squalene by the Syo preparation could be completely inhib-
ited by Ipsq. In contrast, there was no inhibition of squalene
biosynthesis from presqualene pyrophosphate at compara-
ble [/MEVAL ratios by Iger, Irar, Ipma, or Iipr, evidence
that effective inhibition requires a close correspondence of
substrate and inhibitor carbon structure. The same results
were obtained with the microsomal liver preparation!# (re-
ferred to herein as MLP) which effects squalene biosynthe-
sis from farnesyl or presqualene pyrophosphates but not
from Cs or C;g precursors, both with regard to inhibition of
squalene biosynthesis from presqualene pyrophosphate by
Ipsq and lack of inhibition by the other phosphonophos-
phates.

Incubation of 50 nmol of tritiated mevalonate, 25 nmol of
unlabeled presqualene pyrophosphate, and 500 nmol of Ipsq
with sufficient S1g enzyme!? to convert 12% of the mevalon-
ate to squalene in the absence of Ipsq yielded no tritiated
squalene but showed a 9% conversion (75% of expected
maximum) of mevalonate to tritiated presqualene pyro-
phosphate. For identification the labeled presqualene pyro-
phosphate was purified by thin layer chromatography (sili-
ca gel, n-propyl alcohol-11 N ammonium hydroxide 1.5:1,
Ry identical with that of unlabeled presqualene pyrophos-
phate) and reincubated separately with both S;o enzyme
and MLP enzyme to afford in each case tritium labeled
squalene. Labeled squalene was identified unambiguously
by chromatographic data and also by conversion to the
crystalline thiourea complex which could be recrystallized
to constant specific radioactivity. Further, characterization
of the tritiated presqualene pyrophosphate produced in the
above experiment was obtained by reduction with lithium
aluminum hydride to labeled presqualene alcohol, chroma-
tographically identical with authentic material (R 0.27 on
silica gel plates using 2:1 pentane-ether for development).
These experimental data indicate that Ipgg can completely
turn off squalene biosynthesis from mevalonate or presqual-
ene pyrophosphate and also that presqualene pyrophosphate
is formed and accumulated under normal conditions of
squalene biosynthesis from mevalonate if Ipsg is present.
Given these facts and the specific inhibition of the presqual-
ene pyrophosphate to squalene conversion by only Ipsg,
there seems to be no way to avoid the conclusion that pres-
qualene pyrophosphate is an essential intermediate in
squalene biosynthesis in liver; that is, there is no pathway
from mevalonate to squalene which does not go through this
intermediate, !

It seems apparent that the study of phosphonophosphate
analogs can be helpful in the elucidation of biosynthetic
pathways to terpenoids.!?
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Effect of Photoselection on Fluorescence-Detected
Circular Dichroism
Sir:

In a recent study Turner et al.! have proposed that the
circular dichroism, CD, of a fluorescent chromophore can
be measured by detecting its fluorescence upon excitation
by right-handed and left-handed circularly polarized light.
The underlying assumption is that the excitation spectrum
of a fluorescent chromophore parallels its absorption spec-
trum, i.e., that the measured fluorescence intensity of the
chromophore depends exclusively on the amount of light
absorbed by it. It was pointed out that such studies may be
advantageous for the specific measurement of the CD of the
fluorescent chromophores in biopolymers, thus eliminating
contributions from nonfluorescent chromophores with over-
lapping absorption bands, which are often also present in
the macromolecules.!

