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Abstract: Tetraisopropylmethane (1) exists in solution as a mixture of two types of conformers (Dzs and
S, time-averaged symmetry) in the ratio 93:7 at —110 °C, interconverting with a barrier of 9.7 kcal mol~2.
Molecular mechanics calculations and the multiplicity of NMR signals at low temperature allow the
assignment of these conformations. The only conformation populated in tetracyclopropylmethane (2) is
the same type as the minor conformation (S, time-averaged symmetry) populated in 1. *3C NMR spectra
at about —180 °C show that degenerate versions of this conformation interconvert with a barrier of 4.5 kcal
mol~1. Molecular mechanics calculations that characterize the six possible conformational types for these
molecules, and the most important interconversion pathways, are reported. Calculated and experimental
barriers match satisfactorily well.

Introduction Complexity increases progressively as two or more such
groups are attached to a single central aténand there has
been considerable interest recefith in molecules such as

and?2 with four identical secondary alkyl groups around a central

One of the more incomplete areas in the systematic study of
conformations of small molecules involves the quaternary carbon
center. Carbon with four primary alkyl chaifs} epitomized
by 3,3-diethylpentarfhas been most thoroughly studied. In the atom.. )
present paper we discuss the case of carbon with four secondary While structures have been determined for an assortment of
alkyl substituents and report the two very different conforma- examples (see Table 1), there are no experimental observations

tional stereodynamics of tetraisopropylmethatipand tetra- of conformational dy_namlcs. This is important, for a range of
cyclopropylmethane?). staggered conformation types can be adotadd may coexist

(see Chart 1), and each of these types has many degenerate and/
or enantiomerit® forms.

We now report the coexistence and interconversion of
different types of conformation in compounti and the
interconversion of degenerate versions (homomerisation) within

T/
R
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2 (5) Examples of conformational studies involving two gemsetalkyl groups

can be accessed from a review: Berg, U.; Liljefors, T.; Roussel, C;
Sandstfm, J.Acc. ChemRes.1985 18, 80—86, and subsequent citations
thereof.

(6) Examples of conformational studies involving three gemisetalkyl
groups can be accessed by reference to the citations of work on
tris(isopropyl)methane in: Anderson, J. E.; Koon, K. H.; Parkin, J. E.
Tetrahedron1985 41, 561-567.

(7) (a) Karipides, Alnorg. Chem.1978 17, 2604-2607. (b) Karipides, A.;
Iroff, L. D.; Mislow, K. Inorg. Chem.1979 18, 907-908.

(8) Schmidbauer, H.; Schier, A.; Frazao, C. M. F.; Muller,.GAm. Chem.
Soc.1986 108 976-982.
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Guidetti-Grept, R.; Hargitai, |.; Keese, Relv. Chim. Actal993 76, 2838—
2846.
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The conformational properties of secondary alkyl groups are
simplified if the group has some symmetry, as with isopropyl,
cyclohexyl, or other cycloalkyl substituents.
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3) Conformations are enantiomeric in the same way as the two gauche
conformations of butane, and they, and their degenerate versions, can
interconvert by appropriate rotations of one or more secondary alkyl groups.
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a0ne version each of the six conformational tyfds-T6 of compoundl (and2). Types actually populated afe andT3 for compoundl andT3 alone
for compound2. The versions shown for typdsl andT3—T6 can each be converted 1@ by rotation of the one isopropyl group indicated. Structures are
drawn with the labels for methyl groups omitted and with idealized staggered conformations. Minimum energy forms have torsion angles skewstlas descr
in the text and in the Table 2. For compouBdmethyl groups implicit in the diagram are replaced by,@bups joined by a bond to form a cyclopropyl
ring. Each type is uniquely defined by two criteria: (i) the number of anti, anti arrangements (a,a)0af €C—H chains that can be identified (thukl
has two of theséip—C—C—C—Hg andHc—C—C—C—Hp) and (ii) the number of 1,3-parallel arrangements of hydrogen atoms (H,H) (Busas one
of these,Ha with Hc). For each type the number of degenerate/enantiomeric versions that exist are indicated.

Table 1. Structural Studies of Molecules of the Type R4X@ four such bonds, so that there aré=3 81 conformations to
(isopropyl).X (cyclohexyl)sX  (cyclopropyl)eX consider. These fall into the six typ&@4—T6, one example of
cryst struct 1LX=CT1 X=CTlL 2 X=C,T3 each of which is shown in Chart 1, whose rubric explains how
determination X=P*[BPh]-, T3 X=Si,T1 these types differ and shows how any conformational minimum,
gas-phase electron X = Si, T1 viewed from any point, may be assigned readily to its type.
Vibd'ﬁrac“on X —SiT1 The chart also indicates the number of degenerate and enan-
spectroscopy % Ge,T1 tiomeric versions, which do indeed total 81. It is notable that
X =8nT1 as Chart 1 shows, a type2 conformation can be converted to

any one of the five other types by rotation of about .@Done
appropriate isopropyl group.

Establishing these six conformational types says nothing about
which are populated. Evidence on this depends on dynamic
NMR observations supplemented by the structural evidence of
Chart 1 and supported by molecular mechanics calculations of
all of these types whether or not they are likely to be populated.
Such calculations were carried out for compoutidand 2 by
molecular mechanid@IM3 progrant®) and led to the minimum
energy versions of1—T6, which are described in Tables 2
and 3 and are best discussed before our experimental observa-
tions.

