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The Crystal Structure of 4- Amino-2,2,5,5-tetrakis(trifluoromethyl)-3-imidazoline*

By L.J. GUGGENBERGER

Central Research Department, Experimental Station, E. I. du Pont de Nemours and Company, Wilmington,
Delaware 19898, U.S.A.

(Received T March 1973; accepted 16 May 1973)

Crystals of 4-amino-2,2,5,5-tetrakis(trifluoromethyl)-3-imidazoline, C,N;F;,H;, are monoclinic, space
group C2/c, with a=24-812 (24), b=6-598 (8), ¢=16-076 (18) A, and f=118:51 (4)°. The data were
collected on a diffractometer at room temperature; structure parameters were refined by least-squares
methods to R of 0-067 for 1716 reflections. The molecule has no space-group imposed symmetry, but
nearly has Cy(m) point symmetry, the mirror plane being the plane of the imidazoline ring. Molecules
are associated to form dimers through N-H- . -N hydrogen bonds involving amino hydrogens and the
unprotonated imidazoline nitrogens of adjacent molecules. A short external C-NH, distance of
1-315 (4) A indicates a substantial resonance contribution from a >C=N*H, form.

Introduction

The chemistry of (polyfluoroalkyl)imidazolines has
been pursued because of their pronounced stability
and physiological activity (Middleton, Gale, Wiley &
Krespan, 1970; Middleton & Krespan, 1970; Middle-
ton, Metzger, Cunningham & Krespan, 1970). The
compound 4-amino-2,2,5,5-tetrakis(trifluoromethyl)-3-
imidazoline (midaflur, EXP 338) is active as a central
nervous system depressant and muscle relaxant (Le-
vine, Jossmann, Friend & De Anglis, 1968; Claghorn
& Schoolar, 1968; Clark, Lynes, Price, Smith, Wood-
ward, Marvel & Vernier, 1971). The crystal structure
was determined to establish the tautomeric form of the
imidazoline system and, the related feature of interest,
the nature of the hydrogen bonding.

Experimental

Crystals suitable for X-ray work were obtained from
Middleton & Krespan (1968). The systematic absences
as observed on Weissenberg and precession photo-
graphs indicated that the space group is C2/c or Cec.
The correct space group, as confirmed by the structure
refinement, is C2/c. The cell parameters were averaged
from back-reflection-Weissenberg and diffractometer-
determined values. The cell data are summarized in
Table 1.

Table 1. Crystal data

C;N;F.H,

Space group: Monoclinic C2/c¢
a=24-812 24) A

b=6-598 (8)

¢c=16:076 (18)

B=118-51 (4)°

Z=8

o(calc)=2-05 gcm™?
o(obs)=2:05 gcm~?

u(Cu Ka)=25-5cm™!

* Contribution No. 2029 from the Central Research
Department, Experimental Station, E. L. du Pont de Nemours
and Company.

Data collection

A prismatic crystal of dimensions 022 x0:45x0-18
mm was used in the data collection. Intensity data were
measured on a Picker four-circle automatic diffractom-
eter using the 6-26 scan technique (1°/min scan
speed). The crystal was mounted with the b axis along
the diffractometer ¢ axis. Copper radiation (Cu Ka=
1-5418 A) was used with a Ni filter. The scan range
for each reflection was 2-0° plus the Ko,—Kx, separa-
tion; backgrounds of 40 sec were measured before and
after each scan. The data were measured in two sets,
from O to 90° 26 and then from 90 to 125° 26. A total
of 1907 reflections were measured including #k0 and
hk0 data which were averaged.

The data were corrected for Lorentz and polariza-
tion effects in the usual way. The standard reflections
measured showed a steady decrease with time; a crystal
decomposition correction was made accordingly. The
maximum decomposition observed was 5% in F.
The data were corrected for absorption (Prewitt, 1968)
with the crystal defined by seven plane faces. The
minimum and maximum calculated transmission fac-
tors were 0-52 and 0-66 respectively. The structure-fac-
tor errors were estimated according to a scheme re-
ported earlier {Guggenberger, 1968). Those data with
F<a(F) were given zero weight in the refinement.