While the proposed method for measuring CD via emit-
ted fluorescence intensity is promising and of much interest,
it may be in serious error when applied to chromophores
when rotatory Brownian motion is frozen (or restricted)
during the lifetime of the excited state of the chromophore.
This restriction may apply, for example, to a variety of na-
tive chromophores in biopolymers. The physical reason be-
hind the complication which arises in frozen systems is as
follows. The light absorbed by the system under study does
not excite equally molecules of different orientations, since
the probability of light absorption by a specific molecule de-
pends on the orientations of its electric and magnetic dipole
as well as electric quadrupole transition moments relative to
the vector potential and direction of propagation of the light
wave.?® In the case of circularly polarized light, the proba-
bility of excitation of a specific molecule thus depends on
the sense of polarization. If rotatory Brownian motion does
not randomize molecular orientations before light emission,
different anisotropic populations of excited molecules con-
tribute to the fluorescence upon excitation with right-hand-
ed or left-handed circularly polarized light. The observed
intensity of fluorescence depends not only on the number of
excited molecules, but also on the distribution in space of
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Figure 1, Spectroscopic properties of D-camphor. A. Circular di-
chroism, presented as Ae/é, and difference in fluorescence intensity
upon excitation by circularly polarized light of opposite sense, present-
ed as Al/I. (a) Ae/e in methanal or cyclohexane (concentration: ~10~2
M); (b) AI/I in methanol or cyclohexane as a function of absorption
wavelength (emission wavelength: 425 nm); (c) AT in glycerol as a
function of absorption wavelength (emission wavelength: 425 nm); (d)
A/l in methanol or cyclohexane as a function of emission wavelength
(absorption wavelength: 290 nm); (e) AZ/T in glycerol as a function of
emission wavelength (absorption wavelength: 290 nm). AZ/J was mea-
sured with camphor concentration of ~10~2 M (aptical density 0.08/2
mm), using cuvettes of 2.0-mm optical path. The fluorescence was de-
tected at 0° to the excitation beam. A Schott UG11 and a 2 N solution
of NaNO; (1.0-cm light path) were used as filters on the excitation
and emission sides, respectively. Temperature, 22 °C. B. (f) absorption
spectrum in glycerol; (g) fluorescence spectrum (in arbitrary units) in
glycerol; (h) excitation linear polarization in glycerol (emission wave-
length: 365 nm); (i) emission linear polarization in glycerol (excitation
wavelength: 300 nm).

their emission transition dipole and quadrupole moments.
Under such circumstances, the observed difference in emis-
sion intensity upon excitation by light of opposite sense does
not reflect in a simple manner the difference in absorption
of light of opposite sense by the system studied. This is
analogous to the case treated previously?® in which the fluo-
rescence excitation spectrum in viscous media does not in
general superimpose the corresponding absorption spec-
trum.

The intensity and the extent of polarization of fluores-
cence when photoselection takes place in frozen solutions
have been treated theoretically in a recent study.® By the
formalism developed, the intensity of the fluorescence emit-
ted by a frozen system in a given direction can be evaluated
as a function of the electric and magnetic transition dipole
moments associated with the absorption and emission pro-
cesses. (Quadrupole contributions have not been treated but
may be similarly included.) Analogously to the examples
worked out,? the following expression is obtained for the
fluorescence intensity upon excitation by circularly polar-
ized light. The fluorescence is assumed to be collected in the
direction of the excitation beam:*

ar_ nor
1 @'+
3P18b1‘-{[18b + 3P23b&[zab + 4P3abM3ab n
3(Plab)2 + 3(P23b)2 + 4(P3ab)2
In eq 1, 7' and /7 are the fluorescence intensities emitted by
the sample upon excitation by left-handed and right-handed

circularly polarized light, respectively; P2® and Mzb (with
components P; and M;) are the electric and magnetic (ab-