Perfect staggering of isopropyls®onds (as implied by the
(14) Reference 10 discusses the possibilities for tetracyclohexylmethane in diagrams of Chart 1) is not expected, since this maximizes long-

complex detail. The direct correlation of that work with the present range methytmethyl and other interactions, as is confirmed
discussion can be followed by recognizing that ®arT6 correspond to K .

entries 1, 6, 2, 3, 5, and 8, respectively, in their Table 2, and to lines of by X-ray and electron diffraction studies! and by our
s n ther Table 3 correspond to tne wo ifferent skewed vergions of Calculations. It is particularly notable that several of the
T1, and the perfectly staggered conformation intermediate between them.

StructuresT1 and T3 as drawn havd®,q and S, symmetry; structurdl, (15) Allinger, N. L.; Yuh, Y. H.; Lii, J.-H.J. Am. Chem. So4989 111, 8552~
skewed {~ + — —) as described in the text, h& symmetry. 8566.

aT1 or T3 is the conformation determined experiment&ty?

types, in bothl and 2. Experimental results from a dynamic
NMR study are interpreted with the help of extensive molecular
mechanics calculations.

Although various accounts!? of the conformations of
molecules such as tetraisopropylmethaheHave been pub-
lished, we propose a different, more simple version, tailored to
a discussion of dynamic NMR results, but demonstrably in
agreemenf with the most rigorous previous discussi9i#

There are three obvious staggered conformations for each
bond joining an isopropy! group to the central carbap &d
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Table 2. MM3-Calculated® Torsion Angles (deg) and Relative Minimum Energy (kcal mol~1) of Conformational Types T1—-T6 of

Tetraisopropylmethane 1 (See Chart 1)@

conformation and degeneracy Ha-C—Cqy-Prig Hg-C—Cy-Pri Hc-C—Cqy-Prip Hp-C~Cy-Pric rel energy
T1 (3-fold) —169.5 179.6) —169.5 (181.0) 169.5 (179.8) 169.5 (178.5) 0.00
T2 (24-fold) 33 —175 177 162 2.10
T3 (6-fold) 58 —163 36 177 1.63
T4 (12-fold) 51 51 162 162 6.76
T5 (12-fold) 37 75 161 164 10.12
T6 (24-fold) 66 —165 150 48 3.30
aThe angles found experimentally in the crystal Td'! are shown in parentheses.
Table 3. MM3-Calculated!® Torsion Angles (deg) and Relative Minimum Energy (kcal mol~1) of Conformational Types T1—-T6 of
Tetracyclopropylmethane 2 (See Chart 1)@
conformation and degeneracy Ha-C-C4-CyPrg Hg-C-Cy-C,Pry He-C-Cy-CyPrp Hp-C—Cy-CyPrc rel energy
T1 (3-fold) 166 166 165 165 11.84
T2 (24-fold) 66 —176 —153 —179 6.84
T3 (6-fold) 60 (54) —178 (—=176) 60 (57) —178 (=179) 0.00
T4 (12-fold) 39 39 167 167 8.01
T5 (12-fold) 27 —76 180 149 6.82
T6 (24-fold) 54 180 —174 —62 0.43

aThe angles found experimentally in the crystal T@*! are shown in parentheses.

conformational type31—T6 exist as a mixture of very similar
conformations with torsion angles skewed on one side or the
other of the perfect staggering implied by the diagradfns.
Libration through the staggered conformation has a very low
barrier, usually much less than 2 kcal mbIThis can be well-
illustrated for conformatio 1. In addition to the conformation
described in Table 2, with torsion angles -©169.5,—169.5,
+169.5, andt+-169.5, (— — + +) for short, the conformation

(+ + — —) can be reached by rotation of each isopropyl group
by only 22° in the correct sense. There are two intermediate
conformational minima of energy 0.8 kcal mbhigher, namely,
(+175 +170¢° +175% +17¢°), so ¢ + + +), and the
corresponding € — — —). The barrier to libration between
(— —++)and @ + — —) is computed to be 1.2 kcal mdl
These four linked minima are local perturbations which are
additional to the original 81 principal possibilities and cor-
respond directly to conformations already discussed for tetra-
cyclohexylmethane by Columbus and BiliHenceforth, when

we discuss these typeBl—T6, we mean the librating set

skewed in one sense or the other in each case, and the time-

averaged symmetry of these types refers to such NMR invisible
dynamic equilibria. Experimental techniques with a shorter time
scalé~11 identify single skewed conformations.

Preparation of Materials. Tetracyclopropylmethan@) was
obtained by 2-fold cyclopropanation of dicyclopropyldieth-
enylmethane®), which was prepared using ethyl 3,3-dicyclo-
propylacrylate 8) as the starting materiél. The general
synthetic strategy for the preparation ®fwas adopted from
the recently reported preparation of 2,2-diethenyladamastane.
The allyl alcohol4, obtained by reduction ¢, was transformed

Scheme 1 @
AlH3, THF MeC(OEt);, PhOH
0°C,3h 150°C, 7 h
— —_— S
COEt  (92%) _\—OH (45%)
3 4
LiAIH, PhyP-Br,, Py, CH,Cl,
— Et,0,34°C,1h — -156—20°C,6h
—_— ————
CO,Et (99%) (95%)
OH
5 6
t-BuOK, DMSO CH,N,, (10 equiv.), ELO
] 20°C,6h — Pd(OAc), (inverse addition)
e
(60%) — repeated six times
Br (92%)
7 8

H,, ACOH, P1O,
40°C,45h

—_—

(100%)

3 5

a Synthesis of tetracyclopropylmethar® &nd of tetraisopropylmethane
@.

only when the catalyst was added in one portion to the solution
of 8 and diazomethan®. Tetraisopropylmethanel) was
obtained by hydrogenolysis of hydrocarb®mver a platinum
catalyst in acetic acid in quantitative yield.

