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Crystals of tribenzylamine are monoclinic, space group P2,/a with cell dimensions a=21-076 (28),
b=9-015 (6), c=8-917 (9) A, =939 (2)° and Z=4at —70°C. The structure was determined by three-
dimensional X-ray analysis. Intensity data were collected on an equi-inclination type single-crystal
automatic diffractometer with Mo K« radiation at — 70°C. Phases were found by the symbolic addition
procedure and subsequent refinement was carried out by the block-diagonal least-squares method, the
final R value being 0-092 for 821 observed reflexions. Three benzene rings surround a nitrogen atom so
that the molecule has a propeller shape. The non-bonding intramolecular distances correspond to usual
contact distances and the molecular conformation is determined entirely by stcric hindrance.

Introduction

Tribenzylamine (TBA), N(CH,C¢Hs);, is an aliphatic
tertiary amine with bulky substituents. It may exhibit
various kinds of conformations, since the molecule has
six intramolecular rotation axes. In order to determine
the conformation of TBA in the crystalline state, a
three-dimensional X-ray analysis was carried out. This
determination is considered to be important because
TBA was found to form addition compounds or salts
with halogens in CCl, and CHCI, solutions, and the
molecular conformation of TBA in these compounds
is expected to change depending on the difference in
the molecular interactions.

Experimental

The crystals were grown by slow evaporation from an
ethanol solution of commercially available TBA. They
were colourless, flat plates elongated along the b axis,
with the well developed form {100}, and were stable in
air. They are monoclinic, space group P2,/a. Some were
twinned, giving pseudo-orthorhombic diffraction pat-
terns. At room temperature the cell dimensions ob-
tained from Weissenberg photographs with Cu K« ra-
diation (A=1-5418 A) are: a=21-86, =892, ¢=9-02
A, p=950°, Z=4, D,=1-09 g.cm~3. Diffraction pat-
terns obtained at room temperature suggested that
unusually large thermal vibrations extended in the
crystal. All subsequent data were collected at low tem-
perature on an equi-inclination type single-crystal
automatic diffractometer RIKEN-READ 1 (Sakurai,
Ito & limura, 1970) with Mo K« radiation (1=
0-71069 A). The improved cell dimensions were ob-
tained by least-squares fit with diffractometer 26 data.
The crystal data at about —70°C are: C,,H,;N, M.W,
287-40; monoclinic, a=21-076 (28), #=9-015 (6),
c=8917 (9) A, =939 (2)°, V=1960-4 A3, Z=4:
D,=1-129 g.cm~3; F(000)=616; u=0-75 cm~!

(Mo Ka); space group, P2,/a. There was no phase
transition of crystals between the room temperature
and liquid nitrogen temperature.

A Cryo-Tip refrigerator ACI-101 was employed to
obtain low temperatures. With this equipment the
specimens are placed in racuo. The intensity of the mon-
itor reflexion decreased slowlv during data collection,
presumably as a result of sublimation. Because of this
intensity decrease three different crystals were used,
the cross sections of which ranged from 0-40 x 0-20 to
0-25x0-25 mm. The intensitv data were collected
around the b and ¢ axes, h0/~ h10/ and hkO~ hk1, with
Mo Kua radiation monochromated by means of a graph-
ite monochromator. X-ray reflexions were scanned
in the w—Y mode at 2° per min in Y, with 30 sec back-
grounds at each scan side. Intensities of 821 indepen-
dent reflexions were observed for sin /4 <0-638. They
were corrected for usual Lorentz and polarization fac-
tors. No absorption or extinction corrections were ap-
plied.

Structure determination

An approximate scale factor and average temperature
factor were obtained by Wilson’s method. The struc-
ture was solved by the symbolic addition procedure
(Karle & Karle, 1963). A program DP-3 written by
S. R. Hall was utilized to list the >, relationships for
each reflexion and to calculate the associated probabil-
ities. Signs of 64 reflexions out of 189 with |E}>1-5
were determined manually. The phases were then re-
fined by the tangent formula using the program DP-5
and additional phases were propagated until all 310 re-
flexions with |E|>1-2 were refined. An E map, shown
in Fig. 1(a), was computed with these reflexions and this
clearly revealed the positions of all the heavy atoms in
the molecule.

