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Infrared (3506-50 cnY) spectra of gaseous and Raman (3560 cntl) spectra of liquid aminomethyl
cyclopropane (cyclopropyl methylamine); €sHsCH,NH, have been recorded. Additional variable temperature
(—55 to —100 °C) studies of the mid-infrared (356@00 cnT?) spectra of the sample dissolved in liquid
xenon as well as variable temperature7@ to —112 °C) studies of the far-infrared spectra (6680 cn?)

of krypton solutions have been obtained. From these data the enthalpy difference has been determined to be
109+ 11 cn! (1.30+ 0.13 kJ/mol) between the most stable gauehauche-1 (Gg-1) conformer (the first
gauche designation, capital G, for the heavy atom conformation along-tkelond, and the second gauche
designation, lower case g, for the amino torsion alorgNcbond) and the second most stable conformation,
gauche-trans (Gt). The third most stable conformer is the cis-gauche (Cg) form with an enthalpy difference
of 267 + 28 cn? (3.19 & 0.33 kJ/mol) to the most stable conformer. Larger enthalpy values oft480

cm~! and 4804 48 cn1! were obtained for the Gg-2 and Ct conformers, respectively. From these data, the
following conformer percentages are estimated at ambient temperature: 49% Gg-1, 29% Gt, 13% Cg, 7%
Gg-2, and 2% Ct. Ab initio calculations have been carried out with several different basis sets up to MP2/
6-311G(2df,2pd) as well as with diffuse functions to determine the conformational stability. Without diffuse
functions, the Gt conformer is predicted as the most stable conformer, whereas with diffuse functions, the
Gg-1 form is predicted to be the most stable rotamer, and the density functional calculations by the B3LYP
method with the same corresponding basis sets all predict the Gt form as the most stable conformer.
Additionally, force constants, infrared intensities, Raman activities, depolarization ratios, and scaled vibrational
frequencies have been determined from MP2/6-31G(d) calculations. Vibrational assignments are provided

for most of the fundamentals for the Gg-1 and Gt conformers. Adjuststtuctural parameters have been
obtained by combining ab initio MP2/6-3315(d,p) predicted values and previously reported microwave

data for the Gg-1 and Gt forms. Many of the determined results are compared to the corresponding parameters

for some other similar organoamines.

Introduction chloromethyl cyclopropane are 95% gauche and 5% cis in the
For molecules that contain an asymmetrically substituted /1duid phase at room temperature. For bromomethy! cyclopro-

halomethyl group bonded to a symmetrical cyclopropane ring, PaN€ 98% was in the gauche form and 2% in the cis
c—CsHsCH,X where X = F, Cl, Br, and |, two staggered conformation. More recent variable temperature stidiéthe

conformers of cis and gauche structure are possible, whereadnrared spectra lOf xenon solutions gave enthalpy differlences
the eclipsed forms have been predicted to be unstdhlgally, of 274+ 21 cnr* (3.28+ 0.25 kJ/mol) and 383 29 cn1

there was considerable controversy as to whether more than(4-58= 0.35 kJ/mol) for the chloride and bromide, respectively,
one conformer was present at room temperature for the chlorideVith 12% and 8% of the cis forms present at ambient
from different microwave studigs® Molecular mechanics  (€mperature. These experimental results are consistent with

calculations in conjunction with electron diffraction experiments Predictions from molecular mechanics calculatidiiowever,

led to the conclusidhthat the gauche conformer is the molecular mechanics calculations predict the cis conformer of
predominant form with an energy difference between the fluoromethyl cyclopropane to be more stable than the gauche
conformers of 577 cmt (6.90 kd/mol). These results were form by 189 cnt™. Ab initio MP2/6-311+G(d,p) calculations
supportefl by vibrational andAH studies from which it was predicted the same conformer stability for the chloride and

concluded that the relative abundances of the conformers ofbromide but with energy differences of more than 200" &m
larger than the experiment&lH values. In contrast, for the
*Corresp?nging aéj)thoq(. Phdone: 01 816-235-6038. Fax: 01 816-235- fluoromethyl cyclopropane molecule, ab initio calculations
2290. E-mail: durigi@umkc.edu. ; ;
T Taken in part from the thesis of C. Zheng, which will be submitted to predict the gaucgg Confo.rmer more Stgble by 70%rbut it .
the Department of Chemistry of the University of Missouri-Kansas City, has been reportédithat this molecules is so unstable that its

Kansas City, MO in partial fulfillment of the Ph.D. degree. conformational stability has not been measured.
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Figure 1. The five possible conformers of aminomethyl cyclopropane where the capital letters C (Cis) and G (Gauche) indicate the relative
position of the amino group to the three-membered ring and the second letter (lower case) t (trans), g-11jgaugk® (gauche?) the relative
position of the amino rotor.

When the halogen atom is replaced with either the ethifriyl, ]
—C=C—H, or the isoelectric cyano grodp,—C=N, the results (M\N
are quite different; ab initio calculations predict the cis | L
conformer to be the more stable form for both molecules. The |
cis conformer of ethynylmethyl cyclopropane was determihed
to be more stable than the gauche form witiAld value of
147+ 14 cnm! (1.76 4 0.17 kJ/mol). This value is consistent
with the ab initio MP2/6-31+G(2d,2p) predicted energy
difference of 174 cm! (2.08 kJ/mol). A similar energy
differencé® of 134 cnt! was predicted for cyanomethyl

cyclopropane utilizing the same basis set and level. However, | ‘ | L |
the gauche conformer of cyanomethyl cyclopropane proved to 3000 2000 1000
be more stablé by 54+ 4 cm* (0.65+ 0.05 kJ/mol) according WAVENUMBER (cm™)

to variable temperature studies of the infrared spectra of xenon . o .

. . L S Figure 2. Mid-infrared spectrum of aminomethyl cyclopropane gas
solutions. Therefore, it does not appear that ab initio predictions 4" 1oom temperature.
for the conformational stabilities of these monosubstituted

methylcyclopropanes are reliable when the energy differences atios, structural parameters, and conformational stabilities have
are less than 200 cm been obtained. Structural parameters and conformational stabili-
As a continuation of our conformational stability studies of ties have been calculated with several larger basis sets. From
methylcyclopropanes, we have turned our attention to amino- the ab initio MP2(full)/6-313%+G(d,p) predictions and previously
methyl cyclopropane,€CsHsCH,NH,. This molecule provides  reported® microwave rotational constants for two conformers,
an additional challenge because we have found that the additionadjusted o parameters were obtained for these conformers. The
of diffuse functions to the basis set for both ethylarttrend results of these vibrational spectroscopic, structural, and theo-
allylfluoride®® change the ab initio predicted stability from the retical studies are reported herein.
correct trans and cis conformations, respectively, to the gauche
rotamers. Finally, it should be noted that there are five potential Experimental Section
ponformers for aminomethyl cyclopropane and they are shown o sample of aminomethyl cyclopropane was purchased
in Figure 1. from Aldrich Chemical Co., Milwaukee, WI, with a stated purity
The infrared and Raman spectra of aminomethyl cyclopropane of 99%. The sample was further purified by means of a low-
have been recorded of the gas and/or liquid and solid. Addition- pressure low-temperature fractionation column and the purity
ally, variable temperature mid-infrared spectra have been of the sample was checked by mass and NMR spectra. The
recorded of the sample dissolved in liquid xenon and similar sample was kept in the dark at low temperature until it was
spectra from 600 to 50 cm have been recorded of the sample used.
dissolved in liquid krypton. Ab initio calculatiokshave been The mid-infrared spectrum of the gas (Figure 2) was obtained
carried out utilizing the 6-31G(d) basis set at the restricted from 3500 to 400 cm! on a Perkin-Elmer model 2000 Fourier
Hartree-Fock (RHF) level and with full electron correlation transform spectrophotometer equipped with a Ge/Csl beam
by the perturbation methétito the second order (MP2) as well  splitter and a DTGS detector. Atmospheric water vapor was
as density functional theory (DFT) calculations by the B3LYP removed from the spectrophotometer housing by purging with
method. From these calculations, force constants, vibrational dry nitrogen gas. The spectrum of the gas was obtained with
frequencies, infrared and Raman intensities, depolarizationthe sample contained in a 10-cm cell fitted with Csl windows.
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Figure 3. Mid-infrared spectra of aminomethyl cyclopropane: (A)
xenon solution at-75 °C; (B) simulated spectrum of a mixture of the B
five conformers withAH of 109 cnv? for Gt, AH of 267 cnt? for Cg,
AH of 400 cm? for Gg-2, andAH of 448 cn1t for Ct relative to the c
most stable Gg-1 form; (C) calculated spectrum for pure Ct; (D)
calculated spectrum for pure Gg-2; (E) calculated spectrum for pure
Cg; (F) calculated spectrum for pure Gt; and (G) calculated spectrum h D
for pure Gg-1. o
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| M‘M\W Figure 6. Raman spectra of aminomethyl cyclopropane: (A) liquid

at room temperature; (B) simulated spectrum of a mixture of the five
conformers withAH of 109 cnt? for Gt, AH of 267 cnt? for Cg, AH

s 40 of 400 cnt? for Gg-2, andAH of 448 cnt? for Ct relative to the most
% o & @ stable Gg-1 form; (C) calculated spectrum for pure Ct; (D) calculated
L | ‘ | ‘ ‘ spectrum for pure Gg-2; (E) calculated spectrum for pure Cg; (F)
500 400 300 200 100 calculated spectrum for pure Gt; (G) calculated spectrum for pure
WAVENUMBER (cm-1) Gg-1.

