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The Crystal Structure of (Z)-1-Benzyl-5-phenyl-1-azacycloheptan-
4-one Hydrochloride, C,,H, NO-HCI
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(Received December 6, 1973)

The crystal structure of (+)-1-benzyl-5-phenyl-1-azacycloheptan-4-one hydrochloride has been determined

by the heavy-atom method from three-dimensional X-ray data.

The crystals are monoclinic, space group P2,/c,

with four formula units in a unit cell of dimensions: a=5.967(8), b=11.20(1), ¢=25.96(2) A, and $=93.8(3)°.
The structure was refined by the block-diagonal least-squares method to an R index of 0.076 for 1299 independent

observed reflections.
which takes a chair-like conformation.
of 3.075(4) A.

The title compound C,gH,NO-HCI has been pre-
pared by Morosawal) at this Department as an inter-
mediate material in the course of synthetic study of
seven-membered azacyclic compounds. It is of our
interest to compare the conformation of the azacyclo-
heptanone ring with that of the azacyclic six-membered
rings, say, piperidine® and piperazine.®) The existence
of N-H.:--Cl hydrogen bond is of additional interest in
this work.

Experimental

The crystals supplied by Dr. Shiro Morosawa were thin
transparent plates having well developed {001}. Cell con-
stants were obtained from the rotation and Weissenberg
photographs taken with CuKu radiation (1=1.5418 A).

Crystal data:
(4)-1-Benzyl-5-phenyl-1-azacycloheptan-4-one hydrochloride
Cy;H,,NO-HClI F.W. 315.8, Mp 225°C (decomposed)V
Monoclinic, space group P2,/c.

Systematic absences; £0/ when / odd, 00 when £ odd.

a=5.967(8), b=11.20(1), c=25.96(2) A, f=93.8(3)°

V=1731 A3, Z=4, D,=1.21, D, =1.22g/cm? (by flotation)

u (for CuKa)=19.7 cm-?, F(000)=672.

The reflections were collected with CuKa radiation by
means of equi-inclination Weissenberg techniques for the
layers from Okl to 4kl. The intensities of 1299 independent
reflections were measured visually and corrected for the
Lorentz and polarization factors and for spot shape. No
corrections were made for absorption.

Structure Determination and
Refinement

The coordinates of the chloride ion were deduced
from a three-dimensional Patterson map. All the re-
maining non-hydrogen atoms were located in a sub-
sequent heavy-atom Fourier map. The structure was
refined by the block-diagonal least-squares method,®
with anisotropic temperature factors for the chloride
ion, to the conventional R index of 0.121. Excluding
the reflections, 021, 111, 121, and 131, which were
considered to suffer from extinction effect, the difference
map revealed all the twenty-two hydrogen atoms.

Further least-squares refinement with anisotropic tem-
perature factors for the non-hydrogen and with isotropic

* Present address: Faculty of Engineering, Tottori
University, Koyama-cho, Tottori 680.

The benzyl and phenyl groups are bonded equatorially to the azacycloheptanone ring
The chloride ion is hydrogen-bonded to the ring nitrogen atom at a distance

ones for the hydrogen atoms was carried out by using
the weighting scheme:

w=0.0 for F,<F,, (=3.6)

w=10 for F ;, <F,<F..x (=18.0)
and

W = (FroxlF,)? for Fryx < F,

The final R index was 0.076 for 1299 observed reflec-
tions.

The atomic scattering factors were taken from Inter-
national Tables for X-Ray Crystallography.5 The com-
putations were performed on a NEAC 2200-700 com-
puter at the Computation Center of Osaka University
and on a NEAC 2200-500 computer at the Okayama
University Computer Center.

