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Progress Report

A, Automated Reaction Calorimeters: We have for many years been

interested' in obtaining calorimetric data. Some systems were studied
using conventional manﬁal daté. coll‘ection and processing techniq’u;s:s, 8-12
but the‘ rate of érogress was relatively low. Many of the systems which
are of interest to us would require a relatively 1arge. number of calorimetric
determinations, and high precision appeared to be essential. These con-
siderations led us to develop automatic reaction calorimeters.

The first system used a HP quartz thefmometer probe as the
temperature Asgnéing element,‘ and a locally constructed preamplifier to-

convert the signal to standard TTL levels (0.8 - 4v). The 28 MHz signal thus

obtained varies by approximately 1000 Hz/ °C and is highly rebfbducible.

- The data collection system made use of a microcomputer having an 8080 as

the CPU. A p?.ir of 28 MHz cclauntei's and a controller were constructed on
prototfpe boards, and connected to the 'proce.ssor bus.

( In order to minimize the normal 11 quantization error associated ﬁvith
most counters, each of the 28 MHz counters wé.s constructed as a pair of

32 bit count;:'r.s_. ' The input signal was steered to one or the other of the
counters via a dataAsynchronizer and a 0.1 Hz signal derived from a very

stable 10 MHz HP quartz oscillator. In this way, the values appearing in

the counters are correlated. The temperature resolution of the counters

" using a 10 sec counting period is 0. 00010. When a slow and steadily rising

temperature ramp was examined, -the rms error in fitting the data to a
smooth curve was ¥ 0, 00005, or one-half the resolution. This is the expected

result using correlated counters provided the inherent precision of the probe
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is better "th;.n the apparent error. When‘ a 100 sec counting peri’c;d was used,.
the resolution was 10|.L° and tl"le rms efror was 6p°.13 Besides fninimizing '
fhe qﬁantizatidn err'or, counters .of this type are particularly convenient for
carryiné out corrections to‘t_he observed temperature change since the sum
of the counts over the reaction period is the integrai of the temperature with
respect to time.’

' A number of otheér interfaces were constructed for'displé.ying the
temperature on LED displays, reading BCD switches which could be set for
the 0°C offset, displaying the temperature/time data on an oscilloscdpe,
breaking‘the ampoule to start the reaction, cooling the reactic;n cell to the
original terﬁperature after the reaction run is compléted, and ‘initiating an
electrical calibratién. A diagram of the computer systemuis shown in
Figure 1 This data colléction and cal'orimeter control system Ahas been used
with an LKB precision calorimetric system andAhas given large amounts of
very precise data. It we;,s tested using the feaction of TRISAv‘vith 0.1N hydro-
chloric acid aﬁd gave AHp= -7i 141 3 cal/ mole which may be compared with
the commonly ;céepted value: -7115%7 cal/mole.!® The details of this
A'calorimetric system have been published. 15

One of the few disadvantages of the quartz thermometer probe is its
l.arge size (3/8"X1/2"), This makes it impractical for use in smail cells,
(The abqvc;: éystem uses 100 ml reaction véssels. ) With 25 ml or smaller
cells, a thermistor would be the ;1dea1 temperature sensing element., One of.
. the main problems with the use of a thermistor in an automated data collection

system has been the difficulty in measuring its resistance with high precision
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(i'.O. 1Q for a 10, 000 Q thermistor). The development of high resolutiqn
digital voltmeters has solved this problem. We have used a Fluke model

8500 6 1/2 digit voltmeter as the measuring device. A constant current supply

was constructed, and supplied 0.1 ma to a 10,0008 precision resistor in

. series with the measuring 10, 000 (2‘5°C) thermistor., A relay was used

to switch the voltmeter to read the voltage across each of the resistors in
turn,
The voltmeter operated under the control of a PDP 11/ 03 microcomputer.

At the end of each 10 sec period, the latter would send a read command to °

-the voltmeter, accept the voltage across the thermistor, switch the relay,

send another read command, and then éccept the voltage across the fixed
resistor, The resistance of the thermistor could be derived from the ratio
of the \}oltages.

Interfaces were constructed for the“rnicroprocessor which allowed it to

control the course of the reaction in the same fashion as for the first system.

