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Propcllanes arc tricychc hydrocarbons in which the three 

rings are fused together at a common carbon-carbon 
bond (called the conjoining bond) as shown schemati- 

cally in Fig. I. They could k considered as kxa-sub- 

stituted ethanes and, when 1, m and n are large, their 
chemistry is quite predictable on this basis.’ When these 

numbers kcomc smaller however. rhe molecules k- 
come increasingly strained and decreasingly stable. This 

is the situation that generated our interest in doing this 

study. 
The compound [ 1.1.11 propellane. shown in Fig. !a. 

will k used IO point OUI one of (he intriguing aspects of 
these molecules. If a plane is passed through one of the 

hridgehead carbons perpendicular IO the conjoining 

bond, then all of the atoms bonded IO that carbon will k 
seen IO lie on one side of that plane. This is shown in Fig. 
2. where it is contrasted with the case of methane where 
it is impossible IO draw a plane through the carbon with- 
out having at least one hydrogen on either side. 

This propellane is. of course. ihe most extreme case. 

However. the situation where all four bonded atoms are 
forced IO lie within a single hemisphere has ken ex- 

perimentally shown IO oxcur in the real world of known 
compounds. The crystal structure of 8.8Jichloro 13.2.11 

propellane has ken determined and this unique ar- 
rangement of atoms around the bridgehead carbon does, 
in fact. exist.’ 

Among the possible propellanes consisting of 5.. 4- and 
3-memkrcd rings. syntheses of [3.3.3]-.‘[3.3.2]-.’ (3.3.1).‘ 

[3.X?]-” and [3.2.l]-“ propellants have ken reported. 

Several attempls at the synrhesis of [2.2.2] propellane~’ 
have ken published. A heterocyclic (2.2. I ] propellane has 
ken symhesired where the heteroalom is platinum.’ 

An intuitive understanding of angle strain would in- 
dicate. as we have already stated that as the sum I * m t 

n from Il.m.n] prepellane became smaller, the pro- 

pellane would become decreasingly stable.‘0 Thus. for 
example. 13.3.21 propellant remained unchanged after 
king treated wnh trifluoroacciic acid at IWC for I2 h or 
with bromine in carbon lelrachloride in the dark at room 

lcmpcralurc.~ 13.3.11 Propcllane was reported IO k 
insensitive IO oxygen and unchanged after heating ai 

IWC for 22 h or after 6 h of treatment with 40 psi. of 
H, in ethanol with a palladium/carbon catalyst. However, 
it was reactive lo bromineldichloromethanc and reacted 
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with acehc acid al IWC‘.” [3.2.l] Propellane is rhermally 

stable, having a half-life of 20 h ;II l9Y’C in diphcnyl 

ether solution. II reacts readily with 0: and acetic acid al 

room temperature. and reacts instantaneously with 

bromineldichloromethane a~ WC.” An amide deriva- 
tive of [2X] propellane manifested irs thermal in- 
stability with a half-life of atwu~ 28min at 25’ and ir 

reacted “very rapidly” with chlorine.’ 

Hybridization. (hertap. and the Maximum Oceriup 

Approximation 

Our purpose m doing this study was IO seek a measure 
of the strain in these compounds by determining the 

most favorable hybridization. Our method was the maxi- 
mum overlap approximalion. Rut, lcr us first try to get an 
intuitive picture of the orbital hybridi7Aiion m these 

compounds. 

When I. m and n arc large, we would expect that the 
hybridization of the bridgehead carbons would k ap- 

proximately sp.’ As 1. m and n kcome smaller. the angle 

between the bonds from [he bridgehead carbon IO (he 

other bridgehead carbon and IO the neiphbourinp mc- 

rhylene groups must become smaller Houevcr. rhc an- 
gles ktween these hybrid orhitals can kcome no smal- 
ler than 9V based on hybridization of s and p atomic 

0rbitals.S Thus, a~ rhc extreme cases of the smalleri 
rings, we would anticipate that the orbitals forming (he 

conjoining bond would k pure p atomic orhitals (i.e. sp’ 
hybrid orhiralsj. and that sp’ hybrids would go into bent 

bonds directed toward the neighbouring methylene 
groups. 