Results and Discussion

The observed and calculated structure factors are
given in Table 1. The final positional and thermal
parameters together with their estimated standard
deviations are given in Tables 2 and 3. Bond lengths
and angles are shown in Fig. 1 and the stereoconfigura-
tion drawn by the plotting program ORTEP® is
illustrated in Fig. 2. The aromatic C-C bond lengths
in the benzyl (B) and phenyl (C) groups are normal,
their average values being 1.384 and 1.382 A with
maximum deviations of 0.020 and 0.038 A, respectively.
It should be noted that the bond angles of the C(sp?)
in the azacycloheptanone ring (A) range from 113.4 to
115.4° and are significantly larger than those found
in piperidinium p-hydroxybenzoate (109.5 to 110.7°)2
and in piperazinium terephthalate (110.1 to 111.0°).9
The average C(sp®)-C(sp®) bond length in the ring
A is 1.537 A with maximum deviation of 0.005 A.
The C-N bond lengths, 1.494 and 1.506 A, are close
to those found in the piperidinium (1.494, 1.501 A)
and in the piperazinium (1.486, 1.494 A) ions, but
slightly differ from those in azacyclododecane hydro-
chloride (1.529, 1.536 A)? and in 2,2,6,6-tetramethyl-
4-piperidone hydrochloride (1.504, 1.533; 1.523, 1.526
A).® Geometry of the carbonyl group is compared
with that in some saturated cycloketones in Table 4.
In the present compound, the C(4) atom deviates only
by 0.02 A from the plane through the C(3), C(5), and
O(8) atoms and the C(3)-C(4)-C(5) bond angle is
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TaBrLE 1. OBSERED AND CALCULATED STRUCTURE FACTORS (X 10)