Structure solution and refinement

The structure was solved using the symbolic addi-
tion procedure and the Bednowitz (1968) computer
program. The Hauptman & Karle (1959) procedure
for generally treating centered cells was followed. The
cell was transformed to a primitive cell, the phase
problem was solved, and then the coordinates were
transformed back to the conventional centered cell.
The transformation matrix used to obtain the primi-
tive cell was
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The coordinates transform as the transpose of the in- Table 3. Observed and calculated structure factors
verse of .the' tra_nsformatlon matrix. The columns give the running index 4, 10F,, and 10F,. An
The distribution of E’s followed the expected centric asterisk marks an ‘unobserved’ reflection (see text)

distribution; the observed values of 0-80 for {|E|),
1-00 for {|E|?*), and 0-99 for {|E*—1]), are essentially
identical to the theoretical values of 0-798, 100, and
0-968 respectively (Karle, Hauptman & Christ, 1958).
The 228 largest E’s (E’s> 1-50) were used in the phase
determining process. Seven reflections were assigned
symbolic phases and two were used for origin assign-
ment (T0,12,7 and 7,10,8). The correct phases for
the symbols were found by inspection. All the non-
hydrogen atoms were found on the resultant £ map.

The model was refined stepwise giving R (=2 ||F,|—
|Fl|/2IF,|) values of 0-215 for all atoms with isotropic
temperature factors, 0-101 for the fluorine atoms only
with anisotropic temperature factors, and 0-083 for all
atoms with anisotropic temperature factors. At this
point an electron-density difference map was calculated
through the plane of the imidazoline ring to look for
the hydrogen atoms. All three hydrogen-atom posi-
tions were clearly evident; the electron densities were
0-5 for H(1), 0-4 for H(2), and 0-3 ¢ A~3 for H(3). The
hydrogen atoms were included in the refinement with
isotropic temperature factors. A secondary extinction
correction was also applied since the largest observed
F’s were systematically smaller than the calculated
F’s. The first-order correction was applied after the
method of Zachariasen (1963) according to F,(cor-
rected) = F,c (uncorrected)/(1 + SCl,ys); f was set equal
to 1-0 for all reflections and C was varied in the refine-
ment.

Table 2. Final coordinates and thermal parameters

Standard deviations are given in parentheses. Anisotropic temperature factor has the form exp [—(Bu/% + Bak? + Bssl* + 2120k
+ 2013kl + 2P23k1)). Data are x 10°. The secondary extinction parameter C=5-1 (4) x 1075,

X y z Bis or B(A?) B2z i Ji B3 Bas

N(1) 6276 (14) 48878 (55) —3894(20)  210(7) 3988 (110) 441 (16)  340(23) 182(9) 559 (33)
N(2) 6226 (11) 34894 (43) 9200 (17) 154 (5) 2627 (77) 373 (13) 174 (17) 111 (7) 243 (26)
N(3) 15703 (11) 19048 (45) 16231 (17)  147(5)  2500(76) 338 (13) 137(16)  92(7) 156 (26)
C(1) 8770 (13) 38324 (50) 4003 (20) 158 (6) 2309 (85) 331 (15) 136 (19) 113 (8) 108 (30)
C(2) 10189 (13) 22340 (51) 17004 (20) 160 (6) 2440 (86) 321 (15) 123 (19) 109 (8) 142 (29)
C(3) 15116 (13) 28687 (52) 7863 (20)  137(6)  2485(88)  336(15)  67(19)  96(8) 38 (30)
C(4) 15393 (17) 13051 (62) 973 (25)  233(9) 3276 (115) 543(20) 148 (26) 197 (11) — 100 (40)
c(5) 20182 (15) 44965 (63) 10408 (26) 178 (8) 3368 (122) 582(22) —22(24) 141 (10) 60 (41)
C(6) 7004 (17)  2335(59) 16761 (25)  228(8)  2985(110) 508 (20) —27(25) 136 (10) 315 (39)
() 11893 (18) 33607 (61) 26419 (24) 300 (10) 3304 (116) 416 (18) 163 (28) 211 (11) 35 (39)
F(1) 7132 (14) 37768 (58) 27479 (20) 415 (8) 7904 (146) 846 (18) 281 (29) 415 (11) —497 (43)
F(2) 14721 (14) 50645 (39) 26978 (17) 538 (9) 3266 (72) 679 (15) —180(21) 338 (10) —495 (27)
F(3) 15744 (14) 22804 (48) 33891 (15)  528(9) 4756(95) 317(11)  309(24)  82(8) 166 (25)
F(4) 1896 (13) 5171 (51) 17485 (25) 380 (8) 5635 (118) 1474 (26) —210(24) 560 (13) 181 (44)
F(5) 5291 (13) —7148 (42) 8729 (18) 404 (7) 4226 (85) 736 (16) —570(22) 243 (9) —401 (31)
F(6) 10529 (14) —9973 (44) 23577 (20)  442(9) 3251 (77) 880 (18) -—42(21)  84(10) 800 (31)
F(7) 19503 (13) 59638 (41) 15542 (20) 415 (8) 3345 (74) 970 (19) —412(20) 341 (10) —639 (31)
F(8) 25651 (9) 37107 (46) 15522 (20) 138 (5) 4936 (96) 1137 (20) —64 (17) 86 (8) 278 (36)
F(9) 20027 (12) 53661 (44) 3032 (18) 346 (7) 4951 (97) 830 (17) —207 (21) 345 (9) 370 (32)
F(10) 15010 (16) 21644 (48) —6725 (18) 641 (11) 4922 (97) 626 (15) 198 (27) 479 (11) 47 (31)
F(11) 11037 (12)  —213 (43) —1603(19) 380 (7)  4395(90) 891 (18) —340(21) 322 (10) —1027 (34)
F(12) 20705 (12) 2891 (43) 5008 (20) 335(7) 4663 (93) 998 (19) 547 (21) 273 (9) —307 (35)
H(1) 797 (21) 4988 (66) —779 (31) 3-.9(11)