Figure 4. Far-infrared spectrum of aminomethyl cyclopropane gas at
room temperature. Bands labeled with asterisks are due to ammonia.equipped with polyethylene windows, 0.5 thresolution and

with 256 scans averaged to give a satisfactory signal-to-noise
The theoretical resolution used to obtain the spectra of both ratio.

the gas and solid was 1.0 cfy usually, 100 interferograms The far-infrared spectra of the sample dissolved in liquid
were collected and averaged and the data were transformed wittkrypton were recorded on a Bruker model IFS 66 v/S Fourier
a boxcar truncation function. transform spectrophotometer equipped with a Globar source, a

The mid-infrared spectra of the sample dissolved in liquefied 6.0um Mylar beam splitter, and a liquid helium cooled Si
xenon (Figure 3) as a function of temperature were recorded bolometer. The sample was contained in a 7-cm cell fitted with
on a Bruker model IFS 66 Fourier transform spectrometer Si windows and the sample added as described for the mid-
equipped with a Globar source, a Ge/KBr beam splitter and a infrared studies. For all spectra, 250 interferograms were
DTGS detector. In all cases, 100 interferograms were collected collected at 0.5-cm' resolution, averaged and transformed with
at 1.0 cnt! resolution, averaged, and transformed with a boxcar a Blackman-Harris three-term function. Typical spectra are
truncation function. For these studies, a specially designedshown in Figure 5.
cryostat cell® was used. The Raman spectra were recorded with a Spex model 1403

The far-infrared spectrum of the gas (Figure 4) was recorded spectrophotometer equipped with a Spectra-Physics model 164
on the Perkin-Elmer model 2000 spectrometer equipped with a argon ion laser operating on the 5145 A line. The laser power
metal grid beam splitter and a DTGS detector. The spectrum used was 0.5 W with instrument resolution of 3 @nThe
was recorded with the sample contained in a 12-cm cell spectra of the liquid and solid were recorded with the sample
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TABLE 1: Observed and Calculated Frequencies (cm') for Gg-1 Aminomethyl Cyclopropane

vib no. fundamental ab initfo fix scaled IR intc Ramanact. dpratio IRgas IRKt Raman liquid PED A9 B9 C9
vy NH; antisymmetric stretch 3613 3389 0.1 67.0 0.70 3405 3396 3375 ;100S 5 81 14
vy NH, symmetric stretch 3509 3292 0.7 1114 0.13 3344 3326 3319 2100S 92 4 4
V3 rCH, antisymmetric stretch 3300 3096 16.4 36.5 0.56 3088 3078 3075 3 96S 22 4 74
Va4 rCH, antisymmetric stretch 3288 3084 0.7 74.0 0.74 3065 496S 10 49 41
Vs CH stretch 3230 3030 6.7 81.4 0.25 98S 3 1 96
Ve rCH, symmetric stretch 3206 3008 8.5 110.2 0.07 3009 3002 3001 ¢ 88S 63 12 25
vy rCH, symmetric stretch 3198 3000 12.3 38.3 0.27 3013 3002 3001 4, 8IS 1 89 10
Vg CH, antisymmetric stretch 3131 2937 35.3 88.0 0.40 2927 2927 2915 s, B3S 14 71 15
Vg CH, symmetric stretch 3012 2825 65.7 72.3 0.17 2847 2839 2859 o, 88% 7 17 76
vio  NHdeformation 1715 1591 36.7 8.3 0.71 1619 1615 1618 10830 25 34 41
v11  CHydeformation 1579 1498 2.2 10.4 0.74 1476 1479 1459 1582S, 20 16 64
v rCH, deformation 1570 1490 0.2 7.0 0.67 1466 1463 1459 14395, 1157 89 4 7
vz rCH, deformation 1525 1447 2.0 8.3 0.75 1434 1428 1427 199S 21 79 0
via  CH;wag 1493 1408 16.1 4.4 0.63 1401 1393 1404 1378S;5, 155,115, 91 5 4
vis  CHin-plane bend 1423 1334 4.3 8.7 0.60 1352 1346 1353 1523654, 15S6,15S; 94 4 2
v CHytwist 1350 1266 4.1 9.0 0.58 1271 1279 1278 A131S4, 129, 74 25 1
vi7  ring breathing 1271 1203 0.1 17.0 0.23 1195 1192 1193 1428Ss, 123 57 23 20
vig  CC stretch 1255 1174 2.1 5.8 0.53 1170 149595, 1555, 145, 7 0 93
Ve ICHa twist 1237 1170 0.9 8.4 0.71 1170 38H6Ss, 14S0 9 74 17
v  CH out-of-plane bend 1178 1102 1.0 1.4 0.46 1103 1103 1103 05583 4 49 47
vo1  NHp twist 1214 1124 6.0 4.6 0.12 1122 1115 1118 4933S6 3 0 97
v, CNstretch 1112 1053 12.4 4.1 0.63 1054 1050 1047 2B7S 80 20 O
vz rCHywag 1109 1050 25 0.1 0.74 1053 1047 8&7S 19 72 9
voq  rCHpywag 1100 1041 7.3 0.2 0.71 1046 1044 1047 B82S 73 2 25
vas  CHyrock 1023 946 32.1 4.9 0.58 959 959 962 208096, 1251, 115 53 1 46
vy  ring deformation 991 933 8.9 8.6 0.50 929 928 924 RABS, 0 93 7
vy7  ring deformation 967 905 317 6.1 0.62 908 913 911 B3NS0 22 3 75
vog  FCHprock 870 826 75 3.4 0.73 827 826 823 283857, 1594, 1550 13 15 72
Vo9  FCHprock 833 789 25 4.9 0.54 799 795 29919S6, 1055 15 0 85
vao  NHywag 895 783 114.1 6.5 0.74 777 781 788 4180Ss5, 1657 36 24 40
va1  rCH, twist 801 757 0.2 8.4 0.60 758 761 760 392430, 1656, 12Ss 1 99 0
vz  CCN bend 476 451 7.5 2.1 0.48 464 464 466 #4555 77 5 18
vzz  ring-C in-plane bend 382 358 9.9 0.5 0.17 365 366 369 353 S, 84 14 2
vaa  NHjtorsion 295 265 48.8 1.9 0.68 263 266 39233 70 30 O
v3s  ring-C out-of-plane bend 234 218 9.6 0.5 0.72 222 226 250 3488, 163, 19 81 O
vze  asymmetric torsion 127 127 1.9 0.1 0.50 129 135 -80S 29 71 0

aMP2/6-31G(d) predicted valuesMP2/6-31G(d) fixed scaled frequencies with factors of 0.88 for CH and NH stretches, 0.70 for CNH bends,
0.75 for amino torsion, 1.0 for asymmetric torsion, and 0.90 for all other médealculated infrared intensities in km/mol from MP2/6-31G(d).
d Calculated Raman activities in“amu from MP2/6-31G(d): Frequencies from Kr solution at110 °C. f Calculated with MP2/6-31G(d), and
contributions of less than 10% are omitt€d\, B, andC values in the last three columns are percentage infrared band contours.

contained in sealed capillaries, and a typical Raman spectrum
is shown in Figure 6. The wavenumbers for all of the observed
fundamentals for all five conformers are listed in Tablesbl

in all of the physical states.

Ab Initio Calculations. The LCAO-MO-SCF restricted
Hartree-Fock calculations were performed with the Gaussian-
98 programf using Gaussian-type basis functions. The energy
minima with respect to the nuclear coordinates were obtained
by the simultaneous relaxation of all the geometric parameters
using the gradient method of Pulé/Calculations were also
carried out with full electron correlation by the perturbation Figure 7. Internal coordinates of aminomethyl cyclopropane.
method’ to second order up to the 6-3tG(2df,2pd) basis set.

Density functional theory (DFT) calculations made with the field from Cartesian coordinates into the force field in desired
Gaussian 98 prograthwere restricted to the hybrid B3LYP  internal coordinates. These force constants were used to
method. The determined energy differences that resulted fromreproduce the ab initio vibrational frequencies for conformers
these various calculations are listed in Table 6. that are given in Tables45. The diagonal elements of the force

To obtain a complete description of the molecular motions field in internal coordinates were then multiplied by scaling
involved in the normal modes of aminomethyl cyclopropane, a factors of 0.88 for the CH and NH stretches, 0.70 for CNH
normal coordinate analysis has been carried out. It has beenbends, 0.75 for the amino torsion, 1.0 for the asymmetric torsion,
shown from our past studies of a series of amine and cyclopropyl and 0.90 for all other modes. The geometrical average of the
molecules that properly scaled MP2/6-31G(d) frequencies havescaling factors was applied to the off-diagonal force constants.
an average error of less than 1% (less than 0.8% for bendingThe calculation was repeated to obtain the fixed scaled force
and torsional modes). We have also found that a larger basisfield, scaled vibrational frequencies, and potential energy
set does little to improve vibrational frequency predictions. Thus, distributions (PED) given in Tables—5.
the force field in Cartesian coordinates was obtained with the  The infrared and Raman spectra were simulated as shown in
Gaussian 98 prograth from the MP2/6-31G(d) level of  Figures 3 and 6, respectively. The frequencies, Raman scattering
calculation. The internal coordinates shown in Figure 7 were activities, and infrared intensities were obtained from the output
used to form the symmetry coordinates listed in Table 1S. The of the ab initio calculations. The Raman scattering cross sections,
B-matrix element¥ were used to convert the ab initio force 90;/0Q, which are proportional to the Raman intensities, can
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TABLE 2: Observed and Calculated Frequencies (cm?) for Gt Aminomethyl Cyclopropane