Five cycles of block-diagonal least-squares refine-
ment of these atoms with isotropic temperature factors
gave an R value of 0-22. Anisotropic temperature
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factors were introduced and the refinement was con-
tinued, reducing the R value to 0-135. At this stage hy-
drogen atoms were located from a difference-Fourier
synthesis. The coordinates of the hydrogen atoms, with
isotropic temperature factors arbitrarily set at 3-7 A2,
were used in four cycles of least-squares refinement for
adjustment of coordinates and anisotropic temperature
factors of the non-hydrogen atoms. The Rvalue dropped
to 0-112. A second difference-Fourier synthesis was
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calculated in an attempt to improve the hydrogen-
atom positions [Fig. 1(b)]. Five more cycles of block-
diagonal least-squares refinement were carried out with
anisotropic temperature factors for carbon and nitro-
gen atoms and with isotropic temperature factors for
hydrogen atoms. The final R value was 0-092 for all the
observed reflexions. Atomic scattering factors for car-
bon and nitrogen were taken from International Tables
for X-ray Crystallography (1962). For hydrogen, the
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Fig. 1. (a) Sections of the three-dimensional E map projected along the b axis. The contours are at equal intervals on an arbitrary
scale. (b) Sections of the three-dimensional difference-Fourier synthesis through the atomic centres parallel to (010). The

contours are at intervals of 0-1 e.A =3, starting at 0-1 e.A 3,

Table 1. Final atomic coordinates (x 10%) and thermal parameters (x 10%) of non-hydrogen
atoms with their estimated standard deviations

The anisotropic temperature factors are of the form:

exp {—2n3(Up R a*t + Upk®b** + Usylic** + 2Uyhka*b* + 2 U shla* c* + 2Uskib*c*)}.

The Beq values are the equivalent isotropic temperature factors proposed by Hamilton (1959).

Atom x y z Un
N 3317 (4) 2213 (8) 4540 (9) 46 (6)
C() 2784 (6) 1782 (11) 3478 (15) 62 (9)
C(2) 2535 (5) 3072 (12) 2519 (14) 49 (8)
C(3) 1913 (6) 3051 (14) 1967 (14) 52 (9)
C@4 1682 (7) 4097 (16) 960 (14) 89 (11)
C(5) 2062 (7) 5232 (15) 547 (14) 94 (11)
C(6) 2674 (6) 5304 (13) 1157 (15) 66 (9)
C() 2916 (6) 4237 (13) 2135 (15) 61 (9)
C(8) 3083 (7) 3118 (12) 5751 (16) 78 (10)
C(9) 3607 (6) 3956 (12) 6625 (13) 60 (9)
C(10) 3650 (7) 3961 (13) 8201 (13) 89 (10)
(6[N))] 4113 (7) 4824 (14) 8959 (16) 97 (12)
C(12) 4527 (6) 5644 (13) 8201 (15) 55 (9)
C(13) 4500 (6) 5608 (14) 6639 (15) 48 (8)
C(14) 4055 (7) 4733 (15) 5906 (14) 79 (10)
C(15) 3644 (6) 899 (13) 5217 (15) 72 (10)
C(16) 3999 (6) 81 (11) 3996 (15) 60 (9)
Cc7) 3988 (7) —1429 (12) 3827 (18) 107 (12)
C(18) 4372 (7) —2160 (14) 2868 (18) 109 (13)
C(19) 4796 (7) —1387 (16) 2101 (18) 86 (11)
C(20) 4801 (7) 135 (16) 2158 (18) 85 (11)
C(21) 4401 (7) 831 (14) 3107 (19) 72 (10)