H(2) 227 (19) 5500 (57) —598 (26) 2-1(8)

H@A) 1709 (27) 645 (88) 1930 (40) 6:6 (15)
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The final refinements were done in two sections:
(@) the positional and thermal parameters for the car-
bon, nitrogen, and hydrogen atoms, and (b) the pa-
rameters for the fluorine atoms. The final R values for
the 1716 reflections with F< o(F) are 0-067 for R and
0-087 for wR{=[Sw(IF,| —|F.)}/SwF,|]"?}. The cor-
responding values for all the data (1827 reflections)
are 0-071 for R and 0-087 for wR.

The scattering factors used were those for the neutral
atoms (Hanson, Herman, Lea & Skillman, 1964). The
function minimized in the refinement was > w(|F,|—
|F.)%. The final parameters are given in Table 2. The
observed and calculated structure factors are listed in
Table 3.

Discussion

An ORTEP plot (Johnson, 1965) of the molecular
structure is shown in Fig. 1 illustrating the numbering
system used here. The molecule exists as the amino
tautomer rather than the imino tautomer. The mole-
cule has no crystallographically imposed symmetry
but nearly has Cy(m) point symmetry, with the possible
exception of the H(3) atom. The molecular mirror
plane is the plane of the imidazoline ring. The thermal
parameters of the non-fluorine atoms are normal. The
thermal parameters of the fluorine atoms of the tri-

Table 4. Interatomic distances
Bonding distances (A)

N(1)-C(1) 1-315 (4) C(N)-F(1) 1:301 (6)
C(D-N(2) 1285 (4) C(71)-F(2) 1-305 (5)
N(2)-C(2) 1-432 (4) C(7)-F(3) 1330 (4)
C(2)-N(3) 1-448 (4) C(6)-F(4) 1:340 (6)
N(3)-C(3) 1-431 (4) C(6)-F(5) 1-310 (5)
C(3)-C(1)  1-528 (4) C(6)-F(6) 1-308 (4)
C(5)-F(7) 1334 (5)
C(3)-C(4) 1-539 (5) C(5)-F(8) 1-312 (4)
C(3)-C(5) 1:552 (5) C(5)-F(9) 1301 (5)
C(2)-C(6) 1-529 (5) C(4)-F(10) 1-323 (5)
C(2)-C(7) 1-:553 (5) C@-F(11) 1:295 (5)
Av. 1-543 (6) C(4)-F(12) 1-338 (5)
Av. 1:316 (5)
N(1)-H(l) 0-91 (6)
N(1)-H(2) 097 (4)
N(3)-H(3) 0-94 (6)
Av. 094 (2)
Nonbonding distances (A)
C(4)—-C(5) 2-535 (6) N(3)-F(2) 2:791 (4)
C(6)-C(7) 2-518 (6) N(Q3)-F(3) 2:845 (4)
H(1)-H(2) 1-61 (8) NQ@3)-F(5) 2:853 (4)
N(-F(9) 3-058 (4) N(3)-F(6) 2-856 (5)
N(D)-F(10)  3-012 (5) NQ)-F(7) 2-859 (4)
C(1)-F(7) 2:792 (4) N(3)-F(8) 2:792 (4)
C()-F(1) 2842 (5) N@3)-F(11) 2830 (4)
N(2)-F(1) 2:844 (5) N@3)-F(12) 2:841 (5)
N(2)-F(2) 2:818 (3) C(4)-F(8) 2964 (4)
N(2)-F(4) 2:853 (5) C(4)-F(9) 2:872 (5)
N(2)-F(5) 2-782 (4) C(5)-F(10)  2-868 (5)
F(1)-F(4) 2:627 (5) C(5)-F(12)  2:930 (5)
F(2)—-F(7) 2:687 (5) C(6)-F(1) 2-895 (6)
F(3)—F(6) 2:656 (4) C(6)-F(@3) 2:900 (4)
F(5)-F(11)  2:695(5) C(7)-F(4) 2:887 (5)
F(8)-F(12) 2:735 (4) C(7)-F(6) 2:906 (5)
F(9)—-F(10) 2:571 (4)

