tion at 30°, the aflatoxins were extracted and separated
chromatographically.! The RIC of the aflatoxin-B;
was less than 0.01, whereas if phenylalanine were a pre-
cursor of aflatoxin an RIC of 1.0 would be expected.
Thus, phenylalanine is clearly excluded as a precursor of
aflatoxin B;.

The possible involvement of shikimic acid was
examined in a similar fashion using the parent strain
and measuring the incorporation of labeled shikimic
acid into aflatoxin B; as compared to its incorporation
into the phenylalanine in the cellular protein. Since
shikimic acid is an intermediate of aromatic amino acid
biosynthesis,® if it is also an intermediate in aflatoxin
biosynthesis comparable specific activities should be
observed when the cells are grown in the presence of
[ring-1¢C]shikimic acid. Following growth, the afla-
toxins were extracted and separated, and the cells were
dried and hydrolyzed with HCl. The hydrolysate
was dried and dissolved in 109 aqueous 2-propanol.
Aliquots were chromatographed on silica gel G plates,
and the phenylalanine was measured by a comparison
with standards after spraying with ninhydrin. The
radioactivity of the phenylalanine was measured by
liquid scintillation counting of the spot after scraping
into vials. The specific activity of the phenylalanine
was found to be 11 uCi/mmol, while that of the afla-
toxin-B; was 0.21 uCi/mmol. This indicates that
shikimic acid is not a precursor of aflatoxin B,.

As [1-1*Clacetate has been found!® to label aflatoxin-
B, efficiently, it appeared likely that the molecule was
derived in large part from acetate units. To examine
this possibility, aflatoxin-B, was prepared from [1-14C]-
and [2-1¢Clacetate by a procedure modified from that of
Adye and Mateles! as follows.

Conidia of the parent strain were cultivated in 100 ml
of synthetic medium! in 500-ml baffled erlenmeyer
flasks at 25° on a rotary shaker at 200 rpm for 3 days.
Mycelial pellets were collected on cheese cloth in a
Biichner funnel, washed with distilled water, dispersed
in distilled water with a Waring blender, refiltered, and
resuspended in nitrogen-free resting cell medium. The
suspension was filtered again, and 1 g of wet cake (con-
taining about 12 97 dry cell mass) was resuspended in 10
ml of resting cell medium containing 50 umol of glucose
and 20 umol of radioactive acetate. The culture was
incubated at 25° for 12 hr on a rotary shaker at 250
rpm. The culture was filtered and the filtrate was ex-
tracted with chloroform. The washed chloroform ex-
tract was evaporated with a stream of nitrogen, and the
aflatoxins were separated by thin layer chromatog-
raphy.! In a typical preparative run, | mCi of [1-14C]-
acetate yielded 57 uCi of aflatoxin-B; with an RIC of
1.48 (hypothetical volume 9). Such highly active afla-
toxin was subjected to chemical degradation® or used for
metabolic studies in animals,”?

(5) D. B. Sprinson, Advan. Carbohydrate Chem., 15, 235 (1960).

(6) M., Biollaz, G. Biichi, and G. Milne, J, Am. Chem. Soc., 90, 5017,
5019 (1968).

(7) G.N. Wogan, G, S. Edwards, and R. C. Shank, Cancer Res., 27,
1729 (1967).

(8) This investigation was supported in part by Grant EF-00694 from
the U. 8. Public Health Service.

J. A. Donkersloot, D. P. H. Hsieh, R. I. Mateles

Department of Nutrition and Food Science
Massachusetts Institute of Technology
Cambridge, Massachusetts 02139

Received June 19, 1968
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Intramolecular Exchange in Phosphorus
Pentahalide Molecules!
Sir:

Pseudorotation of a trigonal-bipyramidal inter-
mediate has been postulated recently by a number of in-
vestigators?—5 concerned with various aspects of phos-
phorus chemistry. We wish to report results defining
the requirements for such a process for phosphorus
pentahalide molecules (known to undergo intra-
molecular exchange) and provide useful criteria in
analyzing possible related situations. What is being
considered here is a process analogous in some
respects to the inversion occurring in the ammonia
molecule.® In the case of trigonal-bipyramidal mole-
cules an internal vibration is thought to lead to
exchange of equatorial and axial positions, leaving the
molecule rotated compared to its original state (Figure
1). This type of process was first postulated by Berry”

Figure 1. Pseudorotation.

