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of the distances in 1 with crystallographic data for complexes with
other coordination numbers’ establishes an average increase in
the Hg-S distance of 0.1 A in the series of mononuclear Hg(SR),
complexes where n = 2, 3, 4, underscoring the interpretation of
the Hg-MerR EXAFS studies.* In combination, these data
indicate that 1 is the closest model for the metal-receptor site in
Hg-MerR to date and strongly support the tridentate Hg(S-Cys);
center proposed for this biosensor.
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Note Added in Proof. The structure of an additional tricoor-
dinate Hg(I1) complex with aromatic thiolates has recently been
reported: Gruff, E. S.; Koch, S. A. J. Am. Chem. Soc. 1990, 12,
1245.
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nates, bond lengths and angles, and thermal parameters for 1 (5
pages); table of structure factors for 1 (24 pages). Ordering
information is given on any current masthead page.

(19) Hg(SEt), and Hg(SPr'), were prepared by a modification of the
method of Wertheim, E. (J. Am. Chem. Soc. 1929, 51, 3661). A methanol
solution of the appropriate thiol was added to a solution of Hg(NO3),»H,0
in methanol. The precipitated product was then collected, washed with
methanol, and dried in vacuo. Hg(SEt),: mp 73-75 °C (lit. mp 72-73 °C);
'H NMR (DMSO0) 5 1.29 (t, 3 H), 2.93 (q, 2 H). Hg(SPr)y: mp 61-62 °C
(lit. mp 62-63 °C); 'H NMR (DMSO) & 1.32 (d, 6 H), 3.59 (m, 1 H).
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Allyl radicals play a fundamental role in both theoretical and
experimental chemistry:! they are the simplest example of a
species exhibiting negative spin density on a carbon atom, and
their stability, which depends upon the nature of the substituents,
has been the subject of considerable work in radical chemistry
(e.g., captodative effects?). In this context, the electronic structure
of allylic radicals containing a heteroatom has been intensively
investigated, and species like [CH,N(H)CH,}**,> (CH,OCH,)***
and (R,CNCR,)*’ have been trapped recently. An allyl radical
containing a phosphorus atom has, however, never been observed.

(1) (a) Baird, N. C.; Gupta, R. R.; Taylor, K. F. J. Am. Chem. Soc. 1979,
101, 4531. (b) Feller, D.; Davidson, E. R.; Borden, W. T. J. Am. Chem. Soc.
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Previous experiments® have led to the conclusion that, for
(R;PCHCH,)", the unpaired electron is mainly localized on the
terminal carbon and the real structure of this radical is in fact
R,;P*C-(H)CHj;'.

In order to produce a phosphorus-containing radical having a
true allylic structure, we have tried to stabilize the contribution
of the phosphoranyl radical form R;P*-CH=C(R’)H by using
a precursor bearing a strong electron-donating substituent R’. The
(triphenylphosphoranylidene)acetaldehyde molecule (I), a well-
known Wittig reagent, has been selected because its mesomeric
form (Ic) suggests that an electron-capture process could yield
the desired species (I1).

=0 =0 . c-©

(I):,;P=C(H)-C\H o, hov
Ia Ib Ic

pP-E(H)-C

. o _ _a-07
0, P—C(H)=C0 ,P=C(H)-¢0

Ia I

We have determined the crystal structure’® of I; in accordance
with a phosphoranylidene structure,’” we find that P-C = 1.709
A, C-C = 1.384 A, C-O = 1.248 A, the four CPC angles are
close to the tetrahedral angle, and the PCCO atoms are coplanar.
After X-ray irradiation at room temperature, performed to cause
the electron-capture process, a single crystal of I has been studied
by ESR. One day after irradiation, the spectrum is composed
of signals A, which decrease slowly with time and exhibit coupling
with a *'P (large splitting) and a 'H (small splitting) nucleus, and
stable central lines C. The angular dependence of signals A leads
to the ESR tensors given in Table I. The eigenvalues and ei-
genvectors of the magnetic hyperfine tensors will be denoted by
T and T, respectively.

