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The microwave spectrum of H,NCH,CH,CH=CH, has been investigated in the
22.0-38.0 GHz spectral region at —50°C. Five low-energy conformers are be-
lieved to exist for this compound, four of which were assigned in this work. The
rotamers denoted Gauche I and Gauche II each possess an intramolecular hydro-
gen bond formed between one of the amino group hydrogen atoms and the n
electrons of the double bond, while Extended I and Extended II do not have this
kind of stabilizing interaction. Gauche I is the most stable, being 0.8(3) kJ mol~!
more stable than Gauche II, 1.9(5) kJ mol™! more stable than Extended I, and
2.1(5) kJ mol™! more stable than Extended II.

The hydrogen-bond strength in Gauche I and in Gauche II is compared with
those in HOCH,CH,CH=CH, and HSCH,CH,CH=CH,. The hydrogen-bond
strength in Gauche I and in Gauche 11 of H,NCH,CH,CH=CH, are each nearly
the same as in HSCH,CH,CH=CH,, but considerably weaker than in

HOCH,CH,CH=CH,.

Dedicated to Professor Otto Bastiansen on his 70th birthday

A large number of conformations produced by
rotation around the C2—C3, C3—C4 and C4—N
single bonds (see Fig. 1) is possible for 1-
amino-3-butene. Figs. 2 and 3 show Newman
projections of six selected rotamers.

It is known that ethylamine derivatives of the
type H,NCH,CH,X, where X is some proton-
accepting atom or group, prefer two heavy-atom
gauche conformations, each with an intramolec-
ular hydrogen bond (H bond) formed between
one of the amino group hydrogen atoms and the
substituent X, as their most stable conformers.
This has been found in recent microwave (MW)
studies of H,NCH,CH,F,! H,NCH,CH,C=N?,
H,NCH,CH,C=CH,* H,NCH,CH,NH,* and
H,NCH,CH,0CH,.** The two heavy-atom
gauche rotamers which are capable of forming
intramolecular H bonds between one of the
amino group hydrogen atoms and the x electrons

*To whom correspondence should be addressed.
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of the double bond are denoted Gauche I and
Gauche 11, respectively, and are shown in Figs. 2
and 3. Gauche II1 of the same figures cannot have
an internal H bond. It was found in this work that
the H-bonded conformers Gauche I and Gauche
II are the two preferred forms of 1-amino-3-bu-
tene, with Gauche I slightly more stable than
Gauche I1. This is in accord with findings for the
other H,NCH,CH,X-type molecules.

In addition to the H-bonded Gauche I and
Gauche II conformers, further rotamers might
coexist with them. A MW study of the closely
related alcohol, HOCH,CH,CH=CH,,’ led to
the conclusion that its H-bonded conformer,
which was the only one found, is at least 3 kJ
mol~! more stable than any further hypothetical
form of this molecule. However, the correspond-
ing thiol, HSCH,CH,CH=CH,,® revealed the ex-
istence of two extended conformers in addition to
the more stable H-bonded gauche conformer.
The internal H bond in amines is generally some-
what weaker than in the corresponding alcohols.




MICROWAVE SPECTRUM OF H,NCH,CH,CH=CH,

HI H H
\ o y
N H2 iy
v W Q,m
NN
\ | l
c3 —6—(:4 H H
H B \. GAUCHEII GAUCHE III
H
\ a H “lg,
c
H H H/C\C/H H/C C/H H Y A /H
Fig. 1. Atom numbering and dihedral angles | J{ ,L
o= £C1C2C3C4, f = LC2C3C4N, H
y = £C3C4NH2. The conformation shown has EXTENDEDI EXTENDEDII EXTENDEDIII
a=f =y =0° Rotation around a by about 60°, B Fig. 2. Newman projections of the gauche and
by approximately 120° and y by about 0° in the extended conformations of 1-amino-3-butene viewed
direction indicated by the arrows produces the along the C3—C4 bond.
H-bonded Gauche I conformer. Keeping a and
constant at these values, a further rotation around
y by approximately 120° yields the other H- Courtois, Laboratoire de Synthese Organique,
bonded Gauche /I, while a rotation by 240° Université de Poitiers, France. The synthesis is
produces the non-H-bonded Gauche /il rotamer. described by him and his coworkers in Ref. 9.

Rotation about o by 60°, f by 0° and y by 0° yields
Extended I. If a 120° rotation around y is then
made, Extended Il will result, whereas a 240°
rotation around vy results in Extended I/l

The sample was purified by gas chromatography
before use. The spectrometer is an improved ver-
sion of the one described briefly in Ref. 10 em-
ploying klystrons as microwave sources. With this
equipment, quadrupole fine-structure splittings
It was therefore presumed that extended confor- larger than approximately 0.6 MHz were re-
mations might also be observable in the case of solved in favourable cases. The radio frequency
1-amino-3-butene. This was found to be the case, microwave double resonance technique
as elucidated below. (RFMWDR) was used, as described by Wodarc-

1-Amino-3-butene, H,NCH,CH,CH = CH,, zyk and Wilson.! A Hewlett-Packard 8660A syn-
was chosen for study because we wanted to in- thesized-signal generator with an ENI 503L RF
vestigate the possible H bond interaction be- power amplifier and a Hewlett-Packard 10514A
tween the amino group and the z electrons mixer were utilized in the double resonance ex-
of the double bond. As mentioned above, it is

generally found that alcohols form stronger in- HI H2

ternal H bonds than do the corresponding H H C.H H CyHg H

amines. Whether amines form stronger bonds 3 35

than their thiol counterparts is not yet entirely

clear. Comparison of intramolecular H bonding Hi H2  H2 HI

in H,NCH,CH,CH=CH, with that in H H H

HOCH,CH,CH=CH, and HSCH,CH,CH=CH,

might therefore shed light on this question. GAUCHEland ~ GAUCHEIland  GAUCHEIll and
EXTENDED! EXTENDEDII EXTENDED I

Experimental Fig. 3. Newman projections of the gauche and

extended conformations of 1-amino-3-butene viewed
1-Amino-3-butene was donated by Professor G.  along the N—C4 bond.
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Table 1. Predicted principal axes bond-moment components calculated by the bond-moment method? for

H,NCH,CH,CH=CH,.

Conformation w/107° Cm u,/107® Cm p/107*¥ Cm
Gauche | 0.4 1.2 4.1
Gauche Il 3.6 1.0 1.8
Gauche il 3.4 03 2.3
Extended | 0.8 0.2 4.0
Extended Il 1.2 3.3 2.0
Extended il 1.9 2.3 3.1

“Ref. 13. 1 Debye = 3.33564x10°% C m.

periments. Measurements were made in the
22.0-38.0 GHz spectral region with the cell
cooled with dry ice to about —50°C. A study at
lower temperatures could not be made because of
insufficient vapour pressure of the compond. The
pressure was 0.5-2 Pa during the spectral meas-
urements. Relative intensity measurements were
made largely as described in Ref. 12.

