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Fig. 1. 2a-Bromo-18,7f-epoxytrachelanthamidine (the bond-length
errors are within 0-007 A).

C(7) and O(1), has all angles close to 90° (+2-9°) with
0(1) 0-233 A out of the plane of C(1), C(8) and C(7).
The intermolecular distance O(2)---N’ (N’ at —1+x,
¥, z) of 2-826 A is below the combined van der Waals
radii and the distance H(02)---N’ of 1.82A is
considerably less than the combined van der Waals
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radii (Hamilton & Ibers, 1968) suggesting the existence
of a hydrogen bond.

We gratefully acknowledge financial support of this
work by the National Cancer Institute of NIH
(CA31490) and we thank Professor J. Aaron Bertrand
for his assistance in various calculations.
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Structure of 5,5,6-Trimethyl-1,4-diphenyl-2,3,7-trioxa[2.2.1]bicycloheptane
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EpwiN D. STEVENS

Department of Chemistry, University of New Orleans, New Orleans, LA 70148, USA
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Abstract. C,4H,0;, M, = 296-37, monoclinic, P2,/n,
a=19.078 (7), b=1-149 (1), c=24-221 (4 A, f=
104.37 (4)°, V=3199.9 A3, Z =38, D, =
1-230 g cm~?%, (Mo Ka) =0-71069 A, z = 0-80 cm~!,
F(000) = 1264, T =298 K, final R =0-038 for 1656
unique observed reflections based on I > 30([). The two
molecules of the asymmetric unit are very similar,
including the torsion angles of the phenyl groups.

* Present address: Enraf—Nonius Service Corp., 390 Central
- Avenue, Bohemia, New York 11716, USA.

0108-2701/86/091239-04801.50

Relatively long O—O bond lengths of 1.484 (4) and
1-485 (3) A and small C—O—C angles of 95-7 (3) and
96-7 (3)° are observed.

Introduction. We recently reported (Kirschenheuter &
Griffin, 1983) that the photoinduced 9,10-dicyano-
anthracene (DCA) sensitized photooxidation of 3,3,4-
trimethyl-1,2-diphenylcyclobutene (1) gives a pair of
epimeric ozonides: 5,5,6-trimethyl-1,4-diphenyl-2,3,7-
trioxa[2.2.1]bicycloheptanes (2) and (3), respectively.
These epimeric ozonides were tentatively assigned the

© 1986 International Union of Crystallography
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structures designated below on the basis of the high-
and low-field methyl doublet signals present in their
respective 'H NMR spectra. In view of recent reports
(Miura, Ikegami, Nojima, Kusabayashi, McCullough &
Nagase, 1983) of X-ray crystallographic structural
studies on several ozonides we wish to describe here our
X-ray structural data obtained on (2) which confirm the
tentative gross structural as well as stereochemical
assignments made on the basis of 'H and 3C NMR
spectroscopy (Kirschenheuter & Griffin, 1983).

Me Me M Me Ph
Me Ph 0 H Ph 0
o
Me 0/ Me
Ph Ph H Me
(1) (3)

Experimental. Suitable crystal of approximate dimen-
sions 0:20 x 0:30 x 0-40 mm recrystallized from
methanol; Enraf-Nonius CAD-4  diffractometer,
graphite-monochromated Mo Ka radiation; lattice
parameters from a least-squares fit of 25 carefully
measured reflections on the diffractometer with 18 <
20 < 34°; systematic absences 0k0, k=2n+ 1 and
hOl, h + I=2n + 1 confirmed the space group P2,/n;
20, =40° (0<h<18, 0<k<6, —23<!<23);
intensities of 2966 unique reflections measured, of
which 1656 treated as observed in the refinement based
on I > 30(l); o(l) from counting statistics; w:26 scan
mode; three standards monitored every 2 h show no
significant variation in the intensity; orientation control
every 200 reflections; empirical absorption correction
via y scans and Lorentz—polarization correction
applied. Initial attempts to solve the structure by
MULTANI11/82 (Main, Fiske, Hull, Lessinger, Ger-

main, Declercq & Woolfson, 1982; Frenz, 1982) based |

on 359 largest E values, 1.57 <E <3.57, were
unsuccessful. However, after a careful survey of several
E maps, a 22-atom fragment from one of the E maps
was taken as a correctly orientated fragment and input
to MULTAN which ultimately gave positions of all the
non-hydrogen atoms of the two molecules present in the
asymmetric unit. The methylene H atoms were cal-
culated by assuming tetrahedral geometry and a C—H
distance of 0-95 A; other H atoms located in subse-
quent difference Fourier syntheses. Full-matrix least-
squares refinement of the complete structure converged
to R =0-038, wR =0:044, S = 1-68, (4/0),,, = 0-16;
minimizing the function 2w(||F,I—IF.I])} w=
l/oZ(F) where 0%(F?) = o2 + (0- 031"’)2 No significant
peaks in the final difference Fourier map (highest peak
0-18 ¢ A-3). Atomic scattering factors and anomalous-
dispersion corrections from International Tables for
X-ray Crystallography (1974). No correction for

