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Perfluorchexamethylbicyclopropenyl
Sir:
We wish to describe a synthesis and some chemistry of

the title compound (1), the final member of the first com-
plete set of benzene valence isomers.!-? This family is shown

below, numbered in order of diminishing energy content,2b3
CF,
CF;M / ; S \
CFs ¢r, CFoer,
CF
CF;  CF CF, CF s
A ' * CR CF,
CF; CF,
CF, CF.
F ‘ 3 3
CF, CF, CF, CF, CF, CF, CF.
4 3
3 5

The synthetic strategy entailed coupling of a suitably
functionalized perfluoro-1,2,3-trimethylcyclopropene, pre-
pared in turn via addition of a carbene to perfluoro-2-but-
yne (PFB).

Dehydration® of trifluoroacetamide followed by addition
of ammonia’ to the resulting trifluoroacetonitrile gave tri-
fluoroacetamidine.? Oxidative cyclization of trifluoroace-
tamidine by the method of Graham® (hypochlorite and
chloride ion in aqueous dimethyl sulfoxide) gave diazirine 6
in 45% overall yield from trifluoroacetamide (Chart I).
Chlorotrifluoromethyl-1-diazirine!® is a gas (bp —19 to
—18°) with the following spectroscopic features:'! ir 1590,
1290, 1210, 960, 730 cm~!; uv!! 318 nm; NMR § 18.37
(singlet); MS 114. The corresponding bromodiazirine was
prepared in similar fashion by substitution of bromide for
chloride ion in the Graham reaction.

When the chlorodiazirine'? was decomposed in the gas
phase at 120° in a large excess of PFB, two products re-
sulted. That of shorter glc retention time was the desired
chlorocyclopropene 7 (bp 42°; ir 1890, 1300, 1230, 1200,
1180, 1040, 910, 790, 730 cm™~!; NMR § 7.59 (quartet) and
18.58 (septet), J = 0.7 Hz; MS 278). The product of longer

Chart I. Synthesis of Perfluorohexamethylbicyclopropenyl
CF, NH,
_oaa O CRO=OCF:
NH DMSO0, H, T DMSO, HO >< " A
CF, CFs
CF;  war CF; 4,
— —_
cl CH,CN I Hg
CF, CF,
7 9
CF;
CF, CF,
CF.
8 CF, CF,
1

retention time (ir 1630, 1270, 1220, 1180, 1010, 990, 750
m~!; NMR § 17.16 (singlet); MS 260) proved to be the
azine 8, formed probably by carbene attack on diazirine.!4
Since the azine was a major product even in the presence of

CF,

N

8

a 30-fold excess of PFB, it is clear that addition of the elec-
tron-deficient carbene to the electron-deficient acetylene is
not a facile process. To solve this problem, a stirred gas-
phase reactor operating at 200° was charged with PFB
(~0.5 atm), and diazirine was bled in very slowly from a
reservoir maintained at ~1 atm with a carbon tetrachloride
slush bath. The diazirine decomposed rapidly at 200°, with
the result that its steady-state concentration in the reactor
remained very low. Consequently, the azine/cyclopropene
ratio dropped to ~0.05 with PFB/diazirine ratios of ~4,
With this technique, pure 7 was obtained in 56% yield after
GLC purification.

For coupling attempts to make the bicyclopropenyl, the
iodocyclopropene (9) offered distinct advantages over its
chloro counterpart. Nucleophilic displacement of the chlo-
rine of 7 by iodide ion took place rapidly in solution at room
temperature; the reaction also proceeded quite cleanly when
gaseous chlorocyclopropene was contacted at 150° with ex-
cess sodium iodide supported on Chromosorb W. The last
fact, together with the observation that methanolysis of 7
was fast even in dilute cyclohexane solution, argues strongly
against the intermediacy of perfluorotrimethylcyclopropen-
ium ion.'® Displacement by iodide ion presumably occurs
via an SN2/ process or even via a carbanion intermediate.!”
The iodocyclopropene, prepared in acetonitrile in 77% yield
(GLC purified), was characterized by these properties: bp
71°; ir 1900, 1300, 1280, 1230, 1200, 1180, 1030, 870, 780,
710 em™!; uv 256 nm; NMR ¢ 8.39 (quartet, 6 F) and &
15.45 (septet, 3 F), J = 0.8 Hz; MS 370.