vib no. fundamental abinitto fix scaled IRintc Ramanact. dpratio IRgas IRKf Raman liquid PED A9 BI CY
V1 NH; antisymmetric stretch 3603 3380 0.1 44.9 0.74 3388 3375 100S 39 33 28
12 NH, symmetric stretch 3502 3285 0.2 75.1 0.11 3326 3319 100S 0 89 11
V3 rCH, antisymmetric stretch 3299 3095 15.2 37.8 0.62 3087 3078 3075 3 94S 25 3 72
Va4 rCH, antisymmetric stretch 3286 3083 1.2 72.2 0.74 3065 494S 11 41 48
Vs CH stretch 3199 3001 17.4 42.0 0.43 3009 3002 3001 5, 155 18 7 75
Ve rCH, symmetric stretch 3206 3008 4.7 156.2 0.06 3009 3002 3001 4, 1I8S, 11S 76 24 0
v7 rCH, symmetric stretch 3197 2999 16.0 26.8 0.32 3009 3002 3001 4 B85S, 13S 1 61 38
Vg CH, antisymmetric stretch 3151 2956 23.7 73.6 0.70 2958 2926 g 95S 16 52 32
Vg CH, symmetric stretch 3095 2904 30.0 84.1 0.07 2902 2897 998S 0 62 38
vio  NH;deformation 1727 1604 26.2 8.0 0.72 1622 1618 1618 17230 0 67 33
V11 CH, deformation 1550 1470 1.7 115 0.75 1455 1450 1449 191S 6 17 77
vi2  rCH, deformation 1573 1493 1.6 4.9 0.75 1469 1476 1459 1745S- 11 1 88
13 rCH, deformation 1526 1447 2.2 8.6 0.75 1434 1428 1427 198S 19 80 1
vis  CHywag 1390 1302 15.3 2.6 0.71 1322 1319 1320 1168)Ss 98 0 2
vis  CHin-plane bend 1465 1390 6.2 6.2 0.43 1375 1372 1384 11338?6?4131332 93 3 4
8 7
vie  CHytwist 1429 1325 24 11.2 0.75 1345 1342 1345 AP0, 74 0 26
vi7  ring breathing 1266 1206 3.9 18.9 0.21 1195 1192 1193 1488S;s 9%5 4 1
vig  CC stretch 1127 1055 5.0 1.8 0.68 1047 3430S,, 11S, 58 38 4
10Sy4, 10Ss
vig  ICH, twist 1237 1173 0.5 8.2 0.75 1170 3934795, 13S0 8 74 18
v  CH out-of-plane bend 1182 1119 3.4 12 0.63 1118 BIBS o 68 22 10
vo1 NH;twist 1287 1191 0.9 4.7 0.48 1193 1335, 1586 35 44 21
1355, 10S3
v22  CN stretch 1160 1078 9.4 2.1 0.54 1085 1082 1089 28845, 54 5 41
Va3 rCH, wag 1109 1052 2.1 0.1 0.65 1047 94S 3 97 O
vos  rCHywag 1097 1036 18.3 0.2 0.73 1019 1015 1015 B88S 81 1 18
vs  CHarock 901 832 11.4 2.2 0.44 835 834 835 368599 100 0 O
vy  ring deformation 1026 953 63.2 45 0.57 962 959 962 2468Sg, 125, 100 0 O
vy;  ring deformation 981 929 8.9 8.8 0.57 927 924 408756 179 20
v ICHprock 868 814 28.5 4.6 0.74 812 812 812 133132537, 1850, 66 33 1
9
V29 rCH; rock 820 772 10.3 2.8 0.51 3]%%19525, 14, 93 2 5
6
vzo  NHywag 959 869 119.6 5.5 0.48 877 876 884 /3454 1387, 91 1 8
10S, 1096
vz rCH;twist 800 752 171 9.7 0.54 748 750 753 32;195‘25, 16Sy, 94 4 2
15Sg
vz  CCN bend 479 452 7.3 4.9 0.52 461 464 466 B1E7 S5 38 59 3
vzz  ring-C in-plane bend 382 356 11.3 1.9 0.38 366 366 364 35283, 10 42 48
vas  NHtorsion 286 255 44.6 2.2 0.73 247 251 6428S3 13 24 63
vss  ring-C out-of-plane bend 236 222 5.0 0.2 0.65 218 221 250 35683S; 6 76 18
v3g  asymmetric torsion 122 122 0.4 0.1 0.38 125 132 82S 60 4 36

2 MP2/6-31G(d) predicted valuesMP2/6-31G(d) fixed scaled frequencies with factors of 0.88 for CH and NH stretches, 0.70 for CNH bends,
0.75 for amino torsion, 1.0 for asymmetric torsion, and 0.90 for all other médeaculated infrared intensities in km/mol from MP2/6-31G(d).
d Calculated Raman activities in“&amu from MP2/6-31G(d): Frequencies from Kr solution at110 °C. f Calculated with MP2/6-31G(d), and
contributions of less than 10% are omitt€d\, B, andC values in the last three columns are percentage infrared band contours.

be calculated from the scattering activities and the predicted The infrared spectra were also predicted from the MP2/
frequencies for each normal motle?* To obtain the polarized ~ 6-31G(d) calculations. Infrared intensities were calculated based
Raman cross sections, the polarizabilities are incorporated intoon the dipole moment derivatives with respect to the Cartesian
S by multiplying it by (10;)/(1+p;), wherep; is the depolar- coordinates. The derivatives were taken from the ab initio
ization ratio of thgth normal mode. The Raman scattering cross calculations transformed to normal coordinates by

sections and the predicted scaled frequencies were used together

with a Lorentzian line-shape function to obtain the calculated ou, oy

spectra. — =) ||k
The predicted Raman spectra of the pure Gg-1, Gt, Cg, Gg-2 Q ] 3Xj

and Ct conformers of-€CzHsCH,NH; are shown in Figure 6G, ] ) ) _ _

6F, 6E, 6D, 6C, respectively. The predicted Raman spectrumWhere Qs theith normal coordinate, Xis the ™ Cartesian

of the mixture of the five conformers, with relative concentra- displacement coordinate, anglare elements of transformation

tions calculated for all equilibrium mixture at 2& using the ~ Matrix between the Cartesian displacement coordinates and

experimentally determined enthalpy differences, is shown in normal coordinates. The infrared intensities were then calculated

Figure 6B. This spectrum should be compared with the by

experimental Raman spectrum of the liquid at room temperature au\2 o)z [9u)\2
shown in Figure 6A. It is clear that the simulated Raman | = N7 Oty oty 9,
spectrum closely resembles the observed spectrum. Although "3 \9Q, 0Q, aQ,

there are some differences between calculated and experimental

intensities, these data demonstrate the utility of ab initio cal-  The predicted infrared spectra of the pure Gg-1, Gt, Cg, Gg-2
culations in predicting the spectrum for conformer identification and Ct conformers are shown in Figure 3, parts G, F, E, D, and
and vibrational assignments for these types of substituted C, respectively. The mixture of the five conformers is shown
methylcyclopropane molecules. It should be noted that somein Figure 3B. These spectra can be compared to the experimental
of the differences may be the result of hydrogen bonding in the spectra of the sample dissolved in liquefied xenor-@b °C
liquid. shown in Figure 3A. Although there are some apparent differ-
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TABLE 3: Observed and Calculated Frequencies (cm') for Cg Aminomethyl Cyclopropane

vib no. fundamental ab initfo fix scaled IR int.°® Raman act. dpratio IRgas IRK? Raman liquid PED AY B9 C9
V1 NH; antisymmetric stretch 3624 3400 1.2 63.7 0.70 3408 100S 12 7 81
Vv NH, symmetric stretch 3526 3307 0.1 99.0 0.12 100S 68 22 10
V3 rCH, antisymmetric stretch 3312 3107 10.1 28.0 0.74 89S 69 31 0
Va4 rCH, antisymmetric stretch 3299 3095 3.4 62.1 0.75 898 54 32 14
Vs CH stretch 3205 3007 15.2 35.7 0.74 298 1 94 5
Ve rCH, symmetric stretch 3215 3016 8.3 190.7 0.06 285 89 7 4
V7 rCH, symmetric tretch 3209 3011 14.8 24.9 0.75 99S 2 14 84
Vg CH, antisymmetric stretch 3129 2935 32.9 78.3 0.48 s/ 265 6 19 75
Vg CH, symmetric stretch 3036 2848 79.3 107.9 0.21 2860 2862 2859 o, 7283 20 49 31
vio  NHzdeformation 1724 1601 37.7 8.3 0.64 182130 55 20 25
v11  CH,deformation 1571 1490 0.9 14.1 0.69 94S 61 8 31
vi2  rCH, deformation 1572 1491 2.1 4.8 0.73 679957 74 24 2
vz rCH, deformation 1513 1435 1.9 7.7 0.74 1Q9S 2 2 96
vy CHywag 1466 1382 11.0 6.7 0.72 1393 43,37Ss, 159 9 0 1
vis  CHin-plane bend 1456 1375 4.3 3.5 0.49 1375 1373 133334, 209, 86 10 4
v CHytwist 1376 1278 5.7 10.2 0.71 1280 1290 81S, 60 13 27
vi7  ring breathing 1281 1215 3.3 18.6 0.21 4528Ss 90 3 7
vig  CC stretch 787 742 9.3 9.8 0.50 338856, 1831 1 88 11
v1g  ICHa twist 1240 1177 0.7 9.3 0.75 4454455, 1150 7 3 90
v  CH out-of-plane bend 1186 1126 35 1.3 0.67 2488S9 2 33 65
vo1  NHptwist 1248 1142 0.4 1.9 0.56 1141 1144 3029S6, 1395 2 14 84
vz, CN stretch 1176 1108 35 15 0.74 1106 1084S, 16S9 3 86 11
vz IrCHywag 1118 1058 5.9 25 0.46 1065 1065 7$S 50 48 2
voq  rCHpywag 1101 1049 24.0 2.9 0.71 665155, 49 38 13
vos  CHprock 1045 977 11.6 4.0 0.36 992 2821S,, 1391 1 83 16
vye  ring deformation 1009 932 8.2 10.3 0.43 399795, 145, 33 65 2
vy7  ring deformation 897 868 42.7 5.1 0.67 880 878 37330, 1795 0 9 5
vog  ICHprock 845 812 8.3 1.3 0.75 3952190, 1794, 17Ss 3 32 65
Vo9  IFCHyrock 827 788 0.6 1.0 0.14 67518 55 40 5
vzo  NHy;wag 934 784 73.0 10.7 0.70 781 777 3898597 0 44 56
va1  rCHy twist 1110 1036 8.2 10.3 0.43 8524S,, 1653 33 65 2
vz  CCN bend 567 535 11.6 19 0.66 545 545 45313 19 49 32
vzs  ring-C in-plane bend 256 229 39.6 1.0 0.67 241 241 BME S, 143, 57 0 43
vas  NHjtorsion 284 262 21.2 0.9 0.70 254 258 47233, 27, 46 10 44
vgs  ring-C out-of-plane bend 353 335 0.8 0.3 0.74 328 327 334 3858 86 8 6
vze  asymmetric torsion 139 139 1.7 0.1 0.73 146 145 88S 1 64 35

