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High Resolution Spectroscopy of Bicyclo[1.1.1]pentane
I ntroduction:

The synthesis and chemistry of small, strainetaarings provides an ideal
meeting point for physical and organic chemistiye Tholecule bicyclo[1.1.1]pentane,
Fig. 1, (henceforth the [1.1.1] will not be usedylats derivatives have fascinated
chemists since Wiberg et al. synthesized it in 1Ja64A particularly interesting
derivative, [1.1.1]propellane, previously thoughbe unstable due to an inverted

tetrahedral carbon, was then synthesized in 1982 [2

[1.1.1]Propellane Bicyclo[1.1.1]pentan

e

Fig. 1. Models of [1.1.1]propellane and bicycle[1]pentane showing fasymmetry.

Physical chemists have an interest in bicyclopentpropellane, and similar
derivatives because of the high molecular symmeitgresting geometry, and small
number of atoms, making high level ab initio cadtidns possible. Wiberg offered

initial, low resolution spectroscopic, analysisoth bicyclopentane [3] and propellane



[4] following the publication of the synthesis. Thigh resolution infrared spectrum of
propellane has been analyzed by our lab at Oretgie Bniversity [5] and the ground
state, as well as many excited state rovibratiooaktants have been determined to
considerable accuracy.

High resolution spectra of a molecule in the gasse at low pressure most
accurately reveal properties of a lone moleculalygis of the high resolution spectra
leads to the accurate determination of rovibralipaaameters (e.g, B, D) which can
then be compared to the parameters predicteabbuitio calculations. The rovibrational
parameters determined for bicyclopentane can asmmpared to parameters previously
determined for propellane, leading to a furtherarsthnding of the structural differences
between the two molecules. Comparison of experiatigrdetermined rovibrational
constants for propellane with constants determfread Gaussian03 calculations provide
a basis for similar comparisons for bicyclopentane.

Comparisons between the two analogues are aisgpofitance. The significant
difference between bicyclopentane and propellatieeidack of the bridgehead carbon
bond in bicyclopentane. However, as found in thiskythe readiness of bicyclopentane
derivatives to reform that central bond exhibits slurprising stability of the highly
strained bond. The uniqueness of the bond owdeetmterted tetrahedral geometry
displayed by the bridgehead carbon. Although threeoti work does not deeply explore
the nature of the bond, it is the foundation fa ithteresting comparisons made between
the two molecules.

Bicyclopentane exhibits 49 symmetry and consists of three equatorial -{CH

groups and two axial —(CH) groups. The bond lehgtiween an axial carbon and an



equatorial carbon has been found to be 1.557(2)ditlaat between two axial carbons to
be 1.874(4) A [6]. The bond lengths were also deieed for propellane by electron
diffraction and were used, at the time, to helgduatne if there existed a bond between
the bridgehead carbons of propellane. Hedberg aathétg used the value of tBe
rotational constant found by Wiberg in combinatwith electron diffraction data,

finding the axial-axial bonds and equatorial-axiahds to be 1.596(5) A and 1.525(2) A,
respectively [7]. Most importantly, for spectrosmpurposes, this constrained the
possible symmetries of the molecule tg, bBr Ds.

The synthesis of bicyclopentane and propellane@ed organic chemists and a
flurry of activity produced many unique, and geoneelly interesting, strained carbon
rings. Strained carbon rings like the propellacebanes, prismanes, rotanes, and others
not only find a use as an exercise in complex gsshbut they also appear to have
practical uses. Consideration of the unique shapieedvicyclopentane cage suggests that
it could be used as a space filling polymer. A egvdf bicyclopentane by Levin, et. al.,
listed several other uses of bicyclopentane andeitsvatives owing to the unique cage
shape [8]. The challenge the organic chemist fecesnipulating the bridgehead bond
in order to incorporate bicyclopentane into andorgrious molecules without disrupting
the geometry.