C 19H2003

Table 1. Positional parameters and equivalent isotropic
thermal parameters, with e.s.d.’s in parentheses

B, =4la?f(1,1) + »62,2) + c¥B3,3) + ab(cosyB(1,2) +
ac(cosP)f(1,3) + be(cosa)B(2,3)).

X y z B (AY)
O(1) 0.2438 (2) 0-2137(4) 0-5867 (1) 3-62 (N
o(1") —0-0897 (2) 0-1954 (4) 0-8435 (1) 4.23(8)
0(2") —0-0002 (2) 0-3497 (5) 0-9028 (1) 5-40 (9)
0(2) 0-1685 (2) 01714 (5) 0-6434 (1) 5.09(9)
0(3") 0-0113 (2) 0.-3516 (5) 0-8444 (1) 5-51(9)
0(3) 0-1261 (2) 0-2143 (5) 0-5846 (1) 5:22(9)
C(1n) —-0-0781 (2) 0-3115(7) 0-8921(2) 4-1(1)
C(1) 0-2374 (2) 0-1040 (7) 0-6337(2) 3.6(1)
C(2) 0-2244 (3) -0-0937(7) 0-6103 (2) 4.3(1)
C(2 -0:1169 (3) 0-4940 (7) 0-8703 (2) 4.9 (1)
C(39) —0-1061 (3) 0-4984 (7) 0-8088 (2) 4-8(1)
C(3) 0-1801 (3) —-0-0527 (7) 0-5480(2) 4-1 ()
C4 0-1757 (2) 0-1618 (7) 0-5508 (2) 3.8(1)
Cc@é" —0.0606 (2) 0-3194 (7) 08093 (2) 4.1 (1)
C(5) -0-0534 (2) 0-2356 (1) 0-7548 (2) 4.0(1)
C(5) 0-1563 (2) 0-2746 (7) 0-4971(2) 391
C(6) 0-2091 (3) 0-3344 (1) 0-4714 (2) 4-7(1)
C(6") —0-1006 (3) 0-1071(7) 0:-7250 (2) 5:0(1)
C(1) —0-0945 (3) 0.0289 (8) 0-6750 (2) 6-0 (2)
Cc 0-1915 (3) 0-4298 (8) 0-4214 (2) 5-8(2)
C(8) 0:1223 (3) 0-4724 (8) 0:3965 (2) 6-3(2)
C(89 —0-0368 (3) 0.-0821 (8) 0-6543 (2) 6-7(2)
c9) 0-0129 (3) 0.2112(9) 0-6826 (2) 6-5(2)
C(9 0.0665 (3) 0-4196 (8) 0-4220(2) 6-4(2)
C(10) 0.0845 (3) 0-3194 (8) 0-4719 (2) 5-5(1)
C(10") 0-0043 (3) 0-2868 (8) 0-7333(2) 5-1(1)
C(11) —0-0878 (2) 0-2181 (6) 0-9446 (2) 3.9(1
can 0-2930 (2) 0-1447 () 0-6871(2) 3-6(1)
C(12) 0-2927 (3) 0-0511 (D 0-7368 (2) 4-9(1)
C(12") —0-0789 (3) 0-3222(7) 0-9944 (2) 4.6 (1)
C(139) —0-0824 (3) 0-2328 (8) 1-0445 (2) 5:6(1)
C(13) 0-3433 (3) 0-0907 (M 0-7870 (2) 5:3(D)
C(14") —0-0933 (3) 0-0439 (8) 1.0455(2) 5.7(2)
C(14) 0-3944 (3) 0-2235(7) 0-7878 (2) 52D
C(159) —0-1025 (3) —0.0558 (8) 0-9964 (2) 59 (2)
C(15) 0-3957 (3) 0-3160 (8) 0-7383 (2) 5-4.(1)
C(16") —0-0991 (3) 0-0288 (7) 0-9462 (2) 4-8 ()
C(16) 0-3458 (3) 02775 (7) 0-6888 (2) 4-3(1)
C(17) —0-1926 (3) 0-500 (1) 0-8767 (3) 86 (2)
C(17n 0-2929 (3) —0-2064 (8) 0-6173(2) 6-8(2)
C(18") —0-1751(3) 0-4864 (9) 0-7621 (2) 7-5(2)
C(18) 0-2184 (3) —0:1097 (8) 0-5036 (2) 6-1(2)
C(19) 0-1053 (3) -0.1451 (9) 0-5346 (2) 6-9(2)
C(19") —0-0643 (4) 0-6736 (8) 0-7989 (2) 7-7Q)