Results

Spectrum. The MW spectrum of 1-amino-3-bu-
tene is very dense, with absorptions occurring
every few MHz throughout the entire investi-
gated MW region. It is also comparatively weak.
The strongest lines, which turned out to be the
ground-state Q-branch c-type transitions of
Gauche I with J between 15 and 40, have peak
absorption coefficients somewhat less than
3x107" ecm™. The J = 6 < 5 R-branch a-type
transitions of Gauche II, which were the stron-
gest ones observed for this rotamer, are even
somewhat weaker than this. The strongest transi-

Table 2. Predicted? diagonal elements of the *N-
quadrupole coupling tensor for H,NCH,CH,CH=CH,.

Conformation Yaa/MHZ Yoo/MHZ
Gauche | 2.0 1.9
Gauche Il -29 1.8
Gauche Il -1.2 0.6
Extended | 1.8 1.9
Extended Il -0.6 -0.3
Extended Il 2.0 -1.2
2See text.
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tions of Extended I and Extended Il have peak
absorption intensities less than 1x1077 cm™.

Assignment of Gauche I. Preliminary rotational
constants of the three gauche as well as of the
three extended conformations shown in Figs. 2
and 3 were computed by combining structural
parameters taken from related molecules (see
Table 14 below). Principal axis dipole moment
components predicted by the bond-moment
method" are useful for making definite assign-
ments in cases like this. A computation of these
parameters was therefore carried out, and the
results are collected in Table 1. Likewise, the
diagonal elements of the principal axis “N-qu
adrupole coupling tensor of the nitrogen nucleus
can be used to help identify the various conform-
ers possessing similar rotational constants or di-
pole moments. The values shown in Table 2 have
been computed as described in Ref. 14 assuming
the principal quadrupole coupling constant of the
“N nucleus to be x, = —4.1 MHz, the value
found for NH,,” and to be oriented 109.47° with
respect to the three bonds to the nitrogen nu-
cleus.

A preliminary set of rotational constants was
calculated for Gauche 1. This conformer was pre-
dicted (Table 1) to have its predominant principal
axis dipole moment component along the c-axis.
For a prolate asymmetrical rotor with Ray’s
asymmetry parameter' % close to —0.84, as in the
present case, strong Q-branch c-type transitions
will dominate throughout the investigated spec-
tral range (22-38 GHz). The quadrupole cou-
pling constants of Table 2 predict most of these
transitions to be split into three strong compo-
nents with a characteristic intensity pattern. Two
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Table 3. Selected transitions of the ground vibrational state of the hydrogen-bonded Gauche I conformer of
H,NCH,CH,CH=CH,.

Transition Observed Obs—calc Centrifugal distortion
frequency*9MHz frequency/MHz
Total/MHz Sextic/MHz

b-type
105, < 10,4 25537.11 -0.03 17.68 -0.02
1259 < 12549 23993.95 -0.04 17.53 -0.04
13540 < 13213 23909.03 0.00 10.99 -0.05
1454, < 14,5 24431.62 -0.02 -1.81 -0.05
1551, < 15,45 25637.23 -0.06 —-22.23 —-0.05
163,15 < 16514 27571.46 0.1 -51.32 -0.04
15,4y < 1555, 34830.24 -0.03 71.08 -0.14
16442 < 16343 33343.07 0.03 74.57 —-0.18
17413 17314 32216.38 -0.03 68.90 -0.22
184,44 < 18345 31610.57 -0.03 51.23 -0.25
19445 < 19316 31654.96 -0.12 19.16 —-0.26
20416 < 20547 32443.87 -0.15 -29.15 -0.24
21,17 21545 34035.24 -0.01 ~-94.73 -0.18
22,15 22419 36448.13 0.19 —177.17 -0.08
c-type

4, « 4,, 31063.31 0.04 -1.86

634 <« 6,4 29860.93 -0.01 2.75

835 < 8,6 27337.48 —-0.01 11.80
1035 < 10,4 23508.90 -0.03 26.68 -0.02
13410 < 13310 37232.05 -0.13 58.81 -0.07
15442 < 1554, 32140.91 0.04 104.72 -0.16
18445 < 18345 22633.83 -0.03 186.01 -0.39
215, < 21,447 37477.42 0.09 338.41 -0.97
23519 < 23449 29633.92 0.08 452.98 -1.48
2855 < 2859 37290.63 -0.10 927.02 -4.35
30625 < 3055 27970.20 0.13 1082.36 -5.60
35; 59 < 3529 35106.50 -0.07 1957.41 -13.49
36730 < 36430 29951.57 0.05 2029.60 -14.58

20 «— 144 30870.28 0.01 -0.67

32 «— 242 37269.17 0.06 —-0.51

8,; « Tu5 32474.39 0.02 -11.33 0.01
10p10 < 91 31800.29 0.09 9.56 0.04
1254 < 1159 32376.57 -0.14 -17.34 0.10
14,4, < 135 27101.98 -0.02 —-59.47 0.15
17512 < 1610 33557.14 0.01 -127.71 0.40
17513 < 164,44 32860.47 -0.08 -112.87 0.39
21,4, < 2054, 31243.42 0.04 -187.29 0.81
21715 < 20g43 31210.40 —-0.04 -185.72 0.80
2657 < 25915 35643.70 -0.05 —333.81 2.10
26945 < 25,916 35641.43 0.01 -333.59 2.10
Coalescing K_,-lines°®
32,« 31, 33044.23 -0.04 —-507.88 3.94
3845« 374 30518.61 0.02 —708.09 6.18
45,5« 44,4 33952.83 0.06 -1125.26 12.99
51,y « 50,, 31387.31 0.1 —1414.44 16.46

2+0.10 MHz. ®Corrected for '“N quadrupole interaction; see text. “The K_,-energy doublets coalesce for high
values of K_,. Subscripts of J quantum number refer to K_,. 377
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Table 4. Spectroscopic constants®® for the hydrogen-bonded Gauche I conformer of H,NCH,CH,CH=CH..

