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Abstract. (I), C,oHsF¢10,S,, M, = 494-2, monoclinic,
P2,/n, a ="17-387 (3), b =20-403 (8), ¢ = 10-206 (3) A,
B =99-28 (3)°, V=1518A°%, zZ=4 D =
2:162 gem ™7, A(Mo Ka) = 071069 A, ©=
24:27 cm™ ', F(000) = 944, room temperature, final R
=0-073 for 1757 observed unique reflections. (II),
CoHsF(lO,S,.C,H,0S, M,=572-3, monoclinic,
P2,/n, a= 8733 (3), b=10-239 (2), c = 21-101 (1) A,
B=9447, V=1881A% Z=4, D.=2:021 gem3,
A(Mo Ka) = 071069 A, w =20-79cm™"', F000)=
1112, room temperature, final R = 0-040 for 2158
observed unique reflections. The crystal structures
show that the I atom in both compounds bonds to
the methyl C atom of hexafluorodithianide tetra-
oxide to form an iodonium ylide containing a strong
polar bond between the carbanion and the I atom. In
(IT), the I atom also interacts with the O atom of
Me,SO through charge transfer. The sulfonyl groups

0108-2701/91/061227-04$03.00

with electron deficiency accept electrons from the
carbanion by resonance. The resonance delocalizes
the negative charge of the carbanion, thereby stabi-
lizing the carbanion and leading to the stable crystal-
lization of the ylide and its complex at room
temperature.

Introduction. Phenyliodonium disulfonylmethylides
(1), one of the classes of carbene precursors, have
aroused great interest because they can react with
many kinds of alkenes under a variety of conditions
to yield expected products. However, these ylides are
difficult to crystallize because of their decomposition
at room temperature (Hatjiarapoglou & Varvoglis,
1988), which may be attributed to the instability of
the bonding between iodonium and methyl C atoms.
Up to now there have been few crystal structure
reports about iodonium ylides. As the introduction

© 1991 International Union of Crystallography
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of some electron-attracting groups into the part of
disulfonylmethyl group probably improves the stabi-
lity of the C"—I* bond, we prepared 4.4,5,5,6,6-
hexafluoro-1-(phenylidonio)dithianide 1,1,3,3-tetra-
oxide (I) and phenyliodonium bis(perfluoroallyl-
sulfonyl)methylide, ezc. (Chen, 1991). As expected,
these products could be recrystallized and analyzed
by X-ray diffraction at room temperature. NMR
studies on the product obtained from the reaction of
the title ylide with Me,SO revealed that the phenyl-
iodonium group was not detached from the ylide and
Me,SO existed in the product simultaneously. For
further identification of the structures of the
iodonium ylide and its product, the structural deter-
minations of the title ylide compounds were under-

taken.
—S0,
\ @
c=—I*
/
—S0;

(1)

Experimental. For (I), colourless crystal 0-1 x 0-2 x
0-1 mm, D,, not measured, Enraf-Nonius CAD-4
diffractometer, graphite-monochromated Mo Ka
radiation, /26 scanning technique, room tempera-
ture. Cell parameters defined by 25 reflections with
12 < 6 < 17°. 3500 unique reflections (R, = 0-006)
measured with 26,.,=50°, 0<h<8, 0<k<24,
—12 <1< 12. Three standard reflections monitored
every 1-5h, no significant variation found. Lp and
empirical absorption correction with factors 0-71 to
0-99. Structure solved by direct methods. Full-matrix
least-squares refinement on F with anisotropic tem-
perature factors for non-H atoms (244 variables),
1757 observed reflections [F?> 30 (F?)] with unit
weights used in refinement, R = 0-073, wR = 0094, S
=245, prax = 1:77€¢ A73(0-937 A from the I atom),
(4/0) max = 0-01. For (II), colourless crystal 0-2 x 0-2
x 0-3 mm, D,, not measured, CAD-4 diffractometer,
graphite-monochromated Mo Ka radiation, /26
scanning technique. 25 reflections with 14 < 6 < 16°
to determine the cell parameters. Data collected with
20 =50°, 0<h=<10, 0sk<l12, —25<[<25,
3765 unique reflections measured (R, = 0-018).

Three standard reflections checked every hour, no .

obvious changes observed, Lp and empirical absorp-
tion correction with factors 0-92 to 1-00. Structure
determined via direct methods. All positional and
anisotropic thermal parameters (244 variables)
refined on F for 2158 observed reflections with F2 >
30(F?) by full-matrix least squares, R = 0-040, wR =
0-048, S=279, prax=1382eA73 (11159 A from
the I atom), (A4/0)max = 0-01. All computations per-
formed on a MicroVAX II computer with programs
SDP-Plus (B. A. Frenz & Associates Inc., 1984),

C,oHsF¢l0,S; AND C,(H;sF¢l0,S,.C;HO8

Table 1. Positional and thermal parameters with
e.s.d.’s for (I)

B, = @13)[@B(1,1)+ HB(2,2) + ?B(3,3) + ab(cosy)B(1,2)
+ ac(cosB)B(1,3) + be(cosa) B(2,3)].

