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Abstract. C,sH,,BrNO;, M,=464-4, CuKa, A=
1-5418 A, =288 mm™!, T=298K. (4) Mono-
clinic, P2,/c, a=9-848(2), b=12935(Q2), c¢=
16-549 (2) A, B =9281(1)°, ¥=21055(5)A° Z=
4, D,, = 1456, D, = 1-464 Mg m™3, F(000) =952, R
= 0:0363 for 2880 observed reflections. (B) Mono-
clinic, C2/c, a=4806(1), b=6159 (1/{, c=
14-829 3) A, B=10376 (2)°, V=4263 (2) A>, Z=
8, D,, = 1-452, D, = 1-446 Mg m 3, F(000) = 1904, R
= (00426 for 2834 observed reflections. (C) Mono-
clinic, P2,/c, a=11-664(2), b=22979(3), c=
15985 3) A, B=101-37(1)°, V=4200(1) A3, Z=
8, D,,=1:477, D, = 1-468 Mg m 3, F(000) = 1904, R
=0-0436 for 5176 observed reflections. These iso-
mers consist of three pairs of racemic and configura-
tional isomers which are caused by the asymmetric C
atoms in the pyrrole rings, and isomer (C) consists of
two pairs of conformational isomers caused by tor-
sions between the benzopyrano and pyrrole rings.
Isomers (4) and (C) have intramolecular O--HN
hydrogen bonds between the carbonyl and pyrrole
nmoieties.

Introduction. During the course of studies on the
intramolecular 1,3-dipolar cycloaddition of imines of

0108-2701/91/040842-04$03.00

glycine esters to carbon—carbon multiple bonds,
methyl 2-[2-(cinnamyloxy)benzylideneamino}-2-
phenylacetates were found to give thermally three
stereoisomeric cycloadducts (Tuge, Ueno & Ueda,
1981) as shown in (I). The X-ray analyses were
carried out to reveal the conformations of isomeric
cycloadducts (A4), (B) and (C) in order to know the
stereochemical course in the intramolecular cyclo-
addition of the bromine-substituted imine.

X CH=NH—CH<IEI‘ X = Br
CI E = COOMe
0™~ Ph
I

b 2 2
Ph Ph E

o’ M o’ o

4 (B) ©

0]
© 1991 International Union of Crystallography




1. UEDA, N. MARUBAYASHI, K. UENO AND O. TUGE 843

Table 1. Experimental and refinement data

(4) (B) ©)
Radius of crystal r (mm) and ur 012,035  __ 013,037 __ 012,034
Range of 4, k and / 11,11;0, 14, 180 0, 53;6,6;16, 16 13,13;0,25,0,17
8 range () 0<20=<120_ 0=s20=<120 0=20=<120
Standard reflections 141; 223; 213 11,1,1; 604; 204 115; 154; 024
Number of reflections measured 3495 6624 6785
Number of unique reflections 2880 2834 5176
122:33(a() 12 233[a(])] 1= 2:33(o(])]
Final wR 0-0427 0-0451 0-0426
N 0-885 1-037 0-875
F.. Fy* 7-73, 2817 16-44, 67-02 15-36, 66-01
ay. by cx* —-0-037, 0-269, 1-53 0-001, 0-028, 0-449 0-025, 0-020, 0-480
dy b, o3* 2:00, —0-097, 0-0021 9-49, —0-263, 0-0025 10-24, -0-391, 0-0039
Maximum shifte.s.d.t 0-46 0-27 0-64
Maximum height in final difference 018 0-27 0-43

Fourier synthesis (eA ™)

*y=gq, +b, F, for |F,| < F,, w=c,for F,<|F,| < F,and w = (ay + by|F,) + ¢, F,|*) ' for :F, > F,.
1 For non-H atoms.

Experimental. Experimental and refinement data are  Table 2. Fractional atomic coordinates with their esti-
shown in Table 1. Density measured by flotation in mated standard deviations in parentheses
KI solution. Colorless prisms of these crystals were

. o = (4/3)2,2,8,2, .,
ground manually to spheres of diameter of about B = (A3)2.2,B,2.,