The maximum overlap criterion” is hased upon rhc 
supposition that rhc greater the overlap is ktween two 

atoms. rhc stronger the bond joining them: the stronger 
the bonds in a molecule arc. (he more stable ir Kill k. 

The maximum overlap method, hased on rhis criterion. 

has ken developed and systematically applied IO a broad 
range of hydrocarbon compounds by RandiC and his 
collaborators. This work has recently ken reviewed and 
evaluated in detail and references IO their earlier work 
may k found therein.‘- 

In this method,” a geometry is assumed for the 
molecule in question. For the individual bonds in the 
molecule, the componem atomic orbital overlap in- 

tegrals. (sls). (C’P). (P!P,). and (prp).. .trc 
determined and given as data. Then hybrid orbitals are 
interatively generated by mixing these atomic orbnab in 
order to maximize the total overlap, S of the molecule. 

Those hybrids. Y.. that yield a maximum S arc optimal. 
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Pig. I. The propellane structure 
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FIR 2. (‘ontra5tmg the \tructurc\ of (a) [I I II propellant and (b) 
mcthanc 

They are described by the equations. 

V. = a,(s) f b,(p) = sp,” 

where a, IS the coefficient of the s atomic orbital and b, is 
the coefficient of the p atomic orbitals. Ther term sp’ is the 

common designation for hybrid orbitals. The exponent. n 
is given by 

h: 

‘r-Ui 

These coefficients arc orthonormal, i.e. 

a,a, + b,h, cos e,. = IS,, 

whcrc &, is the angle between the hyhrids V, and V, and 
6,, is the Kronccker delta. 

The bond lengths and bond angles adopted for all the 
compounds in this study are given in Table I. The 

propellanes presented in this work are made up of all 
possible combinations of 3-. 6 and S-membered rings. The 
structures of these rings are summarized in the structure of 
the 13.2. I] propellanc shown in Table I. The carbon-carbon 
bonddistancesandthebondanglesgivenaretakcnfromfhe 
X-ray structure of X.Rdichloro [3 2.11 propellane published 

by Wiberg er 01.’ The given lengths for carbon-hydrogen 
bonds e and h are averages of the IWO CrH and the two 

Cb-H bond lengths. respectively, found by Wiber . 
Specifically. Wiberg reported Cr-H bond lcn 

and I.01 A and G-H bond lengths of 0.96 a 
hs of 0.72 f 

and 0.93 A. 
Since there were no C,H bonds in Wiberg’s com- 

pound. it was necessary lo estimate this bond length. The 

following slratagem was used. In c -clohutane. the ex- 

perimental C-H bond length is 1.092 R In W&erg’s struc- 

lure. however, the C-H bonds in Fe Cmembered ring 
have contracted by 0.147 A to 0.945 A. This same contnc- 

lion was assumed IO occur when free cyclopropane with 
C-H bond lengths l.oS9 A is incorporated into small-ring 

propellane. The resultant C-H bond lengths, for our 3- 

membered rings is thus the difference, 0.94 A. 
All of the molecules in this study were assumed IO 

have a plane of symmetry bisecting the conjoining bond 

between the bridgehead carbon atoms. The hybrids for 
the conjoining bond were assumed IO be colinear with 
that bond. For methylcne groups, the deviations from 

colinearity were assumed IO be equal for both bonds to 

carbons, even if not required by symmetry. For 
C-H bonds, the hybrids and bonds were assumed IO be 

colinear. 
The atomic orbital overlaps were based on Slatcr-type 

atomic orbitals of the double-zeta type taken from 

Clementi’s tables.” The carbon<arbon overlaps were 
interpolated from tables published hy RandiC PI al.” The 
carbon-hydrogen overlaps were calculated using a pro- 
gram supplied by P. O’D. Offenhartz” adapted for use on 

an IBM 1130 by the author and modified by R. Fereday. 
The hydrogen Is atomic orbital with exponent I.0 was 

used. 
Other rheonticol work. Newton and Schulman’” per- 

formed minimum basis set oh inirio molecular orbital 
calculations on ]l.l.l) propellane. I.ikc us. they assumed 
a I>,, geometrv. Their bond lengths were’ C-H. 1.093 A; 

C -C?. 1.534 i\; C,C,. 1.600 A. The H-C-H bond angles 
were assumed IO bc 115”. The resulting molecular or- 
bitals were then localized using the Edmiston-Rueden- 
berg proccdurc.“ The following hybrid orbitals were 

obtained: 



Hyhnduauon In propellanes 1x99 

Hybrid orhual llj hndiranon 
--. 