aMP2/6-31G(d) predicted valuesMP2/6-31G(d) fixed scaled frequencies with factors of 0.88 for CH and NH stretches, 0.70 for CNH bends,
0.75 for amino torsion, 1.0 for asymmetric torsion, and 0.90 for all other médealculated infrared intensities in km/mol from MP2/6-31G(d).
d Calculated Raman activities in“amu from MP2/6-31G(d): Frequencies from Kr solution at110 °C. f Calculated with MP2/6-31G(d), and
contributions of less than 10% are omitt€d\, B, andC values in the last three columns are percentage infrared band contours.

ences between calculated and experimental intensities, e.g. the , A
bands at 75011 rCH; twist), 812 (28 rCH> rock) and 1015
cm™1 (vp4 rCH, wag) for the Gt form are much stronger than
predicted, andsg at 2839 cm?, for the Gg-1 form is much
weaker than predicted, as a whole. The simulated infrared

spectrum closely resembles the observed spectrum, which 25 0 25 25 0 25
provides excellent evidence for the quality of the ab initio

calculations. It should be noted that some of the differences| B B’

might be the result of association with the solvent xenon atoms.

Vibrational Assignment. To determine the conformational
stabilities of the different forms of aminomethyl cyclopropane,
it is necessary to assign bands to each one of the rotamers:
However, it is a daunting task to provide a vibrational
assignment, because the two major conformers have large C C \Jv\/
abundance at ambient temperature, whereas the other three much
less abundant conformers may also have similar abundances tg
each othet® Additionally, the NH, modes experience large
shifts of their fundamental frequencies in going from the gas
to the solid state, particularly the torsion and the rock. Shifts 25 0 -25 25 0 25
were observed to a lesser extent also by going from the gas to
the liquid. Nevertheless, by using the ab initio predicted
frequencies, the observed and predicted infrared gas phase banfiigure 8. Predicted pure A-, B-, and C-type infrared contours for the
contours, and the band intensities from the infrared and Ramanng'l’ Gt, and Gg-2 conformers and pure, &', and C-type contours

: . . or the Cg and Ct conformers for aminomethyl cyclopropane.
spectra, it has been possible to provide a reasonably complete
vibrational assignment for the two major conformers. Addition- between those for the two cis conformers (Cg and Ct) and those
ally, some of the fundamentals have been identified for the other for the three gauche forms (Gg-1, Gt, and Gg-2). The two
three conformers. Because the rotation of the;Nfbup has different sets of contours are shown in Figure 8, where the major
little effect on the moments of inertia of aminomethyl cyclo- differences are the predicted sub-band structure on the B-type
propane, the predicted infrared band contours only differ band for the gauche conformers. Because only the Ct conformer

WAVENUMBER (cm-1)
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TABLE 4: Observed and Calculated Frequencies (cm?') for Gg-2 Aminomethyl Cyclopropane

vib no. fundamental abinitto fixscaled IRint® Ramanacf. dpratio IRgas IRKt PED A0 B CY
V1 NH, antisymmetric stretch 3603 3380 0.2 71.9 0.72 1,00S 66 3 31
Vv NH, symmetric stretch 3501 3285 0.7 119.2 0.13 100S 93 3 4
V3 rCH, antisymmetric stretch 3304 3099 14.0 33.8 0.68 92S 24 8 68
Va4 rCH, antisymmetric stretch 3290 3087 2.3 73.8 0.74 92S 29 1 70
Vs CH stretch 3199 3001 20.8 32.3 0.60 89S 12 0 88
Ve rCH, symmetric stretch 3211 3013 4.9 141.5 0.06 4885 36 64 0
V7 rCH, symmetric stretch 3203 3005 12.3 54.0 0.21 B818S 25 74 1
Vg CH; antisymmetric stretch 3125 2931 23.4 59.1 0.46 s/ 285 6 2 92
Vg CH, symmetric stretch 3028 2840 78.3 105.2 0.22 28 2 97 1
V10 NH; deformation 1721 1597 33.1 10.7 0.65 18210 67 2 31
V11 CH, deformation 1581 1500 2.6 10.7 0.75 82387S, 13 14 73
V12 rCH, deformation 1571 1490 0.6 7.1 0.69 38317S: 77 9 14
V13 rCH, deformation 1528 1450 2.1 8.7 0.75 99S 13 87 0
V14 CH, wag 1493 1409 13.4 4.0 0.53 34S517Ss 155 88 1 1
V15 CH in-plane bend 1432 1345 9.1 7.7 0.47 1359 1354 ,1285S4, 1391 99 0 1
V16 CHj twist 1354 1265 4.0 9.9 0.60 585185 96 3 1
V17 ring breathing 1274 1208 2.6 18.9 0.24 5028S4 76 12 12
V1g CC stretch 1290 1197 0.5 4.5 0.69 1498S;,, 16Ss, 20 40 40
15S3, 10S6
V19 rCHj twist 1235 1172 0.6 8.2 0.75 36554855, 1590 4 94 2
Vo0 CH out-of-plane bend 1177 1116 2.1 0.6 0.43 BO%4S, 0 80 20
V1 NH; twist 1143 1032 9.0 3.3 0.34 255135, 13Ss 3 87 10
V22 CN stretch 1122 1064 7.3 3.6 0.60 1067 1065 B0 84 13 3
V23 rCH, wag 1106 1050 4.3 0.1 0.75 735195, 24 50 26
Vo4 rCH, wag 1100 1043 11.7 0.8 0.40 632453 76 3 21
V25 CH, rock 1055 980 15.0 7.1 0.26 992 1BSL7S, 0 82 18
V26 ring deformation 992 939 9.7 10.4 0.60 931 383557 125 90 1 9
Vo7 ring deformation 953 888 54.2 11.0 0.74 4833, 23 74 3
Vog rCH, rock 868 830 2.9 3.3 0.75 305197, 189y, 5 63 32
16S,
V29 rCH, rock 830 805 14.2 2.6 0.45 809 2%53?5&6, 14Ss, 0 81 19
10Ss
V30 NH, wag 906 771 86.3 7.0 0.55 3252395, 1359 11 88 1
V31 rCHj twist 799 754 1.4 6.7 0.58 4353099, 1155 3 44 53
Va2 CCN bend 494 466 7.8 2.5 0.58 471 472 4485S5 76 2 22
Va3 ring-C in-plane bend 373 352 4.9 11 0.26 358 359  343BS a7 1 52
V34 NH, torsion 230 207 17.9 0.6 0.75 212 215 44225, 2155 24 9 67
V35 ring-C out-of-plane bend 254 235 32.2 1.4 0.74 235 h23339S5, 38S,, 13, 37 1 62
Vag asymmetric torsion 99 98 4.7 0.2 0.74 103 104 23S 6 37 57

aMP2/6-31G(d) predicted valuesMP2/6-31G(d) fixed scaled frequencies with factors of 0.88 for CH and NH stretches, 0.70 for CNH bends,
0.75 for amino torsion, 1.0 for asymmetric torsion, and 0.90 for all other méd&aiculated infrared intensities in km/mol from MP2/6-31G(d).
d Calculated Raman activities in“amu from MP2/6-31G(d) Frequencies from Kr solution at110 °C. f Calculated with MP2/6-31G(d), and
contributions of less than 10% are omittédh, B andC values in the last three columns are percentage infrared band coritbiydrogen bonding
band coincides with this fundamental.