0-25 mm. Enraf-Nonius CAD-4 diffractometer with “ x b z B(AY)
graphite-monochromatized Cu Ka radiation. Cell 014135 (3) 0178 ) 014487 ) 599 (1)
dimensions derived from least-squares treatment of 8:;; 07215 8’, poste _8:)32221': TN
the setting angles for 25 reflections, 15=<260=40°. op3 08300 (2) 03784 (1) 01992 (1) 400 (4)
w-26 scan technique, 0 < 26 < 120°. Three standard & 030 02 o —onas ) SN
reflections measured every 2 h exposure time, no c@ 05220 (3) 00591 (2) - 01850 (2) 391 (6)
H H Tatt : H L C(3) 0-3873 (3) 00877 (2) -0-1947 (2) 411 (6)
sngmﬁcan} variation in intensities. Lorentz a_nd Cit) 03265 (3 01356 ©) o2 377 (6)
polarization corrections applied, but absorption ¢c® 03972 (2) 01536 (2) - 00585 (2) 334.(6)
. f l] d 1 d b h C(6) 0-5322 (2) 01241 (2) - 0:0480 (1) 2:96 (5)
ignored. Structures for all compounds solved by the ¢ 06177 (2) 01395 (2) 0:0282 (1) 262 (5)
- 1 1 1 C(8) 07647 (2) 01563 (2) 0-0067 (1) 283 (5)
heavy-atom method. All coordinates, anisotropic <% Saem @) fus o0 ) 2
thermal parameters for non-H and isotropic ones for o) 08334 (2) 01831 (2) 00885 (1) 283 (5)
-di [aSR)] 07119 (2) 02412 (2) 01331 (1) 2:83 (5)

H atoms reﬁrlcd ‘bly block d1agopal least squares, 07388 2) 03674 ) o101 ) e
>w(|F,| — |F.|)* minimized. Atomic scattering fac- cu3 0-9694 (2) 0-2366 (2) 00843 (1) 302 (5)
. - v ’1 C(14) 09851 (3) 0-3269 (2) 0-0415 (2) 390 (6)

tors anq anomalous-dispersion factors f*, f* from &5 L1121 ) 03739 (2) 00385 (2) 507 (8)
International Tables for X-ray Crystallography (1974, e | 2292 ) 03308 (3 0077 @) 594(9)
: (17) I- (3) - (3) 0-1192 (2) 92.(9)

Vol. IV, pp. 72-98). Calculation performed on a g 10832 (3) 01933 (2) 01224 () 238 ()
VAX11/750 using the Enraf-Nonius Structure Deter- g;;g; 00932 :2; o198 g; ot ;;j - :(5);
mination Package (Frenz, 1985) and UNICSIII pro- co) 05474 (3) 01446 (2) 03228 (2) 471 (7)
1 1 C(22) 0-6563 (4) 0-1103 (2) 03692 (2) 5-08 (8)

gram system (Sakurai & Kobayashi, 1979). o 05845 ) 01201 () 0391500 St
C(24) 0-8036 (3) 01630 (2) 0-2661 (2) 420 (7)

. 0 . . -, o 7 .
Discussion. The atomic parameters for the non-H % 08731 4) 04851 (2) 02076 (2) ¥620)
atoms are given in Table 2.* The selected bond (8

1 1 1 Br 0-01106 (1) ~0-00450 (8} -0-16376 (3) 827 (1)
lengths, angles z.md.torsmn angl@s are listed in Table o 009184 (4) T 06100 td) 00885 ) <30 (6)
3. A stereoscopic view of stereoisomers (A4), (B) and o) 0-10317 (4) ~07117 (3) - 01321 (1) 462 (5)
e . . : : 0(3) 0-09435 (3) - 03874 (3) -0:1999 (1) 4-08 (4)
(C) are shown in Fig. 1 with the atom-numbering 012956 (4)  —01898 (3) ~00458 (1) 320 (5)
schemes (ORTEP; Johnson, 1965). The isomers (A4) gg; 007437 :2; ~04es2 g; ggg:m) 418 :;;
! . o ) 0 ) ;

and (C) have intramolecular NH:--O hydrogen bonds ¢ 002732 (6) Z 03918 (6) 0059 (2) 545 9)
C(4) 0-03683 (6} -0-1938 (5) -0-0835 (2) 493 (8)
b?tween the pyrrole z.md carbonyl groups. H---O o o e et ind
distances are respectively 2:20(3), 2:26(3) and ) 0-08427 (5) -02701 (4) 00051 (2) 349 (6)
2:09 (3) A for isomer ()., molecules (a) and (b) of & Dl _owes  omeo) 3w
isomer (C). On the other hand, isomer (B) has no c9 011693 (6) -0-5122 (6) 01466 (2) 515 (8)
C(10) 0-14498 (5) -0-5304 (4) 00205 (2) 2:99 (6)

. . X . - 0407 - 007 .