Y’I: sp’ ” 

Y:, \I?’ ” 

Y,, sp’” 
Y :,, sp: - 

Scvcral commcnIs are appropriate. First. it is in- 

1ereaIing to note that their V,, hybrids point away from 
the bonded atoms. ic. bonding takes place through the 

small lobes of these hybrids. The bond overlap is very 

small. Newton and Schulman calculated a CC overlap 

population of - 0.002. Using their basis set” and the 

hybrid exponent 4.13. we calculated a hybrid orbital 
overlap of O.lW between the IWO bridgehead carbons. 

They also note that their Iocaliration procedure does 

not require the resulting hybrid orbital\ IO be orthogonal. 

Indeed. they reported that the hybrid orbital for the bond 
between the bridgehead carbons and the hybrid orbital 

directed toward a mcthylcne group has an overlap of 
0.31. rather than Icro. 

Finally. Newton and Schulman reported that the umc 

localizaation procedure. when applied IO the molecular 

orbitals obtained from an ISDO method calculation. 
failed IO product equivalent hybridized orhitals for the 

bonds going from the bridgehead carbons IO the mcth- 

ylene carbons. 
Newton and Schulman also published a com- 

munication on the electronic structure of [X.2] pro- 

pcllane.” The) geometry had a C.-C, interatomjc d~s- 
lance of I.52 A. d!\tanccs (‘,-<*: and (‘.A’, of I.57 A, C-H 

distances of I. IO A, and an H-C-H angle of 114’ and I),, 
symmetry. Localization of their INDO molecular orbitals 

led IO an sp’ hybrid orbital for the C,-C, bond. 

KandiC, himself. has published MOA results on 12.221 
propellane.‘* Based on C-C bond lengths of 1.54 A and 
C-H bond lengths of I.102 A. he arrived at the following 
results. 

H) brd Iixponcnr O\crlap 
-- --.- 

*1: 2 5’ s,, = 0 6443 

Y:, 3 52 

Y:, 3 06 s:, = 0 64w 

0,. 5.M S,. 0.591s 

‘VW 2.76 s:,, 2 o.:z?x 
6,, - 0.!:46 6 :, 01440 

In their report of the crystal slrucIure of 88dichloro 

13.2.11 propcllane. Wibcrg er al.’ included calculations of 

hybrids. In this instance. molecular orhitals. obtained 
from a CNDOI? calculatmn using the experimental 

geomelry. were localized. again using the Fxlmiston- 

Keudenberg Icchnique. The rcsultinp hybrid orbital\. 
presumable nonorthogonal. follow: 

OrhiIal Hybrid value 
-. 

Y,: sp’ .’ 
Y,* \p.* ’ 

*I. \P: :* 
*‘,. ,p’ .% 
Y:, \P: .’ 
*., “p) -’ 

For \ake of completeness. it should be noted that 

Stohrer and Hoffmanr? have published other cal- 

culations on [3.2.l]. I2.2.21. l2.2.11. [2.l.l] and ll.l.1) 

propellanes and that Danncnberg and Procivr’ have pub- 

lished INDO studies on [2.2.2] propellane. 

Schlcyer and coworker? have published force field 
calculations on (3.3.3]-propcllanc that indicate that iI is 

quiIe stable. 

flF.scl.Ts 

Our maximum overlap calculations were performed on 
an IBM 11.X) computer 31 the University of Malaya for 

each of the propellanes discussed in this paper. Some of 

these calculations were rerun on a DEC-IO System 
computer 31 ~hc University of New Orleans. The DEC- IO 

rcsulls of [3.2.2l- and l3.3.21 propcllane arc used in this 

paper. Overlap calculations done while reviewing Ncw- 

ton and Schulman’s results were also performed on the 
1X(‘- IO. 