has any symmetry, many of the fundamentals of the other four 500—-750 cnt?! region. Therefore, the weak infrared bands at
conformers are expected to give rise to A/B/C hybrid contours. 529 and 545 cm' in the rare gas solutions are assigned as the
Nevertheless, for each of the conformers, we calculated the CCN bends for the Ct and Cg conformers, respectively, whereas
expected band contours for each of the fundamentals to aid inthe 464 and 472 crt infrared bands in the rare gas solutions
the normal mode assignments. are assigned to the corresponding mode for the gauche (G)
“Group frequencies” for the monosubstituted hydrocarbon forms. The assignments for the 529 and 545 tiands are
ring have been well characteriz&iThey were very valuable ~ supported by the relative frequencies from the ab initio
for the assignment of the fundamentals of aminomethyl cyclo- predictions as well as from the band contours in the gas phase.
propane. Also the fundamentals for th€ H,NH, group have The 545 cm! band has a predicted 49% B-type contour with
been confidently assigné&l providing excellent data for  19% A-type and 32% C-type contributions. The Q-branches
comparisons with those for the substituent on the ring. Therefore, from these two latter contributions simply fill in the minimum
by using all of these data along with the ab initio-predicted in the B-contour. The 529 cm band has a predicted 68%
infrared and Raman intensities, a reasonably confident vibra- A-type character, which gives rise to a strong Q-branch as
tional assignment has been provided for the fundamental observed (Figure 4). Similarly, the ring-C in-plane bend is
vibrations for both the Gg-1 and Gt conformers (Tables 1 and assigned near 360 crthfor the Gg-1, Gt, and Gg-2 rotamers,
2). Several of the fundamentals for the three less stable whereas the corresponding out-of-plane modes are at 226, 221,
conformers have been tentatively identified (Tables 3, 4, and and 215 cm?, respectively. For the Cg and Ct forms, this latter
5). mode is predicted at a significantly higher frequency, whereas
The most interesting spectral region is below 600 tmhere  the other corresponding fundamental is expected in the 336 cm
the skeletal bending modes are predicted to have significantly region with extensive mixing of these bends with the NH
different frequencies for gauche and cis conformers for rotation torsion for these conformers. Because the two cis conformers
around the & C bond. For example, the Ct and Cg conformers appear to have a low abundance, the assignment for all three of
have a CCN bend in the 52670 cnt? region, whereas the  these latter normal modes is somewhat tentative.
Gg-1, Gt, and Gg-2 forms have the corresponding vibration  The NH, torsion mode is predicted to be at 265 cfor the
predicted at 451, 452, and 466 cinrespectively. There are  Gg-1 form and observed at 263 ci(gas, Figure 4) and 266
no fundamentals predicted for any of these three forms in the cm™ (Kr, Figure 9); this mode is predicted to be 255<nfor
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TABLE 5: Observed and Calculated Frequencies (cm?) for Ct Aminomethyl Cyclopropane
vib no. fundamental abinito fixscaled IRint® Ramanact dpratio IRgas IRKt PED A9 By ¢
V1 NH; antisymmetric stretch 3634 3409 0.3 33.7 0.75 1,008 100
2 NH, symmetric stretch 3527 3308 0.5 63.6 0.07 109S 69 31
V3 rCH, antisymmetric stret¢h 3300 3096 17.8 28.2 0.56 99S 59 41
Va rCH, antisymmetric stretch 3289 3085 0.1 69.2 0.75 H9S 100
Vs CH stretch 3201 3003 20.1 37.0 0.70 8338S 0 100
Ve rCH, symmetric stretch 3209 3010 1.8 191.3 0.06 8437S 81 19
vy rCH, symmetric stretch 3204 3005 15.2 19.8 0.75 100S 100
Vg CH, antisymmetric stretch 3150 2955 27.6 77.8 0.75 100S 100
Vg CH, symmetric stretch 3099 2907 42.0 107.4 0.10 100S 33 67
V10 NH, deformatiofi 1724 1599 21.9 5.6 0.74 715522, 22 78
V11 CH, deformatiofi 1554 1474 1.0 12.7 0.73 98S 8 92
V12 rCH, deformatiofi 1577 1496 2.2 5.2 0.72 73517S7 20 80
V13 rCH, deformation 1523 1444 3.8 7.4 0.75 1Q9S 100
V14 CH, wag' 1415 1342 17.1 7.1 0.68 1359 1354 6434S3 100 0
V15 CH in-plane bend 1456 1381 3.5 3.6 0.51 1388 1384  38§23S4 19S, 57 43
V16 CH, twist 1430 1314 0.1 9.6 0.75 545379 100
V17 ring breathing 1279 1213 1.4 18.6 0.23 48528Ss 100 0
V1g CC stretch 772 727 12.3 11.7 0.49 715 3BS34S6, 151 97 3
V19 rCH; twist 1235 1172 0.6 8.6 0.75 34544Ss, 20S0 100
V20 CH out-of-plane bend 1179 1109 1.3 1.2 0.75 1111 2820S9 100
V21 NH; twist 1249 1145 1.3 0.8 0.75 2853356, 19595 100
V22 CN stretch 1199 1133 5.5 0.6 0.61 35516S; 28 72
Va3 rCH, wag 1108 1051 1.5 0.1 0.75 9%S 100
vaa  ICH,wad 1104 1047 8.2 0.6 0.14 82511S6 0 100
Vo5 CH; rock 1003 921 0.4 3.3 0.75 2453197, 219 100
V26 ring deformatiof 1031 971 58.7 8.9 0.41 29521Ss, 1754 94 6
Vo7 ring deformation 897 845 12.0 8.9 0.75 619355 100
Vog rCH, rock 820 769 15 1.1 0.75 32;558&5, 16, 100
15S,
V29 rCH, rock 820 778 1.5 1.5 0.18 6%$ 20S; 95 5
V30 NH, wag' 916 810 219.9 1.5 0.28 810 ?%%730, 15Ss, 81 19
2
V31 rCHj twist? 1081 1024 2.1 7.6 0.74 21§2§S?>532, 17, 98 2
5
V32 CCN bend 550 520 16.0 3.0 0.75 531 529 4638S; 10S; 68 32
Va3 ring-C in-plane bend 274 260 1.4 0.5 0.16 6Q% 37, 3 97
Vaq NH, torsion 368 337 33.1 2.5 0.75 332 331 3983Ss 100
V35 ring-C out-of-plane bend 333 301 24.6 0.7 0.75 307 303 3566, 100
Vag asymmetric torsion 118 118 2.7 0.2 0.75 125 125 R[7S 100

aMP2/6-31G(d) predicted valuesMP2/6-31G(d) fixed scaled frequencies with factors of 0.88 for CH and NH stretches, 0.70 for CNH bends,
0.75 for amino torsion, 1.0 for asymmetric torsion, and 0.90 for all other méd&aiculated infrared intensities in km/mol from MP2/6-31G(d).
d Calculated Raman activities in“amu from MP2/6-31G(d) Frequencies from Kr solution at110 °C. f Calculated with MP2/6-31G(d), and
contributions of less than 10% are omittédd, B, andC values in the last three columns are percentage infrared band cortndizates a mode
in the A" symmetry block.

the Gt form and observed at 247 cth{gas, Figure 4) and 251
cm~1 (Kr, Figure 9), the 10 (predicted), 15 (Kr) and 16 (gas)
cmt differences is far beyond the average 1% error expected.
Thus, we believe our assignment of the conformer pairs is
justified. The predicted frequencies for the asymmetric torsions
range from a high value of 139 cth(Cg) to a low value of 98
cm ! (Gg-2) with values of 127, 122, and 118 chifor the
other conformers. There is a broad infrared band in the krypton
solution at about 130 cnd, which is undoubtedly due to this
mode. As the temperature is lowered, the intensity grows at
about 135 cm!, whereas at the warmer temperature of
—85 °C the maximum is evident at 132 cfh These maxima
have been assigned to the asymmetric torsions for the Gg-1 and g
Gt conformers, respectively, whereas a questionable shoulder ]
at 145 cnl is assigned to this mode for the Cg form.

In the “fingerprint” region, particularly for the spectra between
900 and 1200 cmt, many of the assignments were strongly
influenced by the ab initio predicted frequencies. Also, it should
be noted that the descriptions provided in many cases are more
for bookkeeping than for giving the major atomic motions
involved. Many of these vibrations have three or four significant
symmetry coordinate contributions and their relative order
differs among the five conformers. Therefore, further discussion

of these assignments is not warranted.
Figure 9. Resolution of bands and their temperature dependence (at
For some of the conformers, there is extensive mixing as —79 and—97°C) in the far-infrared spectra of aminomethy! cyclopro-
might be expected for a molecule without any symmetry. For pane dissolved in liquid krypton in the range 29183 cnr?,

nce (arbitrary unit)
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TABLE 6: Calculated Energies (Hartree) and Energy Difference (cnt?) for the Five Conformers of Aminomethyl
Cyclopropane

method/basis set cis-trans cis-gauche gauche-trans gauche-gauche gauche-gauche2
RHF/6-31G(d) —211.113127 —211.113702 —211.115456 —211.115530 —211.113665
527 401 16 0 409
MP2/6-31G(d) —211.820671 —211.820969 —211.822197 —211.821758 —211.819771
239 173 —96 0 436
MP2/6-3H-G(d) —211.835636 —211.836488 —211.837856 —211.838136 —211.836236
549 362 61 0 417
MP2/6-311G(d,p) —212.044555 —212.045106 —212.046126 —212.045510 —212.043852
210 89 —135 0 364
MP2/6-311G(d,p) —212.051800 —212.052413 —212.053779 —212.053941 —212.052298
470 335 36 0 361
MP2/6-311G(2d,2p) —212.105284 —212.105889 —212.106626 —212.106294 —212.104520
222 89 —73 0 389
MP2/6-311G(2d,2p) —212.110886 —212.111491 —212.112906 —212.113041 —212.111375
473 340 30 0 336
MP2/6-311G(2df,2pd) —212.191986 —212.192475 —212.193216 —212.192892 —212.191119
199 92 -71 0 389
MP2/6-31HG(2df,2pd) —212.196896 —212.197399 —212.198859 —212.198968 —212.197310
455 344 24 0 364
B3LYP/6-31G(d) —212.551459 —212.550913 —212.553080 —212.552324 —212.550374
190 476 —166 0 428
B3LYP/6-31+G(d) —212.561990 —212.562098 —212.564328 —212.564192 —212.562408
483 460 -30 0 392
B3LYP/6-311G(d,p) —212.616682 —212.616558 —212.618257 —212.617593 —212.615784
200 227 —146 0 397
B3LYP/6-311G(d,p) —212.621115 —212.621217 —212.623262 —212.623166 —212.621548
450 428 -21 0 355
B3LYP/6-311G(2d,2p) —212.625826 —212.625775 —212.627308 —212.626748 —212.625087
203 214 —123 0 365
B3LYP/6-311G(2d,2p) —212.629827 —212.629916 —212.632038 —212.631926 —212.630443
461 441 —25 0 325
B3LYP/6-311G(2df,2pd) —212.632096 —212.632096 —212.633566 —212.633052 —212.631416
210 210 —113 0 359
B3LYP/6-31HG(2df,2pd) —212.635923 —212.636011 —212.638147 —212.638047 —212.636579
466 447 —22 0 322