Results

Tetraisopropylmethane (1).The proton NMR spectrum of

into 8 via an ortho ester Claisen rearrangement, subsequentcompound1 comprises a doublet and a septet of relative

reduction of the estes with LiAIH, to the alcohol 6,
transformation to the bromidg and its eventual dehydrobro-
mination with potassiuntert-butoxide in dimethyl sulfoxide
(DMSO, Scheme 13! The cyclopropanation o8 with diazo-
methane catalyzed by palladium(ll) acetate gave good yields

(16) Skewing was described in detail by: Anderson, J. ETHe Chemistry of
Alkanes and Cycloalkang®atai, S., Rappoport, Z., Eds.; Wiley: Chi-
chester, U.K., 1992; Chapter 3, p IIC.

(17) Giraud, L.; Huber, V.; Jenny, Tretrahedron1998 54, 11899-11906.
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intensity 6:1. On lowering the temperature, both signals broaden
at about—80 °C and then split and appear as two signals of
relative intensity 93:7 at about110 °C. These spectra are
displayed in Figures 1 and 2, where the methine signal appears
as two unequal septets, while the methyl signal is a major
doublet and, significantly, a minor triplet due to overlap of two
doublets*C NMR signals of the methyl and methine carbons

(18) Suda, M.Synthesisl981, 714.
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Figure 1. Experimental (left)lH NMR methine signal (400 MHz) of
tetraisopropylmethanel) in CD,Cl; as a function of temperature. On the
right is shown the computer simulation obtained with the rate constants
reported and with proportions of the minor conformer equal to 6.5, 9, and
10% at—115,—92, and—81 °C, respectively.

show a maximum broadening &72 and—75 °C, respectively,
followed by resharpening on further cooling, However, poor
signal intensity, due to decreasing solubility, prevented the
observation of the expected minor set of sigriéls.

Complete line shape matching of the methine proton NMR

1
jm\jmulated

.

i b G i i b i e b b b L
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Figure 2. Methyl region of the!H NMR spectrum (400 MHz) of
tetraisopropylmethanel) in CD,Cl, at —110°C displaying two groups of
signals due to a pair of conformers in a 93:7 proportion. Whereas the major
signal is a doublet)= 7.1 Hz), the minor one comprises two overlapping
doublets, as demonstrated by the simulation reported in the inset (10-fold
amplification). The simulation was obtained by using a shift difference of
4.6 Hz andJ = 6.2 and 6.8 Hz.

-110°

groups are identical as are the methyl groups, particularly the
two within any isopropyl group. Assignment of the major low-
temperature signal to molecules adopting ffilsconformation

is thus plausible.

The second type of conformation interconverting with,
appears at-110°C asoneseptet for the methine protons (Figure
1), but astwo doublets for the methyl groups (see Figure 2).
This suggests that the conformation is tyfg (which has the
time-averageds, symmetry displayed in Chart 1), calculated
to be the second most stable. Thus, while the four methine
protons are equivalent i3, geminal methyl groups are
distinct?® In T2, which is the other calculated low-energy

spectra at various temperatures in the region of exchangeconformation, all methyl groups and all methine groups are

broadening is shown in Figure 1 and gives a barrieG{) of
9.7 kcal motl, for the interconversion for the mor&J) into
the less stablel@) conformer (the barrier for the reverse process
is 8.9 kcal mot?).

Simulations at five different temperatures indicated a negli-
gible AS* value (14 3 cal mot? T7Y); thus AH* (9.9 + 0.4
kcal mol?) is essentially equal tAG* within the errors, as

distinct from each other, and fd4, T5, andT6 as well, more
signals would be expected than are observed.

ThereforeT1 and T3 are the two conformational types that
are populated, but to understand the dynamic situation it should
be recognized that there are three equivalent degenerate forms,
T11, T12, and T13, with Ha anti to either G, C¢, or Cp,
respectively. The relationship between them is that clockwise

often observed in conformational processes. The fit of the major rotation of all isopropyl groups by about 12@kesT1' to T12,

and minor signals of the methyl group was no better when the
rate constant was the same as for the CH signal at all

temperatures, or was twice that value, so associating two distinct

whereasT 18 is reached by anticlockwise rotation frofd?, or
by further clockwise rotation front12.
The easiest calculated stepwise interconversiomidfand

conformational processes with the spectral changes is neitherT 17 is shown in Chart 2 and involves conformations of the two

justified or excluded, as will be discussed later.