UZZ U33 U12 U13 U23 th
17 @) 32 —10(4) 2(5) —3 @4 2:5
17 (5) 73 (9) —2(6) 4 (7) 10 (6) 4-0
32(6) 57 (8) —1(6) 2(7 —6 (6) 3-6
50 (8) 60 (9) —-1(N 2( —-19(7) 4.3
88 (11) 38 (8) 33(9) —7(8) —18(8) 57
67 (9) 28 (7) 41 (8) 5(7) 8 (7) 50
39 (7) 63 (9) 6(6) 19(7) 28 (7) 44
39 (7) 75(10)  —8(7) 1(8) 27 (7) 46
26 (6) 73 (9) —2(1)  19(8) -8 (7 46
34(7) 45 (7) —2(6) —4(1) —10(6) 3.7
40 (7) 40 (7) 11 (7) 6 (8) 0 (6) 45
44 (8) 64 (10) 25(8) —16(9) —25(7) 55
33 (7) 88 (10) 9(6) —43(8) —24(7) 4-8
47 (1) 76 (9) 5(7) —29(8) —8(7) 4-6
74 (10)  37(8) —-46(8) —8(7) -1 (7 50
36 (7) 75 (9) 15 (7) 6 (8) 11 (7) 4-8
13 (5) 74 (9) 3(6) 17(8) 3 (6) 3-8
21 (6) 103 (12) 27(8)  14(11) 5(7) 6-0
32(8) 113 (13) 29 (8) —33(11) —23(9) 68
75(10) 76 (11) 38 (9) 3¢9)  —-21(9) 63
68(10) 82 (11) 0(9) 22(9) —27(8) 61
37(7) 134(14) —6(7)  39(10) —31(9) 63
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values given by Stewart, Davidson & Simpson (1965)
were used. The quantity >w(kF,— F.)*> was minimized,
where w is the weight function and k is the scale factor.
The weighting scheme employed was: w=(32/|F,|)? if
[F,]>32, w=1if 32>|F,|>8 and w=0-2 if |F,|<8.

Final atomic parameters are listed in Tables 1 and 2.
Standard deviations in positional coordinates were:
C=0-014, N=0-009 and H=0-1 A. A comparison of
the observed and calculated structure factors is given
in Table 3.

Table 2. Fractional coordinates ( x 10%) and thermal
parameters (A?) of hydrogen atoms

Atom x y z

H(1) 294 (5) 79 (13) 296 (13)
H(2) 243 (6) 132 (14) 397 (14)
H(3) 160 (5) 219 (13) 241 (13)
H4) 121 (6) 407 (13) 72 (14)
H(S) 192 (6) 610 (14) —22(14)
H(6) 293 (5) 618 (12) 83 (13)
H(7) 341 (6) 426 (14) 257 (14)
H(8) 276 (5) 384 (13) S15(13)
H(9) 287 (5) 238 (14) 670 (13)
H(10) 335(5) 334 (14) 890 (13)
H(11) 411 (5) 481 (13) 1002 (14)
H(12) 485 (6) 623 (13) 875 (13)
H(13) 481 (6) 615 (14) 609 (13)
H(14) 400 (5) 467 (12) 486 (13)
H(15) 394 (5) 157 (13) 612 (14)
H(16) 329 (5) 11 (12) 569 (13)
H(17) 367 (5) —203 (13) 441 (12)
H(18) 434 (5) —326 (13) 274 (13)
H(19) 508 (5) —202 (13) 144 (13)
H(20) 502 (6) 72 (14) 138 (14)
H(21) 439 (5) 186 (14) 313 (13)
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Fig.2. Perspective drawing of the moleculé showing the ellip-
soids of thermal motion with a probability of 50%. Hy-
drogen atoms are represented by 0-1 A radius spheres.