to rationalize the appearance of equivalent fluorine en-
vironments in the '*F amr spectrum® of trigonal-
bipyramidal PF;. Nmr studies have now revealed
examples of several trigonal-bipyramidal phosphorus
compounds, PCL,F;,%2 PH,F,,!! (C,H;),NPF,,°* and

0—C—CH,
S ‘ ;
cHOW | ;

(,“H—é—COCHa
CeH;

which have been shown to undergo exchange. In each
case, a low-temperature pattern consistent with a non-
exchanging structure transforms on increasing the
temperature to a pattern showing averaging of fluorine
atom magnetic environments with retention of P-F
spin coupling.

Detailed considerations!? of a vibrational exchange
(pseudorotation), using a potential function!? based on

(1) This rescarch was supported by the National Science Foundation
under Grant GP-6942,

(2) F. H, Westheimer, Accounts Chem. Res., 1, 70 (1968).

(3) G. Wittig, Bull. Soc. Chim. Fr,, 1162 (1966),

(4) D. Hellwinkel, Ber., 99, 3628, 3660 (1966).

(5) T, J., Katz, C. R, Nicholson, and C. A. Reilly, J. Amer. Chem,
Soc., 88, 3832 (1966).

(6) C. H. Townes and A. L. Schawlow, “Microwave Spectroscopy,”
McGraw-Hill Book Co., Inc.,, New York, N. Y., 1955, pp 300-315.

(7) R. S. Berry, J. Chem. Phys., 32, 933 (1960).

(8) H. S. Gutowsky, D. W. McCall, and C. P. Slichter, ibid., 21, 279
(1953).

(9) R, R. Holmes, R, P. Carter, Jr., and G. E. Peterson, fnorg. Chem.,
3, 1748 (1964).

(10) (a) E. L. Muetterties, W, Mahler, and R, Schmutzler, ibid., 2,
613 (1963); (b) E. L. Muetterties, W. Mabhler, K. J. Packer, and R,
Schmutzler, ibid., 3, 1298 (1964),

(11) P. M. Treichel, R. A. Goodrich, and S. B, Pierce, J. Amer, Chem.
Soc., 89, 2017 (1967).

(12) R. R. Holmes and R. M. Deiters, Inorg. Chem,, in press.

(13) R. R. Holmes, J. Chem. Phys., 46, 3730 (1967).
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Table I. Calculated Energy Barriers and Rate Constants (sec~!) for Pentahalide Molecules

Energy

barrier,

kcal/mol —73° 27° 127° Obsd exchange data (condensed state) Ref
PF; 7.6 2.0x 10¢ 1.7 X 107 5.6 X 108 Appreciable at —160° by *F nmr 8«
PCIF, 10.9 5.1 7.2 X 104 9.2 X 108 P-F doublet broadened at —157° a
CH,PF, 15.0 1.8 X 10—¢ 7.6 X 101 5.4 X 10¢ Appreciable at —120° by *F nmr 10a
PCl; 13.5 6.6 X 1073 8.5 X 102 3.3 X 105 Exchange not detected 10a?
SbCl; 9.4 2.2X 1072 8.7 X 108 6.0 X 107 Exchange not detected

¢ R. P. Carter, Jr., and R. R. Holmes, Inorg. Chem., 4, 738 (1965). *J. Downs and R. E. Johnson, J. Chem. Phys., 22, 143 (1954).

complete assignments of ir and Raman spectra,! show
that a tetragonal pyramid provides the lowest energy
path leading to exchange. Actually only part of the
potential function need be considered in the calculation,
since the internal motions expected to lead to exchange,
i.e., vibrations involving predominantly equatorial or
axial bending motions, belong to the same symmetry
class (e’ modes for D;, molecules and a; modes for
molecules of C;, symmetry). The resulting normal co-
ordinate calculations show, analogous to that for the
ammonia molecule,!® that one normal mode dominates

3 2
4
4 3
3 5
| |
2 4

5 2
Figure 2. Potential well for trigonal bipyramids of type MX; and
MX.,Y.

the exchange process for each of the pentahalide mole-
cules considered here. This mode is the axial bending
mode, a relatively low-frequency vibration with con-
siderable amplitude in the ground vibrational state.
The bending frequency, when the axial groups are
fluorine atoms, has been observed!®!41¢ to lie in the
range 120-190 cm.~! The eigenvector description (L
matrix) (obtained by solution of the secular equation

(14) (a) 1. E. Griffiths, R, P, Carter, Jr., and R, R. Holmes, J, Chem.
Phys., 41, 863 (1964); (b) R. R. Holmes, ibid., 46, 3718 (1967); (c) R. M.
Deiters and R, R, Holmes, ibid., 48, 4796 (1968); (d) A. J. Downs
and R. Schmutzler, Spectrochim. Acta, 21, 1927 (1965).