The calculations for the minimum energy forms of the six
conformational type31—T6 given in Table 2 suggest that type
T1 (having the time-averageld,q symmetry, as displayed in
Chart 1) is the most stable. In this conformation all methine

next most stable type3.1! converts toT3! via T2! or T22 by

two clockwise isopropy! group rotations. Clockwise rotation of
a third and fourth isopropyl group takds8! on to T1? via a
different typeT2 conformation. Other routes linking1! and

T12 or T13 through the network, involve conformatiofigl—

T6 of higher energy and are not shown. An extensive calculation

(19) At the temperature where the maximum line broadening is observed, the Of the interconversion of 1 with T3, which allowed the second

use of the appropriate formula (see: Sandstra). Dynamic NMR
SpectroscopyAcademic Press: London, New York, 1982; p 84) gives a
barrier of 9.7 kcal molt for the related interconversion process, which is
equal to that obtained by the computer line shape simulation ottthe
NMR spectra.

isopropyl group to rotate somewhat to ease the rotation of the

(20) One methyl of a geminal pair i3 is for exampleanti, anti to a distant
hydrogen, while the other ianti, anti to a distant methyl group.

J. AM. CHEM. SOC. = VOL. 124, NO. 23, 2002 6709
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Chart 2 @ CH,
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aThe populated part of the conformational diagram for tetraisopropyl-
methanel linking the six conformational type$1—T6. Each line in the
top half of the diagram corresponds to rotation of an appropriate isopropyl
group. Three degenerate versions of the major populated conformational
typeT1 (i.e. T1%, T12 T18) are at the top left, the top right, and bottom of

Figure 3. 13C NMR signals (125.7 MHz) of the CH and Gldarbons of
tetracycloproplymethane) in CHFR,CI/CHFCL, at two different tempera-
tures. At—165 °C (top) the methylene carbons still display a single line,
which splits, however, into a pair of equally intense lines—t80 °C

the triangle, respectively. These are linked by six diffelBhtT2—T3— (bottom).
T2'-T1' pathways. Two of the six versions of the minor populated type Scheme 2 2
T3 (i.e. T3%, T3 are also shown. Eight of the 24 forms of intermediate ~ "~ o
conformations typ&2 are shown in the central section of the triangle. Two < f)HA
views of the relationship of less stable conformational typésT5, and cl;
T6 are shown at the top, but very many degenerate/enantiomeric forms of Hp, C“;‘?"C He
these and many less likely interconversions are omitted. W: Vi q\C""
K
first, identifies a pathway with a barrier of 11.3 kcal myl Hg
which is fairly close to the experimentally measured barrier of / T31
9.7 kcal mot™. <N, < EH,
Tetracyclopropylmethane (2). The NMR spectrum of ‘HD? Uj
compound? comprises three signals coupled together, and while C*.:‘..---Cq\ .@Hc N e Cawl S
it shows a great deal of broadening at low temperatures, there C CV *C/’ (|3
are no changes that can be certainly associated with a confor- +|1 J,B He
mational process becoming slow on the NMR time scale. The 8 T62 63
proton-decoupled®C NMR spectrum is more informative for P /
while the three singlets seen at room-temperature persist with gl
no unequal broadening even-at65°C, below this temperature ,“!'*c%l;
the methylene carbon signal broadens and eventually splits into Hg \,‘C/ q\C:">
two broad signals of equal intensity, separated by 3 ppm at about \ |
—180°C (Figure 3). A fit of the line shape gives a barrier of He
about 4.5 kcal mot! for a conformational process. 133
Molecular mechanics calculations for the minimum energy . . i
. . aInterconversion of two versions of a type3 conformation of the
forms of the six conformation§1-T6 of compound2 are cyclopropyl compoun@ by three successive cyclopropyl group rotations,

shown in Table 3 along with critical torsion angles which define visiting two versions of a typd6 conformation. In this process, which
each of the cyclopropyl group conformations. The complete 'eads overall to a homomerization of th8 conformational types, the two

. . . methylene groups on A for example, change environments. T, one
conformational diagram d is the same as that fdy but Chart methylene group is anti, anti to a hydrogens, kvhile in T33, the other

2 used for compount is not appropriate for compouriti The methylene group has become anti, anti ta fhe versioriT3! shown can
order of stability of conformations is quite different from that convert to four different versions df6, depending on which cyclopropyl
in compoundl, and in particular conformatiorE3 andT6 are ~ 9roup rotates first.

remarkably more stable than the others. The most stable by
calculation isT3 (time-averageds, symmetry), which should
show equivalent methine carbon atoms and two distinct signals
for adjacent methylene groups. Since all methine carbons and
all methylene carbons are different in structdr@ (C, sym-
metry), the low-temperature NMR spectrum shows that the
preferred conformation of compouds typeT3. The spectrum
quality at—180 °C is such that a population of conformation
T6 lower than 10% might have escaped detection.

The _pathway _for Interconverting different versions C?f con- (21) This was calculated by using the dihedral drive option in the MM3 molecular
formationT3, which would make methylene groups equivalent mechanics program.

on the NMR time scale, was investigated by calculating the
energy of the molecule as a function of the appropriate dihedral
angles’! Scheme 2 shows that rotation of three cyclopropyl
groups in turn takes conformatidr8? to T62, then toT63, and

then finally to T33. If, in Chart 2, tetracyclopropylmethane
structures are envisaged, this interconversion links the top side
and the left-hand side of the triangle. The barrier to this process
is calculated to be 3.6 kcal md} only slightly lower than the

6710 J. AM. CHEM. SOC. = VOL. 124, NO. 23, 2002
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4.5 kcal mot! measured experimentally, but in reasonable
agreement for a complicated molecule lik with four
cyclopropyl groups. The barrier to interconversionl@f with

T32 by way of conformationT2 (the stereomutation route for
compoundl) is calculated and, as expected, at 9.3 kcalthol
is very much higher than the experimental value of 4.5 kcal
mol~1,

Discussion

Now that the conformational type$1—T6 have been
introduced and used to interpret the spectra of compoudnds
and2, it is helpful to review the conformations found in earlier
examples BX mentioned in the Introductiof;12 see Table 1.