4-AMINO-2,2,5,5-TETRAKIS(TRIFLUOROMETHYL)-3-IMIDAZOLINE

Fig. 1. Molecular structure illustrating the thermal ellipsoids
and numbering system.

fluoromethyl groups are understandably large, but the
individual atom refinement appears to be adequate.

Table 5. Interatomic angles (°)

N()-C(1)-N(2) 1248(3)  C@)—C()-F(1) 112:8 (3)
N(D-C(1)-C(3) 12211 (3)  CQ@)—-C(N-FQ2) 111-5(3)
NQ2)-C(1)-C(3) 1132(3)  C@)—C()-F3) 111-6 (3)
C(H=N@2)-C(2) 1091(2)  C(2)—C(6)-F4) 1121 (3)
N@2)-C(2)-N(3) 1071 (2)  C(2)—C(6)-E(5) 1110 (3)
C(2)-N(3)-C(3) 1097 (2)  C(2)—C(6)-F(6) 1126 (3)
N(G3)-C3)-C(1) 1009 (2)  CB3)--C(3)-F(7)  109-9 (2)

C(3)—C(5)-F(@8) 1109 (3)
N(Q2)-C(2)-C(6) 1103 (3)  C(3)—C(5)-F(9) 1134 (3)
N@2)-C(2)-C(7) 1093 (3)  C(3)—C(4)-F(10) 112-2 (3)
N(G3)-C(2)-C(6) 111-5(3)  C3)—-C@)-F(11) 111-4 (3)
N@G3)-C(2)-C(7) 1091 3)  C(3)—C(4)-F(12) 111-0 (3)
C(6)-C(2)-C(7) 1096 (3) Av. 111-7 (3)

F(1)—C(7)-FQ2)  107:5 (3)
N(3)-C(3)-C4) 111:0(3)  F()—C(N-EG3)  107-5 (3)
N(3)-C(3)-C(5) 1107 (3)  FQ)—C(NH-F(3) 1056 (3)
C(1)-C(3)-C(4) 1122(3)  F@4)—C(6)-F(5) 1061 (3)
C()-C(3)-C(5) 111-5(3)  F4)—C(6)-F©6) 1072 (3)
C(4)-C(3)-C(3) 1102 (3)  F(5)—C(6)-F(6)  107:6 (3)

F(7)—C(5)-F(8)  107:3 (3)
H(D-N(1)-C(1) 1230 26) F(N—C(5)-F(®) 1066 (3)
H(2)-N(1)-C(1) 1191 21)  F(8)—C(5)-F(9) 1085 (3)
H(D-N(D)-H(2) 1178 31)  F(10)-C(4)-F(11) 1083 (3)

F(10)-C(4)-F(12) 1064 (3)
HG)-NG)-C2) 1022 (23) F(11)-C(4)-F(12) 107-2 (3)
HB3)-N(3)-C(3) 1369 (33) Av. 107-1 (2)

The interatomic distances are given in Table 4 and
the interatomic angles in Table 5. The two pertinent
resonance hybrids for this structure are 4 and B.

NH, N-
H
CF, cr ||
Xy .
CF, -
N+CF= Ch ), </CF,
o R Hoocr
S
A B

The external C(1)-N(1) distance of 1:315 (4) A and
internal C(1)-N(2) distance of 1-285 (4) A suggest that
both hybrids are nearly of equal importance in de-
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scribing the structure. The external C-N distance is
much more like the values found in amides rather than
amines. This is not so surprising in view of the similar-
ities between the geometry here and that found in
amides (C and D).