example, the Gt conformer has four fundamentals that have conformers, respectively, with predicted frequencies of 265 and
contributions from five different symmetry coordinates with the 255 cnt! and intensities of 48.8 and 44.6 km/mol, respectively.
maximum contribution from any one of them in the mid-thirty ~Spectral deconvolution of part of the far-infrared spectrum of
percent range (Table 2). For the Gg-1 conformer, there are sixthe krypton solution recorded at79 °C and—97 °C is shown
bands which have contributions from four symmetry coordinates in Figure 9. The standard curve fit software (OPUS/IR program
where three of them have maximum contribution from any one version 2.2, which uses the Levenberg-Marquadt algorithm) of
symmetry coordinate of 23% or less (Table 1). For the other the Bruker FT-IR instrument was used to separate the conformer
three conformers, the mixing is not as extensive. We have keptbands. There is obviously a weak band on the low frequency
the numbering for each normal mode for all five conformers shoulder of the 265 cnt band at 258 cmt that is assigned as
the same, but the frequency may be significantly different this same fundamental for the Cg form with a predicted

because the mixing varies depending on the conformer. frequency of 262 cmt and intensity of 21.2 km/mol. There is
The assignments for the carbehydrogen and nitrogen also a weak shoulder on the 251 chiband at 241 cm! that is

hydrogen stretches is rather straightforward. TheHOmodes assigned as33 of the Cg conformer.

of the ring are significantly separated from those fort@H,N The other strong band in this spectral region is the ring-C

group with little separation between the two ring £&htisym- bend that is centered at about 222¢rand made up of three

metric stretches or the two corresponding symmetric modes. relative pronounced bands (Figure 9) at 226, 221, and 213 cm
The NH, stretches are very weak in the infrared spectra and and a weaker band at 209 ciThe higher frequency band at
only those for the Gg-1 and Gt conformers were observed. 226 cnt! is assigned to the most stable conformer based on
Conformational Stability. To determine the conformational the fact that it becomes more intense as the temperature is
stabilities for five possible conformers of aminomethyl cyclo- lowered, whereas the 221 ciband has decreasing intensity.
propane, it is necessary to identify vibrational bands due to the The 215 cmi? band is assigned to the Gg-2 conformer. With
three less stable forms where such identifications are hamperedhese assignments, the enthalpy differences were determined for
in the krypton solution by hydrogen bonding. Therefore, bands four conformer pairs to evaluate the relative stabilities of the
due to the most abundant two conformers were initially Gg-1, Gt, and Cg conformers (Table 7). For the Gt conformer,
identified. Many overtone and combination bands are possible when the intensity of its two bands are compared to the intensity
because of the large number of conformers present. Thereforeof the 266 cm® band of the Gg-1 form, thé\H values are
the lowest frequency modes with the fewest possible interfering relatively low compared to the values obtained with the band
bands were chosen for theH determinations. Also, intense  of Gg-1 at 226 cm'. However, by combining the data from all
bands need to be used so the krypton solution can be as dilutefour intensity ratios an average value of 1897 cnt! was
as possible to minimize the hydrogen bonding. With these obtained with the Gg-1 conformer as the more stable form. For
criteria, the most logical bands are the two strong bands at 266the Cg conformer, the average value for the four determinations
and 251 cmi, which are assigned as, for the Gg-1 and Gt is 267+ 28 cntl.
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TABLE 7: Temperature and Intensity Ratios from the Study of the Five Conformers of Aminomethyl Cyclopropane Dissolved

in Liquid Krypton

10001 Gg-1/Gt Gg-1/Cg Gg-1/Gg-2 Gg-1/Ct

T(EC) (K™  laedlosy loseloor lozdlosy loadlozr loseloar  loedloss  loodlloar  loodlloss loedlots  loadlloss loedlaos  l2od/la03  loedllszo  l226/ls20
—79.0 5.1507 1.3007 1.4812 0.7786 0.8866 7.4026 5.5893 4.4311 3.3457 1.9008 1.1378 3.3742  2.0197
—82.0 5.2315 1.3342 1.4858 0.7914 0.8813 8.1363 6.5258 4.8264 3.8710 1.9870 1.1787 3.8452 2.2809 18.7329 31.5797
—85.0 5.3149 1.3375 1.4976 0.8062 0.9027 8.4087 6.8312 5.0685 4.1176 2.1331 1.2858 3.8352 2.3117 19.1035 31.6933
—88.0 5.4010 1.3392 1.5051 0.8093 0.9095 8.4398 6.6732 5.1000 4.0325 2.1655 1.3086 4.1767 2.5239 19.6934 32.5899
—91.0 5.4900 1.3490 1.5147 0.8325 0.9348 8.6011 6.9136 5.3081 4.2667 2.2379 1.3811 4.4008 2.7159 21.1549 34.2786
—94.0 55819 1.3576 1.5233 0.8436 0.9466 8.5061 6.7530 5.2859 4.1965 2.3657 1.4701 4.4738 2.7801 21.8363 35.1389
—97.0 5.6770 1.3838 0.8633 0.9789 8.6245 7.2344 5.3806 4.5133 2.5077 1.5645 49310 3.0763 24.5780 39.3959
—100.0 5.7753 0.8730 10.3681 6.0424 2.8685 1.6717 5.1801 3.0189 26.0463 44.6926
—103.0 5.8772 0.8894 10.1586 3.0040 1.7013 27.9799 49.4044
—106.0 5.9827 0.9049 3.0892 1.7353 29.0212 51.6628
—109.0 6.0920 31.8143 55.8369
—112.0 6.2054 34.2228 63.0513
AH(cm™1) 65+ 11 47+ 2 127+ 3 135+ 15 263449 239+ 81 267+ 41 307+ 74 423+ 24 376+ 20 4414 34 456+ 43 4524+ 15 528+ 31

AH(cm™1) average 109+ 7 267+ 28

0.65

o
o
=]

-In(l2s164l2666g-1)

o
@
a

0.20

5.0 5.4 58

1000/T (K™)
Figure 10. Dimerization/hydrogen bonding from the van't Hoff plot

of intensity ratios of amino torsion (266 cmGg-1 band and 251 cmh
Gt band) of aminomethyl cyclopropan®, monomer;A, dimer.

6.2

The 215 cm! band of the Gg-2 conformer was then used
with the 266 and 226 cmt bands of the Gg-1 conformer to
obtain the enthalpy difference for the Gg-2 conformer. The
results were 423 24 and 376+ 20 cnmt with an average of
400 + 16 cnTl. For the Ct conformer, the weak band at 303

400+ 16 480+ 15

hydrogen bonding in methylamine, which was obtained from
variable temperature infrared spectra of krypton solutféns.

Structural Parameters. We have found that we can obtain
good structural parameters by adjusting the structural parameters
obtained from the ab initio calculations to fit the rotational
constants obtained from the microwave experimental data
(computer program A&M, Ab initio and Microwav&,devel-
oped in our laboratory). To reduce the number of independent
variables, the structural parameters are separated into sets
according to their types. Bond lengths in the same set keep their
relative ratio, and bond angles and torsional angles in the same
set keep their differences in degrees. This assumption is based
on the fact that the errors from ab initio calculations are
systematic.

Unfortunately, the microwave spectra of only two conformers,
Gg-1 and Gt, have been report&dand only for the normal
species. Therefore, there are only six rotational constants
available, so only six structural parameters can be determined.
However, we have found that the MP2/6-31G(d,p) ab initio
calculations predict the €H distances within 0.002 A of the
ro values determined from the isolated-8 stretching frequen-
cies8 for a significant number of monosubstituted hydrocar-
bons?® Therefore, these parameters can be fixed to the ab initio-
predicted values. Because the heavy atom distances and angles

cm-1, which is undoubtedly the ring-C bend for this form, has have a more pronounced effect on the rotational constants than
been used for the enthalpy determination along with the band the hydrogen atoms parameters, five such parameters (carbon
at 529 cntl. The four determined values result in an average carbon and carbonnitrogen distances and the three skeletal

value of 4804 15 cnTl. Assuming a 10 % uncertainty rather

angles[JCCC, OCCN, andtNCCC (dihedral)) were selected

than the statistical uncertainties for these determinations givesfor the adjustment. The NH distances were fixed at the ab

values of 109+ 11, 400+ 40, and 480+ 48 cni? for the Gt,
Gg-2, and Ct conformers, respectively, relative to the most stabl
Gg-1 form.