A T1 type conformation has been found in the crystal for
tetraisopropylmethang!! for tetracyclohexylmethan,and for
tetracyclohexylsilané An electron diffraction studdhas shown

conformation. This can be related directly to the opening up of
the central G-Cy-C bonds in both (a,a) chains to F24vhereas
this bond angle is only 1P4in the T1 conformation of
compoundl, the most stable conformation for that compound.

While we can thus explain the preference of compo@nd
for conformationT 3, this does not explain the other occurrence
of T3 conformations (Table 1). Tetraisopropylphosphonium
tetrafluoroborate has much longer bonds from the central
phosphorus atom to the isopropyl groups and as a result has
reduced parallel 1,3-interactions in all conformations.

The other efficient way of relieving interactions after
lengthening of bonds to the quaternary carbon, and opening up
of C—C—C bond angles, is the cooperative skewing of torsion
angles'® Experimental results and calculations both show that
such skewing does take place, and since the barrier to the
libration between thef + — —) and  — + +) forms of T1

that the conformation adopted by tetraisopropylsilane in the gasfor compoundl is 1.2 kcal mot?, this is a measure of the

phase is a typd@1, with isopropyl groups skewed by 15The

stabilization skewing produces. The calculations on compounds

same conformation has been suggested for tetracyclopropyll and tetracyclohexylmethane suggest that when there are four
derivatives of silicon, germanium, and tin in the gas phase on groups around a central atom, there are two complementary

the basis of vibrational spectroscopy.

The type T3 conformation has been found in crystals of
tetracyclopropylmethan)!! and in tetraisopropylphosphonium
tetraphenylboratei{PryP™{B(Ph)} ~. 8 Since conformational
typesT1l and T3 are the only two known to be populated in

skewings in opposite senses, whereas in triisopropylmethane
all three groups are skewed in the same sénse.

We conclude that parallel 1,3-interactions dominate the
conformational analysis of the compounds we have been
considering. The two conformational types with fewest such

such compounds, it is fitting that we are able to demonstrate interactions (i.e. four) are the only ones for which there is

that these types coexist in solutions of compoudnd

In a molecule as crowded ds the most serious intramo-
lecular steric strain results from methyhethyl parallel 1,3-

evidence.
A percipient reviewer has pointed out that for compodnd
the rate ofT3—T3' interconversion should be half the rate of

interactions. Each of these is of a magnitude of about 5.7 kcal T3—T1 interconversion if the only accessible pathway &-

mol~! if molecular mechanics calculations of the chair equi-
librium in cis-1,3-dimethylcyclohexane are taken as a model,

T2—-T1-T2'—T3'. To this point, we add our own realization
that, in compound, T3—T3' interconversion might take place

but are presumably somewhat less in more flexible acyclic more easily by way oT6 (as found for compoung), although

systems. Columbus and Biali have pointed Bund inspection
of models readily confirms this, that for tetracyclohexylmethane
the two most stable conformational typEs andT3 have four
parallel 1,3-interactions, whil€2, T6, T4, andT5, progressively

T3—-T1-T3" is clearly also taking place.

We simulated changes in the spectrum of compolmdth
temperature, using different relative rates for the two inter-
conversions, but we could not see any improvement in matching

less stable than these, have five, five, six, and seven suchexperimental spectra, on those with the assumption that rates
interactions, respectively. The same is calculated for conforma- are the same. This negative result may be inconclusive since

tions T1—T6 of compoundl. Each (H,H) interaction listed in
Chart 1 implies a methytmethyl interaction elsewhere in the

the T3 signal appearance is undoubtedly dominated by exchange
with the substantial excess population @fl. Molecular

molecule which is additional to the basic number of four present mechanics calculations are little help here, since the best

in T1 andT3. The complete preference for one or the other of

calculatedT1—T3, T3—T6, andT6—T6' transition states have

these last two conformations is undoubtedly linked to these very similar energies of 11.3, 10.9, and 11.2 kcal Thalbove

interactions.

It is an interesting question why the preferred conformations

of 1 and 2 are so dramatically different, why in the two
molecules the relative energy ©fL and T3 reverses by about
15 kcal mot1, according to our calculations. The bond lengths

the global minimum.

The picture suggested therefore by NMR observations,
calculations, and the example of compougdis that when
occasionally a molecule of compouddyets out of the major
type T1 conformation viarl2 into a minor, typer3 conforma-

to the central carbon are dramatically shorter in the cyclopropyl tion, it has a comparable likelihood of following one of four

compound?2 than in the isopropyl compount], both in the
crystal (1.527 A vs 1.599 A) and by calculation (1.544 A vs
1.594 A), so undoubtedly, interactions of cyclopropyl groups

T3—T6—T6'—T3' circuits, or of converting back to the original,
or on to a new, typd 1 conformation again vid2 conforma-
tions.