Programs wcrc individually wrItten for each of the 

molecules studied. These programs were based on 

sample programs (kindly supplied by Prof. RandiC) for 

other types of molecules. 
Our results are given in Tables 2-l I. In these tables. each 

molecule is designated by the first part of the [l.m.n] 

Tahlc 2 II I II 
1 

Hjhrids Overlap\ 

Y,, - 0.v09~\~*0n~lofp, 
‘y,,=o I493(\1-0.9f?M~pl 
‘y:, - 0.447?(\I*0894pJ?(p) 
Y,,, - 11.54:3 (\) t 0.8369 Ip) 

Inlcrhyhrrd an&s 

(dcpJCCXl 

l9i' 960 

e;*= In4 
,:,I’ - II5 3 

\P’“’ s,, = 0 63 
\P” n s,, 0.4al 
\p’* 
sp’ u s:,, 0.790 
Ikvuhon anpkr 

Idegree\) 
6 I) 38.6 
6,, = 19.6 

‘Tahlc 3 [?.I I] 

p ,,I 

,“; , 

Hybrids Overlap\ 
_. 

Q,: 0.5653 (51 t O.K!49(p1 

cy,* = 0.5591 (~J*OR?91 (p) ,pZ” S,, = 0.611 
o:, 0107 (0 - 0.8911 (pt ,p’M 
Y:, O.h?! 1%) * 0 IIR66Ipr ,p‘” S,, - u 6): 
Y>,, = 0.53x6lsi~084!~(pr \pl.’ s,,, = OX! 
Y,, 2 0.4469(\) I 0 89&J(p) sp’“’ 
Y,” = O.QtIn1\) * 0.x.%5(p) \P”’ s,,, - 0.79n 

Interhyhrd ~nple~ Ikvidon an&\ 
(dcglees~ Mqzrcc\~ 

ei’T9lg.c e;’ IO<.4 6,, = 10.6 6,. 420 
- e;:q tr’ _ 99.4 114 1 p 8:’ - 104 5 6,,- 72 6,, - 19 6 = 

IIS4 



ht. L. Hm 

Tabk 4. [3 1.1.1 

.’ 

,/< ,, 

Table 6. i3.2.11 

Hyhnds Overlaps 

Y,, = 0.5770 (5) * 0 8168 (p) 
Y,, = 0 29131s) -O.Nb@) 
Y:. = 0.5395 IS) * 0.8420 @I) 
Y,, - 0.4601 (5) 7 0.8879 (p) 
Y,, L 0.4467 (S) t 0.8947 (pJ 

Y,, = 0.5426 (s) ’ O.WM tp) 
*,: 7 0.4521 (s) * 0.8919(Pl 
Y,,, = 0.5437 (5) * 0.8393 (p) 
Y., -- 0.4467 (5) t 0.8947 (p) 

Y,, = 0.5481 (51 + 0.8364 (p) 

sp: (D S,, = 0.677 
sp’O= s,, = 0.510 
ID)- s,. = 0 599 

cp’ ‘) 
sp’ O’ S,, = 0.627 
sp’ - s,,, = 0.803 
sp’” 
sp’ = s,,, = 0.810 
SD’ O’ 
spl ” L, = 0.7% 

Inlerhybrid angks Deb lalion angks 
(degrees) u.kgrces) 

e:’ = 102.4 e: 7 101.3 6,: = - 5.8 6,. - 43.9 
e:’ = 105.0 I$‘” = 114.7 I&, - --0.i 
e:’ = 1049 e:“’ = I 14.8 s,, - - 2.4 
e:‘- 1044 ey : 1154 66, - 196 

Table C [X.1] 

Hybrid\ Overlaps 

*,: - 0.5540 (5) * 0.8325 (p) 
Y,. 2 0.31 I5 (5) + 0 9503 (p) 
v,, = 0.5377 (s) * 0.8432 (p) 
Y,, = 0 4537 (5) t 0 %)I? (p) 
Y,, ‘- 0.4645 (5) t 0.8856 (p) 
Y, - 0 5378 (5) + 0.8431 (PI 
Y., - 0 4464 (5) * 0.8948 (p) 
Y.,, = 0.5484 (s) - 0.8362 (p) 

lnrerhybnd angles 
(degrees) 

ei’= 102.6 e:‘ 102.1 
fv’ = 105.5 e:,” = 114.0 
ela = 104.4 e!“’ - I 15 5 

sp* * S,, = 0.652 

SP’ ‘: s,, - 0.52s 
sp; - s,. = 0.5% 
sp” 
sp’.’ 22, - 0.638 
sp)& s:, - 0 785 
sp’ a1 