The rrﬁs error in fitting a steady temf)erature ramp. wé.s 10.0007 O.C, very
close tu that obtained usihg the quartz thermometer probe. This systein will
be described in a future publication,

The availabilify of these two systems has made it possible for the users
to concentrate on-.the preparation of the compounds to be studied, devising

analytical methods fur determining purity and extent of reaction and carry-

ing out other studies such as equilibrium constant measurements,

B. Enthalpies of Hydration of Polyoxygenated Methanes: The first system
to be studied using the automated calorimeter was the hydrolysis of poly-

- 15 . . : |
oxygenated methanes., This reaction was chosen since there was some data .
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é.vaiilable’ with which our results could be compared, and ;ince ajnumber of

planned studies inv'c;lved similar reactions, | |
| The reactions examined wére:'

q¢H3 o Ht e}

A

CH;-C—CH; + H,0 ——= CH;-C-CH;, + 2 CH,0H

OCH, o | AH, = 488417 kcal/ mole
oCH; ' gt o -
CH,-C—OCH,; + H,0 ——>— CH,--OCH; + 2 CH,0H
3 3 3 : 3
OCH? AH_ =-6464%7 kcal /mole
OCH,; : Ht '

CH,0-C —OCH; + H,0 ——=— CH,0COCH, + 2 CH,0H
OCH, AH_ =-7521%11 keal/ mole

It can be seenl‘that high precision was achieved. Using the known enthalpies
of formation of the products, the enthalpies- of —forma.tioh of the reactants
could be calculafedj

There has beeﬁ much discussion of '"double bond-no bond! resonance in
polyfluorjnated compounds, 16 This 1s based on t’he non-linear change in entha}py
of formation as successive hyd'ro'gens of methane are replaced by fluorine,
A similar'cxamiﬁation of the data for methoxy sﬁbstitution showed a corres-
ponding trend. ﬁoweve‘r, "double bond-no bond" résonance should be less
important in this case. The above data alldwed us to examine the enthalpy
changes for the replacement of methyi groups in neopentane with methoxy.
Here, cogstant increments were found. The replacement of methyl groups
in neopentane by fluorine also was examined, and again éonstantincrements '
were found, Thus, if ""double bond-no bond! resonance is important, it
must be, impo;'tant for methyl and methoxy groups as well as fluorine. The
more likely pos sibilit;r is £hat the unequal increments found in replacing |

hydrogens of methane with methyl, methoxy or fluorine is a general affect
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of replacing hydrogens with a second row element having different types
) :

of orbitals available.

C. Enthalpies of Hydrolysis of Ketals, One of the conveniently examined

examples of the conversion of a tetrahedral carbon to trigonal is found in.

the hydi'oly-sis of ketals:

OCH, - Ht 0
R.-'C.— CH3 + - Hzo ——— R-C-CH3 + 2 CH3OH
OCH,

As the size of the R group is increased,. its interaction with the groups in
the. keté.l will be greater .than that in the ketone, thus destabilizing the former.
with respect. to. the latter. '.'I'h_isa was examined by determining the entha;'lpi‘es
of reaction for a series of ketals in which R was varied fr;'om methyl to
neopentyl, Ti’le data are summarized in Table I. They have been corrected
for the entl';alpies of solution of the produ'cts and correspond‘to all ;:orx;pounds
in the pure liuibd state. . |

Table I

Enthalpies of Hydrolysis of Ketals

R . n® AH, (keal/mole) - AAH
CH; 7 488417 | 0

C,H, 8 4620t 8 o -264
n-C;H,; 5 4666t 14 . -218
i-C,H; 4 4858%9 - ‘ ' - 26
2-C4Hy 6 476211 - -122
i-CH, 6 3284713 -1600
t-C.H, 6 819%13 . -4065.
neo-C.H,, 4 1642121 o S _3242

a, Number of runs,
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A s;urprising_ result was that theventhalpies of reaction when R = CH,,
CZH~5, n-C3;H,;, i~C3H; and 2-C,H, were essentially constant \;vhereas they
are ?.ssigned quite different steric constants. 17 In order to further examine
the systenﬁ,"equilibri_u.m constants were measured for the cases where
R = CH;, C,H;, n-C;H; and i-vC3H7. With larger alkyl groups, the equilibrium
constants were too large for accurate measurement, The ent‘halpies of
reaction in 'the solvent uséd (methanol)also were obtained from thé above
values bf including the enthalpies of sollJ;tion in methanol, The data'are

presented in Table II,

Table II

Equilibrium Constants and Free Energies of Hydrolysis

R K AG ~ am - as
(kcal/ mole) kcal/ mole (eu)
 CH, 113.6+3.6. -2803t19 5488110 27.8140.07
C,H, 383.9135 . -3521151 5189113 29.21%0.18
n-C;H, ~ 606,0%18  -3795t17 - 513618 . 29.95%0.08
i-C3H;, 13441 155 4260167 = 5331713 32.17%0,23