From the variable temperature study of the Nbtsion, it is
clear that the slope of the relative intensity of the 261°tm
band changes dramatically at abet15°C (Figure 10). This

initio MP2/6-31H-G(d,p) values, which are probably too long
eby 0.005 A. Nevertheless, reducing them by this amount does
not significantly affect the heavy atom parameters.
The parameters obtained by this method are listed in Table
8. It is estimated that these heavy atom distances should be
accurate to+0.005A and the carberhydrogen distances to

change cannot be the result of the sample freezing, because lowt0.003A. The angles are expected to be withif.5*, with
frequency lattice modes were not observed, and additionally, the possible exception of the dihedral angles for which the
there was no increase in the amino torsion frequency 200 ab initio calculations are the least sensitive. The\distances
cm~! as expected for the solid phase. We believe this changehave values similar to those reported for this parameter
in AH is mainly the result of the hydrogen-bonding related (1.462 + 0.005A) for dimethylaminé® The fit of the six
dimerization. Thus, the major change in the slope beginning at rotational constants is given in Table 8 and the agreement with
about—115°C can be attributed to the difference in the enthalpy the experimental rotational A constants is within 4 and 5 MHz
of hydrogen-bonding-related dimerization for different conform- for the Gg-1 and Gt conformers, respectively, with about one-
ers, and we obtained this difference as the temperature washalf these differences for the B and C rotational constants, which

lowered to—150 °C. From the van't Hoff equation, thaH
value for the dimerization is 34& 26 cnv%, which is probably

have values about one-fourth those of the A constants.
There are some significant differences between these adjusted

strongly correlated to the energy of hydrogen bonding. This ro parameters and those estimated previously by transferring

value is consistent with the value of 538 29 cnt! for

structural parameters from related compounds with adjustments
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TABLE 8: Structural Parameters (A and Degree), Rotational Constants (MHz) and Dipole Moments (Debye) foGg-1and Gt
Rotamers of Aminomethyl Cyclopropane

MP2/6-31HG(d,p) Microwavé adjusted

Gg-1 Gt Gg-1 Gt Gg-1 Gt
r(CiCy) 1.5056 1.5068 1.5%2 1.512 1.5078 1.5091
r(C:Cs) 1.5100 1.5085 1592 1512 1.5144 1.5129
r(C.Cs) 1.5118 1.5120 1.5P2 1512 1.5141 1.5143
r(C:Cs) 1.5041 1.5113 1.520 1.52¢ 1.5065 1.5137
r(CsNs) 1.4650 1.4636 1.472 1.472 1.4626 1.4612
r(CzHe) 1.0845 1.0847 1.083 1.082 1.0845 1.0847
r(CzHv) 1.0832 1.0834 1.083 1.08% 1.0832 1.0834
r(CsHs) 1.0854 1.0855 1.083 1.082 1.0854 1.0855
r(CsHo) 1.0834 1.0835 1.083 1.08% 1.0834 1.0835
r(CiHao) 1.0858 1.0877 1.083 1.082 1.0858 1.0877
r(C4H11) 1.1026 1.0965 1.093 1.092 1.1026 1.0965
r(C4H12) 1.0954 1.0954 1.093 1.092 1.0954 1.0954
r(NsH13) 1.0151 1.0157 1.0¥7 1.017 1.0151 1.0157
r(NsH14) 1.0154 1.0152 1.097 1.017 1.0154 1.0152
0C,CCs 60.06 59.96 600 60.0° 60.15 60.05
0C.CCo 59.77 59.85 600 60.0° 59.72 59.80
0C,CiCs 60.18 60.19 600 60.0° 60.13 60.14
0C,C.Cy 119.63 119.66 118.47 118.51
C3CiCy 118.75 118.83 119.50 119.58
OC1CaNs 109.84 115.61 110.0(15) 116.0(15) 109.99 115.75
[OHeCoH7 115.04 115.02 1160 116.¢0 115.04 115.02
[OHgCsHg 115.11 115.04 116°0 116.00 115.11 115.04
[C4CiH10 114.69 115.16 1160 116.¢ 114.94 115.41
0C:C4H11 108.07 108.44 109.47 109.4P 108.07 108.44
0C,C4H12 109.81 109.91 109.47 109.4P 109.81 109.91
[OC4NsH13 110.69 109.49 109.47 109.4P 110.69 109.49
[0C4NsH14 109.46 109.92 109.47 109.4P 109.46 109.92
OH13NsH14 107.22 106.52 109.47 109.4P 107.22 106.62
tNsC4C1C; —154.98 —151.51 —151(3) —149(3) —155.63 —152.17
TtH13N5C4Cy 179.60 54.09 1800 60.0° 179.60 54.09
tH14NsC4Cy 61.63 —62.59 60.0 —60.0 61.63 —62.59
A 12319.2 12209.3 12292.3316(51) 12173.1806(50) 12287.7 12178.4
B 3217.1 3169.7 3202.9457(14) 3162.6582(13) 3206.5 3159.2
C 2877.5 2854.2 2865.8045(12) 2846.8065(12) 2867.7 2845.0
|tal 0.175 1.213 0.144(2) 1.018(26) 0.174 1.202
7y 0.044 0.438 0.000 0.39(16) 0.060 0.457
|eecl 1.291 0.938 1.068(16) 0.833(55) 1.293 0.932
e 1.304 1.594 1.077(16) 1.372(60) 1.306 1.588

aRef 17.2 Assumed parameters.

of the JCCN angles and the dihedralNsC4C,C, angles to fit the three less stable conformers. With these better estimates, it
the six microwave rotational constaffsThere is a clear should be possible to assign the microwave lines for the three
indication that the two carberhydrogen distances of the less stable conformers, particularly if one uses FT-microwave
methylene group differ by 0.007 A for the Gg-1 conformer, equipment. Such studies would be useful to obtain even more
whereas they were previously assumed to be equal. Also, theaccurate structural parameters for the heavy atoms of amino-
C,—C;4 distance for the Gg-1 form is 0.007 A shorter than the methyl cyclopropane with the availability of an additional nine
corresponding distance in the Gt conformer, whereas they wererotational constants.
previously assumed to be the same. Most of the remaining The major predicted structural difference among the conform-
parameters estimated earlfefrom the microwave data are in  ers is for the G—C, bond distance, which ranges from a low
reasonable agreement with the adjustggarameters. Also,  value of 1.505 A for the Gg-2 conformer to a high value of
there is excellent agreement of the two previously determined 1.522 A for the Ct conformer, which is a very large difference
parameters for the two conformers, although their estimated for conformers. For the two most stable conformers, the bond
uncertainties were rather large. For tH€,CsN angle, values length difference is only 0.007 A with the more stable Gg-1
of 110.0 + 1.5° and 116.0+ 1.5° for the Gg-1 and Gt conformer having the shorter bond of 1.507 A. The variation
conformers, respectively, were reported, whereas the valuesin the G—N distance is only 0.005 A for four of the five
currently obtained are 110.& 0.5° and 115.8+ 0.5, conformers, with the Ct conformer having the very short 1.458
respectively. Similarly, the reported dihedral angles had values A distance (Table S2). With the exception of these indicated
of =151+ 3° and—149 + 3°, whereas they adjusted values  distances, most of the other distances have very small predicted
are —155.6+ 0.5° and —152.2+ 0.5°, respectively, for the variations with exception of the/£-H distances for two of the
Gg-1 and Gt forms. conformers. However, there are some very large predicted
By utilizing the adjusted parameters from the Gg-1 and variations of the angles among the conformers in addition to
Gt conformers with the predicted differences between those fromthe dihedral angles. ThElringC,;C,4 angle exhibits the most
the MP2/6-31%G(d,p) ab initio calculations for the Gg-2, Ct, significant differences between the heavy atom gauche and cis
and Cg forms (Table S2), it should be possible to estimate the conformations, this angle is predicted to be 124124.4, and
values of the A, B, and C rotational constants accurately for 124.3 respectively, for the Gg-1, Gt, and Gg-2 forms; and
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significantly larger values of 126%&nd 127.8 for the Cg and 1600
Ct forms, respectively. Also to be noted is th€;C4Ns angles,
which differ significantly between the amino trans and gauche
conformations, this angle is predicted to be 109180.6, and 1200
111.7, respectively, for the Gg-1, Gg-2, and Cg forms; and
significantly larger values of 115°@nd 117.7 for the Gt and
Ct forms, respectively.

1400

1000

800

V($), cm™

Discussion 600

There is little question that the Gg-1 and Gt conformers are 400
the two most stable forms of aminomethyl cyclopropane, and

the variable temperature study indicates that the Gg-1 form is 200

the more stable rotamer of this pair. This result is in agreement 0 ‘ ‘ ‘ ‘
with the proposed stability from the microwave stdéit agrees -180 -120 -60 0 60 120 180
with the prediction from the MP2 calculations only when diffuse DIHEDRAL ANGLE, (¢)

functions are used with all four basis sets, i.e., &-Gld), Figure 11. Calculated potential functions (solid curve, from

6-311+G(d,p), 6-313G(2d,2p), 6-31G(2df,2pd). When dif-  Mpo(fully/6-31+G(d);, and dotted curve, from MP2(full)/6-31G(d))
fuse functions are not used, the Gt conformer is predicted to be governing asymmetric torsion in aminomethyl cyclopropane (with

more stable by a low value of 71 crh with the largest basis  amino trans orientation). Dihedral angfedkfined for the Ct conformer.
set to a high value of 135 crhwith the 6-311G(d,p) basis set.