In this work, bicyclopentane and propellane wet@lsesized from commercial
available chemicals. A single fundamental infrabedd was analyzed in order to
determine the ground state rotational and vibraficonstants of bicyclopentane. The
constants determined from the high resolution spectvere then compared with

constants predicted using ab initio calculationd previous, low-resolution works. The



band chosen for analysigg, is a parallel band with few perturbations, allogvvery
accurate ground state constants to be determinezssential step to further analysis of

more complex spectra bands.



Experimental

Synthesis

Propellane served as the precursor to bicycloperaad it was prepared using the
procedure reported by Mondanaro and Dailey [9],ciwhwvas a refinement of the
procedure reported by Michl and co-workers [10{o la solution of 1,1-dibromo-
2,2bis(chloromethyl)cyclopropane in ether, undgoar was added dropwise a 1.6 M
solution of methyl lithium at -78°C, in a 1:1.2 raptatio. The propellane was then
converted to 1,3-diiodobicyclopentane using thehmetreported by Alber and Szeimies
[11]. A molar equivalent of iodine was dissolvedi®:1 pentane to ether mix and then
dripped into the crude solution while it was ir@gid by an incandescent lamp. After this
step the solution was then exposed to the air.

Two methods for the synthesis of bicyclopentanesvegtempted. In the first
method, it was thought that a reaction with trilitirtyhydride irradiated with a
fluorescent lamp would remove iodine from the areibons and replace it with
hydrogen. Surprisingly, monitoring B¥{NMR showed that the 1,3-diiodobicyclopentane
instead reformed the bridgehead carbon bond anc#wtion produced propellane.

A second attempt was made using a reaction qfghlame noted by Wiberg [12].

A new solution of propellane in ether was synthedias previously noted and to the
crude solution of propellane was added, dropwistigat excess of thiophenol,
suggested by Wiberg to react with propellane waboYield. This produced a solution
of 1-(phenylsulfanyl)bicyclo[1.1.1]pentane and thenol. Freshly prepared Raney

nickel was added to the solution and allowed tatreghe reactions were constantly



monitored by"HNMR and both the presence of the thioester devieand the
subsequent formation of bicyclopentane were obseB®igyclopentane was thought to
be partially in the vapor above the solution ari22orr of gas was transferred to a glass
infrared cell using a vacuum line. Upon spectrogcapalysis it was determined that
19.8% (0.48torr) of the gas was bicyclopentane #ighremaining either isopentane
(1.54 torr) or benzene (0.4 torr). The benzenapeeted from cleavage on the benzene
side of the thioester bond and the isopentane themlecomposition of bicyclopentane.
All NMR used to confirm the presence of bicyclofzere was done at Oregon

State University on the Bruker AC 300 MHz NMR.

Spectroscopy

The point group of bicyclopentane igfand the 3N — 6 = 33 normal modes can
be represented aBjicyciopentane= 5a’ (R) + 28’ + 7€ (IR, R) + @” + 3&" (IR) + 4¢ (R).
There are three modes which hayeaad a” symmetry that have inactive fundamental
transitions in both the Raman scattering and ieftabsorption spectra. The ten bands
which have eand @” symmetry are active in the infrared spectrum dedlic bands with
a’, €, or € symmetry are all Raman active. Following the alisynthesis of
bicyclopentane, Wiberg et al., recorded both imfdeand Raman data and made initial
band assignments [3]; Table 1 displays those asggts and the correspondialyinitio
values we calculated using the Gaussian03 progi&in [

Our high resolution spectra were taking usingBhaker 125 FTIR spectrometer
at Pacific Northwest National Laboratory. The spaoieter used a Globar light source

and had an evacuated path length, except for tharption cell which was filled with



1.07 torr of bicyclopentane. There were 448 sirsglied interferograms collected,

including both backwards and forwards

Table 1: List of fundamental band

scans, and boxcar apodization was used. A

resolution of 0.0015cthwas achieved with

frequencies along with frequencies
predicted using ab initio calculations for
bicyclopentane

a 25.6m White cell and an MCT detector. Mode 2 Ab initio®
The spectrum was calibrated with a NIST A1’ Vi 2976.1 30921
v, 2886.9 3042.1
OCS gas sample. Fig. 2 shows a comparison V3 1509.2 15531
v, 1106.6 1118.9
between the resolution achieved by previous Vs 897.9 907.5
: . A, 3094.5
studies (0.06cf) and the current study [3]. © 2 :6 9670

