NoTEs

can be related to the substituents interaction with the
7 system by induction and resonance.? Recently this
technique has been applied to various phosphorus-
containing substituents.®® These studies have in-
cluded tri- and tetrasubstituted phosphorus com-
pounds.
p-fluorophenyltetrafluorophosphoranes, were also in-
vestigated.

The reaction of trisubstituted phosphorus com-
pounds with diethyl peroxide provides a general route
to phosphoranes.® This method has now been used to
prepare tris-p-fluorophenyldiethoxyphosphorane (1)
and tris-m-fluorophenyldiethoxyphosphorane (2). The

quantities
m-X p-X p-X
, , and
H H m-X

have been determined by recording the *F nmr spectra
of 1 and 2 with fluorobenzene as an external standard.
Using these data, o1, the inductive parameter, and og,
the resonance parameter, have been calculated. The
values are +0.147 and +0.059, respectively. Positive
values indicate that the substituent, P(OC.Hj):(Cy-
H,F),, is electron withdrawing both by induction and
resonance. The magnitude of the parameters is so
small that it is clear that the substituent has little
effect on the = system. By comparison the substitu-
ent, P(CeHF), has o7 40.26 and o5 —0.01 and P(O)-
(CeH4F)s has o1 +0.45 and oy +0.12.5 These values
indicate that both substituents withdraw electrons
by induetion and the latter has some resonance inter-
action, although it is not strong. The o1 value found
for PF, (0.45) indicates that it is an inductive electron-
withdrawing group and is of similar strength to PF,
(0.39) and PCl, (0.44). Interestingly, the oy (0.35)
for PF, was the largest observed in an extensive study
of phosphorus-containing substituents. The differ-
ence between the pr-dr interactions in the two penta-
substituted phosphorus compounds is certainly re-
markable and other systems should be studied.

Experimental Section

Preparation of 1 and 2.—The phosphines were prepared from
the appropriate Grignard reagent and phosphorus trichloride.
Their properties agreed well with those reported in the literature.®
Tris-p-fluorophenylphosphine, 0.195 g (0.000616 mol), in 0.2 ml
of methylene chloride in a cooled nmr tube was treated with 0.07
ml of diethyl peroxide. The course of the reaction was followed
by %P and 'H nmr spectroscopy.” The +9.2 absorption of the
phosphine diminished and new absorptions appeared at +55 (1)
and —26 (corresponding to oxide); the ratio was 6:1. Crystal-
lization of 1 occurred and solvent was added to give a homo-
geneous solution. The *H nmr spectrum showed a characteristic
apparent quintet for the methylene hydrogens of the ethoxy
group at 2.58 (Jer = Jum = 7 Hz). The methyl protons were
found at 0.77 (Jex = 7 Hz). The ¥F nmr spectrum (94.1 MHz)
showed an absorption at —2.18 ppm relative to fluorobenzene as
external standard.

(3) (a) R. W, Taft, E. Price, I, R, Fox, I, C, Lewis, K, K. Anderson, and
G. T. Davis, J. Amer. Chem. Soc., 85, 709 (1963); (b) R. W, Taft, E, Price,
J. R. Fox, I. C. Lewis, K. K. Anderson, and G. T. Davis, ¢bid., 85, 3146
(19863).

(4) J. W. Rakshys, R. W, Taft, and W, A, Sheppard, bid., 90, 5236
(1968),

(5) A. W, Johnson and H. L. Jones, ibid., 90, 5232 (1968).

(6) (a) D. B. Denney and D, H, Jones, 1bid., 91, 5821 (1969); (b) D. B,
Denney, D. Z. Denney, B, C. Chang, and K, L. Marsi, 1bid., 91, 5243
(1969).

(7) All 9P gpectra are reported in parts per million relative to 85% phos-
phoric acid.

Two pentasubstituted compounds, m- and
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Tris-m-fluorophenylphosphine, 0.181 g (0.000572 mol), in 0.3
ml of methylene chloride was allowed to react with 0.07 ml of
diethyl peroxide. Once again the phosphine absorption, +5,
disappeared and that of 2, -+55, and its corresponding oxide,
+25, formed in a ratio of 5:1. The *H nmr spectrum had an
apparent quintet at 2.63 (Jee = Jurg = 7 Hz) and a triplet at
0.80 (/e = 7 Hz). The F absorption was found at —0.44
ppm relative to external fluorobenzene.

Comparative Nmr Measurements.—In this study fluoro-
benzene was used as an external standard rather than as an
internal standard. The change in means of measuring the chemi-
cal shifts does not have an appreciable effect on o1 and or. It
was found, for example, that o1 for m-fluorotriphenylphosphine,
ca. 1.06 M in methylene chloride with fluorocbenzene as external
standard, was +0.27 (lit.> 4-0.26) and ox —0.01 (lit.> —0.01).
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It is well known that the pmr spectrum of an acyclic
compound containing both a methylene group and a
neighboring asymmetrically (or pseudoasymmetrically)
substituted atom can be considerably more complex
than would be expected on the basis of simple spin-spin
coupling rules. Thus the methylene protons in methyl
2,3-dibromo-2-methylpropionate (1) give rise to an AB

Br Br
Huc—&:c“c‘\\H
COMe H

1

pattern, rather than a singlet, because the time-
averaged magnetic environments of the two protons
differ, and no rotational processes can occur to bring
about exchange between these two environments.? In
this case the methylene protons are said to be diastereo-
topically related, and as such are, in theory, dis-
tinguishable by nmr.