* Lists of structure factors, anisotropic thermal parameters and gf:;i g:ggggg; _3,2232 IZ; _8‘?32(5’ gi ggf :2:
H-atom parameters have been deposited with the British Library  c(13) 0-17673 (5) -0-5787 (4) 00502 (2) 279 (5)
Document Supply Centre as Supplementary Publication No. SUP g::gJ 8;’;222 5(5): —g:(l)g? :‘;) 8(])(7)‘;?2‘ g: 238 :;1

i i ice ) -0 ) 90 (8)
53414 (63 pp.)..Coples may be obtained through The Technical o) 023517 (5) 06695 (5) 00566 () 436 ()
Editor, International Union of Crystallography, 5 Abbey Square,  ¢(17) 021583 (6) ~0-8315 (4) 00683 (2) 419 (7)

Chester CHI 2HU, England. C(18) 0-18658 (5) - 07875 (4) 00459 (2) 336 (6)
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C(19)
C(20)
c@en
c2)
c23)
C(24)
c25)

(Ca)
Br
o(1)
o)
0(3)
N
C(1)
C(2)
C(3)
C4
C(5)
C(6)
C(7)
C(8)
C9)
C(10)
c(11)
C(12)
C(13)
C(14)
C(15)
C(16)
C(17)
C(18)
Cc(19)
C(20)
C@1)
C(22)
C(23)
C(24)
C(25)

(Cb)
Br
o)
0O(2)
0o@3)
N
C(1)
C(2)
C(3)
C4)
C(5)
C(6)
C()
CE®)
C(9)
C(10)
Cc(11)
C(12)
C(13)
C(14)
C(15)
C(16)
c1mn
C(18)
C(19)
C(20)
C(21)
C(22)
C(23)
C(24)
C(25)

such hydrogen bond because of the anti-bonding
conformations of these groups. For all isomers, the
molecules are held together by van der Waals forces.

The asymmetric four C atoms in the pyrrole rings
cause the three configurational isomers (A4), (B) and

X
0-15820 (4)
0-17409 (5)
0-19622 (6)
0-20242 (6)
0-18647 (6)
016465 (5)
0-06896 (6)

0-59359 (4)
0-1187 (2)
0-4690 (2)
0-3123 (2)
0-3837 (2)
0-2293 (3)
0-2441 (3)
0-3516 (4)
0-4459 (3)
0-4324 (3)
0-3235 (3)
0-3076 (3)
0-1813 (3)
0-1133 (3)
0-1948 (3)
0-3122 (3)
0-3749 (3)
0-2008 (3)
0-1387 (3)
0-1512 (4)
0-2263 (3)
0-2868 (4)
0-2743 (3)
0-2940 (3)
0-3653 (3)
0-3526 (3)
0-2701 (4)
0-1984 (3)
0-2104 (3)
0-3552 (4)

—0-12046 (5)
03478 (2)
01257 (3)
0-1146 (2)
01185 (2)
02419 (3)
02023 (4)
00959 (4)
0-0284 (4)
00657 (3)
0-1721 (3)
02105 (3)
0-3176 (3)
0-4018 (3)
02671 (3)
0-1390 (3)
01263 (3)
03479 (3)
03881 (3)
04461 (4)
0-5041 (4)
0-4671 (4)
0-3879 (3)
0-0494 (3)

-0:0521 (3)

-01314 (3)

-0-1132 (3)

-0-0118 (3)
0-0685 (3)
0-1020 (4)

Table 2 (cont.)

Y
—0-4067 (4)
—0-2239 (4)
—0-2313 (5)
—0-4198 (5)
—0-6010 (5)
—0-5954 (4)
—0-4761 (6)

-003265 (2)
—0-0614 (1)
-0-0605 (1)
-0-1071 (1)
~0-0557 (1)
—0-0573 (1)
-0-0701 (2)
-0-0632 (2)
~0:0444 (2)
—0-0335 (1)
~0-0393 (1)
—0:0219 (1)
—0-0287 (1)
~0-0734 (1)
~0-0489 (1)
—0:0849 (1)
-0:0826 (1)

0-0002 (1)
-0:0034 (2)

0-0372 (2)

0-0829 (2)

0-0889 (2)

0:0480 (2)
-01498 (1)
-0-1761 (1)
~0-2346 (2)
~0-2678 (2)
~0-2419 (2)
~0-1835 (1)
—0-1019 (2)