(15) C. C. Costain and G. B. B. M., Sutherland, J. Phys. Chem., 56,
32 (1952).

(16) R. R. Holmes, J. Chem. Phys., 46, 3718 (1967).

GF — EN. Ly = 0) shows that this normal mode is
primarily made up of an axial bending coordinate with
small contributions from equatorial bending and
stretching coordinates. !’

By allowing the amplitude of such a motion to increase,
a tetragonal pyramid is formed (Figure 2). However, it
is expected that as the amplitude of the motion
increases anharmonicity should become increasingly
more important. In the absence of detailed informa-
tion, a correction amounting to 297 initially and then
increasing slowly as the barrier maximum is approached
was considered reasonable for vibrations of molecules
of the type discussed. This procedure introduces a
cubic and quartic term into the calculations and results
in greater corrective effects for molecules having the
larger barrier heights. The “corrected” barrier en-
ergies (Table 1) range from 25 to 409, lower than those
computed from the harmonic potential function.

Consideration of tunneling through the barrier and
reaction over the barrier lead to the conclusion that
for these molecules the latter process assumes im-
portance at all but the lowest temperatures. Table
11 lists the symmetry force constants used, and Table I

Table II. Symmetry Force Constants (10° dyn cm~1) for
Calculation of Exchange Barriers

D3, Symmetry

F,;:, Fsa F77 F5s

PF; 5.55 0.785 0.0864 -0.1

PCl; 2.49 0.349 0.104 —-0.2

SbCl; 2.20 0.160 0.0577 0.0

Cs, Symmetry

FU 1:'3‘2 F.in.'m FSL\Sn F‘MTA F.Baaa
PCIF, 10.44 5.34 1.90 0.612 0.121 -0.5
CH,PF, 5.40 3.96 3.74 0.798 0.161 0.0

compares unimolecular rate constants, approximated
as (kT/h)e=*E/RT for several trigonal-bipyramidal
molecules. A relative ordering in agreement with
rates ascertained from nmr®!® and exchange data!® is
seen. The rates should be regarded as upper limits,
since effects of “collisional complexes” which may
serve to reduce the barrier height, especially in solu-
tion, have not been considered.

The magnitude of the calculated exchange rates
(Table I) for trigonal-bipyramidal molecules as heavy

(17) Many possibilities of suitable exchange coordinates were con-
sidered such as combinations of normal modes. In all cases consider-
ably higher barriers resulted compared to that discussed here except that
about the same barriers were obtained by minimizing the symmetry
coordinates S; and S

(18) See Table I, footnote a.

(19) See Table I, footnote b.
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as SbCl; at room temperature and above (where most
kinetic processes have been studied) lies in the range 102
to 108sec—1. Itseems altogether reasonable then that, in
some mechanistic studies, pseudorotations of trigonal-
bipyramidal intermediates must be considered in ac-
counting for product distribution. The main require-
ment exists that the lifetime of the intermediate exceeds
the exchange time.

In fact, in the hydrolysis of cyclic phosphate esters,
for example

O—CH,
AN

CH.

L/
CHsO—ﬁ’—O

Dennis and Westheimer® postulate a pseudorotation
of the trigonal-bipyramidal intermediate to account
for the products formed. In their case, relatively light
atoms are involved, and the reaction rate, ~10=* sec™!
(mol/1.)~! at room temperature, is slow enough for ex-
change to occur.

However, it is clear that for the molecules under
consideration pseudorotation is possible only because
the coordinate governing exchange has a low frequency
and large amplitude motion (hence a correspond-
ingly small force constant) associated with a mole-
cule of comparatively low reduced mass, The latter
conditions may apply for these trigonal-bipyramidal
molecules because of the apparent weakness of axial
bonds compared to equatorial bonds.

(20) E. A, Dennis and F. H, Westheimer, J. Amer. Chem, Soc., 88
3432 (1966).