extinction. All calculations performed on a PDP 11/34
computer using the SDP program system (Frenz,
1982).

Discussion. The atomic coordinates are listed in Table
1. Bond distances and angles are given in Table 2, along
with a few torsion angles of interest.*

An ORTEP plot (Johnson, 1976) of the confor-
mation of one of the two molecules in the asymmetric
unit is shown in Fig. 1. The bond distances and angles
show in general good agreement between chemically
equivalent distances as well as a very close similarity of
the molecular geometries of the two molecules. Even
the phenyl groups adopt identical conformations with
respect to the ozonide ring system in both molecules.

* Lists of structure factors, anisotropic thermal parameters, and
H-atom bond distances and angles have been deposited with the
British Library Lending Division as Supplementary Publication No.
SUP 42977 (24 pp.). Copies may be obtained through The
Executive Secretary, International Union of Crystallography, 5§
Abbey Square, Chester CH1 2HU, England.
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Table 2. Bond distances (A), bond angles (°) and Apparently the sterically least-hindered configuration

selected torsion angles (°)

E.s.d’s are given in parentheses; e.s.d.’s for torsion angles are

0-3-0-4°,

o) C() 141209) C@) C(5) 1.487(6)

o(l) Cc@4) 1-422 (4) C(5) C(6) 1.361(6)

o(ly C(1m  1-412(5) C(5")y C(0") 1:379 (6)

01y C@) 1.417(5) C(5) C(6) 13717 (6)

02y O(3) 1484 (9) C(5) C(10) 1-392(6)

0O(2') €Y 1.469 (5) C(6) C(7) 1.357(7)

012y 0@ 1.485 (3) C(6) C(7y 1.365(D)

0(2) C(l) 1-473 (4) C(7) C(8) 1-3712(8)

03y C@) 1.442(5) [o{@)] C(8) 1-343 (7))

0(3) Cc@4) 1-446 (4) C(8) C(9) 1-408 (8)

C(1y  C(@2" 1.528(6) C(8) C) 1-318(8)

C(1"y C(11y 1.488 (5) C(9) C(10") 1-388(7)

C(1) C(2) 1520 (6) C9) C(10) 1:373(7)

C(1) C(11) 1-484 (6) C(11) C(12") 1-391(6)

C(2) C(3) 1-563 (6) C(11') C(16") 1.372(6)

C@2) CUmn 1509 (7) Cc(11) C(12) 1-378(6)

C2) C@3) 1-554 (6) C(11) C(16) 1:377(6)

C(2'y CQU7) 1-491(8) C(12) C(13) 1-381 (D)

C(3') C@) 1.545(6) C(12') C(13") 1.388(7)

C(3) C@18) 1-510(8) C(13) C(14n) 1.367(7)

C(3') C9) 1-535(8) C(13) C(14) 1-:357(7)

C(3) C@ 1-538(6) C(14") C(15) 1.360 (7)

C@3) C(18) 1.499(7) C(14) C(15) 1.375(7)

C(3) C(19) 1-532(7) C(15") C(16") 1.374(7)

c@é4) C© 1-497 (6) C(15) C(16) 1:36t (1)