7 .
To generate the former, a copy of the high . Ve 2976.1 30998
_ _ Vo 2886.9 3036.7
resolution spectrum was convolved using a Vi 1455.8 1503.5
S _ Vi 1231.8 1259.3
Gaussian linewidth of 0.06¢hand is - 1097.9 11171
Ve 886.2 897.6
displayed as the bold line. The lower Vs 539.8 541.2
resolution spectrum shows individuhl A" V15 1003.6
peaks but th&-structure is only visible at  Az" V16 2986.1 3086.6
Vi 1219.7 1252.4
the higher resolution obtained recently. Vg 832.0 8444
Ell v 19 1216.3
Vo0 1143.8
Vo 1006.4 1029.2
Vo 769.4 7738

aRef. [3]

® Anharm onic values calculated using Gaussian03 Amha

option
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Fig 2. Comparison of spectra high resolution (026ii") with previous
spectra at 0.06 cf



Analysis

Bicyclopentane, like propellane, is an oblate sytria top where two moments
of inertial, I and k, are equal and less than the last momenft,He rotational term
values for non-degenerate vibrational states arengas:

FQJ, K) = BIJ+1) + (C, - B)K? - D/F(J + 1F - D,"I(J + 1)K — D K* +

HJP(A+1)® + H X (+1)°K2 + H/3(3+1)K* + HFK® +

93kA3[I(I+1)][I(I+1)-2][I(I+1)-6]. 1)
The transition energyy] is calculated from Eq. 1 for an oblate symmewjz, where the

transition selection rules for a parallel band &¥e= +1 andAK = 0:

F(J + 1, K) = F@, K)= 2B,(J+1) —4D,)(3* + J* + J + 1) - 2D, (I+1)K? +
2H,(J+1)*(4+6J+3F) + 4H,(16F + 37% + 3] + 1)K? + 2H,YI+1)K*  (2)

From Eqg. 2 it is seen that not all of the rovilwatl constants can be determined by this
band analysis; specificallg,, D, andH, cannot be determined. The undetermined
constants all depend exclusively inwhich, by the selection rules, does not change fo
a transition.

The constant€, andB, are dependent on the moments of inertia around the
primary symmetry axis (z) and an axis perpendiciddhe z axis, respectively. The total
angular moment is quantitized ByndK is the projection of that angular momentum
onto the principal symmetry axis, the axis intetisgcthe two bridgehead carbons.
Centrifugal distortion of the molecule is takerpimiccount by the quart@,* and sextic
H/* terms. The final term in Eq. 1 accounts for a srsplitting observed wheid = 3; the
Az term is the splitting constant angk is Kroneker’s Delta, which ensures the splitting
term is only applied to transitions whe€as three. For a given constant, é8g.v is

replaced by the normal mode referencedwnddicates the ground state.
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The high resolution spectra showed generally vesliblved bands, with many
thousands of sharply defined transitions. As tlitgairstep in the analysis of these, a
single parallel band;g at 832.9 crit, was analyzed to find the ground state and excited
state constants. There were 2317 transitionsafiiging fromJ = 0 — 59 an&K = 0 — 49,
with a root mean squared (RMS) deviation of 0.00618. The ground state parameters

and the parameters foys are given in Table 2.
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Discussion

Synthesis

Synthetic routes to bicyclopentane have been regdrtit there was not one using
propellane as a precursor. The preparation of fplieopgehad been done in this lab for a
previous publication [5, 14] and because of expegesynthesizing that molecule and its
derivative, 1,3-diiodobicyclopentane, they weresidared possible precursors to
bicyclopentane. The synthesis of propellane andesguent synthesis of the diiodo
compound produced a crude solution containing tioelal, pentane, and ether. The
solvents were allowed to evaporate and left theddiicompound, a yellow solid. A yield
was never calculated but appears, from the consamet I, during the conversion from
propellane, to be around 60%.