Vib. state Ground First ex. First ex.
C2—-Ca3 tors. C3—-C4 tors.®
N.o.t.c 112 74 32
R.m.s.9MHz 0.072 0.096 0.105
A,/MHz 9223.8669(49) 9289.447(10) 9249.250(27)"
B,/MHz 3199.3397(20) 3193.9278(36) 3191.2672(69)"
C,/MHz 2668.2862(18) 2662.8728(32) 2662.4970(84)"
A, /kHz 4.4255(70) 4.140(13) 4.42559
AlkHz —28.581(22) —27.452(47) ~28.92(29)
Ay/kHz 75.891(87) 75.504(35) 78.8(28)
§,/kHz 1.4216(15) 1.3200(15) 1.437(12)
Oy /kHz 6.704(65) 7.54(21) 7.19(90)
®,/Hz 0.063(11) —0.0050(23) ~h
& /Hz —0.571(35) —0.2124(61) —0.772(61)
@, ,/MHz 2.97(69) -1.21(10) 6.4(13)
@} /Hz -3.5(12) 3.13(14) -h

aUncertainties represent one standard deviation. °A-reduction /representation. “Number of transitions.
9Root-mean-square deviation. °Could alternatively be the first excited vibrational state of the lowest bending
mode. ‘Based on tentative assignment of one R-branch line; see text. A,—~C, = 6586.753(28) MHz and

% = —0.839444 are definite. 9Kept constant at the ground-state value shown in the second column of this
table. "Kept constant at zero in the least-squares fit. ‘Further sextic centrifugal distortion constants kept at
zero; see text.

Table 5. "*N-quadrupole splittings? (E;) and diagonal elements of the quadrupole coupling tensor of the
Gauche | conformer of H,NCH,CH,CH=CH,.

Transition F —F E,(obs)/MHz E,(obs)—E,(calc)/MHz
20 <« 144 3« 2 0.29(3) 0.04
2« 1 -1.05(3) 0.00
1< 0 1.67(4) 0.08
4,5 < 3o3 5« 4 0.34(3) 0.01
4« 3 -0.90(3) 0.08
633 « 6,5 T« 7 0.03
5« 5§ 0.18(4) —0.07
6 6 —0.43(4) -0.04
16413 < 163,43 17 « 17 _ 0.00
15«15 0.28(3) 0.05
16 <« 16 0.41(3) -0.10
17418 < 17314 18 « 18 _ 0.00
16 < 16 0.24(3) 0.04
17 < 17 0.63(3) 0.12
18,15 < 1855 19 < 19 _ -0.07
17 < 17 0.30(3) -0.03
18 < 18 0.45(3) -0.05
23519 < 23419 24 <24 0.12
22« 22 —0.14(3) 0.09
23«23 0.54(3) 0.06

N quadrupole coupling constants/MHz
Yaa = 2.07(40) 1, =2.14(24)

2Uncertainties represent one standard deviation.
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of these components lie so close together that it is
not possible to resolve them with our instrument.
However, these two components are in most
cases split from the third by 0.4-0.7 MHz, which
is approximately the limit of our resolution. The
observed split lines (or “shoulders”) were quite
useful in making the first assignments of the
strong c-type Q-branch lines of this conformer.
These assignments were gradually extended to
include c-type R-branch as well as the rather
weak b-type Q-branch transitions. No a- or b-
type R-branch lines were assigned with certainty,
presumably because of insufficient intensities
caused by small dipole moment components, as
demonstrated below in the section on dipole mo-
ment determination. A total of approximately
130 transitions were ultimately assigned for
Gauche I. Some selected transitions are listed in
Table 3 (the complete spectra are available from
the authors upon request, or from the Molecular
Spectra Data Center, Bldg. 221, Room B 268,
National Bureau of Standards, Gaithersburg,
Maryland 20899, U.S.A., where they have been
deposited). 112 transitions were used to deter-
mine the spectroscopic constants shown in Table
4. Sextic centrifugal distortion constants had to
be employed in order to obtain a good fit. Four of
them were sufficient to obtain a root-mean-
square deviation comparable to the experimental
uncertainty (see Table 4). However, these sextic
constants are quite uncertain and also highly cor-
related.

Some of the transitions appearing in Table 3
were split by quadrupole interaction of the “N
nucleus, while “shoulders” were observed on
others. Small frequency shifts of the peaks which
were measured occur for still other transitions. In
order to arrive at as accurate spectroscopic con-
stants as possible, the transitions in question were
“corrected” for quadrupole interaction. The qua-
drupole coupling constants shown in Table 5 were
used for this purpose. The transitions appearing
in Table 3 have been “corrected” in some cases
and the frequencies shown there may deviate
slightly from the observed frequencies.

A problem was encountered during the fitting
of high-J ‘Q-branch lines to the ordinary Watson
A-reduction I-representation Hamiltonian."”
Several such lines, starting with the 37, ;, < 37, 5,
transition, were found to deviate from their pre-
dicted frequencies (there is no doubt about the
assignments of these transitions). The reason for

MICROWAVE SPECTRUM OF H,NCH,CH,CH=CH,

these deviations, which vary from about 0.5 MHz
up to a few MHz, is difficult to say. Perhaps some
kind of Coriolis interaction with low-lying levels
in the potential surface can account for this beha-
viour. Interestingly, the high-J, high-K_; R-
branch lines do not display this kind of interac-
tion, as shown by a few examples listed in
Table 3.

MN-nuclear quadrupole coupling constants. The
selected transitions appearing in Table 5 were
used to determine the quadrupole coupling con-
stants of the N nucleus following the procedure
of Ref. 18. The resulting constants y,, = 2.07(40)
MHz and y,, = 2.14(24) MHz (Table 5) compare
favourably with the predicted values of x,, = 2.0
MHz and %, = 1.9 MHz of Table 2. This is
independent evidence that the assigned con-
former is indeed Gauche 1.

Vibrationally excited states. The ground state
transitions were accompanied by a satellite spec-
trum presumably belonging to vibrationally ex-
cited states of Gauche I. Two such states were
assigned, as shown in Table 4. The strongest of
these satellites had approximately 50 % of the
intensity of the ground state at about —50°C. The
bQ-transitions were too weak to be assigned with
certainty for this excited state. Several of the
measured transitions were split or perturbed a
little by quadrupole interaction, just as in the
case of the ground vibrational state. It was not
possible to determine the '“N-quadrupole cou-
pling constants with high precision. The ground
state values of the quadrupole coupling constants
were therefore utilized in “correcting” some of
the 74 transitions used to determine the spectro-
scopic constants listed in Table 4. Interestingly,
there were no problems similar to those found for
the ground state, with the least-squares fitting of
the high-J Q-branch of both the two excited
states shown in Table 4.

Relative intensity measurements'? yielded a
frequency 95(20) cm™! for this vibration, which
was assumed to be the first excited state of the
torsion around the C2—C3 bond. This is close to
93(4) cm™! determined from the corresponding
frequency of skew-1-butene,' 84(20) cm™! found
for 3-buten-1-ol,” and 85(20) cm™! found for 3-
butene-1-thiol,® as expected.