c(1) o(l) C@) 95.7(3) 0o@3) C(4) C(5) 107-3 (4)
C(1)y o(1)y Cc@) 96-7(3) Cc@3) Cc@4) C(5) 120-2 (4)
0(3) 0(2) C(1") 102-5(3) o(1") C@) 03 102-0(3)
0o(3) 0 cm 102-1 (3) o(1) C@4) C(3) 102-8(3)
0(2) O0(3) C@) 102-5(3) o(l')y C@) C(¢s) 113-8 4)
0(2) 0(@3) C@4) 102.2 (3) 0@i3) C@) C((3) 10884
o(l'y C(1I) O0(2) 101-5(3) 0(3) C@) C¢) 10774
o(1) C(1) C(@2) 104.6 (4) C@3') c@) c6) 120-2 (4)
o(1) C) C(1)y 114.9(4) C@n C(5) C(6) 123-2(5)
0(2') C(1) C(2") 106-5(4) C@) C(5) C(0) 119-1(5
02y C(1) Ccary 105-5@3) C(6) C(5) C(10) 117:6 (5
Cc(2) CQ)  Cc1y 121.7(4) C@) C() C6) 120:6(5
o(l) C() 0(2) 101-9 (3) C@) C(5) C(10) 120-6 (5)
o C() C@ 104.7 (4) C(6) C(5) C(10) 118-8(5)
o(1) C(D C(11) 114-1(4) C(5) C(6) Cc 120-8 (6)
0(Q2) C() C(2 107-1(4) C(5) C(6") C(1) 123.8(3)
0(2) Cc() C(11) 105-7(3) C@') C(7") C(8) 117-6(6)
Cc(2) Cc() Ccan 121-5@) C) C(7) C@® 120.8(D
C(1) CQ2) C(3) 100-6 (4) C( C(8) c) 120-5 (6)
[o{§))] C(2) C(17)  113.5(5) C(7)y C@®) C@u) 121.3(6)
C(3) C(2) C(17) 117-0(5) C@®') C(@9) C(10) 118.9(6)
C(1 C(2) C€@3) 100-4(4) C(8) C(9 C(10) 118-3(6)
C(1')y C@2) C(17) 112:.8(5 C(5) Cc(0)y CY 120-7 (6)
C(3) C@2y Ccury 117.5(% C(5"Y C@U0) C(9) 120-8(6)
C(2") C(3) C@) 100-6(4) C(1)  C1) C(2) 1191 (5
C(2') C(@3") C(18) 114.7(5) C(1)y  C(11) C(16") 121-4(5)
C(2') C(3) C(19) 111.3(5) C(12) CU1) C(6) 119:-3(5
C@) C(@3) C(8) 110-0(5) C() C(11) C(12) 120-6 (5)
C@4) C(3) €19y 111.4(5) C(h) C(11) C(16) 121-4(4)
C(18") C(@3") C(19") 108-6 (6) C(12) C(11) C(16) 118:0(5
C(2) C(3) C@) 99.6 (4) C(11) C(12) C(13) 121.0(6)
C(2 C@B C(18) 113.5(5) C(11) C(12) C(13) 119:3(6)
C(2) C(3) C(19) 112-1(5) C(12') C(13) C4') 120-7(6)
C(4) C(3) C(18) 110-1(4) C(12) C(13) C(14) 119-9(6)
C@) Cc(3) C(19) 112.4(5) C(13") C(14") C(15") 119:3(6)
C(18) C@B) C(19) 109-0(5) C(13) C(14) C(15) 119:5(6)
o(l) C@ 0@3) 102:3(3) C(14") C(15) C(16) 121-3(6)
o(l) C@) C(3) 103-6 (4) C(14) C(15) C(16) 120:7(6)
oY C@) C(5) 112-5 (4) C(11') C(16") C(15') 120-1(6)
0(@3) C@4) (1)) 109-5 (4) C(11) C@6) C(15) 120-8(5)
Molecule 1 Molecule 2

C(HCR)C(3)C4@) -1.9 C(1MC(2)C(31)C(4") ~2.0
C(1)O(2)O(3)C(4) 1-2 C(170(210(3)C@4") 1.3
C(HO(1)CMH)C(3) -57.1 C(170(1C@C(3) —56-4
C(4)0(1)C(1)C(2) 56-1 C(4)0(1")C(1)C(2") 55.8
C(4)O(NHC(1)O(2) —55.3 C(4)0(1MC(110(2") —54.8
C(1)O(1)C(4)0(3) 56-8 C(10(1)C@"H0(13Y) 56-4
oIC(HCR)C(1T) —159-7 0Q)C(1'C(2)C(17) ~159-8
0O(3)C(4)C(3)C(18) 168-1 0(3)C(4)C(3)C(18) 166-6
O(3)C(4)C(3)C(19) 46-4 0(3)C4")C(3)C(19) 46-1
o(NC(NHCUNC(12) 178-7 O(1NCIHC(11)C(12') —178-8
O(1)C(4)C(5)C(10) —146-6 O(1)C@")C(5)C(10) —145-1

for the phenyl rings [torsion angles O(1)C(1)C(11)-
C(12)=178-7(4) and oMCcH@CECUHo =
—146-6 (4)° in one molecule, and 178-8 (4) and
—145-1 (3)°, respectively, in the other molecule] is
sufficiently favorable to overcome differences in crystal
packing forces.