solute value, assuming real wave functions)? transition di-
pole moments, respectively, associated with the light ab-
sorption. Quadrupole transition moments have been omitted
for the sake of simplicity; in practice their magnitude may
not be negligible and they may add to the effect of photose-
lection. The frame of reference was chosen so that Pem_ the
electric transition moment associated with the emission
transition, points in the z direction. Equation 1 was ob-
tained for dilute solutions where the attenuation of the exci-
tation beam is negligible. Equation ! exposes the complica-
tions that arise in the study of fluorescence-detected CD
when photoselection takes place. I' and /™ were assumed by
Turner et al.! to be proportional in dilute solutions to ¢ and
€r, respectively (¢ and ¢ being the molar extinction coeffi-
cients for left-handed and right-handed circularly polarized
light, respectively). The left-hand side of eq 1 should thus
be equal to the absorption anisotropy factor gay, defined as
gab = Ae/e = (a = &)/[(a + ¢)/2].2 Equation 1 shows,
however, that this is not always the case, since gap = 4P2b
Mzb/| Pabf 2 as was shown long ago by Condon et al.2 Thus,

unless P32 = 0 (i.e., Pa® is perpendicular to Pem) or P20 =
P2 =0 (i, Pabis parallel to Pem) (I' = I} /[(I' + I) /2]

is not equal to (g ~ €)/[(a + &)/2]. P2P is parallel to Pem
for the long-wavelength absorption band of the chromo-
phore involved (provided it involves a strong transition,’)
but for other transitions P?® may be neither parallel nor
perpendicular to P*™ and AJ/I may not yield g,p for these
transitions.

There is a specific experimental setup in which the effect
of photoselection on fluorescence detected CD vanishes.
Using the theoretical approach described previously,? it can
be readily shown that if the angle § between the direction of
the excitation beam and the direction of detection of the
fluorescence is 54.74° or 125.26° (i.e., cos? § = '4), then
AI/T will yield exactly the absorption anisotropy factor gap.
It should be pointed out that the above calculation was car-
ried out including quadrupole contributions.

The effect of photoselection on the measured fluores-
cence intensities upon excitation by right-handed and left-
handed circularly polarized light is illustrated experimen-
tally for D-camphor in Figure 1. The fluorescence was mea-
sured at 0° to the excitation beam on an instrument similar
to the one described for the study of circular polarization of
fluorescence,® except that the modulator was placed in front
of the cell holder and the polarizer was placed in front of
the modulator. As is evident from Figure 1, similar results
were obtained for AI/# when the measurements were con-
ducted in two differerit fluid solvents, methanol and cyclo-
hexane, and both were in good agreement with g,, mea-
sured with a Cary 60 instrument. (These were in good
agreement with previously measured spectra of D-cam-
phor.”8) The measured value of AI/T was, however, signifi-
cantly different when the viscous solvent glycerol was used,
although the CD measured in glycerol solution was similar
to that measured in the fluid solvents methanol and cyclo-
hexane.

The variation of gap across the spectrum deserves a com-
ment. It is expected to be approximately constant across a
single electronic band® for an allowed transition. The
marked variation of this quantity across the absorption
spectrum is no doubt a reflection of the weakness of the
transition involved and indicates presence of elements of
“forbidden” character in this transition. This is also indicat-
ed by the marked variation of the linear polarization across
the absorption and emission spectra (see Figure 1b).

In summary, when Brownian rotatory motion is frozen or
restricted during the lifetime of the excited state, the differ-
ence in the fluorescence intensity of a chromophore upon
excitation by left-handed and right-handed circularly polar-
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ized light does not necessarily represent the circular di-
chroism of the chromophore in isotropic solution. Dis-
crepancies between the two may occur if the electric dipole
transition moments in the absorption band and in the emis-
sion band are not parallel or perpendicular to each other.
Whether or not such complications occur in a system under
investigation may be checked by measurement of the linear
polarization of the fluorescence. It may be noted that CD is
often used in biochemistry as a diagnostic tool for confor-
mation without an attempt at a physical interpretation of
the data, as such discrepancies between CD and fluores-
cence-detected CD may be of no consequence. In spectro-
scopic studies of chiral molecules, however, such discrepan-
cies should not be-ignored. It is of interest to note that the
study of CD by fluorescence in frozen systems has the ele-
ments of measuring CD of a nonisotropically distributed
molecular assembly; discrepancies between such data and
CD obtained conventionally may therefore in principle yield
molecular parameters not obtainable from CD alone.!?
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The Relative Stability of Alkyl-Substituted Benzene
Anions in the Gas Phase
Sir:

The negative ions of benzene and the alkylbenzenes may
be formed in the gas phase by capture of an impacting elec-
tron into the low-lying =* orbitals. The ions, however, are
short-lived and decay by ejecting the electron back into the
continuum in times of typically 10™'4 s, Despite the tran-
sient character of these ions, their formation is easily ob-
served as a sharp variation, or “resonance”, in the cross sec-
tion for electron scattering from the neutral molecule. The
impact energy at which the resonant structure is observed
yields the magnitude of the gas phase electron affinity; the
sign of the electron affinity is taken by convention to be
negative for an unstable anion. In this communication, we
have determined the electron affinities of a series of alkyl-
substituted benzenes using high resolution electron trans-
mission spectroscopy.!~> For a detailed discussion of this
method as applied to certain hydrocarbons, we refer the
reader to a recent paper by Nenner and Schulz.2

The motivation for this study is provided- by recent
work*® demonstrating that the relative stability of certain
anions such as alkoxides may display opposite ordering in
the gas phase and in solution. It is of interest to determine
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Figure 1. The derivative with respect to energy of the electron current
transmitted through the gas cell is plotted as a function of electron en-
ergy. The results for benzene and two substituted benzenes, toluene
and tert-butylbenzene, are shown. These results demonstrate that the
anions of the substituted compounds are formed at lower electron ener-
gy than that of benzene.

whether solvation energies oppose the intrinsic gas phase or-
derings for other classes of anions. An investigation of the
relative stabilities of the benzene anion and its alkyl deriva-
tives is particularly timely since the ordering of these anions
in solution has recently been established. Lawler and Tabité
have determined the relative electron affinities from equi-
librium studies:

CsHg + RiR,CsHy ™ = CsHe— + R1R,C¢H,4

Solutions with known concentrations of benzene and alkyl-
benzenes were reduced by sodium-potassium alloy in tetra-
hydrofuran-dimethoxymethane and the ESR spectra taken
to determine the equilibrium constants. The measured free
energy changes AG® indicate” that the introduction of alkyl
groups onto the ring makes one-electron reduction more dif-
ficult or, equivalently, destabilizes the negative ion in solu-
tion. We note that this result is frequently rationalized by
“the electron release by the alkyl groups to the ring”.

In Figure 1 we present the electron transmission spectra
of benzene, toluene, and ter:-butylbenzene. These spectra
are acquired by sending a high resolution electron beam
into a cell containing gas at sufficient density to scatter ap-
proximately 60% of the electron beam. The unscattered or
transmitted portion of the beam, which is collected, is relat-
ed exponentially to the total scattering cross section. To en-
hance the visibility of the sharp variations in the cross sec-
tion, the derivative with respect to energy of the transmitted
current is plotted in Figure | as a function of electron im-
pact energy. The means by which the derivative data are
taken is fully described elsewhere.!

Our benzene spectrum is in good agreement with those
published by Schulz et al.> The structure corresponds to
the capture of an incident electron into the doubly degener-
ate ey, m* orbital, yielding the ground electronic state of the
benzene anion. The lifetime of the anion is sufficiently long
that a progression of vibrational levels of the vy, symmetric
breathing mode is observed. The spectra of the alkyl-substi-
tuted benzenes, two of which are shown in Figure 1, differ
from that of benzene in two respects. For the purpose of this
communication, the more significant feature is that the an-
ions are formed at Jower electron impact energies, that is,
the alkylbenzene anions are energetically more stable than
CsHs™ in the gas phase. This is opposite to the behavior in
solution observed by Lawler and Tabit.5 A summary of the
gas and liquid phase results is presented in Table 1.

The visibility of the vibrational structure in the substitut-
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