Whereas the enthalpies of reaction are essentially constant, the free
energies vary considerably. Thus, the equilibrium constant changes in this

solvent result almost entirely from entropy changes.18

D. Enthalpies of Hydrolysis of Acetals: We wished to examine cases in which :
the effects of the alkyl group's‘ might .be minimized or amplified. If the methyl
group. in the ketal is replaced by hydrogen giving anAacefa'.l,A -the steric inter-
action of the R group should bg decreased, On‘ the ofher hand, if the methyl
is replaced by methoxy giving an orthoestér, one might expect the steric
interaction to be increased.

Acetal hydrolysis was examined for a variefy- of R groups giving the data
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in Table III. It'can be seen that the range of AH, values is significantly
less than that found for the ketals,

Table III

Enthalpies of Hydrolysis of Acetals

R n AH, (kc;al/mole-) CAAH
CH, 5 g622%15 .o
C,H, 4 8499%17 123
n-C,H, 4 8732123 110
i-CsH; 5 8698116 L 76.
2-CiHy, 6 8134133 | ‘ -488
i-C;H, 5 8342123 280 -
t-CiHy 4 7925%19 - =697
neo-CH,, 3 7968135 -654

The small alkyl groups, CHj;, C;H,, n-C;H, a;nd i-C3H7 all lead to
similar AH, valqes. Larger alkyl groups lead to somewhat larger éhanges
in AHy. it is .intere_s.ting that Z-butyl, which gave‘ only a small effect in
ketal hydrolysis, gives al relatively large enthalpy change in acetal hydrolysis.

The results for the ketals and acetals are compared with the Taft sterilc
parafneters ~(Es)l7‘ in Figure 2. A linear. correlétipn is not found i.n/ either
- case, but the acetals at 1e.as't give a relatively smooth curve, In prder to see
if entropy effects are important in this case, the equilibrium const;.nf:s for
hemiacetal.for.ma’.tion were measured: |

'RCHO + CH;OH = R-CI;ICH3
' ' CH,;

It was not possible to measure the equilibriumcoﬁstént for acetal formation

because of the complex equilibrium between hydrate, hemiacetal and acetal

which is formed when acid is added to the above reaction rﬁikture. The e_ffeci:
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Figure 2. Relation between AH® for ketal and acetal hydrolysis and

the steric parameter, E_.
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of R on fhe hemiacetal equilibria should be closely relat:ed i:o its effect on
gcetal equilib;'ia since the structural qhanges are very similar for the two
cases. The data are shown in Table IV,

Table IV

Equilibrium Constants for Hemiacetal Formation

[\

R K n AG® (kcal/ mole)
Me  18.85%0.91 7 ~1739% 29
Et 14.09%1, 45 5 -1567% 61
n-Pr ~12.01%0. 60 8 -1473%1 30
i-Pr 9.177%0, 232 4 -1313%15
i-Bu 6.868%0,199 9 -1142#417
2-Bu '- 4.659%10.177 3 -91l.6¥23
t-Bu .. 2.387%0.196 4 -515.4% 49
7 "-415,1%10

neo-Pent 2.015%0, 035
’a. Number of runs, |
It can be seen that there is a steady decrekase in the equilibrium constant as the
size of thé alkyl group ié increas;ed. . The AG® values agree well with the' Taft

- steric pararheters (Figure 3). Thus, here also, éntropy plays an important
rble in determining the magnitude of ‘the equilibrium steric :affect.

A manuscript dealing with these results, as well as a molecular mecharnics

.calculations for these compounds, is in preparation.

E. Enthalpies of Hydrolysis’ of Orthoesters':. As mentioned ?,bove, it might

be expected that the replacement of the rhethyl group in the ketals by a methoxy
group would lead to an increase m steric interactioﬁs._ I;‘. was also i)ossible
that it would lgad to a different oxl'dering of steric interactioﬁs since the

anomeric effecthA would apply here also and restrict the number of conformations
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available for the methaxy groups. The orthoester hydrolysis could be examined.

in the same fashion as the ketal hydrolysis and 'gévé the data in Table V.