L f s L FO FC L FO FC L FO FC L FO FC L FO FC L FO FC L FO FC L FO FC L FO EC L FO FC L FO FC L I FC L F0 FC
W.ke ¢ 0 o 173 178 10 101 -108 17 171 -136 -12 279 274 2 86 79 6 401 380 -12 112 102 H,Xe 2 7 11 135 137 -8 54 43 -4 91 -102 8 223 193 -9 Lig 103
4 8 144 8 99 -108 I8 53 50 -10 365 -383 3 130 124 8 490 -505 -11 380 -366 -4 86 76 ST OI37 <129 -2 130 125 10 272 149 .8 12 142
o 772 730 9 287 289 k- 1 0 19 170 143 -9 194 166 5 247 -251 $74 -577 -10 183 155 -21 101 94 K.k~ 3 0 -6 197 194 0 135 <134 12 152 -140 -7 228 -228
8 doo 825 11 12 217 -3 94 -102 20 152 -142 -7 151 -1S6 & 241 237 229 191 -9 59 S6 -17 118 -123 -2 83 -82 -5 265 272 1 117 117 14 134 126 -3 108 -119
10 522 91 12 140 <130 -22 87 -70 21 171 -161 -6 428 -445 7 161 14 265 228 -8 147 140 -16 95 -100 -20 240 237 -4 324 -380 4 71 -85 16 122 -112 -2 136 -141
12 879 7/ 14 84 87 .20 S5 - 201 196 8 275 -2 221 4193 -7 71 -69 -14 133 126 -18 76 76 -3 150 -153 5 47 -48 2 o8 -6
16 364 331 16 116 -112 18 118 -111 M= 3 324 .31 9 112 -1 s6  S¢ -6 139 -128 -12 107 -95 -14 72 <2 185 -201 6 205 186 H,Ke 103 169 187
1321 -289 17 7778 ) 4 -3 58 7 121 <124 10 172 1 391 386 -5 37 -27 -11 106 -97 -12 213 -192 -1 104 107 8 214 -208 -32 77 -72 5 1ol -102
18 172 160 14 136 122 -22 166 -16 140 140 11 6 116 103 -4 173 161 -10 128 115 -10 104 98 O 189 193 10 108 115 -2 160 7 188 189
XY 20 81 85 -12 S0 -21 342 -38 232 237 12 108 -1 347 -306 -3 329 -337 -9 160 141 -8 316 280 1 126 128 11 83 -97 .19 106 116 9 247 -249
1201 210 21 14 122 -10 181 166 -20 46 -4 41 2 13 94 - 128 119 -2 100 111 66 80 -6 45 4 2 92 96 12 161 138 -1 93 11 134 140
< 76 13 12 s0 82 -8 277 -266 -19 292 27 151 -1 14 208 2 125 -124 -1 383 413 -6 S 7 -4 208 2200 3 225 -233 13 72 4 -1 $3 16 80 92
s 37 -3 -6 496 -507 .18 107 10 196 188 15 237 2 0 212 -221 8 4 2 249 238 4 65 -71 14 187 -173 -16 218 202 18 135 -131
4223 -219 H,Ke 6 -4 226 -224 -17 209 -l64 175 -1 17 166 -175 H,Ke 1227 236 269 -283 4 S47 -S44 S 52 56 18 56 84 -4 231 -231 19 137 137
S 588 585 0 423 443 -2 285 -250 -15 263 247 397 4 19 8 sl - ] 2 3% 328 157 -116 6 162 154 7 142 -135 <13 68 -53
6 725 -770 L 117 -98 2 626 750 -1 -339 199 -2 220 22 4 106 37 238 8 372 -348 9 185 193 H,Xe 7 12 72 51 Hgke 4 S
7 s48 -53 2 473 -s08 4 $33 505 -1 61 182 167 H,Ke 4 S 335 -35§ 125 129 10 46 4S5 11 292 -292 -i6 143 160 -11 111 93 -is 93
8 220 22 3 140 147 6 1187-1334 -1 99 128 <130 -i9 154 13 s 6 253 261 221 -226 14 2 260 ST .18 72 .71 -10 174 144 -16 1S5 -165
9 365 36! 4396 439 8 395 -371 -9 483 -497 1 6 -17 165 -18 120 11 7 ‘66 61 97 -100 18 212 -225 13 165 157 -14 165 -182 -9 175 -168 -15 143 152
10 220 19, 5 195 -189 10 154 134 217 228 12 107 -93 -15 M5 1 277 9 2 306 322 489 -91 13 73 -8l -2 326 291 -14 43
12713 2 6 379 -391 12 162 -128 440 398 13 231 210 -13 162 -1 204 <181 10 29 s 3 Hke 3 S 152 -150 -12 89 84 256 251 -13 114 -116