Initially, it was thought that 1,3-diiodobicyclopine could be reacted with
tributyltin hydride (SnBgH) to produce bicyclopentane. Small, microscaletieas
were conducted in NMR tubes withQs in order to monitor the progress of the
conversion. A solution of the diiodo compound w#hByH showed no decrease in the
peak corresponding to the diiodb4.195, 6H). A second solution was created comgjsti
of the diiodo, SnBgH, and a trace amount of AIBN, a radical initiat@hich was then
exposed to a 75W incandescent lamp for 16 hours p&lak corresponding to the diiodo
compound was almost completely absent and theran@tter peak presentdat.82
(6H), obscured by the peaks from SpBuThe chemical shift given by Wiberg for
propellane occurred &t2.06 [12] and the two for bicyclopentane occuraied 1.84 (6H)

ands 2.44 (2H) [8]. A corresponding peak did not appehere it would be expected,
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2.44, for bicyclopentane and thus, it is suspedtet,the reaction with SnBid simply
converted the diiodo compound back to propellane.

A second synthesis of propellane was undertakdrtancrude solution of
propellane was then reacted directly with thiophelttNMR confirmed the synthesis of
bicyclo[1.1.1]pentyl phenyl sulfide [12]. Althougtymmetric synthesis of
bicyclopentane from the diiodo compound failed losesof reversion to propellane, by
going through a thioester intermediate a singlégorevas already affixed to one
bridgehead carbon. The thioester was then remoyeéddttion with Raney nickel, a
hydrogenation catalyst. After 30 minutes of reactime, a preliminaryHNMR was
taken and peaks were seen at 1.83 (6H) and 2.32 f2HSQC spectrum, Fig. 3, was

taken and showed a coupling

between the carbon at 73.5ppm and w

the hydrogen at 1.83ppm, both L == e | = - -
T e = e

values similar to literature values.

-
7

Accordingly, a large scale sample|. = g e
was allowed to react with Raney ) H
Coupling:

nickel overnight. The resultant 1.83 ppm (6H) ., N H
saN\ /2 Fss

Pt f . ch
sample was frozen in liquid 73.5ppm (@« \V/ A

nitrogen and, on warming, the

Fig. 3. HSQC showing the coupling between the

for the infrared spectroscopy. equatorial carbons (and the equatorial
hydrogens (B

initial volatile products were used
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Spectroscopy

High level ab initio calculations done for bicyctapgane provided an ideal
starting point for spectral analysisiwag. Although the calculations are not perfect they
provided adequate ground state and excited stastans (e.gBp and4Bsg) from which
transitions could begin to be assigned.

The process of transition fitting begins at ldwalues in thé®> andR branches,

shown in Fig 4.

K'= 03 6 9 12

M A l A K stack for)” =14

825 9 826 0 VZG 1 826 2

Px(14)
Experimental
Calculated
IIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIII|IIII|IIII|
800 810 820 830 840 850 86C

Wavenumbers (cm™)

Fig. 4. A comparison of the calculated and expentalespectra showing the excellent fit
for all branches. . The inset shows flRasubstructure for thd” = 14 P-stack
Generally, for a parallel band, tRebranch will display the cleanest transitions baesit
lacks the interference from the tail of f@ebranch that extends into tRebranch. Initial

transitions were assignedKestacks associated wifhi< 10. Generally, it was observed
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that the individual lines foK = 0 and 1 were not resolved and thus transiticerew
assigned fronK = 2 toK = J. Assignment of transitions was helped by the isitgn
enhancement of the lines whéfas an integer multiple of three (3p). This enhanert