STRUCTURE OF TRIBENZYLAMINE AT

-70°C

Table 3. Observed and calculated structure
JSactors (x 5)
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Resuits and discussion

Molecular structure

Thermal-motion ellipsoids of the individual atoms
and the numbering are shown in Fig. 2. Least-squares
planes through various groups of atoms in the structure
and the deviations from these planes are listed in Table
4. Fig. 3 shows the molecule projected onto the plane
IV formed by three methylene carbon atoms, C(1), C(8)
and C(15). The lone paired orbital of the nitrogen atom
orients to the direction normal to this plane. The ben-
zene rings surround the nitrogen atom so that the mol-
ecule has a propeller shape. The individual benzene
rings are planar, deviations being within 0-03 A for
rings [ and II, within 0-04 A for ring III. Carbon atoms
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Fig.3. Projection of the molecule parallel to the plane IV.

of methylene groups, C(1), C(8) and C(15), are slightly
displaced from these benzene planes, with deviations
of 0-42, 0-12 and 0-25 A for rings I, II and III respec-
tively. The angles between plane IV and the benzene
rings are 72, 90 and 87°, all in the same sense.

Three hydrogen atoms, H(1), H(8) and H(15), are
bonded to the methylene carbon atoms axially related
to the plane IV, while H(2), H(9) and H(16) are bonded
equatorially, The molecular conformations about the
C-N bonds and C-C bonds are shown in Fig. 4. It is
seen that the axial C-H bond is gauche to one of the
two N-C bonds and frans to the other. On the other
hand, the equatorial C-H bond is gauche to both the
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N-Cbonds. Forthe conformation about the C-C bonds,
equatorial C-H bonds are approximately cis to the C-C
bonds of the phenyl groups.

Bond lengths and angles with their estimated stan-
dard deviations are given in Table 5. Details of the
molecule are shown in Fig. 5. The mean value of the C-C
bond distances in the benzene rings is 1:374 A, which is
shorter than the value found in benzene, 1-392 A (Cox,
Cruickshank & Smith, 1958). The average N-C dis-
tance, 1-472 A, is close to the corresponding value in
gaseous trimethylamine (1472 A) (Lide & Mann,
1958). The bond lengths of C(1)-C(2) and C(8)-C(9),
1:516 and 1-510 A respectively, are similar to the cor-
responding values for toluene in the gas phase (1-51 A)
(Keidel & Bauer, 1956) and for p-toluic acid (1-514 A)
(Takwale & Pant, 1971). They are not significantly
different from the accepted value for a single C(sp®)-
C(sp?) bond (1-501 A) (Stoicheff, 1962). It should be
noticed, however, that the value for C(15)-C(16),
1-549 A, is somewhat greater than for the other bonds.
The average value of the C-N-C angles is 110-0° and
that of the C-C-N angles is 111-5°,

Some of the non-bonding intramolecular distances
are listed in Table 6. The shortest C- - - C distances be-
tween adjacent benzyl groups are C(l1)---C(16),
C(8)---C(2) and C(15)---C(9), the mean value being
3-019 A. This is in agreement with the value of 3-0 A
that is typical for bonds of this type. The hydrogen
atom coordinates have not been determined with suf-
ficient accuracy for a meaningful discussion of their
positions. However, the non-bonded H- - - H distances
between benzyl groups are longer than 2-25 A. These
non-bonding distances correspond to contact distances
and it follows that the molecular conformation is deter-
mined entirely by steric hindrance.

Table 4. Least-squares planes

Equation of the plane: AX+BY+CZ=D, where X, Y and Z are the coordinates in A referred to the crystal axes a, b and c.
D is the plane-to-origin distance in A.

A B C D
I Benzene ring C(2) ~ C(7) 0-3401 —0-5435 —0-7889 1-4832
11 Benzene ring C(9) ~C(14) —0-6268 0-7785 0-0111 —1-9497
I Benzene ring C(16) ~ C(21) 0-6597 —0-0671 0-7018 8-0302
Iv C(1), C(8) and C(15) 0-6905 0-5350 —0-5328 3-2587
Displacements (A x 103) of atoms from mean planes. Bold-face deviations indicate the atoms used to define the least-squares plane.
I 11 I 1v
N —417 N —835 N —710 N 479
C(1) 158 C(8) 122 C(15) 247 C(2) 715
C(2) 23 C(9) 28 C(16) 25 C(9) 751
C(3) —24 C(10) —10 C(17) -4 C(16) 702
C(4) 6 C(11) -9 C(18) -27 H(1) -3
C(5) 12 C(12) 12 C(19) 36 H(2) —980
C(6) —-13 C(13) 6 C(20) -13 H() 162
C(7) -5 C(14) —26 c@n -17 H(9) —1114
H(15) 326
H(16) —1117
Angles between the plane 4 and the plane B.
A I I II | 1I 111
B 11 111 I v v v
Angle (°) 1277 108-3 1193 715 90-1 86-8
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Table 5. Bond lengths (A) and angles (°) with their estimated standard deviations in parentheses