The coupling tensors are decomposed into isotropic (A4;,) and
anisotropic coupling constants (7) (Table I) by assuming that all
3P hyperfine eigenvalues are positive and that all 'H hyperfine
eigenvalues are negative. The phosphorus spin densities (Table
I) are estimated by comparing 3'P-A,,, and *'P-7,,, with the atomic
constant respectively associated with a phosphorus 3s electron (A,
= 13300 MHz) and a phosphorus 3p electron (28, = 733 MHz).*°
The 3'P hyperfine interaction for a ¢* phosphoranyl radical is
known to be very large (for Ph;PCL! 31P-4;, = 1690 MHz,
NP1 .x = 325 MHz) and is not consistent with the experimental
values given in Table I. On the other hand, this experimental 3'P
hyperfine interaction is too large to be due to R;PY*C(R)H* [for
(C¢Hs);P*CH,*, 31P-4;, = 110 MHz, 3'P-1,, = 9 MHz!?} and
is also considerably larger than that reported for (MeO),-
(Me)P*C(H)CH,;* (A4;, = 50 MHz).% It is well-known!? that,
in an R,CH" radical, the 'H anisotropic coupling constants are
expected to be near 7., = 43 MHz, 7y ermediare = =5 MHz, and
Tmin = —38 MHz and that the 'H-T, eigenvector (associated with
Tinermediate) 15 aligned along the carbon p, orbital. The experimental
'H anisotropic coupling constants shown in Table I are quite
consistent with such an R,CH* fragment containing 35% of the
total spin density. Moreover, this spin population is also in ac-
cordance with the value derived from the isotropic coupling

(6) Baban, J. A.; Cooksey, C. J.; Roberts, B. P. J. Chem. Soc., Perkin
Trans. 2 1979, 781.

(7) Main, P; Fiske, S. J.; Hull, S. E.; Lessinger, L.; Germain, G.; Declercq,
J. P; Woolfson, M. M. 4 System of Computer Programs for the Automatic
Solution of Crystal Structures from X-Ray Diffraction Data; University of
York, England, and Louvain-La-Neuve, Belgium.

(8) I crystallizes in the monoclinic space group C2/c with @ = 18.418 (2)
A, b=9.8254 (14) A, c = 18.555 (4) /{’ 8 =93.64 (1)°, V= 13351.0 (9) A%,
Z =8, and A\(Mo Ka) = 0.71069 A; a Philips PW 100 diffractometer was used
to collect 2628 reflections in the range 2° > 28 > 46°. Refinement of 181
parameters, R, = 0.056. The quality of fit index is 1.9.
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Table I. ESR Tensors (MHz) Measured for Signals A and Calculated Couplings for [H;PCHC(O)H]*~

tensor eigenvalues eigenvectors? anisotropic couplings spin densities caled couplings®
g 2.0023 0.035, -0.9612, 0.2736
2.0051 0.3810, +0.2659, 0.8855
2.0065 -0.9239, +0.0733, 0.3755
dp.T (+)879 -0.3346, -0.7923, 0.5102 T, = (+)225 pp = 0.30 T/ =167
(+)538 T3 = (-)116 T =-92
(+)546 T3 = (—)108 73’ = -74
Ao = (+)654 ps = 0.045 Ay = 225
H-T (-)4 0.7684, 0.2557, 0.5867 = (+)163 /=114
(-)22 -0.1582, -0.8124, 0.5613 Ty = (-)1.7 T =-3.0
(-)35 -0.6201, 0.5241, 0.5838 3= (-)}14.7 1y = -84
Ao = (-)20.3 p. = 0.31% A = -16.5

9ESR reference frame: —0x//c,—0y//b,~0z//a*. ®Estimated spin density on the carbon bound to the proton. ¢Hyperfine couplings calculated for

structure |11.

constant [p, = Ai,,/ A(°CH;) = 0.31]. The orientation of the
phosphorus p orbital which participates in the SOMO is given
by the eigenvector associated with the maximum phosphorus
anisotropic coupling, >'P-T ... This direction is found to be rather
close to that of the radical carbon p, orbital since the angle (H-75,
NPT, ..x) is equal to only 10°. These properties agree with those
expected for a (R;P=CH=C(O")H)* radical, but the = direction
does not coincide with the direction perpendicular to the CCP
plane in the crystal. We have therefore used ab initio calcula-
tions!415 in order to get information about the spin densities and
hyperfine coupling tensors for some selected geometries of
(H;PCHC(O)H)". We could not find any acceptable agreement
between experimental and calculated results when the tetrahedral
coordination of the phosphorus, observed in the crystal structure,
was maintained. A good accord was found, however, by imposing
a trigonal-bipyramidal structure on the phosphoranyl moiety
(structure 111): «C(1)PH, = 150°, «C(1)PH, = 100°, and
(PC(1)C(2) = 119°.

