this
unique chemical inertness is due, at least to a great ex-
tent, to shielding of the central carbon atom and its lone
electron by the surrounding atoms (two sp? carbons and
five chlorines).

In forthcoming publications we shall describe and
discuss in detail the preparation and properties of this
and other stable free radicals.

(8) The authors are indebted to Dr. A. Horsfield, Varian A.G., Zurich,
Switzerland, for the e.s.r. data and comments.

(7) Since the accuracy of absolute radical concentration determinations is
probably not better than 509 this datum is consistent with PDM being a
1009 free radical.
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Kp/Ky for Base Ionization of Mono-
and Dimethylamine
Sir:

The common tendency' to adopt the zero-point
energy approximation? in discussing kinetic secondary
deuterium isotope effects was shown to be inadequate
for the solvolysis of isopropyl-8-ds halides and sulfo-
nates,® and for a-phenylethyl-8-ds chloride.* For these
examples 8;AF* = §;AS* approximately. Leffek,

(1) (a) E. A. Halevi, “Progress in Physical Organic Chemistry,” Inter-
science Publishers, Inc.,, New York, N. Y., 1963, Chapter 2; (b) I.. Melander,
“Isotope Effects on Reaction Rates”’ The Ronald Press, New York, N. V.,
1960, pp. 43, 87.

(2) A. Streitwieser, Jr., R. H. Jagow, R. C. Fahey, and S. Suzuki, J. Am.
Chem. Soc., 80, 2326 (1958},

(3) K. T. leffek, R. E. Robertson, and S. Sugamori, Can. J. Chen., 89,

1989 (1961).
(4) P. Pacey, R. E. Robertson, and 8. Sugamori, unpublished work.



