
DIBENZO[def, pqr ]TETRAPHENYLENE (BI-4,5-PHENANTHRYLENE) 1771 

Fig. 2 shows the packing in the unit cell. 
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Abstract. C~2H21NO, monoclinic, P21/c, a = 
13.744 (3), b = 7.477 (2), c = 11.477 (3)A, /~ = 
76.68 (5) ° , V =  1147.3A 3,D x =  1.131 M g m  - 3 , Z =  
4, F(000) = 432, pr(Cu Ka) = 0.15. The structure was 
solved by direct methods and refined to R = 0.053 for 
1489 independent reflexions with I > 3a(I). The 
molecule exists in a distorted chair conformation with 
the methyl group equatorial at the N atom and with an 
equatorial ethynyl group. Two weak intermolecular 
O - H . . . N  and - C - H . . . O  hydrogen bonds are 
formed. 

Introduction. 2,2,6,6-Tetramethylpiperidine derivatives 
form simple overcrowded systems with strong steric 
interactions. Substituents in position 4 lead to addi- 
tional strain and cause a decrease of the energy barrier 
between chair and twist or boat conformations of the 
ring. The hydroxyl substitutent in position 4 may form 
an intramolecular O - H . . . N  bond and in that way 
stabilize the non-chair conformation of the ring. 
However, the existence of such a conformation 
stabilized by an intramolecular hydrogen bond was 
established only in solution (Lyle, 1957; Bri~re, 
Lemaire, Rassat & Dunand, 1970; Cygler, Markowicz, 
Skolimowski & Skowrofiski, 1980). 

* The Conformation of the Piperidine Ring. III. Part II: Cygler 
(1979). 
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In our earlier studies we have investigated 4-ethyn- 
yl-2,2,6,6-tetramethyl-4-piperidinol, TMPE (Cygler, 
Grabowski, Skolimowski & Skowrofiski, 1978), and 
4-ethynyl-4-hydroxy-2,2,6,6-tetramethylpiperidin- 1-ox- 
yl, TMPEOx (Cygler, 1979). Both molecules exist in 
the solid state in a chair conformation. The ring is more 
distorted than in the case of 2,6-diaxial interactions 
only (e.g., Ruben, Zalkin & Templeton, 1974; De 
Camp, Mi6ovi6 & Pelletier, 1974) and shows the 
greatest flexibility at the methylene groups (positions 3 
and 5). In both compounds the hydroxyl groups adopt 
equatorial positions and form strong intermolecular 
hydrogen bonds, which have some influence on the ring 
distortion (Cygler et al., 1978). 

To elucidate the effect of substituents at the N atom 
on the ring conformation we have studied the title 
compound (PMPE) with a methyl group in position 1. 

0 ClICH 

R: -CH s (PMPE) 
HaG CH 5 - H (TMPE) 

- ' 0  (TMPEO=) 
H3G '( CH 3 

R 

Colourless, prismatic crystals were obtained by slow 
sublimation. The crystal (0.3 × 0.2 x 0.2 mm) chosen 
for X-ray measurements was sealed in a Lindemann 
capillary. Intensities were measured on a CAD-4 
diffractometer at 253 K with monochromatized Cu Ka 
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Table 1. Final fractional coordinates (× 104, for H 
× 103) and isotropic temperature factors with standard 

deviations in parentheses 

Ueq* / 
x y z U (A 2) 