12 181 -1 7 183 176 14 227 -229 1 .62 1 3 -1 176 1 211 201 11 208 -214 180 -177 -20 198 192 16 109 98 -11 132 145 -6 382 -374 -12 L3 -105
13 126 1 s 188 203 16 150 131 S 447 -471 1 2 410 67 - 170 171 12 -63 S 108 106 -19 7z -64 17 169 163 -9 101 -107 -§ $2 -1 4 133
14195 -1 12 260 285 18 43 -43 395 -392 18 123 129 -9 242 -2 43 49 13 210 222 77, 2 417 148 -123 18 84 279 -6 64 4300 279 -10 216 206
15 327 -2 13199 -204 626 695 2 6 7 us 1 202 191 14 263 272 8 223 -237 -16 67 63 19 200 -209 -4 138 13 136 -137 168 -184
16 101 14260 -260 H,ks 1 1 502 87 281 2 8 158 14 10 % 4 -14 108 -85 183 -18. 297 357 301 -306
17 314 2 16 171 165 -2 s 6l 1070-1293 H,k= 1 231 -1 44 439 1,Ke s 11 145 163 -13 98 92 Hk= 3 4 256 27 204 164 169
1127 -1 17 123 126 -21 165 139 640 157 -32 176 17 313 2 138 -130 -2 73 14 209 113 -12 147 130 70 -76 178 -16. 172 16 20 17
19 213 -2 1w 12 -20 118 114 417 455 -19 141 -1 327 -3 109 -117 -2 -76 11 296 250 92 90 12 139 -1 1 o 276 -300
20 18 ) 19 81 -18 255 239 180 177 18 47 267 266 150 154 -2 83 H,ke 2 8 -10 65 53 42 .52 13 93 -9 122 -10 206 277
n -1 20 102 100 -17 254 -240 743 -859 <17 66 169 -143 210 191 -2 214 -3 63 .52 -9 158 -148 42 -55 14 182 20 254 22, 4 313
22 174 -1 22105 -102 -16 184 -149 231 239 -1 99 1 1 9 30 -18 154 -143 -12 71 72 -8 213 190 149 136 16 106 -10 -3 w277
3 1 -1 84 5 533 574 -12 253 -2 1335 122 35 -1 -291 -11 194 180 -6 338 30§ 42 4139 17 103 -11 -7 55 -s4
24 204 193 Hke 0 7 -1 164 6 137 -123 -10 140 -1 1 -60 175 <178 .16 [Tt 275 -5 350 -350 121 -119 - 206 -208
1 93 73 -1 4977 227 3% 200 1 1 77 483 587 .1s o8 184 -165 -4 338 -336 241 254 Hke 3 10 139 -1 [T
HE= 0 2 216 -209 -1 9 -267 9 260 -24 209 18 192 -201 -14 33 -8 116 -114 1 65 9 100 -i8 90 -98 13 172 1 133130
357 4 3 94 83 11 215 -187 239 -24 149 <152 H,Xe 314 -307 .13 222 199 69 80 2 §7 -42 94 -100 -17 60 -75 14 120 M1 19 122
848 8 4277 274 -10 557 S 334 -35i 102 -8 2712 274 12 112 107 $3 -58 3 170 164 130 121 -16 73 98 15 114 -106 64 T4
226 -2 6 114 -99 -9 100 - 156 17, 13 9 205 -1 91 108 11 154 -138 142 127 4 291 -249 244 -254 -1S ST 6 170 170
$49 o 7 76 -70 01 -1 3 a1 1n-7s 1 1 10 99 -1 s 59 147 -138 97 -78 177 -170 -1 64 -85 H,Ke 4 2 117 -118
622 -7 8 155 139 72 1 226 -24 100 107 133 -1 42 7 202 2 -51 176 166 295 332 <13 71 -91 -20 67 -61 & 59 -72
7 - 9 11 92 74 s3 s 270 261 - 28 -211 4 -127 151 145 225 -192 168 171 -12 48 90 -i3 41 -97 10 160 1S7
0 - 10 98 -110  -S s 63 -7 286 30 123 1 -347 .6 270 -260 187 -176 134119 201 -205 -11 132 127 -16 104 109 11 75 ‘14
9 2 i e .79 694 -6 0 66 54 207--211 1 6 138 .5 206 199 156 159 10 114 89 154 -164 -10 139 -133 -15 84 -39
§ 320 -326 12 209 193 202 -2 36 43 11 144 -1 184 5 186 8 -95 12 184 -164 229 269 -8 356 365 -14 65 SO M,Ke 4
9 418 -450 1S 94 -100 Hke 14 74 62 1 1 - 14 4 =177 8 139 146 13 222 -185 138 14 170 174 -1 4 64 -is. 60 6!
10 202 -197 16 62 7 380 -25 186 18 247 25 0 241 3 -246 9 63 -78 - 14 72 68 302 -3 213 -203 <12 87 -79 .14 68 -S