Thus, the diffuse function favors the gauche conformer of the ~ For the Gt conformer, similar excited states were observed,
NH, group by at least 100 cm, with the Gg-1 form estimated  and from their relative intensities, the predicted frequencies for
to be about 30 cmt lower in energy than the Gt form. However, the corresponding modes were 1480 and 229+ 30 cntt.
density functional theory calculations performed predict the Gt The observed frequencies are 125 and 218%crithe lower
conformer to be the more stable form by about 20 tmith frequency band differs by 23 crh whereas the higher fre-
diffuse functions and 120 cm without them (Table 6). The  quency band differs by only 11 crh Although these differences
Cg form is predicted to be the third most stable form with the are much smaller, the lower frequency band is still outside the
energy difference from the MP2 calculation with the diffuse estimated value from the microwave study. Nevertheless, the
functions in agreement with the experimentally determined vibrational assignments for these four bands from the microwave

enthalpy difference. study were correct, but the data clearly show the difficulty in
It is interesting that by using diffuse functions for predicting obtaining intensity measurements from microwave spectra.
the conformational stability of ethylamirfiéthe gauche con- For a significant number of molecules, we have found that

former is predicted to be more stable, whereas, experimentally, the ab initio predictions with the 6-31G(d) basis set at the MP2
the trans rotamer is the more stable conformer. However, for level provide potential functions that have barriers to conformer
aminomethyl cyclopropane, it appears that diffuse functions interconversions that agree well with those obtained from the
must be used to predict the correct conformational stability. experimental data of the torsional frequencies for the two
Higher level calculations for both of these molecules would be different conformers (gauche and cis/trans forms) along with
very useful to determine if one could give some criteria when the AH value and the gauche dihedral angle. In most cases, the
diffuse functions should be used for correctly predicting the differences between the experimental and predicted barriers are
conformational stability of organoamines. smaller than 200 crt. Therefore, we have predicted the barriers
Taking into account the double degeneracy of all the forms between the Gt and Ct conformers (Figure 11) with ab initio
except the Ct conformer, it is estimated that the relative calculations. The predicted potential function from MP2/6-
abundances for each conformer at ambient temperature are 49981+G(d) basis set is nearly 3-fold, with an energy difference
Gg-1, 29% Gt, 13% Cg, 7% Gg-2, and 2% Ct. These percen- between the conformers of 487 chwith a gauche to gauche
tages seem to be consistent with the relative infrared bandbarrier of 1375 cm' and a gauche to cis barrier of 1463 tn
intensities for the various identified conformer bands when the We also carried out a similar calculation without diffuse
predicted ab initio intensities are taken into consideration. functions utilizing the 6-31G(d) basis set, this resulted in a
Because the Gg-2 and Ct conformers have such low abundancegonformation difference of 334 cth a gauche to gauche barrier
only a limited number of their fundamentals could be identified, of 1431 cnt? and a gauche to cis barrier of 1403 cthiFigure
and it was mainly the low-frequency ones which could be 11). There is no significant difference in the potential functions
assigned with confidence. governing the conformational interchange from Gt to Ct between
In the microwave investigatidh of aminomethyl cyclopro-  these two ab initio predicted values. Thus, it is expected that
pane, two excited states of the Gg-1 conformer were assigned,the predicted potential function should be very similar to the
and from their relative intensities the frequencies for the actual potential for conformational interchange. This torsional
vibrational modes from which these excited states arose werepotential can be represented as a Fourier cosine series in the
obtained as 159 20 and 259+ 30 cnt™. The lower frequency  internal angled): V(¢) = Ziszl (Vil2)(1 — cosg¢), the first five
was assigned to the «€C torsional mode and the higher terms of the series were used to approximate this potential
frequency to the CCN bending mode. This assignment was basedunction and the corresponding coefficieMsthroughVs were
on the A— C difference of rotational constants upon excitation, determined (Table 9).
which is expected to be relatively small for the Ntdrsional We have also predicted the potential function governing
mode. The observed frequencies for these two modes are 129he conformational interchange of the Ngroup by predicting
and 222 cm?, respectively, for the Gg-1 conformer, which the energies of Gt, Gg-1, and Gg-2 conformers as well as three
indicates that the reported microwave uncertainties were tooamino torsional transition maxima. Again ab initio MP2/
conservative, because the actual differences are 30 and 37 cm 6-31G(d) and MP2/6-3&G(d) calculations with full electron
from the observed values. correlation were carried out. The resulting potential function
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1400 the exclusion of diffuse functions lead to an erroneous order of
predicted conformational stability. Aside from this effect, the
two predicted potential functions are very similar. The predicted
barriers to internal rotation are listed in Table 10.

Because there are only a few of the structural parameters that
have significantly different values among the five conformers,
there are only a limited number of the force constants with
differences greater than 5%. For the stretching force constants,
these are the £-C4, Cs—Hi1, and NN—Hi4 bonds. For the
C,—C4 bond, the two conformers that have the Nifoup trans
have values of 5.5% (Gt) and 7.1% (Ct) smaller than the value
of this force constant for the Gg-1 form (Table S3). For the
C,—Ha force constant, it is larger by 6.6% (Gt), 7.2% (Ct) and
6.9% (Gg-2) compared to the corresponding one for Gg-1. For

DIHEDRAL ANGLE, (¢) the Ns—H14 bond, the value for this force constant is smaller
Figure 12. Calculated potential functions (solid curve, from by 5.4% (Ct), 5.8% (Cqg), 6.7% (Gt), and 6.9% (Gg-2) than the
MP2(full)/6-31+G(d), and dotted curve, from MP2(full)/6-31G(d))  value of 6.626 mdyn/A for this force constant for the Gg-1
governing amino torsion in aminomethyl cyclopropane (with asym- conformer (Table S3). For the bending force constants, those
metric torsion gauche orientation). Dihedral angle néadéfined for for the GC.Cs and GC4Ns angles for the Cg form are 23.7
the Gt conformer. .
and 25.9% larger, respectively, and for the Ct rotamer, 17.3

1200 /-\ 2\

1000

V), cm’!

-60 0 60

TABLE 9: Potential Barriers (cm ~1) and Fourier and 26.3% larger, respectively, than the corresponding constant
Coefficients (cnm?) Associated with the Asymmetric Torsion for the Gg-1 conformer. Smaller differences faKC;C,C,4 of
of Aminomethyl Cyclopropane Determined from Predicted 6.2 and 9.9% andlC,CiH1o of 10.9% and 9.6% for the Cg
from ab Initio Energies and Ct conformers, respectively, compared to those for the Gg-1
coefficients MP2(Full)/6-3G(d)  MP2(Full)/6-31G(d) rotamer were obtained. For most of the other force constants,
Vi —286 -92 the values vary by less than 1% among the five conformers.
2 —273 —266 For this reason, most of the fundamental vibrations have very
Vs 1264 1289 similar values for the five forms, which made it difficult to
x“ _si _182' identify a significant number of conformer bands for each form.
p(s)tential barriers The predicted frequencies from the ab initio MP2/6-31G(d)
Gt— Gt 1375 1431 calculations agree to better than 1% for the bands that could be
Gt— Ct 1463 1403 clearly identified for each conformer with only four scaling
Ct— Gt 976 1068 factors. For the hydrocarbon portion of most molecules, only

two scaling factors are needed to predict the normal vibrations

TABLE 10: Potential Barriers (cm ™) and Fourier of this moiety and multiple scaling factors are not necessary to

Coefficients (cnm?) Associated with the Amino Torsion of

Aminomethyl Cyclopropane Determined from Predicted ab obtain predicted wavenumbers to better than 1%. However, for
Initio Energies organoamines, two additional force constants are needed for
coefficients  MP2(Full)/6-31G(d) _ MP2(Fully/6-31G(d) e CNH bend and the amino torsion. , o

A comparison of the determined conformational stabilities

Vi 157 267 .

between aminomethyl cyclopropane-C€3;HsCH,NH, and
V, 67 135 i LS .
VA 788 926 allylamine’* CH;=CHCH,NH; molecules is interesting because
\A -19 -3 both molecules exhibit the same five conformations resulting
Vs —13 5 from rotation around the €C and G-N bonds. From recent
Ve —122 —2 variable temperature studies of the infrared spectra of rare gas
Vy' —-178 —143 . .
Vo' 370 361 solutions, wé! found that the Ct form is the most stable
V' 1 44 conformation for allylamine, Gt, Gg-1, and Cg forms are
Vs -4 -4 determined to be the second, third, and fourth most stable
Vs’ -71 =5 conformation, with enthalpy differences of 92 8 cni?,
potential barriers 122+ 12 cntl, and 1734 12 cnt! compared to the Ct form,
Gg-1— Gt 1042 1108 respectively. No spectroscopic evidence was obtained for the
Gg-1— Gg-2 1032 1131 Gg-2 form, which is predicted by most of the ab initio
gi_, gg:% 3%13 iggg calculations to be less stable by more than 600%than the
Gg-2— Gg-1 615 695 Ct form. The difference in the stability ordering clearly arises
Gg-2— Gt 420 511 from the different electronic properties of the cyclopropyl and

ethynyl moieties and the consequent different interactions with
(Figure 12) is asymmetric, because rotation of amino group with the rest of the molecules.
heavy atom gauche orientation yields two distinct amino gauche = Marstokk and Mgllendal® in their microwave investigation
forms. With utilization of a Fourier series consisting of the of aminomethyl cyclopropane, proposed the repulsion between
first six cosine and five sine functions in the fornv: = 1/2 the pseudoe electrons of the three-membered ring and the lone
[ZE=1 V(1 — coske) + Z§=1 (V'k sinkg)], the corresponding  electron pair on the nitrogen atom be the major factor leading
potential coefficients were obtained for the two basis sets with to the lower stability of the Gg-2 and Cg forms, while
and without diffuse functions (Table 10). The inclusion of intramolecular hydrogen-bonding between the pseudiec-
diffuse functions predicted the Gg-1 form more stable than the trons of the three-membered ring and the hydrogen atoms from
Gt form, which agrees with the experimental result, whereas the amino group leads to the higher stability of Gg-1 and Gt
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