is the result of hydrogen nuclear spin weights WhaeK = 3p (96) anK # 3p (80). The
nuclear spin weights fd¢ = 0 are 56 J even) and 40Jodd) [15]. Initially, the only
constants being fit were the band origit, By, and4Bsg; in an iterative process, further

constants were added as dictated by the

J" 29 23 19 13 * 14 22
fitting residuals. K29 2217 8 10 21

0.0004 crit

<>

The lines of th&-Branch are more
congested than the simple, expanded pattern
in theP andR branch levels. However, once ]

reasonable constants had been determined

ing t iti f th R h A RN BN

using transitions from thié andR branches, 832 66 832 67 832 68
the Q-branch transitions could be Wavenumbers (cm™)
Fig. 5. An example of the Coriolis

confidently assigned. These fit the model very intéraction withvy; perturbing they =K =
29 line. (*) Note: This is a stack of several

. : unresolved transitions.
well, except for lines at highwhereJ ~ K,

which showed a small discrepané&yg 5. The first noticeable discrepancy for e K
lines is at)= 27 and the difference between the predicted ittansand the observed
increases from 0.0004 ¢hio 0.0015 crit asJ increases. At very high where the
intensity of theQ-branch is almost into the noise, a small pertiobai0.0004 crit) is
also noticed for lines whetk=K + 1. These perturbations are not visible in theotivo
branches because at such higindK values the intensity of the line is insufficieat t

distinguish the transition from the noise. The eaofsthe perturbation is believed to be a
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Coriolis coupling with the15 band at 886 cthand future work will include an analysis
of this band with inclusion of an appropriate Cbsi@oupling term.

At the high resolution of the measurements, arsg¢@erturbation is seen in the
spectra. A splitting of th& = 3 lines caused by th& centrifugal distortion interaction
can be seen at high at lowJ the two lines are unresolved so their intensgiagply add.
The 43 splitting term in Eq. 1 is only resolved aftB= 45 with relative spin weights of
56:40 or more simply 7:5. At highdwalues, the line intensity, given by the Honl-
London factor [16], drops to 14% of the most ineeRgranch peak. Nevertheless,
thirteen splitk = 3 lines were measured and fit (5 from Rabranch and 8 from thie-
branch) with a residual of 0.00040 ¢nThe4s splitting exists in both the ground state
and the excited state, Fig. 6, but, the grounc Splitting is generally much smaller than
the excited state splitting so it was assignecdetadro. We note that splitting would also
occur for theK = 6, 9 ... transitions but the magnitude of theseldde much too small

to be resolved.

—% Ay —s Ay
‘ﬂs']r F Y ‘ﬂs'l.l F Y
J"=45 J"'=46
A, "(T) , A "5)
T AG) T A0
(] [N
[ | i
K= 0.1 2 3 0.1 2 3
|||||I|||||||||IIII IIII|||||I|||||||||I
850.78 &850.79 &851.09 851.10

Wavenumber (cm™?)

Fig. 6. An example of thK = 3 splitting observed and the associated nucleangpights.
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The parameters, deduced from the analysis arershioWable 2, along with those
obtained from ab initio calculations. Gaussian03 wsed to calculate both the harmonic
and anharmonic rovibrational constants using8BleYP density functional method and a
cc-pVTZbasis set [13]. For these high level calculatidims,computer time was appreciable
(17 hours and 8 days, 7 hours for the harmonicasmérmonic calculations, respectively, on
a personal computer with 1 CPU). Of greatest istefae comparison are the values fgr
Bo, 4B, Co, AC, and the quartic centrifugal distortion constabs; D™, andDy’*. The
experimental band origin given in Table 2 fgs (832.9 cn) is in reasonable accord with
the ab initio anharmonic frequency (824.79nThe harmonic frequency (844.4 ¢jris
predicted and is higher than the anharmonic freceas is the usual case. Although the
anharmonic frequency does not accurately pinpbmtbind origin, it does a more than
sufficient job of assisting in the assignment dtla fundamentals of the molecule. The
accuracy of the ab initio calculations appears ieste prediction of values for which there
is a highJ dependence. For example, Beconstant agrees exceptionally well, within 0.6%,
and theD’ term is within 1.3%. The sextic terms do not matulit,those terms were only
marginally determined experimentally, transitiohsnach highed andK will be needed to

more accurately predict those terms.