1 4 -63 18 161 -167 47 -136 176 16 122 108 H,Ke 1-172 9 447 11 126 124 15 203 191 240 -2 281 -269 -10 37 16 -12 106 -9
1 9 -47 20 132 145 72 1106 7 6 239 240 -8 125 1 32 -285 331 -351 12 89 -86 17 142 -128 394 ¢ 27 1 75 37 <10 91 10
1 . 3 6 7 S 98 90 - s 43 sS4 164 174 19 160 144 157 1 51 -6 132 -1 47
18 200 196 M,k 0 8 3 152 <148 10 92 120 1 0 109 -109 2 75 M= 2 9 189 -1 250 -24 2 152 16
15 156 1 1213 -1 3. -8 12 187 18 6 421 <7 126 112 H,Ke 101 - 17 1 163 -1 169 -16i
1 4 S 140 -126 -8 6 104 112 13 76 102 -98 H,Xe 3 83 -6 63 22 -il 240 -256 135 1 188 178 205 2 1241
20 8 6 8z 716 2 4152 156 14 149 -149 79 95 46 -5 109 -107 -20 111 112 3 - 141 -138 133 -1 178 .18
21 1 - 7 89 87 -1 <76 17 115 -120 12 -10 ss 47 34 -4 118 99 -19 161 le4 10 134 -1 3 171 173 141 -1 220 22,
2134 -1 9 146 -141 -4 19 47 s s 7 77 30 -3 94 81 -17 130 -108 11 108 1 4 200 21 122 1 193 -21
23 98 1149 138 193 -19 209 21 40 -142 45 -2 99 -105 -15 172 148 ) 1] S 110 10 01 2 1819
13 -92 186 -12 255 251 H,k= 1 7 H,Ke 0 - 07 -107 09 2 sS4 61 -14 65 -64 13 251 -26 6 6 189 -1 61 6.
Hi= 0 16 95 106 380 39! -17 4718 -24 83 -6 - 05 -96 06 3 194 -187 -13 261 -249 14 253 -2§ 2 103 -11 138 1 14 -2
397 457 17 87 10 387 376 131 -1 16 163 -152 -22 389 408 - 25 118 04 5 328 315 -12 42 49 15 51 S6 8 11 75 -7
120 124 6s 57 199 1 15 47 44 -20 356 -335 -16 140 139 44 7 155 -151 -11 308 311 17 111 103 10 72 -8 221 -1 10 156 1Si
$72 691 H,Ke 9 166 147 166 -1 4173 157 -8 232 197 12 H 280 -314 11 132 -137 -0 310 -297 18 118 122 11 183 -17 191 -1 12 186 -20
334 -37 1120 -118 195 67 -4 197 -1 13 97 8% -16 693 -691 -1l 1 70 13 122 121 -9 333 -344 121 e 204 2 4 202 21
202 -20: S 61 64 9 3 137 1 12 4s -s§ .14 267 239 -10 3 197 22 437 423 Hxe 3 13 151 159 11 216 -196 16 143 -14
18 6 7 66 105 -133 2 - 10 165 151 -1 76 1 -9 8 141 -15S1 H,Ke 2 L 239 223 -19 102 11 1 63 -7 13 182 138
230 22 9 88 -98 277 -2 105 92 -10 531 4 -7 1 8 152 -161 -17 100 10 221 -235 -18 42 -6 1 5 -6 14 148 -130 H,k= 4 7
1 48 10 88 94 HXe 1 283 21 245 -230 -8 498 -8 - 21 19 55 61 -1S 67 -9 462 -483 -17 102 110 16 (5 64 15 114 -117 -i3 sz -58
10 184 174 11 62 55 - 59 -26! 17 1 117 -105 -6 405 3 08 -338 20 49 89 -14 49 -4 406 451 -16 171 -15 16 81 95 -12 671 79
11 410 434 12 81 277 - 19 -12 207 -2 6 272 279 -4 701 -7 94 207 23 25 -81 -13 177 17 229 -236 -15 170 -162 H,k» 3 9 210 75 -3
12 128 -120 13 72 -68 - 52134 371 -3 106 -95 -2 275 26 89 210 G2 102 9 314 2386 -14 )80 17 8 sl .72 Mke 4 BERTIERT!
13 116 -117 14 0 83 - 78 -18; 131 -1 154 -13. 2 348 34 13 -276 4,ke 1120 -12 286 306 -13 1SS -1% S1 -67 18 114 1 5 7
15 293 301 - 40 -23° 515 s 276 -26! 4 1 1 74 .24 72 -86 -9 114 10 270 302 -11 171 16! 66 -76 -16 96 1 -8
18 155 141 H,Xe - 96 18 227 -2 4 6 -1 297 1 .22 119 12 -7 3 - 10/ 1 161 -10 4 S 94 -96 -1 0 - 129 14
2 s -8 153 119 - 66 263 -2 264 -27 ] 1 1 . s -7 -4 9 9 1 98 -9 4 7 66 89 -14 103 -1 0 -