Photolysis of 9 in the presence of mercury'? in the gas
phase at ~100° with a Pyrex-filtered medium-pressure
mercury arc gave 1 in 84% yield after GLC purification.
The fluorocarbon sublimes readily, yielding beautiful color-
less radial clusters, mp 72.5-73.5° (ir 1890, 1290, 1230,
1220, 1200, 1180, 1160, 1050, 1010, 900, 820, 790, 700,
690 cm™'; uv <190 nm;'® NMR & 6.01 (septet, 12 F) and &
13.10 (“tridecet”,2° 6 F), J = 1.6 Hz; MS 4862!),

The thermal stability of perﬂuorohexamethylbicyclo-
propenyl is remarkable: it aromatizes cleanly with 7/, 2 2

CF,
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h at 360°.22 Hence the thermodynamically least stable
member of the valence isomer set is by a wide margin the
most stable kinetically.!2 Gas-phase photolysis of 1 with
the full mercury arc produces a mixture containing all five
of the valence isomers,?® together with unidentified by-
products.

In the presence of triethylamine, methanol adds to 1 ex-
tremely rapidly, yielding a single stereoisomer of structure
10. (GLC separation gave colorless rhombs, mp 135.0-
136.5°, with the following spectral characteristics: ir**
1350, 1280, 1250, 1170, 1120, 1010, 990, 970 cm™';
NMR25 § 2.70 (septet, 3 F), 5 2.49 (doublet of septets, 3 F),
5 6.56 (quartet, 6 F), and & 11.31 (quartet, 6 F), J's shown
below; MS 518. This adduct was assigned the configuration
10a on the basis of NMR analysis, assisted by spin decou-

CF,

CH,0

CF, CF, ¢ oF
CF, CF, s

CF; CF,

CH,0 H

CF, CF,

3 3 cf, H

10

10a

pling, and chemical considerations. Of the eight stereoiso-
mers possible for 10, the four incorporating syn-tricyclo-
hexane geometry are eliminated by the small size of the
coupling constant (<1 Hz) between the C| and C; (also C4
and Cs) CF; groups. Endo,exo and exo,endo isomers having

the anti skeleton are ruled out by the fact that the C; and
C¢ CF; groups are coupled to different pairs of CF3’s. Our
preference for exo,exo (10a) over endo,endo stereochemis-
try rests principally on the mechanistic argument that ste-
reospecific twofold antarafacial addition across the double
bonds of 1 is much more likely than the twofold suprafacial
addition which would be required to create the endo,endo
adduct.?¢ Formation of 10a may, but need not, occur in a
fully concerted manner as shown.

Simple addition of methanol across a single cyclopropene
double bond is a highly exothermic transformation, but one
can estimate that the reaction leading to 10a releases
roughly 20 kcal/mol more energy despite the formation of a
new strained ring.2’ Given the close proximity of the double
bonds in a bicyclopropenyl and the favorable energetics of
reactions which link them, we expect transformations of
this type to become a salient feature of bicyclopropenyl
chemistry.?® Surprisingly, this energy-rich class of com-
pounds is still thinly populated, and exploration of its chem-
istry has only recently gathered momentum.?'
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Effect of Added Electrolyte on the Binding of
Tetracycline to Paramagnetic Ion Probes. A 13C
and 'H Nuclear Magnetic Resonance Study

Sir:

Previous investigations of the site of metal binding in tet-
racycline base (I, abbreviated TC) and its derivatives by
proton':2 and carbon-133 NMR, using Me,SO-ds as a sol-
vent, strongly indicate binding occurs primarily at the tri-
carbonylmethane function of ring A. However, these results
are not in agreement with a number of binding site studies
on tetracycline carried out by others. For example, results
of a carbon-13 NMR study of TC-HCI by Asleson* in 50:50
(v/v) MesSO-ds:D,0 in the pH range 8.0-9.5 suggests that
binding involves the C;|-C,, §-diketone site. In Asleson’s
work TC.-HCI was titrated with NaOH to the desired pH,
thereby generating NaCl in a 1:1 mole ratio with TC. In an
effort to resolve the apparent discrepancy, we have conduct-
ed experiments to determine what effect the solvent and/or
the presence of electrolytes have on the nature of metal
binding in TC.