Table 2
Experimental and ab initio parameters for the gdostate and an excited state of bicyclopentane and
propellane. Twice the standard errors are givgranenthesis.

Ground State parameters (&n Bicyclopentane Propellahe
Experimental Gaussian03 Experimental Gaussian03
Bo 0.2399418(3) 0.2387 0.28755833(14) 0.2866
Co — 0.2058 — 0.1918
D; x 10 0.601(4) 0.609 1.1313(5) 1.147
Dk x 10 -0.130(13)  -0.190 -1.2633(7) -1.285
Dk x 10 — -0.038 — 0.425
H,x 10 — 0.0447 0.072(4) 0.089
Hk x 10% 0.25(29) -0.419 -0.224(13) -0.916
Hyyx 10% 4.2(7) 0.646 0.225(15) 1.685
Hk x 10 — -0.261 — -0.809
Azx 10" — -0.002 — —
Excited State Parameters (&m Bicyclopentane; g Propellanes
Experimental Gaussian03 Experimental Gaussian03
v 832.92903(3) — 612.31698(2) —
Vanharmoni — 824.7 — 564.9
Vharmonc — 844.4 — 601.4
AC x 10° -0.2514(1)  -0.259 -0.34361(3) -0.338
AB x 10° -2.08400(9) -2.17 —0.17923(2) -0.045
AD; x 1@ 0.07288(8) — 0.007535(7) —
ADyx 10 -0.2268(2) — -0.015002(18) —
ADk x 106 0.1536(2) — 0.008933(14) —
AH; x 107 -0.03270(19) — -0.001332(17) —
AH3k x 10 0.1698(7) — 0.003753(40) —
AHyy % 10 -0.2486(11) — -0.003446(70) —
AHk x 10'° 0.1133(7) — 0.001031(34) —
Az x 107 -0.102(5) — — —

% Ref [14]
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The rovibrational constants for the excited staigressed a4B,s = B;s— Bo) are
only predicted for the band origiriB;s, and4C,s. Generally, the ab initio constants are in
good agreement with those determined experimen(althin 5%). Both4B;g, and4C,gare
negative, indicating that tHg andlc moments of inertia increase in the excited vilorzi

state. This is a general phenomenon; excitationbo&tions usually tends to extend all bonds

and moves all atoms away from the center of mags{.F

unmnn\unu

)

a
EENENNNNNNY-—===°==< 3
-

\
V'

=
000000 o0 00000

\

/

Fig. 7. The movement vectors of the axial carbartktae equatorial —(Chigroups.
The representation (b) is propellane (a) rotatéca®und the y-axis, represented by the
dotted line.
It is interesting to consider the predicted spigtconstant for th& = 3 levels in the
ground state. During band analysis the ground sfaitting constantA3") was fixed at zero
and it was only the upper state constafsf)(was allowed to vary. The ab initio

calculations predict a value of -0.216 x4@m* for the4s” splitting term, two orders of

magnitude less than thk' splitting constant determined experimentally. Sheall value
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predicted from the ab initio calculations indicatiest fixing the ground state splitting at
zero had a negligible effect on the constants tedor

Specific structural parameters (bond lengths amdll@mgles) for bicyclopentane
cannot be determined from analysis of a single dnmehtal band of a molecule. A full
determination of the five structural parameters Maaquire a study of five isotopomers.
Nevertheless, structural comparisons can stilllagvd between bicyclopentane and
propellane. Included in Table 2 are the rovibradiaonstants determined experimentally
and from ab initio calculations for propellane 18]. The ground state constaBg, is
inversely proportional to the moment of inertia aban axis perpendicular to the primary
symmetry axis. The value f@ is noticeably different for propellane (0.2876 9ri5]
than bicyclopentane (0.2399 djr—a consequence of molecular geometry. In
bicyclopentane, the lack of the axial carbon bomlgases the distance between the axial
carbons. This, plus the two axial H atoms contaliotthe largetg value for

bicyclopentane.