2 7 -97 183 128 -14 109 -104 8 151 -14 115 -119 10 -1 1 7 20 137 -133 -3 109 -10, 4 -5 o125 11 78 -84 13 206 2 105 -12
22 144 -183 364 -318 <12 164 164 9 251 27 189 170 12 3 1 0 g 173 185 -2 70 -8 S 386 369 -4 o 166 172 -11 236 -2 121 136
135 -112 $9 70 10 71 6 11107 14 1 1 217 17 -8 3 s4 s 6 T69 C3 150 -147 10 69 -79 -10 181 1 6 12
Hie 0 & 342 315 5§ 159 2 -9 185 -174 16 6 4 9 16 228 -23 7 53 -7 7 279 -252 -2 149 -159 11 68 -86 - s §3 .51
497 -529 108 101 65 -236 131 -14 122 -10 1 2 14 147 14 . 208 261 -1 117 110 12 61 53 41
247 s 169 -167 21 -29 138 140 10 116 108 H,Xe 1 2 9 11 123 128 H,Ke 1 183 -182 0 109 10 ] M= 4
23 253 9 11 73 -34 220 -2 12 111 -103 -32 52 1 6 233 215 -0 7 183 157 1 279 H,Ke 1 24 2 s so -92
490 -S38 13 162 166 7 16 7 .96 13 46 -S3 -20 04 1 3 216 -203 -10 9. 0 3 189 170 ‘¥ 116 12 181 - 7 100 90
775 67 -27 276 3 1 57 -89 -17 2 11 189 -18) 273 -27 -9 7 156 142 7 8 - -6l 0 56 s 43 -62
346 389 H,Ke 1 76 - 29 s 16 88 -81 -16 19 12 137 -154 27 23 -7 135 -13 22 238 8 7 10! 1122 - 4 96 98
212 227 157 -129 23 A8 104 - 1747 -69 -12 7 1 6 -64 251 -28 -6 101 -1 265 236 10 147 -14. 151 14 3 146 1 143 -6
346 -371 59 44 06 22 s -1 18 99 110 -10 5 1 6 7 123 -10 -5 1 8 139 -130 12 % '3 186 -19 4 136 114 106
342 384 90 86 02 -9 s 93 9 -9 3 15 290 282 196 19 -4 02 21 109 103 6 T4 - 74 8
10 148 152 10 75 T4 1103-136; 9 -8 3341 6 74 210 <201 -3 B4 -68 H,K= 3 15 59 78 152 129 7 17 68 -4
11 345 -377 11 80 -91 30 84 123 -116 Hx= 1 8 -7 2736 18 107 126 249 <236 -2 176 -16 64 -2 16 59 58 100 2 -6 61 -7
12 104 -107 12 163 -161 20 67 -is 85 .0 -6 296 -290 19 63 -60 8 379 -1 126 11 7 7 19 81 89 7 79 .77
473 70 14 90 100 61 895 H, K= 1 -16 124 128 -5 427 410 122 1 o 89 8 7 2 H,Ke no12 - ™
16 56 -63 15 S8 -64 478 -51 56 <15 67 68 -4 166 -157 H,k= 2 4 85 s 1187 -14 172 -167 KK “i2 e -90 14 53 6
21 152 156 16 15 -6 72 6 74 -80 14 S8 .66 -3 159 -168 -} 5 69 101 -10 2 103 -8 158 164 -19 115 -112 -18 68 76 15 15 77 H,xe 4 9
2 216 231 196 -17: 182 -181 -13 74 -86 -2 426 472 -2 3 -89 121 -1 51 9 311 313 -16 [ -119 12 93 °-95 ' 17 104 110 -i3 57 80
HEe 0 12 583 -61 7 - -6 99 92 -1 423 496 -2 3 76 g0 77 -7 4 H 274 <289 <15 78 -88 10 273 . BTN LIRS Tt
Wke 0 8 173 152 367 -384 -19 105 -1 -4 168 14 ° 697 -2 5 63 12 4 -8 s 109 -9 93 87 -14 83 89 -8 316 -310 H,Ke 4 -9 118 128
1 52 se 45 4133 10 471 475 -17 150 1 -3 216 -19 1 38 19 283 -268 16 109 11 6 -100 3 .17 -10 230 22 a1 -7 19 265 -5 87 89
2 196 186 72 58 11 590. 661 -16 54 -z 307 26 2 93 -16 175 176 15 99 -11 7 120 126 62 64 -9 62 6 220 -269 -16 97 108 -3 149 -144
3 71 67 77 -63 12 205 -199 -15 137 -138 -1 129 12 3 §3 .15 91 -107 20 105 11 s 95 104 -90 -8 206 -19 302 295 -13 13 70 -1 17
4 3.7 81 83 13 426 -4ST -14 60 -6 0 239 -23 ‘ 13 .14 177 177 s 139 -142 41 .49 .7 102 -10 4 143 -130 -12 102 -10 7 -84
S 441 -46 12 -99 14 382 32 13 82 7 1 783 H 45 -13 315 307 10 59 217 202 © -5 199 -18 6 195 168 11 65 4 8 a0l