N——C(1) 1:472 (14)
N——C(8) 1-466 (16)
N——C(15) 1-478 (14)
C(1)—C(2) 1:516 (16)
C(8)—C(9) 1510 (17)
C(15)-C(16) 1-:549 (19)
C(2)—C(3) 1:368 (17)
C(2)—C(7) 1-:379 (17)
C(3)—C(4) 1:369 (18)
C(4)—C(5) 1:365 (20)
C(5)—C(6) 1-368 (19)
C(6)—C(7) 1373 (17)
C(1)-N——C(8) 109-9 (9)
C(1)-N———C(15) 111-5 (9)
C(8)-N——C(15) 108-5 (9)
N—C(1)—C(2) 112-4 (11)
N——C(8)——C(9) 112:8 (11)
N——C(15)-C(16) 109-2 (10)
C(1H)—-C(2)—C(3) 1186 (11)
C(H)-C(2)—C(7) 122:6 (11)
C(3)-C(2)—C(7) 1187 (12)
C(2)-C(3)—C(4) 121-1 (12)
C(3)—C(4)—C(5) 120-2 (13)
C(4)-C(5)—-C(6) 1189 (13)
C(5)-C(6)—C(7) 121-2 (13)
C(Q2)-C(7)—C(6) 119:6 (12)

C-H  (methylene)

C-H  (phenyl)

N-C-H

H-C-H

C-C-H (methylene)

C-C-H (phenyl)

C(9)—C(10) 1-402 (17)
C(9)—C(14) 1-370 (18)
C(10)-C(11) 1-387 (19)
C(11)-C(12) 1-359 (19)
C(12)-C(13) 1-391 (19)
C(13)-C(14) 1359 (18)
C(16)—-C(17) 1-369 (15)
C(16)-C(21) 1-376 (20)
C(17)-C(18) 1-384 (22)
C(18)—C(19) 1-354 (22)
C(19)-C(20) 1-373 (20)
C(20)-C(21) 1386 (22)
C(8)—C(9)—C(10) 121-0 (12)
C(8)—C(9)—C(14) 121-1 (12)
C(10)-C(9)—C(14) 117-9 (12)
C(9)—C(10)-C(11) 119-0 (13)
C(10)—C(11)-C(12) 121-2 (14)
C(11)-C(12)-C(13) 120-1 (13)
C(12)-C(13)—C(14) 118:4 (13)
C(9)—C(14)-C(13) 123-2 (13)
C(15)—-C(16)-C(17) 123-0 (13)
C(15)-C(16)-C(21) 121-1 (13)
C(17)-C(16)-C(21) 115-6 (14)
C(16)-C(17)~C(18) 122-3 (15)
C(17)—C(18)-C(19) 120-1 (15)
C(18)-C(19)—-C(20) 120-0 (15)
C(19)-C(20)-C(21) 118-1 (15)
C(16)-C(21)—C(20) 123-6 (15)
Range Mean value
099-1-19 A 1410 (12) A
0-93-1'10 1-01 (12)
95-113° 106 (6)°
96-116 109 (8)
102-120 112 (6)
113-125 120 (7)

Table 6. Some intramolecuiar non-bonding distances (A)