SP” ” s.,, = 0.790 

Dcvlarmn angks 
Ucgrcec) 

6,: = 13.7 ii,. = 44.7 
6:, = 7.2 6., .’ 196 

propellane formalism and a partially numbered structural 
diagram. The optima] hybrid orbit& are then given, both in 

terms of the atomic orbital coefficients and by the sp” 
formalism. The bond overlaps. S,,. arc given for each kind 
of bond in the molcculc. The interhybrid orbital angle, &‘, 
indicates the angle between the directional vectors of 
hybrid orbitals centered on atom i and directed towards 
atoms j and k. The deviation angle, 6,. is the deviation of 
the direction of the hybrid orbital directed from atom i 
toward atom j from the straight line connecting these two 
atoms. 

In line with our above description. the hydridization of 
the bridgehead carbon atoms of 133.31 propellane ap- 
proximates that of mcthanc. and. as the ring sires arc 
decreased. this hybridization varies until. in the case of 
[ I. I. I] propellane. the conjoining bond hybrid orbitals have 
very large p character, while the hybrid orbitals to the 

methylene groups arc nearly sp’. 

Hybrids Overlaps 

0,: - 0.5770 (5) t 0.8168 (p) 
Y,, - 0.3594 (s) t 0.9332 (~1 
Y;, = 0.5314 (J) * 0.8471 (p) 
Y,, = 0.5055 (s) t oJw8 (p) 
Y,, ,: 0.4622 (I) * 0.8868 (p) 
Y,, = 0 4482 (I) t 0.8939 (p) 

v,,, = 0.5410(s) t 0.6410(p) 
Y,, - 0.4522 (s) t 0.8919 (p) 
Y,, = 0.5436 (s) t 0.8393 (p) 
*., - 0.4657 (S) t 0.8849(P) 

Y.,, = 0 5372 ($1 t 0.8435 (p) 
PI, - 0.4538 (5) t 0.891 I (p) 
V,, = 0.4469 (5) t 0.8946 (p) 

Y.” - 0.5480 (5) t 0.8365 (p) 

Inlcrhybnd an&s 
UcgmS) 

sp’- S,, - 0.679 
sp’ ‘. s,, - 0.m 
sp’ ” s,. = 0.644 
sp’ ” S,. = 0.582 
sp’_ 
sp’ - S:, 7 0.623 
spl L1 s,,, = 0.802 
sp’” 
sp’ y s,,, = 0810 
sp”’ S., = 0 639 
sp’ .’ L - 0.7x5 
sp’_ 
sp’ O’ 
sp’ ” s.,, = 0.790 

Devialim an& 
(degrees) 

0:’ = 105.8 e:‘ = 104.0 e: 3 103.0 6,: = -2.4 6,? 7 15.1 
e:’ = 105.2 e:” = 114.4 o? = ~$4.9 6,. = 45.6 b,, = -0.6 

@:“’ = 114.8 6;’ = 105.5 &‘” .a 113.9 6,, = - 2.4 6., = 7.2 
e:’ = 104 4 er “” = 115 4 6,, = 19.6 

Tabk 7 [2 2 21 

Hyhnds Overlaps 

Y,, = 0.5348 (5) t 0.8450 (P) spl u, s,: L 0.644 
Y,. = 0.3766 (5) t 0.92fA (p) sp.0’ s,. = 0 (71 
Y,, = 0.4535 (5) t 0.8912(p) sp’_ 

Y,,, = 0.5370 (5) t 0.8436 (p) sp’ l 7 s:,, 7 0 7x5 
Y:, = 0.4664 (5) t 0.8846 (p) sp’_ S:, = 0.639 

Interhybrid a&s Lk\ ialion an&s 
(degrees) &kgrces) 
e? = 104.9 6,: = 16.0 
e:’ = 105.6 6,, 2 ? 2 

em” = I 13.9 2 

Our results for [ l.l.l] propellane differ dramatically 
from those of Newton and Schulman.‘” One cause would 

be that our conjoining bond hybrids were mathematically 
constrained toward conventional overlap between the 
larger lobes of the hybrid orbitals. Also, it is possible that 
their results would be considerably different if their 
hybrids were required IO be orthogonal.” 