Robert R. Holmes, Sr. Rose Mary Deiters

Department of Chemistry, University of Massachusetts
Ambherst, Massachusetts 01002
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The Molecular Geometry of Derivatives of
1H-Azepine in the Free and Complexed State!
Sir:

The 1H-azepine molecule (1a) is isoelectronic with
the cycloheptatrienide anion? and, if planar, may in
actuality be antiaromatic.® Interestingly, molecular
quantum mechanical calculations for such a model
predict marked polyenic character and strong localiza-
tion of the = electrons on nitrogen and the double bonds
of the seven-membered ring with little, if any, tendency
for delocalization.* Although the parent 1H-azepine
(1a) remains to be synthesized, a few derivatives have
been known since 1963.%8 To the present time, how-
ever, no X-ray structural information has been ob-
tained on these nitrogen-containing eight-w-electron
systems. In an effort to elucidate the molecular

(1) Paper XLVI in the unsaturated heterocyclic systems series from
The Ohio State University laboratories.

(2) L. A. Paquette and J. H. Barrett, J. 4m. Chem, Soc., 88, 1718
(1966).

(3) R. Breslow, J. Brown, and J. J. Gajewski, ibid., 89, 4383 (1967).

(4) R, W. Schmid, Helv. Chim. Acta, 45, 1982 (1962).

(5) (a) K. Hafner and C. Konig, Angew, Chem., 75, 89 (1963); (b)
W, Lwowski, T. J. Maricich, and T. W. Mattingly, Jr., J. Am. Chem.
Soc., 85, 1200 (1963); (¢) R. J. Cotter and W, F. Beach, J, Org, Chem.,
29, 751 (1964).

(6) For details of the preparation of substituted 1H-azepines, see
L. A, Paquette and D. E, Kuhla, Tetrahedron Letters, 4517 (1967).
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Figure 1. A view of 1b looking along the z axis. Important dis-
tances are Ni-C; 1.43 A, G-C; 1.38 A, Co-C4 1.44 A, C=C; 1.34 A,
Cs~Cs 1.46 A, C-Cr 1.37 A, Ni-C; 1.45 A, and Ni-Ss 1.61 A
(estimated standard deviation +0.02 A). The angles within the
seven-membered ring are N; 116°, C; 118°, C; 127°, C4 123°,
Cs 127°, Cs 124°, and C; 121° (estimated standard deviation
:!:1.15 °). The SsN:C. and SN;C; angles are 118 and 120°, respec-
tively,

geometry of this seven-membered ring in the free state,
and when complexed with iron tricarbonyl,” we have
carried out three-dimensional X-ray studies on 1b% and
on the Fe(CO), complex of 1¢.8

\_J

wW—Z

1la,R=H
b, R = S0,C;H,Br-p
c, R= COOCH;;

1b crystallizes as lemon-yellow prisms, generally
elongated along the b axis, and belongs to the ortho-
rhombic system, with ¢ = 12.32, b = 596, and ¢ =
16.53 A (Mo Ka, M 0.7107 A). There are four mole-
cules of C13H;oBrNO,S (mol wt 312.2) in the unit cell
(Pmeas = 1.68 g em~%; Pealed = 1.71 gcm_3)' SyStem'
atic absences establish the space group as P2,2,2;. The
structure was determined by the heavy-atom method
and has been refined by full-matrix least squares on
1274 independent intensities collected photographically
(Cu Ko radiation) to an R factor of 0.10. A view of
the structure with important molecular dimensions is
given in Figure 1.

The iron tricarbonyl complex of 1c¢ crystallizes as
irregular orange prisms belonging to the triclinic
system, with ¢ = 8.62, b = 6.47, and ¢ = 10.90 A;
o = 93.4° 8 = 93.0°, and v = 104.4° (Mo Ke, N
0.7107 A). There are two molecules of CsHNO, Fe-
(CO); (mol wt 291.0) in the unit cell (pgeas = 1.60 g
cm™%; peaea = 1.65 g cm™?), and the structural analysis
indicates that the space group is PI. The structure has
been refined by full-matrix least squares on 2008 inde-
pendent intensities collected photographically (Mo Ka
radiation) to an R factor of 0.10. A view of the struc-
ture is shown in Figure 2.

(7) E. O. Fischer and H. Riihle, Z. Anorg. Allgem. Chem., 341, 137

(1965),
(8) The synthesis of this material will be published independently,
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