In connection with our study of homoallenic partici-
pation,® we had occasion to synthesize 2-methyl-3,4-
pentadien-1-ol (2a), the derived acetate 2b, and tos-

vlate 2c. The pmr spectra of these compounds? are
He
He |" Hy
‘"’;c=c=c/ £
b \(lJZHd X
CH,
2

(1) Presented in part at the 161st National Meeting of the American
Chemical Society, Los Angeles, Calif.,, March 1971.

(2) K. Mislow, “Introduction to Stereochemistry,’”” W. A, Benjamin, New
York, N. Y., 1866. Itisimportant to realize that this effect can be observed
whether or not the compound has been optically resolved.

(3) (a) T. L. Jacobs and R. Macomber, J. Amer. Chem, Soc,, 91, 4824
(1969). (b) The solvolytic properties of 26 have been investigated and are
reported separetely, along with synthetic details: R. S, Macomber, ibid.,
92, 7101 (1970).

(4) Speectra were recorded using a Varian A-60 instrument, with samples
15% in carbon tetrachloride containing 1% TMS.
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« Frequencies in hertz downfield from TMS; coupling constants (absolute values) in hertz.
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Figure 1.—A, 60-MHz pmr spectrum of the allenic protons in
2a; B, computer-simulated spectrum of protons in A; C, 60-MHz
pmr spectrum of the methylene protons in 2¢.

particularly interesting with respeet to long-range pro-
ton-proton coupling and the effects of a remote asym-
metrie center. See Figure 1.

Owing to the asymmetric atom (C;) in 2, the meth-
vlene protons (H, and Hy) are diastereotopic, giving rise
to two doublets instead of one. The close similarity in
chemieal shift precludes observation of coupling between
H, and H;. The two doublets are best resolved in the
spectrum of 2¢ (A8 = 1.6 Hz; |[J4 = V| = 6.5 Ha)
shown in Figure 1C.

More interesting, however, were the absorptions due
to the allenic protons. All three compounds gave spec-
tra in which the allenic regions were virtually superim-
posable, except for small differences in chemical shift.
A typical spectrum is shown in Figure 1A.5 The pat-
terns, however, were considerably more complex than
would have been anticipated from consideration of the
spectra of 2,2-dimethyl-3,4-pentadienol® and 3,4-pen-
tadienol,? which display typical A,B and A,BX, pat-
terns, respectively.

The rigid geometry of the allenic system and the pres-
ence of the asymmetric atom render H, and Hy, diaster-
eotopic.? One possible explanation for the added spec-
tral complexity, then, could be that H, and H, were
observably magnetically distinet. Such a long-range
effect of an asymmetric center is not without precedent.
It has been shown’ that compounds of generic struc-
ture 3 give rise to diastereomers where the H* proton
resonances are distinguishable,

R—O0—CH*=C=CHCH(R')OR"’
3

An alternative explanation for the added complexity
is the importance of second-order effects in what can be
regarded as an A,BX system (H, not distinguishable
from Hy), where X (Hg) is coupled to both terminal
allenic protons with a coupling constant of ~3 Hz.?

(5) No absolute selection between Hy and Hy, is intended,

(6) R.S. Bly, A. R, Ballentine, and 8. U, Knock, J. Amer, Chem. Soc., 89,
68993 (1967). We wish to thank Professor Bly for copies of the spectra of
2,2-dimethyl-3,4-pentadienol and derivatives.

(7) M. L. Martin, R. Mantione, and G. J. Martin, Tetrahedron Lett.,
4809 (1967).

In either of these cases coupling between H, and Hy
should not be observable owing to the identity (or close
similarity) in chemieal shift, although the magnitude of
such geminal coupling ranges from 13-15 Hz.® Also, it
should be realized that the symmetry of the system
places H, on a plane which bisects the asymmetric atom;
thus the resonance for H, must be independent of the
configuration about C,.

That the second explanation in fact accounts for the
added complexity was first suggested by decoupling
experiments. Both field-swept and frequency-swept
decoupling of the complex pattern attributed to
H4 caused the collapse of the resonances due to H, and
Hy, to a slanting doublet, indicating that coupling be-
tween the terminal protons and Hy was important.
Similarly the multiplet due to H, collapsed to a slant-
ing triplet, and the methyl and methylene absorptions
(not shown in the figures) collapsed to broad singlets.

Final confirmation that the second explanation ac-
counts fully for the observed spectrum was obtained
from a computer-simulated spectrum? (Figure 1B)
using values shown in Table I.

Thus we see no reason to invoke magnetic distin-
guishability between diastereotopic protons H, and Hy,
to explain our observations. The chemical shifts of
H, and Hy can differ no more than 1 Hz. It is inter-
esting to note that Hyq has the distinction of being
coupled to all eight other protons shown in 2!

Registry No.—2a, 26674-94-2; 2¢, 26674-95-3.
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(8) Typical coupling constants are for HiCCH=CHCl J = -5.8 Hz;
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In previous papers in this series,"? it was shown that
enamines react with trichloroacetie acid (1, R = —CCly)

(1) Part X: G.H. Alt, J, Org. Chem., 38, 2858 (1968).
(2) G. H. Alt and A, J. Speziale, ibid., 31, 1340 (1966).