Agreement between our results and those of other 
methods are better for other compounds though it is 
inlercsling that Wiberg er o/.* show more p character in 
the conjoining bond of [3.2.I] propellane than we do. 

The differences between our results and those of 
Kandic’?” reflect the effect that varying geometries have 
on these calculations. 

As WC hinted before. our interest in doing these cal- 
culations was 10 see if we could get a measure of the 
strain in these molecules. We. in fact, obtained several 

measures. These are summarized in Table 12. Here WC 
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Tahk 8. [I 3.11 

H! hrld\ O\crlaps 
_. .-- 

o,, A 0 “WI\, 1 On2ulpl 
0.. o39’9l\I-~~9I~J~pl 
*,. A 0 46% (5) + O.WY (p) 
v:, -’ 0.4634 (s) * 0 RR62 (p) 
cy:, - 0.4487 (I) * 0 x937(P) 

t,,, = 0 5404 (5) + 0.8414 (p) 
WC,: = 0.4523 (II t 0.8918 (p) 

*,,, = 0 5435 (5) + 0.8394 (pl 
*., = 0 447-l (I) t 0.8942 (PI 
v,, - 0.5473 (sl * 0 X369(p) 

Inwrh) brti angles 
(degrccsl 

\P“ .m s,: = 0 6’5 
rp‘ ‘) s,, 0.5x5 

SP” s,. = 0 5611 

SP” 

Sp’- S,, = 0.628 
sp’ ‘I s,,, = 0.802 
sp’ ” 
rp’ ‘. s,,, = 0.810 
sp’” 
sp’ u .L#, = 0.790 

Deviation angks 
(degrees) 

ei’ = 107.0 (3:‘. 103 2 b,, - I.! 6,. z 4s.n 
&‘= 105.2 fl” - 1144 b:, - 0.6 6,: = -2.4 
0:’ - 104.9 e:“’ = 114.8 &, - 19.6 
e” . = 104.5 eY’ IIs 3 

‘I’ahk 9. 13.2.21 

Hybrrds Overlaps 

‘+‘,, = 0.5662 (5) * 0.8243 (p) 
*,,- 041411s~ -09lO!(pl 
Y,, = 0.5040 (sl*OMl37(p) 
*:, -. o.w2 (I) * o.w7 tpr 
Y,, 0.4499(s) . 08931 (p) 
v:, - 0 539s (s1+ 0.8420 (PI 
‘+‘a: - 0 4529 (5) t O.R916 (p) 

Y,,, = 0.5430 (5) - 0.8397 (p) 
9.. = 0.4670 (5) t 0.8843 (p) 

t,, = 0.5365 IS) * 0 R439(p) 
w., = 0.4542fs) * 08909(P) 

Infcrhyhnd angles 

sp’ ‘: S,, = 0.677 
sp’ ” s,, = 0.595 
sp’ \y S,, - 0.635 
sp’Y 
sp’” S,, = 0.628 
sp’ ” s,,, = 0.802 
SD’- 

sp: ” s,,, 2 0.809 
sp’ - s., = 0.640 
sp’ ” .S.,, = 0.78s 
sp’ ” 

Dewlion angks 
(dewccs1 (degrees) 

ei’ = 10x.2 e:’ - 105.4 6,, 7 0.0 6,, 2 16.15 
e;’ = 105.3 g”’ - 114.2 b,, = OS b, = 7.3 
e:’ - 105.0 e:“’ .. I 14 7 6,* = .2.4 
8:‘ = 105 6 &‘” = 113.8 

have assembled the data for the conjoining bond from all 

of the calculations. The final column is the sum of the 
deviation angles for one of the bridgehead carbons. We 

initially had thought that this would be our sought-after 

measure. As it turned out. we feel that the bond overlap 
is a bcttcr indicator of the strarn. This is interesting 
because it assumed that the relative instability of the 
entrre molecule is somehow registered in this one bond. 
Other results support this assumption as will be pointed 

out later. WC have ordered this table with respect to 
increasing bond overlap and we claim that this represents 
the relative stabilities of thcsc compounds. This certainly 
appears IO be true with respect to [3.3.2]-, 13.3.1) and 
I3.2.l) propellanes. All of the compounds above (3.2.11 
propellane remain synthetic challenges. 