TaBLE 2. FINAL ATOMIC PARAMETERS AND e.5.d.’s (X 10%) FOR NON-HYDROGEN ATOMS
The anisotropic temperature factor is defined as: exp(— B;,h%2— Book®— By3l2— B,k — Brshl— Paskl).

x J 4 Bu Bos Bs B2 Bus Bas

1 1561(2) 1696(1)  2404(1) 193(5)  58(1)  23(0) —24(4) 1220 2(1)
N(1) 4586(6)  3828(3)  2725(1) 171(15)  61(3) 12(1) 15(100  3(4)  3(@2)
(ol0)) 3295(8)  4905(4)  2537(2) 195(19)  70(4) 15(1) 32(14)  96)  0(3)
C(@3) 2328(8)  4802(5) 1974(2) 154(18)  83(5) 15(1) 42(14)  12(6)  2(3)
C(4) 3986(8)  5127(4) 1585(2)  298(21)  61(4) 13(1) —2(14)  4(6) —1(3)
C(5) 5053(9)  4305(4) 1496(2)  230(20)  75(5) 15(1) —18(14)  15(6)  0(3)
C(6) 6246(8)  3252(4) 1875(2)  213(20)  69(4) 14(1) 34(14) 16)  3(3)
c() 6671(9)  3594(4)  2444(2)  223(21)  69(5) 18(1) 28(14) —5(6)  2(3)
O(8)  3825(8)  6071(4) 1353(2)  640(21)  83(4)  22(1) 139(14)  81(6)  28(3)
C(9) 5275(9)  3929(5) 3301(2)  235(20) 103(5) 13(1) —18(16) —11(6)  9(4)
C(10)  3331(9)  4122(5) 3638(2)  275(21)  84(5) 12(1) —2(15)  —5(6) 1(3)
C(11)  1857(9)  3206(5) 3724(2)  320(24) 112(6) 13(1) —17(18)  27) 44
C(12) 144(10)  3378(6)  4062(2)  339(25) 162(8) 15(1) —22(21) 7(7)  17(5)
C13) —107(12)  4464(7)  4291(2)  440(30) 207(10)  14(l) 107(26)  18(8) —8(5)
C(14)  1382(14)  5384(7)  4218(3) 738(39) 160(9)  20(1) 60(29)  69(11) —35(5)
C(15)  3076(12)  5202(6)  3881(2)  549(30) 105(6)  20(1) —51(21)  44(9) —6(4)
C(16)  5747(9)  3862(5) 935(2)  269(22)  94(5) 14(1) 5(16)  32(6)  2(3)
C(17)  7362(11)  4165(6) 594(2)  399(28)  144(7) 17(1) —2(21)  62(8) 1(4)
C(18)  7124(14)  3760(7) 83(3)  614(36) 190(10)  19(1) 113(29) 113(10)  8(6)
C(19)  5393(14)  3061(7) —84(3)  625(36) 165(9) 18(1) 129(27)  50(10) —3(5)
C(20)  3768(12)  2756(7) 251(3) 537(31)  141(8) 18(1) —5(24) —9(9) —14(5)
C(21)  3964(10)  3159(6) 758(2)  347(25)  133(7) 15(1) —17(20) —2(7) —15(4)
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H(34)

Fig. 1.

(a) Bond lengths (A) and numbering of atoms.

(b) Bond angles (°). The estimated

standard deviations for the bond lengths and angles are about 0.009 A and 0.4°, respectively.

TaBLE 3. FINAL FRACTIONAL COORDINATES (X 10%)
AND ISOTROPIC TEMPERATURE FACTORS (A2)
FOR HYDROGEN ATOMS
The e.s.d.’s are given in parentheses.

x y z B
H(22) 36609 311(5  266(2)  3.4(1.3)
H(23) 435(8)  562(4) 258(2)  2.2(1.2)
H((24) 2028 505(5 276(2) 2.6(1.2)
H (@5 107(8)  533(5)  194(2)  2.1(L.1)
H(26) 189(9 389(5 193(2) 2.5(1.2)
H(27) 7228 481(5 155(2)  2.7(1.2)
H(28) 753(10) 273(5) 180(2)  4.4(1.4)
H(29) 487(8) 270(5) 181(2)  2.1(l.1)
H(30) 759(9) 429(5) 248(2)  2.4(1.2)
H(31) 749(10) 291(5\  265(2)  4.2(1.4)
H(32) 623(9) 463(5) 334(2) 3.6(1.3)
H(33) 614(8) 317(4) 342(2)  1.6(1.1)
H(34) 214(9) 241(5) 357(2) 3.9(1.4)
H(35) —93(11) 269(6) 413(2)  6.0(1.7)
H(36) —130(14) 461(7) 452(3) 9.1(2.3)
H(37) 108(13) 619(7) 439(3) 7.5(2.0)
H(38) 419(9) 584(5) 381(2)  3.2(1.3)
H(39) 866(10) 469(6) 73(2)  5.5(1.7)
H(40) 829(13) 396(7) —14(3)  7.4(1.9)
H(41) 520(12) 280(7) —47(3)  7.0(1.9)
H(42) 247(12) 220(6) 16(3)  6.2(1.7)
H(43) 280(8)  293(4)  102(2)  1.3(1.1)

120.2°, being closer to trigonal sp2hybrid angle than
those in the six-membered cycloketones. The bond
lengths of C(3)-C(4) and C(4)-C(5) are in accordance
with the value, 1.505 A, expected for C(sp®)—C(sp?)
bond!® and that of the C(4)=0(8) is close to the value
of 1.216 A found in acetaldehyde!® from microwave
spectra.