The second strongest satellite spectrum had
about 40 % of the ground-state intensity. Un-
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fortunately, it was not possible for us to make
definite assignments of the c-type R-branch trans-
itions of this excited state, because there were
only some few comparatively weak low-J- transi-
tions of this kind in the spectrum. The spectro-
scopic constants of Table 4 have been derived
using only one ‘R-line, namely the 8,; < 7,5 at
32290.86 MHz. However, from the many °Q-
branch transitions assigned in this case, A,—C, =
6586.753(28) MHz and » = —0.839444 were de-
termined. “Correction” for quadrupole interac-
tion was made in the same manner as above.

A frequency of 139(30) cm™! was determined
by relative intensity measurements' for this fun-
damental, which is presumed to be the C3—C4
torsional vibration or perhaps the lowest heavy-
atom bending mode. 172(15) cm™! was found by
relative intensity measurements for this funda-
mental mode in 3-buten-1-ol,” while 137(30) cm™!
was determined for 3-butene-1-thiol.®

Dipole moment. It is necessary to know the di-
pole moment in order to determine energy differ-
ences between conformers. It is also useful to
know the dipole moment in order to differentiate
between conformations with very similar rota-
tional constants. Unfortunately, we were only
able to find transitions with resolved Stark effects
which were practically independent of p,. There-
fore, only pu, and p, could be determined. The
results found following the standard procedure of
Ref. 18 are shown in Table 6. In order to calcu-
late the total dipole moment of this conformer, p,
was assigned the value 1.18x107*° C m calculated
by the bond-moment method."

Comparison of the experimental a- and c-axis
dipole moment components of Table 6 with those
predicted”® (Table 1) for Gauche I show good
agreement. This too is evidence for the assign-
ment of this spectrum to the said conformer.

Assignment of Gauche II. In analogy with the
other ethylamine derivatives referred to in the
introductory section,'® the H-bonded Gauche II
conformer was presumed to have nearly the same
internal energy as Gauche I. A large fraction of
Gauche II was therefore presumed to be present.
As shown in Table 1, this rotamer was estimated
to possess a relatively large a-axis dipole moment
component. A search was therefore first made
for the strong low-J R-branch transitions, which
were soon found. Some of the assignments were
confirmed using the RFMWDR technique.!! The
considerably weaker b- and c-type lines were sub-
sequently assigned. Selected transitions are listed
in Table 7. No transitions displayed quadrupole
splittings. The predicted quadrupole coupling
constants shown in Table 2 for this rotamer pre-
dict splittings which are considerably less than the
resolution of our spectrometer. About 90 transi-
tions were assigned for Gauche 11, 82 of which
were used to determine the spectroscopic con-
stants listed in Table 8. High-J c-type transitions
(Table 7) were employed in the least-squares de-
terminations of the entries of Table 8. No prob-
lems were encountered in the fitting procedure
for these transitions, as opposed to the situation
for the ground vibrational state of Gauche I, as
described above.

Table 6. Stark coefficients? and dipole moment? of the Gauche I conformer of H,NCH,CH,CH=CH,.

Transition Av E~%1075 MHz V-2 cm?
Obs Calc

63.4 <« 62.4 IMI =6 _2.06(3) -2.02

M =5 —-1.48(2) -1.46

M =4 —0.960(15) —-1.00
835 < 8;; M =8 -0.517(7) -0.515
936 < 928 M =9 —-1.00(2) —-1.01
Dipole moment/10-% C m
1, = 0.751(6) up = 1.18° pe = 3.660(30) oy = 3.92(4)

2Uncertainties represent one standard deviation. 2Assumed; see text. 1 Debye = 3.33564x107% C m.
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Table 7. Selected transitions of the ground vibrational state of the hydrogen-bonded Gauche /I conformer of
H,NCH,CH,CH=CH,.

Transition Observed Obs—calc Centrifugal distortion
frequency*%MHz frequency/MHz
Total/MHz Sextic/MHz
a-type
454 < 33 22835.40 -0.07 -0.88
4,5 < 3,, 24077.32 -0.03 -1.22
4,,< 33 22069.60 -0.05 -0.42
4,, < 354 23410.77 0.10 -0.40
4,5 < 3, 23111.75 0.09 -0.17
Sp5 < 404 28337.66 —-0.01 -1.53
5.5« 414 27536.70 -0.05 —-0.97
54 < 43 28850.78 0.10 -0.91
535 < 434 29037.33 -0.14 0.25 -0.01
6,5 < 54 35932.73 -0.07 -4.16
654 < 5,3 35526.34 -0.03 -3.51
634 < 533 34839.93 -0.12 -0.85 —-0.01
643 < 542 34808.60 0.07 1.51 -0.04
65, < 55 34784.69 0.13 4.52 —-0.09
b-type
Tss < Tag 32050.60 0.10 1.35 0.08
937 < 98 33473.84 -0.03 2.09 0.05
11450 < 1194 30622.32 0.00 -31.73
1259 < 12549 23829.76 -0.03 19.20 -0.01
15512 < 15543 24902.54 —-0.16 -15.87 -0.03
16412 < 16343 33427.63 —-0.02 77.91 —0.01
20,16 < 2332 31666.46 -0.09 -7.75 -0.14
23419 < 2332 37605.37 0.11 —-237.79 0.20
6,6 < 5¢5 36249.81 0.03 -0.27
To7 < 646 36535.40 -0.05 —-5.35
c-type
532 < 554 31382.77 -0.05 -1.04 0.10
936 < g 34473.68 -0.02 -1.84 0.05
134,40 < 13349 37377.67 -0.02 56.60 0.21
17414 < 17314 26779.67 0.05 156.73 -0.13
22515 < 22413 35009.25 -0.06 389.44 —0.61
2450 < 24,5 27300.14 -0.10 502.21 -1.26
30g25 < 30525 30509.11 0.02 1096.68 —4.43
31506 < 31526 26071.43 0.06 1154.71 -5.14
36730 < 366,30 33447.67 —-0.09 2081.65 -12.23
3874, < 383, 23848.11 -0.02 2145.60 —-14.51
42545 < 4255 36315.09 -0.05 3587.23 —28.84
4335 < 43, 45 30929.85 0.15 3633.15 —30.99
509 42 < 50g 47 28081.64 —-0.04 5638.41 —65.50
2+0.10 MHz.
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Table 8. Spectroscopic constants®® for the hydrogen-bonded Gauche Il conformer of H,NCH,CH,CH=CH,.