Hybrids Overlaps 

*,, = 0.5369 (5) + 0.8436 (p) spl l . 
w,, ,- 0.4454 (5) t 0.8953 (p) spaa 
v,. = 0.4744 (sl+ 0 8Ro3 (p) sp’*l 
v’,, - 0.4647 (5) + 0.111155 (pl sp’.’ 
\y,, = 0.4495 (5) t 0.8933 fp) sp”’ 

W():” = 0.5394 (5) t 0.8420 (p) sp> u 
v,, - 0.4527 (s1 t 0.8917 (p) sp’* 

w’.,, = 0.5432 (I) - 0.83% (p) sp’ n 
Y., = 0 4545 (s) * 0.m (PI SP’” 

O,,. :. 0.4678 (I) - 0.11839(p) sp’ ‘. 
VW - 0.53&l(S) + 0.11442 @) sp’ u 

s,, = 0.669 
S,, - 0.615 
S,. = 0.626 

S,, -. 0.628 
s,,, = 0.802 

s,,, = 0.x09 

SW, 0.640 
.S.,, L 0.785 

lnrerhybnd angks tkuarion angks 
ucgrees) ldcgrecs I 

e2’ 

ei’ 

= 108.5 e’* = 105.5 10.3 6,. = 
e+ - 114.2 

6,, 16.6 
= 105.3 6,, = -0 5 6,, 7 - 2.4 

e” > = 104 9 eY = I 14 7 &, .- 7.3 
8”” . = 105.7 8”” * = 113.8 

Table II. 13.3.31 

.,‘ 4 

/” ; >/ 
21 

. 1 ;,’ 

Hybrids Overlaps 

Y,, = 05090(s) * 0.8608 Ipj 
Y,,=O.4721@) tO8815(pl 
Y,, - 0.4649 (5) t 0.8854 (p) 
Iy,, = 0.4491(s) + 0.8935 (p) 

o,,, = 0.5395 (5) +0.8420(p) 
1y,, = 0.4524 (s) * 0.8918(p) 

V,” = 0.5434 (5) * 0 g394 (p) 

lnrcrhybrid angks 
(degrees) 

e:’ = 108.5 e;’ - 10s 3 
e;“’ = i 14.2 e:’ = 104.9 

8”“ - II4 8 , 

spz- s,, = 0.661 
sp’_ S,, = 0.631 
sp’.’ 
sp’_ S,, - 0.628 
sp’ *I s,,, = 0.802 
SD - 
sp’ n s,,, = 0.809 

Devialion angks 
(degrees) 
6,: = 0 3 
61, .- -0 5 
b,, - 2.4 

Indeed the bond overlaps of successive pairs of com- 

pounds below ]3.2.1] propellane differ by about I-3%. 

The bond overlaps of ]2.2.1] and 13.2.11 propellane, 
however. differ by more than 6%. suggesting that this 

might be an insurmountable synthetic barrier. WC predict 
that 13. I. I] propellane would prove to be less stable than 
12.2.11. although, at least intuitively. WC would not have 
guessed that fusion of a S-membered ring onto the 
relatively stabk bicyclobutane would have made it less 
stable than the norbornane derivative formed by joining 
the bridgehead carbon atoms. 