’ Table V
Enthalpies of Hydrolysis of Orthoesters

R | AH_(kcal/mole). AAH

CH; . . -6463t7 . 0
C,H; - -6280t17 . 183

" n-C,H, -6315%14 | 148
n-CH, -6147%8 - 316
i-C,H; © -7836%14 o -1373
i-cgH; . -7367%15 . -904
2-C,H, 819713 S -1734

Here, the straight chain a.lk_yl groups gave positive values of AAH as
\compared to methyl, indicating a small negative steric effect. However,
when branched chair; cases were'exarﬁined, both a- and B- ‘branching led to
a large change in AH,, It Aw_ould be of interest to h?.ve data for R= t-b\;ty}

- and neopentyl. These éonlpounds have not been reported in the literature
and our .attenipts to prepare them ha\}é not #s yet proven to l;e successful,

Again, we wish to be able to compare enthalpies and free energies of

reaction, The equilibrium constant for the reaction
OCH,
R-EOCH, + 2CH;0H === ' R-C-CH, + H,0
OCH;-
cannot be measured directly since it lies essentially entirely to the right.
However, preliminary experiments indicate that the following equilibrium is

established rapidly in the presence of an acid catalyst, and that concentrations

can be measured by nmr spectroscopy:
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OCH,

m o' : OCH3
R:C-CH; + R’-C-0CH; == R-t-0CH, + R%-C-CH, -
bcH, - CH,

This will allow the free energy changes caused by the alkyl groups to be
determined.

F. Enthalpies of Hydration of Alkenes: It was clear that a method for

measu'ring the enthalpies of hydration would be useful for determining the
difference in enfhalpy between dogb‘le bond isomers and for determining the
enthaipy of formation of alcohols. It would represent one of the important
steés in the series of re-aé:tion_s which could be used to interconvert functional
groups.

We have found thaf alkenes quickly react with trifluoroacetic acid in
the presence of trifluoromethanesulfonic acid to give trifluoroacetic esters.
It was convenient to add 4% trjﬂuoroaéetic anhydride, f.or then the reaction

of the corresponding alcohols with the solvent would give the same esters: -
ut : ~
R-CH=CH, + F3CCO;H ——— R-CH-CH; —~ RGH-CH; + (F;CCO),0
OgCF3 OH

<

'The n-hexenes were first examined since all 5 compounds were available
in pure form, and since the enthalpies of formation had been determined by .
- oxygen bomb~calqrimetry.2°,Thus, we would have data with which our ré_sults

could be compared. The results are given in Table VI,



-11-
Table IV

Enthalpies of Tififluoroacetolysis of Alkenes

Alkene - n- . AH,. (kcal/ mole) AAH
1-Hexene’ 5 =11, 996% 25 o | o0 L
cis-2-Hexene 5 -10,167¥36 1829
trahs-Z;He.Xene 4 -9, 602'-*-'.19 , _ 2394
cis-3-Hexene 5 -10, 661123 1335
trans-3-Hexene 4 - 9, 621%30 2315

It can be seen that high precisibn again was achieved.A In order to be sure
that there was no complicatic"m'due to dimerization or other reactions which
migAhtA occur to a sm.all extéht, thg reaction éhthalpy was determined fc;r a
five-fold range of acid conceﬁfrations and a two-fold rahge of alkene con- »

_ centrati;)ns. -The observed values were unchanged over this ra#ge of
concentrations, '

The reaction of the alk;ar_les with triﬂuorpa;etic acid led to the formation
of a mixture of 2- and 3-hexyl triﬂuorvoacetate-s‘ as a result of hyd;‘ide shifts,
It was possible to measure the. equilibrium constant for the acid catalyzed:
interconversion of the esters over the range 40-150°C, The‘: changé in |
equilibrium constaﬁt with temperature led to AAH =172%21 cal/ mb_le and
AAS =0,46 eu.,  The ratio of esters formed from each of the alkenes was
dgtermined, and the AH,. values wex;e 'corrgCted to the formation of the
eguilibrigim mixture of the two esters., In all cases, this correction was.
very small,

We were disturbed to find that our AAH values did not agrée with those

derived from the enthalpies of combustion?® The reported enthalpies of
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-formation of the 1-n-alkenes chgnge linearly with the numBer of carbons,
Assuming that these values é.re correct, we plotted the reported differences
with respect to the 1-n-alkenes for the Cg4 Cs, C¢ and C; alkenes (Figure 4).
It can be seen that the reported values-for the cis-Z-hexeng must be -in‘érror,
and some of the other data fo_i' the -hexenes probably. areAincorrect. 21

A‘ preliminary examination of the n-hef)tene's has given AAH values in
good agreement with those reported for these COIripéL}IldS.ZZ Thus we havé'
c'onﬁdénce that our values are éorrect.