are greater than those of isopropyl groups. Calculations suggest, Recently reported interconversion barriéréor 1 and 2

however, that these bond lengths are similar in BdtrandT3

computed at the B3LYP/6-31G** level do not agree with

type conformations, so it is to the details of these calculations experiments we report here. On the other hand, our molecular

that we must look for information on the high strain in the
conformation of the tetracyclopropyl compouBdit turns out
that the bonerangle distortion energy in this conformation is
uncommonly high, being 9.7 kcal mdlhigher than for th&'3

mechanics calculations are decisive in interpreting the various
NMR data, particularly for assigning the interconversion

pathways. Although these pathways appear to be quite different
in the two compounds investigated, the fair agreement of
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experimental and calculated barriers (9.7 vs 11.3 kcal ol 10.8, 17.8 Hz, 1 H), 5.16 (ddl = 1.8, 17.8 Hz, 1 H), 5.03 (dd] =
for 1 and 4.5 vs 3.6 kcal mot for 2, respectively) gives 1.8, 10.8 Hz, 1 H), 4.06 (4] = 7.8 Hz, 2 H), 2.37 (s, 2 H), 1.18 (4,

confidence in the present interpretatiéh. = 7.8 Hz, 3 H), 0.78-0.70 (m, 2 H), 0.3+0.23 (m, 8 H);**C NMR
(CDCl) 6 171.7 (C), 139.7 (CH), 115.2 (G} 59.8 (CH), 44.9 (CH),
Experimental Section 40.2 (C), 16.1 (2 CH), 15.1 (CHi 0.2 (2 CH), —0.5 (2 CHy). Anal.

) ] o Calcd for GsH2002: C, 74.96; H, 9.68. Found: C, 75.13; H, 9.82.
Diethyl ether and tetrahydrofuran (THF) were dried by distillation 3,3-Dicyclopropylpent-4-en-1-ol (6).A solution of ethyl 3,3-
from' sodium benzophenone ketyl, pyridine and_ DMSO from calcium dicyclopropylpent-4-enoate (14.05 g, 67.45 mmol) in anhydrous diethyl

hydride, qnd CI;C_IZ from P,Os. _AII other chemlcals_ were used as ether (50 mL) was added dropwise to a suspension of LIARE63
commercially available. Organic extracts were dried over MgSO g, 67.5 mmol) in E£O (200 mL) at a rate maintaining a gentle reflux.

F\)Z(;lg"':/leHN'\?R 1S|_F|) ect:jae\‘:\éege'\;lzco;deggr:\liﬂirulﬁr IANII 250 Instrument Ager 1 of heating under reflux, quenching the reaction with saturated

( miz for °h an o z for )- Multiplicities Were solution of NaSQO,, and filtration, the precipitate was additionally
determined by DEPT (dlstortl_onless_ enhancement by polar_lzatlon extracted overnight with BD in a Soxhlet apparatus. The combined
transfer) megsurements. Chemcal sh#ts_refeimxg = 0.00 according ethereal solutions were dried and concentrated under reduced pressure
to the chemical shifts of residual CHCSignals. Mass spectra were to give 6 (11.21 g, 100%) as a colorless oil. The residue was pure

measured with Finnigan MAT 95 (EI at 70 eV, Cl with NHGC enough to be used without further purificatio#4 NMR (CDCly) 6
analyses were performed on Siemens Sichromat. Preparative GC = ¢ 4 (dd,J = 10.5, 17.5 Hz, 1 H), 5.15 (dd} = 2.0, 17.5 Hz, 1 H)

separations were performed on Intersmat 130 and Varian Aerograph5 03 (dd,J = 2.0, 10.5 Hz, 1 H), 3.77 (| = 7.6 Hz, 2 H), 2.15 (s, 1
920 instruments (20% SE 30 on Chromosorb W-AW-DMCS, 1200 mm H.) 1 69‘(t J=76Hz 2 7H) 126105 (m 1 H) 0.640.35 (m 3

x 8.2 mm column). Melting points were determined on ‘&Bilb10 H), 0.34-0.22 (m, 6 H):3C NMR (CDCE) ¢ 141.0 (CH), 114.9 (Ch)
capillary melting point apparatus; values are uncorrected. Thin-layer 59'5 .(CHz) '42 4 (’CI-&) ’39 2(C), 164 (2 CH)—b 102 éHz) '_0 5 (’2

chromatography (TLC) analyses were performed on precoated sheetsCHz). Anal. Calcd for GiHiO: C, 79.46: H, 10.91. Found: C, 79.73:
0.25 mm Sil G/U\ss4 (Macherey-Nagel). Silica gel grade 60 (230 H 10.86 ' Y ' '

400 mesh; Merck) was used for column chromatography. 5-Bromo-3,3-dicyclopropylpentene (7)To a solution of triphen-

3,3-Dicyclopropylprop-2-en-1-ol (4).To a stirred suspension of } : )
S " . ylphosphine (19.78 g, 75.40 mmol) in anhydrous dichloromethane (150
AlH 3, prepared in situ by the addition of LIAIH37.5 g, 988 mmol) mL), was added bromine (12.051 g, 3.88 mL, 75.40 mmoly30 to

to a solution of AIC4 (45.0 g, 337 mmol) in anhydrous THF (40 mL) —15°C over a period of 10 min. After an additional 15 min of stirring,

upder argon in an ice bath, was ad_ded a S.Olunon of ethyl 3,3- a solution of 3,3-dicyclopropylpent-4-en-1-6) (11.94 g, 71.81 mmol)
dlcyclopropylacrylate_, prepared according to a Il.tefature proce?ﬁgre, and anhydrous pyridine (5.68 g, 5.81 mL) in & (15 mL) was added
(27.09, 1.49'8 mmol) in anhydrous THF (50 mL)_ within 30 min. Stirring dropwise at—15 °C. The mixture was stirred at ambient temperature
was continued fo3 h at_(_) C before the reaction was quenched by for an additional 6 h. After evaporation of the solvent, pentane (100
very slow and carefuaddition of MeOH (18 mL), then water (75mL), ) y\ya5 added, and the mixture was stirred 3ch and then filtered