The average length of the peroxide O—O bond,
1.484 (3) A, is larger than the values reported for less
strained ozonides (Karban, McAtee, Belew, Mullica,
Milligan & Korp, 1978; Mullica, Korp, Milligan, Belew,
McAtee & Karban, 1979; Oliver, Mullica, Milligan,
Karban, McAtee & Belew, 1979; Miura et al., 1983),
which fall in the range from 1-459 (7) to 1-469 (3) A.
The lengthening of the peroxide bond may be attributed
to the high degree of planarity in the C—O—0O—-C
region [C—O—O—C torsion angle 1.3 (4)°] which
maximizes the repulsions between lone pairs on the
peroxide oxygens. A long O—O distance of 1-501 (2) A
has also been reported for a similar molecule in which
the bridging oxygen is replaced by a CH, group (Langs,
Erman, DeTitta, Coughlin & Salomon, 1978). On the
other hand, long O—O distances are also observed in
small strained ring systems. For example, a peroxide
bond length of 1-48 (1) A [C—O—O—C torsion angle
21-3 (4)°], has been observed in a nonplanar dioxetene
four-membered ring (Numan, Wieringa, Wynberg,
Hess & Voss, 1977) and 1-483 (7) A in a strained
five-membered ring (Hitchcock & Beheshti, 1979).

The least-squares planes passing through
C(1)C(2)C(3)C(4) [planar within 0-001 (2) A] and
C(1)0O(2)0(3)C(4) [planar within 0-006 (2) A] inter-
sect at 111.4 (4)°. The bridging oxygen O(1) is
0-782 (3) A away from the first plane and 0-789 (3) A
from the second plane forming two rings in half-chair
conformations. The angle at the bridging oxygen,
96-2 (3)°, is significantly less than the corresponding

Fig. 1. Perspective view of one of the two molecules in the
asymmetric unit showing the labeling scheme. Non-H atoms are
represented by thermal ellipsoids drawn at 50% probability level.
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C—O—C angles observed in other less stable ozonides
which are in the range 101.8 (2)-118.0 (5)° (Miura et
al., 1983; McCullough, Walkinshaw & Nojima, 1981).
The average C—O(1) distance, 1:416 (2) A, is within
the range of values reported for similar systems,
(Groth, 1969; McConnel & Stevens, 1973; Karban er
al., 1978; Grand & Cadet, 1978; Mullica er al., 1979;
Oliver et al., 1979; Foss, Gardner, Kirschenheuter,
Griffin & Stevens, 1986).

The C(1)-C(11) [1.486 (5)A] and C(4)—C(5)
[1-492 (6) A] bonds are significantly shorter than the
corresponding distances (Foss et al., 1986) [1-518 (3)
and 1-519 (3) A, respectively] in (4). This probably
results from the distortion of C(1) and C(4) away from
ideal tetrahedral geometry owing to the bicyclic ring
system, resulting in reduced steric interaction with the
phenyl rings. The additional freedom in (4) owing to the
absence of the peroxide bond allows a twist about the
C(2)—C(3) bond to minimize nonbonded repulsion
between methyl groups (Foss et al., 1986).

Me OMe
Mgle / Ph
Me Ph
Me
(4)
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Structure of 2,4,4,8,8-Pentakis(dimethylamino)-9-methyl-6-methylamino-2,6-imino-
245,445,645,815-cyclotetra(phosphazene) Monohydrate
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Abstract. C,,H;,N,,P,.H,0, M, = 4774, triclinic, P1I,
a=15-181(4), b=9-388(2), c=18-103 (5) A, a=
86-97 (3), £=101-84 (3), y=99-75(3)°, Z=4, D,
=1.274 (1)gem=3, MCuKa)=1-54056 A, u=
29-91cm™!, F(000)=1024, T=298K. R =0.037
based on 3558 observed reflections. There are two
non-equivalent molecules of a bicyclic phosphazene

0108-2701/86/091242-05%$01.50

each with a methylimino group bridging two P atoms.
The two P—N bond lengths in the bridge are non-
equivalent and are longer than any other P—N bonds in
the compound. There are two water molecules in the
asymmetric unit which are hydrogen-bonded together
and these in turn bind the two non-equivalent
phosphazene molecules together.
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