0-06843 (2)
0-1590 (1)
0-1180 (1)
0-2140 (1)
0-1048 (1)
0-1360 (2)
01496 (2)
01308 (2)
0-0966 (2)
0-0826 (1)
0-1027 (1)
0-0891 (1)
0-1241 (1)
0-1313 (2)
0-1816 (1)
01651 (1)
0-1626 (1)
02141 (1)
02693 (2)
0-2994 (2)
0-2756 (2)
0-2215 ()
0-1902 (2)
0-2074 (1)
0-1876 (1)
02267 (2)
0-2855 (2)
0-3059 (2)
0-2672 (1)
02132 (2)

z
=0-1314 (2)
—0-1386 (2)
—0-1844 (2)
—0-2236 (2)
—0-2189 (2)
—0-1731 (2)
—0-2626 (2)

0-40522 (3)
0-1815 (1)
~0-0909 (2)
-0-1622 (1)
0-0553 (2)
0-2288 (2)
0-3155 (2)
0-3674 (2)
0-3336 (2)
02473 (2)
0-1940 (2)
01008 (2)
0-0511 (2)
0-0925 (2)
-0-0384 (2)
-0-0181 (2)
-0-0934 (2)
-0-1008 (2)
-0-1835 (2)
—0-2451 (2)
—0-2242 (2)
-0-1422 (3)
-0-0811 (2)
0-0017 (2)
0-0712 (2)
0-0878 (2)
0-0357 (3)
-0-0330 (2)
—0-0488 (2)
-0-2412 (2)

0-49037 (3)
0-4437 (2)
0-0710 (2)
0-0722 (1)
02334 (2)
04520 (2)
0-5264 (2)
0-5385 (2)
0:4764 (2)
0-4027 (2)
0-3894 (2)
0-3065 (2)
0-2968 (2)
0-3808 (3)
0-2564 (2)
0-2071 (2)
0-1093 (2)
0-2097 (2)
0-2376 (2)
0-1994 (3)
0-1319 (3)
0-1017 (3)
0-1409 (3)
02313 (2)
0-2548 (2)
0-2763 (2)
0-2752 (2)
0-2532 (2)
0-2314 (2)
-0-0205 (2)

C25H22BrN03

B (A%
281 (5)
373 (6)
4-44 (7)
4-39(7)
4:32(7)
3:62 (6)
5-48 (9)

616 (1)
410 (6)
427 (6)
327 (5)
301 (6)
343 (9)
43 (1)
47 (1)
41(1)
349 (9)
298 (8)
2:80 (8)
3.03 (8)
346 (9)
282 (7)
2:55 (7)
274 (7)
2:95 (8)
392 (9)
50 (1)
45 (1)
50 (1)
4:5(1)
2:53(7)
351 (9)
45(1)
46 (1)
44 (1)
347 (9)
49 (1)

7-19 (1)
5:04 (7)
592(9)
3-83 (6)
321 (7)
3:92(9)
5-1(1)
53 (1)
45(1)
382 (9)
342 (9)
3:32(8)
354 (9)
49 (1)
2:82(8)
2:73(7)
324 (8)
3-33(8)
44 (1)
64 (1)
73Q2)
67 (2)
50 (1)
2:74 (1)
3-51(9)
45 (1)
43 (1)
40 (1)
333 (8)
39(1)

(C) as shown in (I). Isomer (4) has a trans juncture
at C(7y—C(8). The configuration causes great steric

(Ch)

Fig. 1. Stereoviews of the three stereoisomers.
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Table 3. Selected bond lengths (A), angles (°) and