H o]
[y \8 —-—-—Qz/
()/:“:1 3 X
HﬁP\ /
N 2
He \:)He
III

The calculated spin densities and hyperfine tensors are very
sensitive to the P-C and C-C lengths; we give, in Table I, the
couplir}f parameters calculated for C(1)-C(2) = 1.48 A, P-C(1)
= 1.7 A, and C-O = 1.46 A. The unpaired electron is mainly
delocalized in atomic p, orbitals [p,(P) = 0.36, p,(C1) = -0.10,
p,(C2) = 0.26, p,(O) = 0.12] and in a phosphorus s orbital [o,(P)
= 0.07]. A small spin density (p, = 0.09) is also found in the
phosphorus p; orbital. The calculated tensors lead to a (*'P-7,,
'H-7,) angle equal to 14°. The small negative spin density on
the central carbon explains why a second 'H coupling is not
observed on the ESR spectrum (line width ~ 4 G), and the
reorganization of the ligands around the phosphorus atom is
certainly the cause of the reorientation of the normal to the PCC
plane.

The role of the R’ group in the stabilization of the allylic
structure, (R;P=C(H)=C(H)R’)*, lies therefore in its ability to
destabilize a phosphonium moiety. When R’ is an electrodonor
group, it makes more difficult the transfer of an electron from
the phosphorus toward the ethylenic system [which would yield
the analogue of the previously reported structure IVa for the
phosphoranyl radical (C¢H;)PR;!6] and so allows conjugation of

(14) (a) Binkley, J. G.; Whiteside, R. A.; Krishnan, R.; Seeger, R.; De-
Frees, D. J.; Schlegel, H. B.; Topiol, S.; Kahn, L. R. QCPE 1981, /3, 406.
(b) Binkley, J. S.; Frisch, M. J.; DeFrees, D. J.; Raghavachari, K.; Whiteside,
R. A.; Schlegel, H. B.; Fluder, E. M.; Pople, J. A. GAUSSIAN 82; Carne-
gie-Mellon University: Pittsburgh, PA, 1982.

(15) UHF calculations have been performed by using a 6-31G* basis set.
The spin densities have been calculated after spin annihilation of the quartet
contamination. (Cremaschi, P.; Gamba, A.; Morosi, G.; Simonetta, M. Theor.
Chim. Acta 1976, 41, 177.) The final value of (§?) = 0.753. For details about
the calculation of the hyperfine tensors, see ref S.
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the equatorial phosphoranyl orbital (TBP structure, IVb) with
the 7 system of the olefin moiety L.17

@+ 7@_

Iva IVb
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Chem. Commun. 1974, 118. (b) Davies, A. G.; Parrot, M. J.; Roberts, B. P.
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(17) Studies are underway to detect other delocalized radicals derived from
phosphoranes and to optimize the structure of some phosphoallyl radicals.
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Amphiphiles with an electroneutral glyconamide head group
and N-alkyl chains ranging from C-7 to C-12 form micellar fibers
of bimolecular thickness in aqueous solution that are stabilized
by amide hydrogen-bond chains.! At elevated temperatures
and/or in the presence of detergents, such fibers are long-lived,?
but at room temperature, the pure amphiphiles usually precipitate
within a few hours. From anionic polymer fibers it is known that
the repulsive interaction of negatively charged surfaces, e.g., in
tobacco mosaic virus (TMV),>* keeps fibers apart from each other.
We therefore investigated several chiral and anionic amphiphiles,
for example, the tartaric amide monocarboxylates 1a,b,’ for their

(1) Fuhrhop, J.-H.; Schnieder, P.; Rosenberg, J.; Boekema, E. J. Am.
Chem. Soc. 1987, 109, 3387-3390.
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J. Am. Chem. Soc. In press.

(3) Millman, B. M.; Nickel, B. G. Biophys. J. 1980, 32, 49-63.

(4) Podgornik, R.; Rau, D. C.; Parsegian, V. A. Macromolecules 1989, 22,
1780-1786.

(5) Prepared from di-O-acetyltartaric anhydrides and dodecylamine by
conventional methods.
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