The least-squares planes through the ring atoms of

[+

Fig. 2. Stereoconfiguration of (4 )-1-benzyl-5-phenyl-1-
azacycloheptan-4-one hydrochloride. The thermal
ellipsoids are drawn at the 50%, probability. Open
bond represents hydrogen bond.

Fig. 3. Coordination of the N(1) atom.

the benzyl and phenyl groups are expressed as:

0.5544X — 0.3137Y + 0.7709Z + 6.5723 = 0 (1)
and
0.5075X — 0.8186Y + 0.2689Z — 1.2316 = 0 2)

where X, Y, and Z are in A with respect to the a, b,
and ¢* axes, respectively. The maximum deviations
of the ring atoms from the planes (1) and (2) are
0.017 and 0.008 A, respectively. The C(2), G(3), C(6),
and C(7) atoms in the azacycloheptanone ring A give
a plane,
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Fig. 4. The projection of the crystal structure viewed along the a axis.

Hydro-

gen bonds are shown by broken lines and intermolecular contacts by dotted

lines. Key to molecules; i: x,y, z.

TaBLE 4. COMPARISON OF GEOMETRY OF THE CARBONYL
GROUP OF THE RELATED COMPOUNDS

Bond length (A) Bond
Compound angle (°)
Ccs-0 C-C c¢c-C c-c-cC
1-Benzyl-5-phenyl-1-
azacycloheptan-4-one® 1.217 1.505 1.521 120.2
Delnudine hydrochloride® 1.199 1.504 1.517 114.6
3-Chloro-2-decalonel® 1.20 1.50 1.52 112.8
2,2,6,6-Tetramethyl-4-
piperidone 1.201 1.486 1.503 113.3
hydrochloride®
¢is-2-Chloro-4-¢-
butyleyclohexanonel? 1.213 1.501 1.520 112.8
2,2,6,6-Tetramethyl-
4-piperidone 1.221 1.490 1.508 113.3
hydrochloride®
3-Bromo-2-decalonel? 1.25 1.48 1.52 113.4
a) This work.

0.5517X + 0.7942Y — 0.2546Z + 3.5414 = 0 (3)

with maximum deviation of 0.008 A. The ring A takes
a chair-like conformation, the N(1) atom deviating
by +0.6824, C(5) —1.119A and C(4) —1.135A
from the plane (3). The N(1) and C(5) atoms are
bound equatorially to the benzyl and phenyl groups,
respectively. The C(9) atom of benzyl group deviates
by 0.068 A out of the plane (1).

The chloride ion is hydrogen-bonded to the N(1)
atom (N(1)---C1=3.075(4) A) which exhibits a nearly
tetrahedral hybridization, as shown in Fig. 3. Such
short hydrogen bonds have also been reported for
methixene hydrochloride monohydrate (3.051 A),19
azacyclododecane hydrochloride (3.061 and 3.069 A),”
lidocaine hydrochloride monohydrate (3.07 A),2® 1-(1-
phenylcyclohexyl)piperidine  hydrochloride  (3.088
A)," 1-methylcytosine hydrochloride (3.1 A),® and
triethylammonium tetrachlorocuprate (3.11 A).19

The projection of the crystal structure viewed along

ii: 1—x, 1—y, —z. iii: 1—x, 1/2+9,1/2—2.
iv: x, 12—y, — 1242z, v:—x, —1 24y, 12—,

vi: —x, 1—y, 1—2.

The

Fig.5. The environments around the chloride ion.
estimated standard deviations of the distances are of
the order of 0.005 A.

Key to molecules. i: x,, z. v:—x, —1/24y,1/2—2z.

vii: —14x,9, 2. viii: 1—x, —1/2+y, 1/2—2z.

the a axis is shown in Fig. 4, together with some short
contacts between the molecules. The enantiomorphs
occur through the medial center of symmetry. The
environment around the chloride ion is shown in
Fig. 5, in which the C(12})---C(9vil) distance 3.460 A
is the shortest C:--C contact. The bulky azacyclo-
heptanone cations and the chloride anions may be
held together mainly by Coulombic interactions and
hydrogen bonding to form the sheets parallel to the
ab plane. The sheets are stacked along the ¢ axis
by van der Waals forces. These are in accordance
with relatively high melting point and morphology of
the crystal.
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