torsion angles (°) involving non-H atoms

()
(4) (B) (a) )
o(1)—C(1) 1366 (3)  1:371(3) 1-364 (4) 1:374 (5)
O(1)—C(9) 1444 (3)  1-435(3) 1-438 (4) 1-436 (6)
N—C(7) 1464 (3)  1-469 (4) 1-475 (4) 1-467 (4)
N—C(11) 14485 (3)  1-458 (3) 1-462 (4) 1481 (4)
C(1)—C(6) 1401 (3)  1-384(4) 1-389 (5) 1-389 (5)
C(6)—C(7) 1495(3)  1:523(3) 1-518 (4) 1:513 (5)
C(7)—C(8) 1523(3)  1:525(4) 1-538 (5) 1:519 (5)
C(8)—C(9) 1498 (4)  1:505(5) 1-526 (4) 1-508 (5)
C(8)—C(10) 1:523(3)  1-546 (4) 1:541 (5) 1:536 (4)
C(10)—C(11) 1621 (3)  1-569 (4) 1-578 (4) 1-592 (5)
C(1)—O(1)—C(9) 1199(2)  1136(3) 1144 (3) 1151 (3)
C(N—N—C{(11) 1047(2) 1080 (2) 109-5 (2) 1088 (2)
O(1)—C(1)—C(6) 1242(2)  1227(2) 1224 (3) 1236 (3)
C(1)—C(6)—C(7) 1166 (2)  1216(2) 12i-2 (3) 1208 (3)
N—C(7)—Cl(6) 1184(2)  1145(2) 1121 (2) 110-5 (3)
N—C(7)—C(8) 1045(2)  1018(2) 107:5 (2) 1060 (2)
C(6)—C(T)—C(8) 1089 (1)  111:7(2) 1136 (3) 1118 (2)
C(1)—C(8)—C(9) 10912  1117(2) 118 (2) 1118 (3)
C(7)—C(8)—C(10) 1022(1)  1058(2) 1043 (3) 1041 (3)
C(9)—C(8)—C(10) 185(2)  1137(3) 1109 (2) 1141 (3)
0O(1)—C(9)—C(8) 1104 (2)  1117(2) 112:0 (2) 1119 (3)
C(8)—C(10)—C(11) 1018(2)  1048(2) 10211 (2) 104-4 (2)
N—C(11)—C(10) 1064 (2) 1024 (2) 1050 (2) 1057 (2)
C(1—0(1)—C(9)—C(8) -272(3) -549(3)  ~556(3) 487 (4)
C(11)—N—C(7)—C(6) -1620(2)  —781(2) 1234 (3) 922(3)
C(11—N—C(7)—C(8) -406(2) 426 (2) -20(3) -291(3)
C(7)—N—C(11)—C(10) 1942)  -383(2) 21 (3) 1211 (3)
N—C(7)—C(8—C(9) 1724 (2)  -1526(2) 100-6 (3) 1576 (3)
C(6)—C(7)—C(8)—C(9) -60-1(2) -300(3) —240(4) 37:1 (4)
N—C(7)—C(8)—C(10) 46-1(2) -284(3) -193(3) 340 (3)
C(6)—C(7)—C(8)—C(10) 1736 (2) 942(3) -1440(3) -865(3)
C(7)—C(8)—C(9)—O(1) 580 (2) 584 (3) 528(3) -578(4)
C(10)—C(8)—C(9)—O(1) 1743 ()  -612(3) 1688 (2) 599 (4)
C(71)—C(8)—C(10—C(11) -317() 64 (3) 313(3)  -257(3)
C(9)—C(8)—C(10—C(11) —1516(2)  1294(2) -892(3) -1478(3)
C(8)—C(10)—C(11)—N 84 (2) 182(2) -331(3) 90 (3)

hindrance between the methylene C(9) of the benzo-
pyran ring system and H(C8) in the course of the
cycloaddition. Thus, the chances of cycloaddition are
considerably reduced as shown by the low yield
(15%) (Tuge, Ueno & Ueda, 1981). The resultant

Acta Cryst. (1991). C47, 845-848
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isomer (A4) shows an abnormally long bond length
for C(10)—C(11) [1-621 (3) A] due to the steric hin-
drance between the methoxycarbonyl group and the
phenyl ring bonded to C(10).

Isomer (B) has a cis juncture at C(7)—C(8) and
causes a fair approach of the methoxycarbonyl
group to the benzopyran ring system. Isomer (C)
also has a cis juncture at C(7)—C(8). Isomer (C) is
composed of two pairs of racemic molecules. The
conformations of these pairs are considerably differ-
ent as shown in Table 3 and Fig. 1. The difference is
mainly caused by inversions of C(9) and O(1) of the
benzopyran rings and C(10) and C(11) of the pyrrole
rings. Such different conformations of the two pairs
are related to the high yield (30%) and the increased
chance of cycloaddition. The bond lengths C(10)—
C(11) for isomers the increased (B) and (C) are also
unusually long as shown in Table 3. However, these
lengths are shorter than that of isomer (A4).

The variations of torsion angles of the benzopyran
and pyrrole rings are remarkable (Table 3). These
variations are caused by stress or strain in the pyr-
role rings in the course of cycloaddition and by steric
hindrances between the two phenyl rings and
methoxycarbonyl moieties.
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Abstract. C, H4,N,O;, M, =342-36, monoclinic,
P2,/¢, a=7-520 (3), b =36-048 (7), c = 12:801 (3) A,
B =100-51(20°, V=34155A%, Z=8, D,=

0108-2701/91/040845-04$03.00

1-332 gem 3, A(Mo Ka) = 0-71073 A, w=
0-846 cm ™!, F(000) = 1424, T=295 (1) K, R =0-045
for 2796 unique observed reflections with 7> 3-0a(]).
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