Vib. state Ground First ex. First ex.
C2-Ca3 tors. C3—-C4¢° tors.®

N.o.t.¢ 82 39 1"

R.m.s.9YMHz 0.072 0.090 0.062

A,/MHz 9109.934(12) 9176.790(39) 9151.15(45)

B,/MHz 3143.8879(54) 3138.2418(81) 3132.9662(66)

C,/MHz 2640.0207(54) 2635.2717(82) 2632.9848(62)

A,/kHz 4.346(81) 4.29(13) 4.346'

A /kHz —28.547(58) —26.25(20) —28.547'

Ax/kHz 77.5(13) 68.4(35) 77.5'

8,/kHz 1.3730(11) 1.2566(48) 1.373'

S, /kHz 6.985(60) 6.94(20) 6.985'

@, /Hz —0.435(89) -9 -9

®,,/Hz —9.9(54) -9 -9

dp/Hz 177.(61) -9 -9

abedeComments as for Table 4. 'Kept constant at the ground-state value shown in the second column of this
table. 9Kept constant at zero in the least-squares fit. "Further sextic centrifugal distortion constants kept at

zero; see text.

Vibrationally excited states. Two vibrationally ex-
cited states were assigned for this conformer, as
indicated in Table 8. The spectroscopic constants
of the first excited state of the C2—C3 torsional
vibration were determined from 39 low-J “R-
and medium-J ®Q-branch transitions; no c-type
Q-branch lines were strong enough to be identi-
fied beyond doubt. The frequency of this vibra-
tion was determined to be 83(20) cm™! by relative
intensity measurements,'? which is close to the
value found for Gauche I above, as expected.
Only “R-branch lines were sufficiently strong to
be identified with certainty for what is probably
the first excited state of the C3—C4 torsional
vibration, or the lowest bending vibration. 11
transitions were used to determine the spectro-
scopic constants displayed in Table 8. The vibra-
tional frequency is 148(30) cm™! for this mode, as
determined by relative intensity measurements.'?

Dipole moment. The dipole moment determined
in the ordinary manner'® is shown in Table 9. The
total dipole moment of Gauche II is 3.972(75) x
107°C m (Table 9). This is close to 3.92(4) X 107%
C m found for Gauche I (Table 6), as expected.
The principal axis dipole moment components
listed in Table 9 are close to the values calculated
by the bond-moment method® (Table 1). This is
one reason why it is presumed that the spectrum
of Table 7 is that of Gauche II.
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Assignment of Extended I. The assignments re-
ported above include all the strongest lines of the
spectrum, as well as a majority of lines of inter-
mediate intensities and many weak transitions
too. However, a rich spectrum of comparatively
weak lines remained. Many of these last-men-
tioned transitions are undoubtedly associated
with vibrationally excited states of the two gauche
conformers which we were not able to assign,
although many attempts were made with this in
mind. From our work on HSCH,CH,CH=CH,? it
was known that extended conformers (see Figs. 2
and 3) might exist in such high concentrations
that they could be detectable provided the H
bonds of the two gauche conformers assigned
above were not too strong. The asymmetry pa-
rameter « for the three highly prolate extended
conformers is about —0.995 in all three cases.
The spectra of such highly prolate molecules are
relatively easy to assign, provided that they have
a sizable dipole moment component along the
a-axis. This will give rise to characteristic ‘R-
branch K_,-pile-ups. Unfortunately, none of the
three extended rotamers are predicted to possess
a large p,, as can be inferred from Table 1. A
search for such pile-ups was futile, as expected.

It can be seen from Table 1 that p. of Extended
I is predicted to be comparatively large. At-
tempts to find this rotamer were therefore made
next. The strongest transitions predicted for this
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Table 9. Stark coefficients? and dipole moment? of the Gauche Il conformer of H,NCH,CH,CH=CH,.

Transition Av E"%107% MHz V2 cm?
Obs Calc
5.5 414 M =1 —0.820(10) -0.821
M =2 —0.415(6) —0.421
M =3 0.247(3) 0.248
6,5 < 554 M=0 1.69(2) 1.61
M =1 2.27(2) 2.30
M =2 4.17(5) 4.30
M =3 8.00(10) 7.66
5y < 45, M=0 -1.20(2) -1.22
Dipole moment/1073° C m
= 3.199(50) wp = 1.211(93) pe = 2.019(45) Pt = 3.972(75)

aComments as for Table 6.

conformer are the c-type Q-branch K_; = 2 « 1
series starting in the upper frequency end of the
spectrum and extending towards lower frequen-
cies as the J quantum number increases. The
starting value for J was predicted to be about 40
at 38 GHz, the upper end of the investigated
frequency range. Moreover, the quadrupole cou-
pling constants of Extended I (Table 2) predicted
these transitions to be split by 0.7-0.9 MHz in a
typical 1:2 intensity pattern. With this in mind, a
search for the said Q-branch series was carried
out. A search among the remaining, so far un-
assigned medium-intensity transitions displaying
apparent quadrupole splittings was soon success-
ful. The observed transitions are to be found in
Table 10. There is no doubt about the assignment
of these transitions as a c-type K_; = 2 « 1
series. The predicted quadrupole coupling con-
stants (Table 2) conclusively demonstrate that
this series indeed belongs to Extended I, because
the quadrupole coupling constants predicted for
the other two extended forms (Table 2) yield fine-
structures completely different from those in
Table 10.

However, a problem associated with the as-
signment of the J quantum numbers remains. The
fact that Extended I is almost an accidental sym-
metrical top makes it difficult to decide whether a
correct assignment of J has been made in Table
10. Several values of J can be successfully as-
sumed for each transition, as judged by the least-
squares fit. In an attempt to confirm the J assign-

26 Acta Chemica A42 (1988)

ments, searches were made for low-J c-type
R-branch transitions. Unfortunately, there are
only a few such transitions in the spectrum. They
are considerably weaker than the identified
Q-branch series and they are predicted to be split
by quadrupole interactions in most cases. Our
searches for them were therefore in vain. At-
tempts to find ®Q-branch transitions which might
confirm the J assignments were also made, in
spite of the fact that p, is predicted to be very
small (Table 1). Not surprisingly, such series were
not found.

The reason for selecting the tentative J assign-
ments shown in Table 10 is that these values give
the most reasonable values for the quartic and
sextic centrifugal distortion constants shown in
Table 11. Other values for the J’s yield much less
realistic values for the centrifugal distortion con-
stants than those shown in Table 11. With only
one Q-branch series assigned, only A,—C, and
the asymmetry parameter %' can be determined
(see Table 11). Only one quartic and one sextic
centrifugal distortion constant were needed in
order to obtain a root-mean-square deviation of
the fit comparable to the experimental uncer-
tainty. The “corrected” frequencies estimated us-
ing Rudolph’s formula® were used in fitting these
transitions to Watson’s A-reduction I'-represen-
tation Hamiltonian.!” No problems were encoun-
tered with this Hamiltonian, even with such a
prolate asymmetric rotor as this one.