Following the trend of th8, constant, the centrifugal distortion constants in
propellane are also larger than their counterpartticyclopentane. In Eq. By andDg’
can be isolated to illustrate tHag’ is a correction t@y: E ~ [By — Do J(J+1)]I(I+1).
Structurally, theDg’ term results from a change in the moment of iadgtis rotation
occurs around an axis perpendicular to the primaairy of symmetry. The movement
vectors of the atoms associated with an increasagdlar momentum (an increaseljn
around the axis perpendicular to the axis of symyrat shown in Fig 10. For both
propellane and bicyclopentane the distortion widireasdg, decreasingo. This implies

thatDy’ should be positive, as observed. It is interestiagDy’ is larger for propellane
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than for bicyclopentane. It would seem counteritive that propellane, an already
highly strained molecule, would undergo a moreaaldilistortion of the atomic
framework when compared to bicyclopentane. Conataer of the anharmonicity of the
axial carbon bond, perhaps, can explain the dewidtom expected behavior. It is not
unreasonable that it would be harder to compressitial bond than to extend it. In
contrast the potential energy for bicyclopentang bemore harmonic so the band
extension with increasingwould be less. A similar rationalization might@aksxplain the

largeDy’* andDo* values for propellane.

Part of our interest in bicyclopentane stems frodesire to better understand the
unique bonding found in propellane. The vibratiomaition ofvigis of interest because it
is analogous to vibrational motion in thg bandin propellane, a band which has already
undergone high resolution analysis. The normal rm@ie both motion along the primary
symmetry axis: the carbons, in propellane, and-{ki#H) groups in bicyclopentane; the
opposing motion is the movement of the hydrogematon the equatorial —(GH

groups.

We note that the;smode of bicyclopentane is 832 ¢nhigher than the
analogous\, mode in propellane (612 ¢t In both cases the normal mode vibration
involves the movement of the axial carbons witlpees to the equatorial carbortis.
might be expected that propellane, with its rigahie from the central bond, would resist
the motion and would thus have a higher force @nsind frequency. However, we note
for both molecules that there is a higher frequer(&H,) wagging mode of,’
symmetry that will mix withvig (andvis). The higher frequency efsmight be a result of

significantly different mixing in that molecule.
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Most striking is the intensity difference exhibitled the similar modes in the two
molecules. In propellane;s is the most intense band in the infrared spectandhthe
predicted intensity from the ab initio calculatidmes a relative value of 128. The
analogousi;gmode in bicyclopentane is quite weak and the ptedicelative intensity is
only 3.8. As a rationalization of this unusual teat we note that the bond between axial
carbons in propellane distributes electron deradiing the primary symmetry axis and in
bicyclopentane the majority of the electron densitsground the cage made by the —
(CH,) groups. Movement of the axial carbons with respethe equatorial carbons
produces an instantaneous dipole moment in theaulel¢hat makes the transition IR
active. Clearly movement of the electron densitgnopellane creates a much bigger
oscillating dipole moment than the correspondingiomoin bicyclopentane. Since the
absolute intensity of an infrared transition gogs$hee square of the oscillating dipole
moment, it appears that the electron density agttiwith the axial carbon bond greatly
enhances the intensity of thg vibration in propellane.

Bicyclopentane provides a wonderful tool for thetlier analysis of the unique
bonding found in propellane. The two moleculesatliffy the addition of two hydrogens
and the loss of the central bond; a change whiealysais indicates does produce
noticeable differences in the rovibrational parar®tThe ab initio calculations did a
generally excellent job of predicting both the siion locations and rovibrational
parameters for both molecules. As ab initio comipana improve, initial band analysis
will be made easier by more accurate initial patamestimate and as spectroscopic tools

improve, band analysis will yield more demandingideof the theoretical calculations.
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