NH, N- Hz
4 i

/ \o / \O‘
c D

The C-N distances in amines are frequently close to
the single bond value of about 1-47 A where the =
delocalization is minimal, but distances intermediate
between the value observed here and the single bond
value are found, for example, 1-40 (2) in a-sulphanila-
mide (O’Connor & Maslen, 1965), 1-:367 (17) A in
2-amino-3-methylbenzoic acid (Brown & Marsh,
1963), and 1-35 A in melamine (Hughes, 1941). The
C-N distances in amides, however, are frequently much
shorter because of large contributions from the D res-
onance form, for example, 1-28 A in L-glutamine
(Cochran & Penfold, 1952), and 1-300 (13) A in for-
mamide (Ladell & Post, 1954). The C(1)-N(2) dis-
tance of 1:285 (4) A is only slightly less than the values
frequently found for the C=N distance in imidazole
rings; examples are 1-298 (7) A in 1’-(4-imidazolylsul-
fonyl)-4’-phenylimidazole (Guggenberger, 1972), 1-312
(8) A in purine (Watson, Sweet & Marsh, 1965), and
1:326 (5) A in imidazole (Martinez-Carrera, 1966). The
remaining distances and angles are acceptably self con-
sistent according to type within the molecule and are

Fig. 2. One dimer unit illustrating the hydrogen bonding
(hydrogen bonds are open).

AC2B-6

2113

in agreement with literature values. The internal angle
at the protonated N(3) site is slightly larger than at
N(2) [109-7 vs. 109-1 (2)°] consistent with other nitro-
gen containing ring systems (Singh, 1965; Sletten,
Sletten & Jensen, 1968).

The molecules are associated through N-H-..N
hydrogen bonds to form dimers. The bridging geometry
is a six-membered ring with two opposite sides com-
posed of N-H- - - N bridges. The hydrogen bonds are
characterized by

2:995(4)A
A
r 0-97(4) 2~03(5)j
N(1) H(2)--+rv-- N(2)
S

/< BN

172°

and the dimer formed is illustrated in Fig. 2. The
planarity of the dimeric unit and the presence of the
hydrogen bonds tend to increase the contribution of
the B resonance form.

The equation and the atomic deviations from the
molecular plane are given in Table 6. The molecule
is acceptably planar and H(1) and H(2) are nearly in
the plane as required by resonance form B. The C(3)-
C(4)-C(5) and C(2)-C(6)-C(7) planes are 89-8 and
90-8°, respectively, from the molecular plane (Table 6).
The deviation of H(3) from the plane may mean that
H(3) is slightly misplaced in the refinement since the
deviation is not apparent from consideration of nearest
neighbor distances. The H(3) atom would be expected
to be more nearly in the center of the symmetrically
placed F(3), F(6), F(8), and F(12) atoms. There is a
short intermolecular contact of 2:58 A involving H(3)
and F(8) (at $—x, —%+y,4—2z) but H(3) does not ap-
pear to be optimized with respect to F(8) for either a
bonding or non-bonding interaction. Also, the refined
position of H(3) leads to short intramolecular contacts
[H(3)-F(6) is 2:32 (7) Al.

Table 6. Deviations (A) from molecular
least-squares plane

Atoms with asterisks were used in the plane calculation.
Primed atoms are in the related ring in the dimer.
Plane: 0-1834X+0-8291Y+0-5282Z —2-733=0

Atomic deviations from plane (A)

N(*  —0-009 H(1) —0-113
N(2)* 0-016 H(2) 0-017
N(@3)* 0-006 HQ@3) —0-434
C(1)* 0-005 N(1") 0-014
C(2*  —0-018 N(29) —0-012
C(3)* 0-000 N(3") —0-002
C(4) —1-260 C(1") —0-001
C(5) 1-275 C(2) 0-022
C(6) —1-272 C(3) 0-004
C(7) 1-246 H(2) -0-013

Dihedral angles (°)
Molecular plane
C(3), C4), C(5)

89-8 Molecular plane 90-8

C(2), C(6), C(7)
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4-AMINO-2,2,5,5-TETRAKIS(TRIFLUOROMETHYL)-3-IMIDAZOLINE

Fig. 3. One layer of the crystal packing (xy projection).

The packing of the structure in one layer is shown
in Fig. 3. This layer shows one unique dimeric unit and
the dimer translated by the cell-centering operation,
and these repeated by the unit-cell translations. There
is another layer in the cell with similar packing with
1c translation. All the intermolecular contacts were
examined; they are of the normal van der Waals type.
The shortest contacts are 2-755 A between non-hydro-
gen atoms (F---F), 2:73 A between hydrogen atoms,
and 2-42 A for the hydrogen-non-hydrogen contacts,
the latter between H(1) and F(1) on a neighboring
molecule.
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