No accurate values of both y,, and ¥, can be
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Table 10. Microwave spectrum? of the ground vibrational state of the Extended ! conformer of

H,NCH,CH,CH=CH,.

Transition F’ < F”  Observed “Corrected” Obs°—Calc Centrifugal distortion
frequency?MHz frequency/MHz frequency/MHz
Total/MHz Sextic/MHz
382.37 « 381'37 39 « 39
37 « 37| 3789868 37898.94 ~0.07 -185.35 138
38 <38 37899.76
30,5 < 39,55 40 < 40
38 ag| 5724458 37244.83 0.03 ~203.76 153
39«39 3724548
40,5 < 40,5 41 < 41 ~
a2y 36577.98 36578.25 0.08 223.31 168
42, 44 « 42, 4 43 < 43
41 < 41 } 35209.47 35209.70 0.02 —265.90 2,03
42 42" 3521044
43,,< 43,, 44 44
42 — 42| 3450867 34508.90 ~0.01 ~288.92 222
43«43 34509.62
By 84,4 45 45
43 — 43| 30797.66 33797.89 ~0.04 -313.08 2.42
44 — 44 33798.59
45,4 < 45,,, 46 < 46
44 44} Sl 33077.40 0.03 -338.37 264
45 <45 33078.05
46,4 < 46,45 47 < 47
45 < 45| 32347.58 32347.81 ~0.10 ~364.76 2.87
46 — 46 3234852
48, < 48,,, 49 < 49
47 — 47| 3086501 30865.25 0.10 —420.64 3.36
48 <48  30865.88
49,4 < 49,5 50 < 50
48  agf 30113.10 30113.34 ~0.05 450,04 3.63
49 < 49" 3011392
502'49 <« 501_49 51 « 51
49 49| 29355.58 29355.78 -0.02 —480.33 3.91
50 < 50 29356.37
Stiso<Slas0  52¢-52( o594 gp 28593.22 0.00 ~511.31 4.20
50 < 50
52,51 < 52,5, 53 « 53
51« 51| 27826.34 27826.65 ~0.01 —543.22 451
5252 27827.18
contd
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Transition F’«< F  Observed “Corrected” Obs°—Calc Centrifugal distortion
frequency’MHz  frequency/MHz  frequency/MHz
Total/MHz Sextic/MHz
532'52 «— 531'52 54 « 54
52 52 27056.73 27056.85 0.11 ~576.63 483
53«53 27057.31
542'55 <« 541 53 55 « 55
53 53] 26284.39 26284.65 ~0.07 —608.54 5.16
54 «— 54 26285.31
59,55 < 59155 60 « 60} 22426.59 22426.77 0.00 —775.96 6.97
58 « 58

2An ambiguity exists with regard to the quantum numbers involved in these transitions; see text. °+0.10 MHz.
c“Corrected” frequency shown in preceding column used for least-squares fitting.

derived from the quadrupole splittings shown in
Table 10 because the members of this Q-branch
series have almost the same splittings for all tran-
sitions. There is thus not enough independent
information to allow a determination of both ¥,
and y,,. However, the quadrupole coupling con-
stants shown in Table 2 predict splittings and
intensity patterns very close to the observed
ones.

Assignment of Extended II. It is seen from Table1
that p, is predicted to be the largest principal axes
dipole moment component for this conformer.
This should result in a comparatively strong b-
type Q-branch K_; = 1 « 0 series spreading out
towards higher frequencies as J increases. J was
predicted to be approximately 30 at 22 GHz and

Table 11. Spectroscopic constants®>° of the ground
vibrational state of the Extended / conformer of
H,NCH,CH,CH=CH,.

N.o.t. 16

R.m.s. dev./MHz 0.067
(A;—C,)/MHz 16992.95(41)
% —0.995737
§,/kHz -0.0943(11)

@, /Hz 0.21(20)

2A-reduction I-representation. ®Using the quantum
numbers shown in Table 10; see text. °Further
centrifugal distortion constants preset at zero.

26*

increasing with increasing frequency. The qua-
drupole coupling constants shown in Table 2 pre-
dicted unresolvable quadrupole splittings for this
series provided it belonged to Extended II,
whereas comparatively large splittings were pre-
dicted if it belonged to Extended I, and somewhat
smaller splittings were predicted for this series in
case it belonged to Extended III. The transitions
displayed in Table 12 are undoubtedly a b-type
K_; = 1 « 0 series, but because no further Q-
branch series or R-branch lines were identified,
the same ambiguity with respect to the J quantum
number exists for this conformation as in the case
of Extended I, as reported above. The transitions
of Table 12 were scrutinized for quadrupole split-
tings, but no such splittings were noted. This is
one reason why the spectrum of this table is as-
signed to Extended I1.

The derived spectroscopic constants are listed
in Table 13. The tentative J quantum numbers
selected for the assignments shown in Table 12
were those that gave the most reasonable values
for the centrifugal distortion constants, exactly as
described above for Extended I. No determina-
tion of the dipole moment could be made for any
of the two extended conformers assigned in this
work due to the low intensity of the spectral lines
as well as to the high-J transitions assigned for
both of them.

Internal energy differences. The internal energy
differences were determined by comparison of
spectral intensities. The principal axes dipole mo-
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Table 12. Microwave spectrum? of the ground vibrational state of the Extended I conformer of

H,NCH,CH,CH=CH,.