CH, HY
OH / H HH NCHy,
SH \ s’ -

o)

Asleson and Frank have made complete assignments of
the carbon-13 NMR spectra of TC and several of its deriva-
tives in Me2SO-dg and in D,0.5 Spectra in Me;SO-de/
D,O mixtures show better signal separations than in either
solvent alone, especially in the carbonyl region and in the
aliphatic region at high field (see Figure 1A). In the present
study a 70:30 (v/v) MesSO-dg:D20O solvent mixture was
used. Solutions 0.3 M in TC can be prepared in this medi-
um, thus enabling good spectra to be obtained in approxi-
mately 75 min.® The apparent pH was maintained in the
7.0-7.5 range throughout the experiments by addition of
small amounts of NaOH dissolved in the same solvent mix-
ture.” After recording the spectrum of TC, small portions of
a 0.3 M solution of Nd(NOs3); in the same solvent mixture
were added to the sample tube such that Nd3*/TC mole ra-
tios were 0.018, 0.050, and 0.091. A spectrum was recorded
at each of these ratios. Another series of spectra was record-
ed in the presence of La(NOj)3 at the same mole ratios to
test for effects of a diamagnetic ion binding at the same site
as Nd3+.

As discussed previously,? short-range dipolar interactions
between the paramagnetic Nd** ion and !3C nuclei of TC
cause selective broadening for nuclei near the binding site.
Examination of the differences in spectra recorded at the
same Nd3*/TC and La3*/TC mole ratios reveal those per-

Figure 1. Carbon-13 NMR spectra of TC in 70:30 (v/v) Me>SO-d:
D,0 at pH 7.0-7.5. (A) No metal ion added; (B) La**/TC = 0.05;
(C) Nd3*/TC = 0.05; (D) Nd**+/TC = 0.05 and Na*/TC = 1.0. The
scale is in ppm; the dioxane reference signal is labeled D; arrows point
out signals selectively broadened.

Table I. Transverse Relaxation Times? for Carbon-13 Resonance
Signals in the Presence of Nd3* and La3+

Signal T,,La3+/TC =0.050,s T3, Nd3**/TC = 0.050,s
Cs 0.081 0.025
Camide 0.11 0.016
C, 0.078 0.043
Cla 0.099 0.060
Cq 0.026 0.020

2 Obtained from line width measurements on expanded-scale spec-
tra. Errors are estimated to be 5-10%.

turbations arising solely from the paramagnetism of Nd3*.
Figures 1B and 1C compare spectra taken in the presence
of Nd3* and La?* at M**/TC = 0.050. Selective signal
broadening in the presence of Nd3* occurs for resonances
assigned to Cs, the amide C, C5, Ci2,, and to a slight extent
for C4. The extent of broadening increases with increasing
mole fraction of Nd3*. Selective broadening of these signals
may be shown quantitatively by comparing differences
(Nd3* vs. La?*) in their T, values shown in Table I. These
T, values were obtained from line-width measurements and
include field inhomogeneity broadening. Signal shifts are
all less than 0.3 ppm. Selective broadening of these same
signals in the presence of Nd** occurs also for TC in 100%
Me,SO-dg. It must be concluded that there is no significant
solvent effect on the site of binding and that binding occurs
primarily at the ring A tricarbonylmethane function, at
least for lanthanide series ions under these conditions. The
selective effect of Nd3* on T, for Cj3, is larger than ex-
pected for binding at this site and may indicate a contribu-
tion from scalar coupling. A more precise location of the
metal ion would be possible using accurate T values if con-
tributions from ligand exchange and outer-sphere relaxa-
tion mechanisms could be determined.?-°

The effects of the presence of NaCl were determined by
dissolving a sufficient amount of NaCl in the solution hav-
ing a 0.050 mole ratio of Nd**/TC to give a 1:1 mole ratio
of NaCl:TC. The carbon-13 NMR spectrum of this sample
is shown in Figure 1D. Comparison of Figures 1C and 1D
shows that the addition of NaCl has a remarkable effect on
the spectrum of TC in the presence of Nd**. Signals which
were selectively broadened by Nd** sharpen to line widths
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