C(11) 8662 (3) 95 (6) 5099 (4) 0.050 (2) 
N(I) 7904 (1) -968 (3) 4695 (2) 0"033 (1) 
C(2) 7166 (2) 189 (3) 4268 (2) 0.035 (2) 
C(3) 6336 (2) -1026 (4) 4022 (3) 0.037 (2) 
C(4) 6683 (2) -2595 (4) 3174 (2) 0.033 (1) 
C(5) 7507 (2) -3595 (4) 3593 (3) 0.037 (2) 
C(6) 8356 (2) -2484 (4) 3888 (2) 0.036 (1) 
C(21) 7606 (3) 1395 (5) 3172 (3) 0.047 (2) 
C(22) 6668 (3) 1429 (5) 5290 (3) 0.048 (2) 
C(61) 9130 (3) -1929 (6) 2758 (3) 0.046 (2) 
C(62) 8894 (3) -3754 (5) 4584 (3) 0.051 (2) 
C(41) 5820 (2) -3823 (4) 3236 (3) 0.042 (2) 
C(411) 5135 (2) -4787 (5) 3315 (3) 0.055 (2) 
O(41) 7001 (1) -1911 (3) 1984 (2) 0.039 (1) 
H( l l l )  834 (3) 99 (5) 574 (3) 0.065 (12) 
H(l12) 923 (2) 78 (5) 435 (3) 0.068 (10) 
H(113) 911 (3) -63 (6) 551 (4) 0.077 (14) 
H(31) 593 (2) -160 (3) 480 (2) 0.031 (7) 
H(32) 579 (2) -28 (4) 383 (2) 0.047 (7) 
H(51) 715 (2) -425 (4) 432 (3) 0.029 (8) 
H(52) 788 (2) -457 (4) 294 (2) 0.040 (8) 
H(211) 789 (2) 67 (4) 246 (3) 0.062 (9) 
H(212) 706 (3) 218 (5) 300 (3) 0.064 (11) 
H(213) 824 (3) 214 (5) 322 (3) 0.055 (10) 
H(221) 649 (3) 74 (5) 600 (4) 0.079 (12) 
H(222) 598 (2) 200 (4) 511 (3) 0.052 (10) 
H(223) 711 (2) 235 (5) 556 (3) 0.060 (9) 
H(611) 953 (3) -299 (5) 227 (3) 0.071 (11) 
H(612) 964 (3) -123 (6) 294 (4) 0.113 (16) 
H(613) 883 (3) -129 (6) 219 (4) 0.094 (14) 
H(621) 919 (2) -489 (3) 404 (2) 0.038 (6) 
H(622) 841 (3) -412 (4) 538 (3) 0.058 (9) 
H(623) 955 (3) -327 (5) 470 (3) 0.061 (11) 
n(411) 451 (2) -562 (3) 337 (2) 0.051 (6) 
H(O1) 724 (2) -283 (4) 140 (3) 0.063 (I0) 

* For non-hydrogen atoms U,q = ](U~I + U22 + U~3). 

radiation. The cell pa ramete rs  were determined by least 
squares from angular  settings of  25 reflexions. Of  the 
2291 independent reflexions measured out to g = 75 °, 
with the counter  (20) moving at the same speed as the 
crystal  (co), 1489 had I > 3 3 ( I )  and were treated as 
observed. No  absorpt ion correction was applied. 

The structure was solved by direct methods (Shel- 
drick, 1976). The E map  with the highest figure of  merit 
revealed all the nonhydrogen  atoms.  The structure was 
refined by full-matrix least squares.  A difference 
Fourier  map  clearly showed all the H atoms. Refine- 
ment continued with isotropic temperature  factors  for 
the H atoms and converged with R = 0-053.* The 

* Lists of structure factors and anisotropic thermal parameters 
have been deposited with the British Library Lending Division as 
Supplementary Publication No. SUP 35968 (9 pp.). Copies may be 
obtained through The Executive Secretary, International Union of 
Crystallography, 5 Abbey Square, Chester CH l 2HU, England. 

weighting scheme w -1 = cr2(F) + kF 2 was used, with 
k = 0 .0001 in the last few cycles (Rw= 0.053) .  The 
highest peak on the final difference map  was 0 .2  e A -3. 
All calculations were performed with the p rog ram 
SHELX (Sheldrick, 1976). Neut ra l -a tom scattering 
factors were taken from Cromer  & Mann  (1968). Final  
atomic paramete rs  are given in Table 1. 

Discussion. P M P E  exists in the crystal  in a chair  
conformation.  The methyl group at N(1)  and the 
ethynyl group at C(4)  are equatorial ,  while the 
hydroxyl  group is axial. The bond lengths and valence 
angles are shown in Fig. 1 and the torsion angles in Fig. 
2. The ring is distorted by 2,4,6 axial interactions,  
similarly as in T M P E  and T M P E O x .  The dis tances 
between axial substituents and the corresponding 
distances in the ring are as follows: C ( 2 1 ) . . . C ( 6 1 )  = 
3 .214 (6), C ( 2 ) . . . C ( 6 )  = 2 .556 (4); C ( 2 1 ) . . . O ( 4 1 )  = 
3 .030  (4), C ( 2 ) . . . C ( 4 )  = 2 .596 (4); C ( 6 1 ) . . . O ( 4 1 )  = 
3 .247 (4), C ( 6 ) . . . C ( 4 )  = 2 .615 (4)/~. The a symmet ry  
parameter  (Duax  & Norton,  1975) of the ring relative 
to the plane of  symmet ry  through N(1)  and C(4) is 
C N = 3.51 o. The ring is flattened as compared  to the 
ideal chair form. The puckering near N(1)  is similar to 

Fig. 1. Bond lengths (A) and valence angles (o). The standard 
deviations are in the ranges 0.004-0.006A and 0.1-0.3 ° 
respectively. 