Transition Observed Obs—calc Centrifugal distortion
frequency?MHz frequency/MHz
Total/MHz Sextic/MHz

30, 29 < 30930 22166.11 0.04 112.46 -13.85
31,40 < 313 22581.62 0.00 129.63 -15.69
32,43 < 324 23016.42 —0.06 148.84 -17.69
33,3 < 3343 23471.24 0.04 170.26 -19.87
34,45 < 3444, 23946.24 -0.05 194.08 -22.23
35, 34 < 35035 24442.35 0.04 220.51 —24.77
36, 35 < 3636 24959.73 -0.07 249.73 -27.49
37,36 < 37037 25499.33 0.03 281.97 -30.42
39, 35 < 3930 26646.44 -0.03 356.40 —36.86
40, 35 < 40q 49 27255.26 0.04 399.05 —40.39
41, 40 < 414, 27888.15 0.05 445.64 —-44.12
42, 4 <— 424, 28545.61 —-0.01 496.42 —48.07
43, 4p < 43943 29228.27 0.00 551.63 -52.23
44, ,, < 44, ,, 29936.57 0.04 611.54 —56.59
45, 44 < 450 45 30670.85 0.02 676.37 -61.18
47,46 <— 47047 33219.37 0.04 821.86 —-70.99
48, 4; < 48 45 33034.22 -0.05 902.99 -76.23
49, 45 < 49,49 33876.67 -0.13 990.03 -81.69
50, 49 < 50050 34747.22 0.02 1083.20 -87.38
51,50 < 51g5, 35645.74 —-0.01 1182.71 —93.31
5251 < 525, 36572.71 0.06 1288.76 —99.48

abComments as for Table 10.

ment components are crucial for the spectral in-
tensities, and hence for the determination of in-
ternal energy differences between the conform-
ers. Unfortunately, the dipole moment is not
known for Extended I and Extended II. For these
two rotamers, the predicted dipole moments
shown in Table 1 were employed. It is also impor-
tant to know the J quantum numbers involved.
As described above, an ambiguity exists for both

Table 13. Spectroscopic constants®?< of the ground
vibrational state of the Extended I/ conformer of
H,NCH,CH,CH=CH,.

N.o.t. 17

R.m.s. dev./MHz 0.061
(As—C,)/MHz 16629.34(72)
x —0.997462
8,/kHz —0.12008(29)
P, /Hz -16.5(14)

a°Comments as for Table 11. ®Using the quantum
numbers shown in Table 12; see text.
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the two extended forms with regard to this quan-
tum number. The statistical weight was assumed
to be 2 for all four conformers.

The intensities of many transitions were com-
pared in the limit of no power saturation.”
Gauche I was found to be the most stable of them
all. Gauche I is 0.8 kJ mol™ more stable than
Gauche II. One standard deviation is liberally
estimated to be +0.3 kJ mol™!. Gauche Iis 1.9 kJ
mol~! more stable than Extended 1. One standard
deviation is in this case liberally estimated to be
0.5 kJ mol™!. The uncertainties resulting from
the unknown p.-dipole moment component of
Extended I as well as from the tentative J quan-
tum number assignment are taken into account.
In an identical manner, Gauche I is found to be
2.1(5) kJ mol™! more stable than Extended II.
These results are summarized in Table 17 and
discussed below.

In addition to 1-amino-3-butene, the energy
difference between the H-bonded gauche con-
formers and non-H-bonded conformers has been
determined in one other case for the



H,NCH,CH,X-type molecules in the free state,
viz. for ethylenediamine,? where an energy dif-
ference of 1.9(5) kJ mol™! was determined using
electron diffraction. However, this result is diffi-
cult to interpret because it represents some mean
over two H-bonded gauche and several anti con-
formers.

Searches for further conformers. After these as-
signments had been made, there were only a few
unassigned medium intensity transitions left in
the spectrum. There is no reason to believe that
Extended III has a much higher energy than the

MICROWAVE SPECTRUM OF H,NCH,CH,CH=CH,

two other extended forms which were assigned.
However, searches for this fifth rotamer were
futile. One reason for this failure may perhaps be
that none of its principal axes dipole moment
components are as large as p. for Extended I, or
u, for Extended II (see Table 1).

A search was also made for the hypothetical
Gauche III, which has no H bond. A large p, is
predicted for this conformation, as inferred from
Table 1. However, no assignments could be made
for this rotamer. This is not surprising, because
Gauche III has no stabilizing H bond. In addi-
tion, the lone electron pair of the nitrogen nu-

Table 14. Plausible molecular structure? [bond lengths (pm), angles (°)] of H,NCH,CH,CH=CH..

Structural parameters kept fixed

N-C4 1475 £C3—-C4-N 110.0% of 115.0°¢

C1-C2 133.1 £C2-C3-C4 111.6

C2-C3 149.6 £C1-C2-C3 127.8

C3-C4 152.8 £C4—N—-H 107.0

C1-H 109.0 £C3—-C4—-H 109.47

C2-H 109.0 £C4-C3-H 109.47

C3—-H 109.3 £C2-C1-H 121.5

C4-H 109.3 £C1-C2—-H 1215

N—H 101.7 a(£C1=C2-C3—-C4) 60.0 for Extended conformers?
f(£C2-C3-C4-N) 0.0 for Extended conformers*

Fitted®

a(£C1=C2—C3-C4)
B(£C2-C3—C4-N)

Hydrogen bond parameters

Conformer: Gauche |
H%.-C2 257
H%--C1 297
N---C2 297
N---C1 357
ZN—H"..C2 103
ZN—H-C1 118
/N—H!C1=C2¢9 51
Sum of van der Waals radii”

H--C 290
N.--C’ 320

66(3) for both Gauche I and Gauche Il
116(3) [64(3) from syn] for both Gauche I and Gauche I

Gauche Il

270
313
306
369
101
116

51

aSee text. °Kept at this value for Gauche I, Gauche Il, Extended I, and Extended Ill. °Kept at this value for
Gauche Il and Extended Il. “This dihedral angle was not fitted for Extended | and Extended|l; see text. °These
two dihedral angles were fitted only for Gauche | and Gauche II. 'Amino group hydrogen atom involved in
intramolecular hydrogen bonding. 9Angle between N—H bond involved in hydrogen bonding and C1=C2 bond.
hTaken from Ref.24. ‘Radius of aromatic carbon atom assumed to be 170 pm according to Ref. 24.
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cleus of this conformation is oriented so that it is
probably repelled by the = electrons of the dou-
ble bond. Gauche III may thus perhaps represent
a local maximum in the potential surface of
1-amino-3-butene. If this is the case, then there is
no such thing as a stable Gauche III conformer.

Conformations other than the three gauche
and three extended forms drawn in Figs. 2 and 3
are of course possible. Syn conformations (not
shown in Figs. 2 and 3) which have a planar
heavy-atom skeleton with o = 0°, § = 180°, and y
= 0° or y = 120° (see Fig. 1) were looked for,
because it is known that a similar conformation
occurs in large abundance in 1-butene.! These
hypothetical syn conformations are predicted" to
possess sizeable principal axes dipole moment
components, and to be very crowded. However,
no identification of them was made among the
remaining unassigned, mostly rather weak transi-
tions. It is impossible that large fractions of syn
forms coexist with the two gauche and two
extended conformers identified above for
1-amino-3-butene. It is concluded that the con-
formational make-up of 1-amino-3-butene pri-
marily consists of two gauche conformers which
are about 2 kJ mol™! more stable than the three
extended rotamers.