0 . . , .
then 10% aqueous NaOH solution (80 mL), anDrgain (150 mL). The precipitate was thoroughly washed with pentane<(80 mL),

;hg m|>t<rt]ure V\I'af diluted with dletthytl e;therd(soo '2") agd filtered. ?fter_ and the combined pentane extracts were filtered through silica gel (0.5
tr:ylzg . edso u(;onth; i:gncegnzl;l ed un e:’ r? uclg pdr.esbsure 0 OVerm layer). The solvent was evaporated under reduced pressure to give
e desired product (19.12 g, ) as a colorless liquid: bpCEE the desired product (15.64 g, 95%) as a slightly yellow oil which was

1 _ _
mba;),HH NlN;F;(ICGDZCb) 0 15|?_’|O (t1’J5; 6'81H|Z_|' 1(})—%6;)192)? (@ _16|_'|8 pure enough to be used without further purificatidht NMR (CDClg)
z 2 H), 1.741.62 (m, 1 H), 1.53 (s, 1 H), 098091 (M, 1 H). 5539 (449 =105,17.5 Hz, 1 H), 5.16 (dd,= 1.8, 17.5 Hz, 1 H),

.1
ﬁl'nzsgoégc(lmbiﬂ 6056(1)'25106(%}42 ?8 8 '390'13225(51 ’CZHH)izsie 510 (dd.J=1.8, 105 Hz, 1 H), 3.52 (9 = 8.8 Hz, 2 H), 2.06 (]
(CDC) -0(C), 121.6 (CH), 58.9 (G} 12.51 (CH), 12. = 8.8 Hz, 2 H) 1.26-1.05 (m, 1 H), 0.68-0.51 (m, 1 H), 0.320.25

(CH), 5.2 (2 gu), 4.9 (2 q&). Anal. Calcd for GH10: C, 78.21; H, (m, 8 H): 1°C NMR (CDCh) 6 139.4 (CH), 115.8 (Ch}, 44.0 (CH),
10.21. Found: C, 78.01; H, 10.18. _ 416 (C), 29.7 (CH), 16.1 (2 CH), 0.0 (2 Ch), —0.5 (2 CH); MS

Ethyl 3,3-Dicyclopropylpent-4-enoate (5). A mixture of 3,3- (EI) m/z 230, 228 (M, 1%), 202, 200 (M — CoHa, 22%), 121 (75%),
dicyclopropylprop-2-en-1-ol (19.0 g, 137.5 mmol), triethyl orthoacetate 119 (58%), 93 (100%), 79 (95%). Anal. Calcd for,8:7OBr: C, 57.65;
(43.878 g, 49.58 mL, 270.5 mmol), and phenol (1.511 g, 16.1 mmol) H, 7.48. Found: C, 57.24: H, 7.67.

was heated with stirring under argon at 1®Dfor 7 h in anapparatus
equipped with a 10 cm Vigreux column and condenser to remove
formed EtOH. After cooling, the reaction mixture was diluted with
diethyl ether (200 mL); washed successively with 5% aqueous HCI
solution (2x 50 mL), water (50 mL), 5% aqueous NaHE€&blution
(100 mL), and brine (50 mL); dried; and concentrated under reduced
pressure. Chromatographic purification of the residue (300 g of silica
gel, 35x 5 cm column, 10:1 hexane/ether) afforded the desired product
(14.14 g, 49%) as a colorless dit; = 0.23. The product can also be
isolated by distillation in essentially the same yield, but will be less
pure; bp 5558 °C (0.7 mbar);*H NMR (CDCl;) ¢ 5.53 (dd,J =

3,3-Dicyclopropylpenta-1,4-diene (8)To a solution of potassium

tert-butoxide {-BuOH; 9.82 g, 87.52 mmol) in anhydrous DMSO (100
mL) was added a solution of 5-bromo-3,3-dicyclopropylpentene (13.37
g, 58.34 mmol) in anhydrous DMSO (25 mL) at 20 over a period
of 0.5 h. The reaction mixture was stirred at 20 for 6 h and then
poured into ice-cold water (300 mL) and extracted with pentane (3
50 mL). The combined pentane solutions were washed with water (3
x 100 mL), dried, and carefully concentrated at ambient pressure. The
residue was distilled under reduced pressure to give the desired
compoundB (5.2 g, 60%) as a colorless liquid, bp-560 °C (12 mbar).
An analytical sample was purified by preparative GC: MS (@l
(22) A recent more rigorous search of the potential energy surface of tetra- 149 (M + H, 5%), 135 (M + H — CHy, 32%), 123 (44%), 121 (M

isopropylmethanelj at the B3LYP/6-3%G** level of theory disclosed + H — CH,, 100%). Anal. Calcd for GHie C, 89.12; H, 10.88.