Fig. 2. Torsion angles (°) in the piperidine ring. Standard 
deviations are estimated to be less than 0.6 ° . 
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that found in the N,N'-bis(2,2,6,6-tetramethyl-4- 
piperidyl)succinamide dihydrate molecule with an 
equatorial H atom at the N (DTMP, Ruben, Zalkin & 
Templeton, 1974), while in the case of axial substituents 
(TMPE, DTMP molecules with axial H atoms) the 
torsion angles in that part of the ring are about 10 ° 
smaller. 

The change of the substituent at the N atom has an 
effect on the positions of the methyl groups at C (2) and 
C(6). The equatorial methyl groups move away from 
the N atom with increasing bulkiness of the substituent 
[ /_Ceq-C-N = 105.7 (5) ° in TMPE, 107.6 (3) ° in 
TMPEOx and 108.7 (3) ° in PMPE]. The positions of 
the axial methyl groups seem to be dependent on the 
position of the substituent rather than on its bulkiness. 

The interaction of the methyl group at N(1) with the 
surrounding methyl groups in PMPE is responsible for 
the decrease of about 3 o of the C (2 ) -N  ( 1)-C (6) angle 
in comparison with the TMPE and DTMP molecules. 
The packing of the molecules in the unit cell is shown 
in Fig. 3. The distances between the hydroxyl group 
and the N atom of a molecule related by a c glide 
plane [ O . . . N = 3 . 0 7 5 ( 3 ) ,  H . . . N = 2 . 1 6 ( 3 ) / k ,  
/ O - H . . . N  = 159 (3)°1 indicate the formation of a 
weak hydrogen bond. 

Closer approach of the molecules is hindered by the 
interaction of the hydroxyl group with the equatorial 
methyl groups [shortest H • • • H contacts are 2.29 (5) 
and 2.49 (5)/k]. The O atom is also in close contact 
with the = C - H  group of a molecule related by a 
twofold screw axis. The corresponding distances and 
the angle are: C . . . O  = 3.424(4),  H . . . O  = 
2.41 (3)/~, L C - - H . . . O  = 162(2) ° . However, the 
H . . . O  distance is close to the sum of the van der 
Waals radii, so the interaction is rather weak. In both 
TMPE and TMPEOx the same type of interaction has 
been found with H . . . O  distances slightly shorter 
[2.20 (9) and 2.29 (3)./~ respectively], definitely in- 
dicating hydrogen bonds. Similar interactions of the 
---C--H... O type are often found in nucleosides, where 
an H . . . O  distance as long as 2.41/~ was reported 
(Hillen, Egert, Lindner & Gassen, 1978). 

The conformation of the hydroxyl and ethynyl 
groups found in this structure, where the influence of 
hydrogen bonds seems to be of secondary importance, 
shows a preference, of the ethynyl group for the 
equatorial position. This preference is, however, not 
pronounced and the conformation may easily change, 
as was found in the crystal structures of TMPE and 
TMPEOx. These molecules can form strong hydrogen 
bonds in the equatorial direction where the steric 
hindrance of the methyl groups is much lower. The 
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Fig. 3. Stereoview of the packing of the molecules. The origin is at 
the lower left-hand corner; b is horizontal, e is up the page and a 
towards the reader. 

hydroxyl groups are forced to take equatorial positions 
and N . . .  H - O  bonds are formed with N . . .  O ~ 2.8 A. 
In TMPE the H atom at the N is also forced to assume 
the axial position. Such a possibility is blocked in PMPE 
by the methyl group at N(1), which strongly prefers an 
equatorial position. 

The author wishes to thank Dr J. Skolimowski for 
supplying the crystals, the Laboratoire de Min6ralogie 
et Cristallographie, Universit6 Lyon I, for the use of the 
diffractometer, and Mr S. Lecocq for collecting the 
data. The support of this work by grant MR 1.12 from 
the Polish Academy of Sciences is hereby gratefully 
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