We are in the process of measuring the enf:halpies of reaction of Qvater, '
Z-hexanoll and 3-hexanol with ?he trifluoroacetic acid/ trifluoroacetic anhyd.ride :
mixture, We are éonfident that we shall be able to obtain enthalpies of
reaction with a precision compé.r'a.ble to that found for the reaction of the

alkenes.

G. Enthalpies of Acetolysis and Combustion of Cyclopropane Derivatives:
Cyclopropanes are among the most common of those comipounds which are
strongly destabilized by bond angle deformation. In earlier investigations,

we determined the enthalpies of combustion of cy‘c10pr0pene,8A methylene -

9 9.

cyclopropene,’ 1-methylcyclopropene,” and bicyclobutane’ and also

determined the enfhalpies of the metal catalyzed isomerizations of
nortricyclene (vlh) to norbornadiene and of tricyclo[4.1, 0. 0% 7] heptane (2)
. wA

to 3-methylenecyclohexane A

"Rh(I) ' .
i ’Q aH, = -26.16%0, 24

kcal/ mole
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aH, = -29.99%0,08 -
kcal/ mole

&

Since information of this type is of ;lnterest both for practic'éil applicatioﬁs
and for theoretical reasons, we h‘ave continued the study of cyclopropane
dei;ivatives. " Among the more unique pf these compounds are the [.3. 2,1] -
propéll'ane (3) a.n:d- 1, 3-dehydroadamantane (:1‘). -In these compounds, the
norma]. tetrahedral érrangement about the bridgehead carbons has been "inverted"
(i.e. all of the bonds to the bridgehead aton';s lie on one side of a plane). Both
react rapidly with acetic acid to cleave the cent-ral bond, and the enthalpies of

these reactions were determined,

HOAc +

. AH, = -41,18%0, 24
- . kcal/ mole
Ac ® ’
AHyp = -43, 4910, 08
HOAc + kcal/ mole"

OAc

V..

The enthalpy of cleavage of a normal C-C bond by acetic acid may be- calculated

to be 14 kcal/mole., Thus, the strain relief in the reaction of 3
(4"

. was 55 kcal/mole whereas that for 4 was 57 kcal/mole. The
_ - )
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strain energies of.the compounds may be obtained from these data. The results .

of this investigation have been‘published.u.

We also have been interested in the steric interaction between two cis-
substituents on a cyclopropé.ne ring. In the case of double bonds, the cis- |
substituted compounds are normally 1.0 kcal/ mole less stable than the
corresponding g_x;ais__-isomer‘.24 However, when the double bond is contained in a
 ring, thé order niay be changed because of geometrical restraints, Thus, trans-

cyclooctene is 10 kcal/ mole less stable than c:is-cyclooct:'ene.25

In order to:
obtain information concerning the corresponding cyclopropanes, we have
determined the enthalpies of combustion of cis- and trans-diethylcyclopropanes

and of cis- and trans-bi_cyclo[ 6.1, 0] nonanes, The enthalpies of formation are

as follows:

AHg = -19,09% 0, 31 aH; = -19.90% 0, 37

AHg = -16,7310, 23 AHg = -16.2370, 23

It can be seen that the difference in enthalpy of formation between the two
bicyclo[ 6. 1. 0] nonanes is quite small (0. 50% 0,33 kcal/mole) in contrast to

the much larger difference found with the cyclooctenes, This results in part
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from the smaller.m-dihedral' angle in cyclopropane (1200) as compared to
an alkene (1800). The difference in energy could be reproduced by moiecular
mechanics calcul'ations which allow a‘.‘moré detailed analysis of the energies, -
The difference ‘in energy between cis-~ and u'_arli-diethylcycloprOPanes is
0.81%0, 48 kcal/ mole. We should like to obtain a more p.r.ecise vaiue for the
difference in energy.' It appears thaf the two cyc10pr.0panes will react with
trifluoroacetic acid (trifludromethanesulfohic acid catalyst) to give the same .
products. We plan to measure the enthalpies of trifluoroacetolysis which
should pl;ovide the nee&ea information, The data also allows a calculation of
the stabilization of a cyclopropane riné by alkyl substitution,

H. Molecular Mechanics Calculations: Before attempting to study ketones

and ketals via molecular mechanics, it was necessary to develop suitable
potential ’functions for rotation about C-C bonds involving carbonyl groups
or ketal groups. The ketones have an ‘alkyl group eclip;ed \szith-the carbonyl
in the lowest énergy conformer;26 and in the ketals, the anomeric effe;:t19
mﬁst be inciLdéd. In each ca;.se; it was necessary to include other
non-bonded interactions when studying thé torsional potentiaf.ﬂ We have
been able to obtain suitable torsional functions which allow the:" observed energy
differences to be reproduced.