Structure. As only one isotopic species has been
investigated, insufficient data exist to perform a
complete structure determination. Assumptions
have to be made in order to derive important
structural parameters. The C1C2C3C4 dihedral
angle (a of Fig. 1) and the C2C3C4N dihedral
angle (B of Fig. 1) were fitted for Gauche I and
Gauche II in steps of 1°. These two parameters
were fitted because they are chemically interest-
ing and the rotational constants are sensitive to
their variation. All the other structural para-
meters were kept constant in the fitting proce-
dure at the values shown in Table 14. These para-
meters were selected from recent accurate studies
of closely related compounds. It is noted that the
C3C4N angle is assumed to be 110.0° when the
dihedral angle vy of Fig. 1 is 0° or 240°, and 115.0°
when vy is 120.0°. This relaxation of the CCN
angle is discussed in Ref. 3.

The rotational constants are closely repro-
duced when the C1C2C3C4 dihedral angle (a)
is 66° and the C2C3C4N dihedral angle () is
116° from anti (64° from syn) for both Gauche I
and Gauche 11, as shown in Table 15. The un-
certainty limit corresponding approximately to
three standard deviations is +3° for both these
dihedral angles. Note that f is practically iden-
tical to the corresponding values found for

Table 15. Observed and calculated rotational constants® of the Gauche ! and Gauche Il conformers of

H,NCH,CH,CH=CH,.

Gauche | Gauche Il

Obs Calc? Diff./% Obs Calc? Diff./%
Ay/MHz 9223.86 9244.87 0.22 9109.93 9154.41 0.49
B,/MHz 3199.34 3210.38 0.34 3143.89 3151.29 0.23
C,/MHz 2668.29 2671.06 0.10 2640.02 2648.84 0.33

2See text. °Structural parameters used in the calculations are found in Table 14.

Table 16. Observed and calculated spectroscopic constants? of the Extended | and Extended Il conformers of

HgNCHzCHzCH = CHz.

Extended | Extended Il

Obs Calc Obs Calc
(Ay—Cy)/MHz 16992.95 17126.29 16629.34 17189.01
® —0.99574 —0.995117 —0.99746 —0.99689

abComments as for Table 15.
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Table 17. Selected results for three XCH,CH,CH=CH,-type molecules.

Molecule a?degrees (AES = E’%vendod— E Gauche)/kJ mol™!
HOCH,CH,CH=CH,%¢ 75(3) >3
H,NCH,CH,CH=CH,? 66(3)% 1.9(5)"
66(3)"9 2.1(5)
HSCH,CH,CH=CH,/ 57(3) 2.9(5)
3.6(6)’

#Dihedral angle as defined in Fig. 1. °Ref. 7. °Ref. 23. “This work. °Gauche I. 'Energy difference between
Gauche Il and Gauche | is 0.8(3) kJ mol~'; see text. IGauche Il. "E cuended i— E Gauche 1+ ' E Extonded 1= E Gauche 1-

IRef. 8. *E’kytonded i~ E° gaucher 'E°extonded i E°Gaucho-

HOCH, CH, CH = CH,"* [116(3)°] and
HSCH,CH,CH=CH,® [115(3)°], while «
is very different in the three cases, being
75(3)° in HOCH,CH,CH=CH,’, and 57(3)° in
HSCH,CH,CH=CH,, in contrast to the value of
66(3)° found for both Gauche I and Gauche 11
(Table 14).

Due to the fact that the J quantum numbers are
only tentative for Extended I and Extended II
(see above), the spectroscopic constants also be-
come uncertain. A fit of the dihedral angles a, §
and y was therefore not considered to be worth-
while. However, only small adjustments of the
said dihedral angles would reproduce A,—C, and
» rather well. The spectroscopic constants com-
puted using the structural parameters of Table 14
assuming completely staggered atomic arrange-
ments are listed in Table 16.

Discussion

It was expected at the beginning of this work that
the two H-bonded conformers Gauche I and
Gauche II would be the most stable forms of
1-amino-3-butene, with Gauche I as the slightly
more stable in accord with the findings made for
the other H,NCH,CH,X-type molecules." This
was indeed found, as demonstrated above. It is
suggested that intramolecular H-bonding is the
major cause of these conformational preferences.
The H-bonds in Gauche I and Gauche II are
rather weak, however, as can be inferred from
the structural parameters and sums of the van der
Waals radii® given in Table 14. It can also be seen
from this table that the geometry of the H bond
in Gauche I is only marginally different from that
in Gauche 1I. The energy difference is, as ex-

pected, very small, being only 0.8(3) kJ mol™! in
favour of Gauche I.

In order to compare the H-bond strengths in
3-butenes, selected data for the alcohol,”? the
thiol,® as well as for 1-amino-3-butene are col-
lected in Table 17. The strength of the H bond is
expected to manifest itself in at least two impor-
tant parameters, viz. the C1C2C3C4 (o) dihedral
angle (see Fig. 1), and the energy difference be-
tween extended and gauche conformers. The H
bond in the three compounds of Table 17 is un-
doubtedly strongest in HOCH,CH,CH=CH,.
This shows up in a large a-angle of 75(3)° which
brings the hydroxyl hydrogen atom and the &
electrons into close proximity, enhancing the hy-
drogen-bond interaction, as well in the fact that
the energy difference between the H-bonded
gauche conformer and any extended form is so
large (over 3 kJ mol™!) that the latter escaped
being detected by electron diffraction” and MW
spectroscopy.’

The strength of the H bond in Gauche
HSCH,CH,CH=CH, as compared to the H
bonds in Gauche I and in Gauche II of the title
compound is more difficult to decide. The a-
angles are both about 9° larger in the two gauche
rotamers of 1-amino-3-butene than in the H-
bonded conformer of HSCH,CH,CH=CH,?
(Table 17). By this criterion, one would expect
the H bond to be slightly stronger in both the
gauche forms of H,NCH,CH,CH=CH, than in
Gauche HSCH,CH,CH=CH,. However, the en-
ergy differences between the two extended forms
and gauche conformer are both slightly larger in
HSCH,CH,CH=CH, than in the corresponding
three cases of H,NCH,CH,CH=CH,, as shown
in Table 17. This fact should indicate the opposite
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of what is found from the a dihedral angle,
namely that the internal H bond is somewhat
stronger in Gauche HSCH,CH,CH=CH, than in
both Gauche I and Gauche II of 3-amino-1-but-
ene. These findings make it impossible to say
definitely whether the hydrogen bonds in the two
gauche forms of the amine are stronger than in
the thiol. It is then concluded that the H-bond
strengths in Gauche I and in Gauche II are each
nearly the same as in the H-bonded Gauche con-
former of HSCH,CH,CH=CH,.}
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