Certainly. [ 1.1.11 propellane would be the least stable 
of these molecules. Indeed. as Newton and Schulman’* 
have pointed out, the strain in this compound would be 

greater than the strongest of carbon-carbon sin& bonds. 
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T&k I2 Conjoming bond 

Compound Hybrid orbirals 

Deviation 
Bond anak 

overlap sum 

[I I.11 
12.1.1) 
[3.1.1] 
12.2.11 
[3.2.1] 
12.2.21 
13.3.11 
13.221 
13.3.21 
13.3 31 

0 1493(s) t 0.9888(p) sp"" 0.400 I1S.X 
0.2352(s)+ 0.9719(p) sp"- 0468 946 
0.2913(S) + 0.9Sb6(p) sp'O_ 0.: 10 93.6 
0.3115(s)+ 0.9503(p) sp"I 0.525 72 1 
0.3S94(sJ +0.9332(p) sp“‘ OSS9 63.1 
0.3766(s)~0.9264(p) span' OS71 480 
0.3979(s)-O.9174(p) sp"' OSSS 48.2 
0.4143(s) t 0.9101(p) sp." O.S% 33.0 
0.44SS(s)-O.89Sl(p) sp'*' 0615 17.2 
0.4721(s)-0.881S(p) sp'" 0.631 0.9 

Tabk 13. The cyclopropanc ring 

> 
? H, 

Deviation 
Hybrid orbitah Bond Overlaps a& 

Compound n,, h rh nl, . l2 s snt s,, &, &I 

(l.l.I] 2.07 3.99 2.34 43.89 0.62S 0.790 0.400 38.6 IYb 

]'.I.11 2.20 4.01 2.33 17.08 0.611 0.790 0.468 420 19.6 
13.1 I] 2.44 4.01 2.33 10.78 O.SW 0790 0.110 43.9 19.6 

]2.2.l] 2.46 402 2.33 9.31 0 S% 0.790 0.52s 44.7 19.6 

(3 2.11 2.91 4.01 2.33 6.74 O.SR2 0.7W O.SS9 45.6 196 
13.3.11 3.61 3.99 2.34 5.32 0.M 0.790 O.SRS 45 X 19.6 

Table 14. The cyclohutanc nng 

, 

Deviation 
Hybridorbitals Bond oteriaps an&s 

Compound n,, n,, nrl n,, nlr so, s,, s,,, s,. b,, a,, 

[,.l.l] 2.13 3.86 3.M 2.45 l7Ml 0.6C7 0.637 0.78S 0.468 106 7.2 

12.2.11 2.26 3.86 3.63 2.4b 9.31 O.bS! 0638 0.785 0.52.5 13.7 7.2 

13.2 I] 2 54 3.86 3.61 2.47 6.74 0644 0.639 0.785 OSS9 IS.1 7.2 

12.2.21 2.50 3.86 3.60 2.47 6.0s 0.644 0.639 0.785 0.571 16.0 7.2 

13.2.21 !.!M 3.115 3.S9 2.47 4.83 063S 0.640 078s O.SYC 16.5 7 3 

13 3.21 344 3.84 3 s7 2.48 4.M 0.626 0640 0.785 0.615 16.6 7.3 

Tabk I!. The qclopentane rmg 

tir 
‘ ’ 0 ’ ? 

1 Hz 

H, 

Hybrid orbitah 
Compound n,, h n,, n,, nlI 

]3.I.I] 2.00 3.72 4.01 2.40 3.89 
132 IJ 2.00 3.68 3.98 2.42 3.89 
13.2.11 2.20 3.66 3.97 2.42 3.R9 
[3.2.X] 2.12 3.64 3.94 2.44 3.811 
[3 3.21 2 47 3.6j 3.9S 2.44 3.Rx 
[3 3.31 2 Rb 3.63 3 % 2.44 3.89 

Bood overlap 

n,, n,, s,> s,, s,,, SW 
-_- 

2.M IO.78 0677 0.627 0.803 O.tllO 
2.3R 6 74 0.679 0.628 0802 0.810 
2.39 S.32 067s 0.628 0.802 0810 
2 39 4.83 0.677 0.628 0.802 0.80'3 
2.39 4.04 0.669 0.628 OR02 0.8OY 
2.39 349 0661 0.628 0802 0.8OY 

Ikviation 
angks 

5 . 13 6 02 s,, 6,: 

0.510 5 8 ,0.7 2.4 
o.ss9 2.4 0.6 - 2 4 
OSSS I.? .. 0.6 - 2.4 
0.59s 00 -0.5 2.4 
0.61s 0.3 -0.c - 2.4 
0.631 0.3 -OS -2.4 