C()----C(16) 299 (2) H(2)" -+ *H(9) 27 (2)
C2)-CO®  303(2 H(Q2)---H(16) 26 (2)
C(9----C(15) 303 (2) H(9)----H(16) 24 (2)
H(1):---C(15) 24 (1) H()----H(16) 26 (2)
H(D)----C(l6)  2-4 (1) H(8)- -+ *H(2) 26 (2)
H@®)----C(1)  2:4(1) H(15)- - - H(9) 2:5(2)
H(8)----C(2) 2:5(1) H(2)----H(3) 2:3 (2)
H(15)- - - C(8) 2.3 (1) H(9): -+ -H(10) 2:3(2)
H(19)--C®  2:3(1) H(16)---H(17) 24 (2)

H(7)---H(14)  23(2)

Crystal structure

The arrangement of the molecules is shown in Figs.
6 and 7. Intermolecular distances less than 3-8 A are
listed in Table 7. All contacts are of the van der Waals
type. The molecular interaction between adjacent mol-
ecules along the @ axis seems to be weaker than those
along the b and c axes. The benzyl group III, [C(15) ~
C(21)], has no contact less than 3-8 A to the neigh-
bouring molecules. The thermal vibration of this group
is larger than those of other benzyl groups. If the plane
of the benzene ring III librates strongly about the long
axis of the benzyl group with increasing temperature,
the unit length of the b axis will be shortened. Although

the expansion of the cell volume from —70°C to the
room temperature is 3%, the length of the b axis is
shorter at room temperature.

Table 7. Intermolecular distances less than 3-8 A

i X y z
ii I—-x —%+y 1-z
iii X y —1l+z
iv x 1+y z
v 1—x 1—y 2—z
C@3h----CU1 369 (2) A
C@3hH- -+ - C(121) 373 (2)
C(6%)- - - -C(10') 366 (2)
C(6Y: -+ -C(11" 375 (2)
C(11Y)---C(12Y) 372 (2)
C(13)---C(17™) 377 (2)

Even at a low temperature the molecular motion is
markedly large. The mean temperature factor of the
atoms approximately corresponds to a B~ 5 A2, which
is fairly large compared with the normal B values in
usual organic substances at room temperature. This
suggests that the molecule of TBA is considerably
flexible. Short C-C distances observed in phenyl groups
may be attributed to the apparent shortening due to
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(e) )

Fig.4. Conformation angles about the C-N and C-C bonds:
(@) N-C(1); (6) N-C(8); (¢) N-C(15); (d) C(2)-C(l);
(e) C(9-C(8); (f) C(16)-C(15).
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molecular vibration, though the correction of the bond
distances for thermal motion was not applied as the
TBA molecule cannot be regarded as a rigid body.

A large flexibility of the TBA molecule is consistent
with the observation of the n.m.r. line width. The
n.m.r. second moment for this substance has been ob-
served to be 6:23 gauss® at 29°C, while the calculated
value with these molecular dimensions is 7-38 gauss?
(Aihara & Yokoi, 1972). This discrepancy can ob-
viously be ascribed to the motional narrowing due to
large thermal motion.

TBA has been found to form addition compounds
or salts with halogens in CCl, and CHCI, solutions.
However, because of the steric effects of the bulky sub-
stituents in the tertiary amine, it seems unlikely that the
halogen molecule in these addition compounds is at-
tached to the nitrogen atom without a change in the
molecular conformation of TBA. It is interesting to
determine to what extent the conformation in the ad-
dition compound is changed from that of TBA ob-
tained in the present study. For this reason the struc-
ture analysis of iodine compounds is now in prepara-
tion.

Fig. 2 was obtained by using the program ORTEP
(Johnson, 1965) on the HITAC 5020E Computer at the
Computer Centre of the University of Tokyo. All other
calculations were performed using the crystallographic
computation system UNICS (Sakurai, Ito, Iwasaki,
Watanabe & Fukuhara, 1967) on the FACOM 270-30
Computer installed in the Institute of Physical and
Chemical Research.

The authors are indebted to Professor Ariyuki Aihara
for his continuous interest in the problem.

Fig.5. Bond lengths (A) and angles (°).
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Fig.7. Projection of the structure along the ¢ axis.
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