The ketals and ketones were then examined, using approximate non-
‘honded potential functions at oxygen. It was found that many of thg compougds
were predicted to exist in several conformations, all with approximately egual

free energies.

The plan was to adjust the potential functions at oxygen so as to {it the

experimental data, The large number of conformers made this impractical.
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Thus, as indicated in the proposél séction, we now plan to examine another
group of ketals which have fixed geometry at the a-position fo the car})onyl A
This ‘will greatly simplify the analysis via molecular mechanjcs. _Then, whén, -
appropriate parameters have been obtained, they can be tested with the data .. ‘
for the open chain ketones and ketals. If the data for both types of compounds
may be rAeproduced, one may have confidence in the parameters,

I. Charge Distribution in Organic Compounds: One of the terms which should

be includéd‘in a classical modeling of intramolecular potentié,ls is the Coulombic
interactions between atomic charges. This is frequently néglécted because
little is known about charge distributions in organic' compounds. Although

this is probably. satisfactory for hydrocarbons,. -it should not be correct for
heteroatom substituted cdfnpounds. The carbonyllgroup is knov?zn to hav'*e.a.
significant dipole moment, and the C-O bond in ketals should also have a
significant dipole resulting from the difference in électronegativity befWeen
carboﬁ and oxygen,

We have studied '.'substvituent.effects via ab initio.molecular orbital
calculations. The wave functions were first tested via comparison of
calculated dipole momen_t/ coordinate derivatives with experimental infrared
int:ens»itiesf28 Having satisfactory wave functions, we studied the partitioning
of the calculated electron densities among the atoms in a series of methyl
derivatives. It was found that the effects could be sepaArated into ¢ and
m-contributions, A detailed analysis was made. The results of these
investigations have been published.”’

We also have studied different methods for partitioning electron density.
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The most satisfactory appears to be that of Bader3® which makes use of
zero-flux surfaces to éepara’ce regions that may be assigned to. different
atoms., The basis set dependence of this separation was examined. The

results of this investigation have been accepted for publication.®
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.Phblications Derived from Current Grant

A Microprocessor-controlled System for Precise Measurement of
-Temperature Changes. Determination of the Enthalpies of Hydrolysis of
Some Polyoxygenated Hydrocarbons. K.B. Wiberg and R.R. Squires,
J.Chem. Thermodynamics 1979, 11, 773,

Th_erxnpdynamics of Hydrolysis of Aliphatic Ketals, An Entropy Component
of Steric Effects. K.B. Wiberg and R.R. Squires, J.Am, Chem, Soc. 101,
5512 (1979). | S ’

Enthalpies of Acetolysis of Tricyclo[ 3.2.1.0" %] octane ([ 3.2.1] -Propellane)
and 1, 3-'Dehyd1_'oadamantane, K.B. Wiberg, H.A. Connon and W,E, Pratt,
J.Am, Chem, Soc. 101, 6970 (1979). - . ‘

Thermodynamics of Hydrolysis of Aliphatic Acetals. K.B., Wiberg and
R.R, Squires, in preparation, to be submitted to J. Am. Chem. Soc.

Enthalpies of Formation of cis- and trans-Diethylcyclopropanes and cis-

and trans-Bicyclo[ 6, 1, 0] nonanes; Stabilization of Cyclopropane Rings by

Alkyl Groups. K.B, Wiberg, E.C. Lupton, Jr., D.J. Wasserman,

A. de Meijere and S, Kass, in preparation, to be submitted to J, Am, Chem. Soc.

Infrared Intensities. The Methyl Halides,  Effect of Substituents on Charge
Distributions, K.B, Wiberg, J.Am.,Chem.Soc, 101, 1718 (1979).

Sigma and Pi Components of Substituent Effects in Saturated Systems. :
Monosubstituted Methanes., K.B. Wiberg, J.Am,Chem, Soc. 101, 2204 (1979).

Effect of Substituents on the Electron Densities in Methane., ¢ and =
Interactions in Saturated Systems. K.B. Wiberg, J.Am.Chem. Soc. 102,
1229 (1980). ‘ '

The Electrical Nature of C-H Bonds and its Relationship to Infrared
Intensities, K.B. Wiberg and J.J. Wendoloski, J, Comp. Chem. (1980).
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