that the internal rotations of isopropyl groupsirare very complex. A Found: C, 89.01; H, 10.91. Th&H and 3C NMR spectra have

low-energy conformation witl®, symmetry converts into a degener&e ; R

structure with a barrier of about 4 kcal mél The highest barrier for previously been published. . .
conversion of the&, to aC; structure (which is close in energy to a set of Tetracyclopropylmethane (2) (Applying the Cyclopropanation
Cs, D, and Dy structures) is computed to be 9.3 kcal molThis value Protocol of Suda®). To a precooled<20 °C) solution of diazomethane

actually is in very good agreement with the experimentally determined .

barrier for the isopropy! rotation ifi. (Schreiner, P. R.; Rinderspacher, C.  [prepared from 9.07 g (87.7 mmol) &f-methylN-nitrosourea] and
23) l;’e)rgonal Comm'\ljn‘i]%gion (I:%A-d'\g-)a%g o1, 6432-6443. (1) Portevi 3,3-dicyclopropylpenta-1,4-diene (1.30 g, 8.77 mmol) in diethyl ether

a) Jorgenson, M. J. Am. Chem. So , . ortevin, . ;

B.; Benoist, A.; Renond, G.; HerveY.; Vincent, M.; Lepagnol, J.; De (100 mL) in a 1 LErlenmeyer flask was added asol_utlon of Pd_(QAc)

Nanteuil, G.J. Med. Chem1996 39, 2379-2391. (100 mg, 0.445 mmol, 5.1 mol %) in GBI, (1 mL) in one portion.
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(Caution! This reaction proceedsery violently) The temperature subsequently sealed in vacuo and introduced into the precooled probe
immediately increased to 2%&. The reaction mixture was stirred for ~ of the 500 MHz spectrometer (Varian, Inova) operating at 125.7 MHz
an additional 10 min, filtered throtiga 3 cm pad o€elite, and carefully for 13C. The temperatures were calibrated by substituting the sample
concentrated under reduced pressure. The residue was taken up with aith a precision Cu/Ni thermocouple before the measurements. Line
new 100 mL portion of diazomethane solution, and the procedure was shape simulations for compoundsand 2 were achieved by using a
repeated again several times with GC monitoring after each cyclopro- PC version of the DNMR-6 prografi.In the case of the proton CH
panation. After six repetitions, the product was purified by column signal of1 the matrix needed to simulate the corresponding dynamic

chromatography (120 g of silica gel impregnated with 3% AgNZD process should be that exchanging an AX6 with a BX6 spectrum. Since
x 3 cm column, hexane) to give (1.42 g, 92%) of 99% purity. An  thjs situation is not allowed by the program, we substituted it with a
analytical sample was purified by preparative GC: MS (@fy 177 matrix exchanging an AX4 with a BX4 spectrum. Each simulated
(M* + H, 100%), 120 (M — 2 CH4, 100%. The'H and*C NMR dynamic spectrum of this type was subsequently added, point by point,
spectra of the compound, as well as the X-ray crystal structure analysis,tg two equally simulated spectra shifted, respectively, kiyamd by
have previously been publishéd. 2J values, taking care of adding theshifted spectrum twice in order

Tetraisopropylmethane (1). The vigorously stirred suspension of {5 optain the 1:2:1 ratio needed to transfom the AX4 into the AX6
PtO, (200 mg, 0.88 mmol, 55 mol %) in acetic acid (10 mL) was gystem (and likewise the BX4 into the BX6 system). These final spectra
exposed to an atmosphere of hydrogen at a pressure of 1.2 bar for 3Qy,atched the experimental ones if the appropriatalues had been

min. After this, a solution of the hydrocarb@(280 mg, 1.59 mmol)  seq. As mentioned, the barrier obtained in this way is equal to that
in pentane (2 mL) was added in one portion, and hydrogenation was yerived from the correspondiriéC spectrd?

continued for 4.5 h. The reaction mixture was taken up with pentane

(50 mL); washed successively with water £250 mL), 5% aqueous Acknowledgment. L.L. and A.M. thank Prof. D. Casarini,
NaHCQ; solution (3 x 50 mL), and brine (50 mL); dried and  ypniyersitadella Basilicata, Potenza, Italy, for use of the 500
concentrated under reduced pressure to give py93 mg, 100%) MHz spectrometer and MURST, Rome (national project “Ste-

as a colorless solid; mp 746 °C. No molecular ion peak could be S . - . .
observed in the El-mass spectrumiofTheH andC NMR spectra reoselection in Organic Synthesis”), as well as the University

of 1 as well as the X-ray crystal structure analysisfdrave previously of Bologna (funds for selected research topics 192901) for

been published financial support. For the group in ‘@mgen this work was
NMR Measurements.TheH and*3C variable temperature spectra  supported by the Fonds der Chemischen Industrie. The authors

of 1 were obtained in CECI, at 400 and 100.6 MHz, respectively  are grateful to Dr. B. Knieriem, Gtingen, for his careful

(Varian, Mercury). The samples for the very low temperature measure- proofreading of the final manuscript.

ments of2 were prepared by connecting to a vacuum line the NMR

tubes containing the compound and som@®4£for locking purpose JA017526J

and condensing therein the gaseous solvents ¢CH&hd CHFC} in

a 4:1 (v/v) ratio) under cooling with liquid nitrogen. The tubes were (24) QCPE Indiana University: Bloomington, IN; Program No. 633
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