X y z Beq(Az)
I 0-6345 (2) 0-24466 (6) 0-4560 (1) 3-56 (2)
(1) 0-3405 (5) 0-3464 (2) 0-3009 (4) 3-09 (8)
SQ2) 0-6670 (6) 0-3228 (3) 01829 (4) 37(1)
F(1) 0-283 (2) 04717 (7) 0319 (1) 70 (4)
F(2) 0-525 (2) 0-4342 (6) 0-447 (1) 53 (3)
F(3) 0-449 (2) 0-4582 (7) 0-107 (1) 67 (3)
F(4) 0-609 (2) 0-5136 (7) 0261 (2) 80 (4)
F(5) 0-804 (2) 0-4341 (7) 0-120 (1) 72 (3)
F(6) 0-837 (1) 0-4150 (6) 0331 (1) 51 (3)
o(1) 0-230 (2) 0:3474 (7) 0-176 (1) 40 (3)
0(2) 0-266 (2) 0-3294 (8) 0-420 (1) 53(3)
o) 0-559 (2) 0-3225 (8) 0:052 (1) 4-5(3)
0o4) 0-836 (2) 0-2892 (8) 0-210 (2) 56 (4)
() 0-536 (2) 0-3029 (9) 0-300 (2) 34 (4)
() 0-424 (2) 0-430 (1) 0-328 (2) 40 (4)
c@3) 0-547 (3) 0-454 (1) 0226 (2) 42 (4)
C(4) 0721 (3) 0-411 (1) 0-221 (2) 49 (4)
C(5) 0-766 (2) 0-3110 (9) 0-594 (1) 2:6(3)
C(6) 0-935(2) 0:335 (1) 0-582 (2) 41 (4)
50 1021 (3) 0-378 (1) 0-682 (2) 50 (5)
C(8) 0936 (4) 0-396 (1) 0782 (2) 65 (6)
C9) 0766 (3) 0372 (1) 0-794 (2) 46 (4)
C(10) 0-678 (3) 0-329 (1) 0-705 (2) 49 (4)

Table 2. Positional and thermal parameters with
e.s.d.’s for (IT)

By = (4/3)[a®B(1,1) + b*B(2,2) + ¢* B(3,3) + ab(cos y) B(1,2)
+ ac(cosB)B(1,3) + be(cosar) B(2,3)].

X y z B.(A%)
I 069387 (1)  0-19782(6) 095651 (3) 334 (1)
S(1) 0-5043 (3) —0-0275 (2) 0-8743 (1) 3-52 (5)
s(2) 03231 (3) 01543 (2) 0-9408 (1) 3-48 (5)
S3) 1-0157 (3) 0-3548 (3) 1-0541 (1) 4-50 (6)
F(1) 0-3904 (8) —0-0582 (6) 0-7575 (3) 59 (2)
FQ) 04958 (7) 01296 (6) 07772 (3) 47 (1)
FQ3) 01985 (7) 01541 (6) 0-7529 (3) 59 (1)
F(4) 0-1485 (7) 0-0028 (6) 0-8200 (3) 5-5(1)
F(5) 0-0932 (7) 0-2366 (7) 0-8648 (3) 62 (2)
F(6) 03169 (7) 0-3086 (5) 08427 (3) 48 (1)
O(1) 0-6570 (8) —0-0508 (7) 0-8588 (3) 49 (2)
0Q) 04075 (9)  —0-1334 (6) 0-8908 (3) 49 (2)
0oQ3) 0-2225 (8) 0-0551 (7) 0-9602 (3) 48 (2)
0(4) 03403 (8) 02730 (7) 09771 (3) 49 (2)
o5) 09342 (8) 03323 (7) 09902 (3) 472
c() 0497 (1) 00994 (8) 09249 (4) 2.9 (2)
Q) 0-406 (1) 00387 (9) 0-8002 (4) 37Q)
ci3) 0247 (1) 0099 (1) 08090 (4) 41 Q)
C4) 0239 (1) 0-203 (1) 0-8604 (5) 41(2)
C(5) 0-678 (1) 0-3556 (9) 0-8920 (4) 32(2)
C(6) 0731 (1) 0336 (1) 08321 (4) 45(2)
(80} 0-715 (1) 0-442 (1) 0-7894 (6) 72(3)
c(8) 0651 (1) 0555 (1) 0-8072 (6) 76 (3)
C% 0-602 (1) 0-574 (1) 0-8683 (7) 6-7 (3)
C(10) 0615 (1) 0470 (1) 09127 (6) 47(2)
c(n 14023 (1) 0-201 (1) 1-0952 (6) 68 (3)
c(12) 0878 (2) 0433 (1) 10986 (6) 7-8 (4)

MULTAN11/82 (Main, Fiske, Hull, Lessinger, Ger-
main, Declercq & Woolfson, 1982) and ORTEPII
(Johnson, 1976). Atomic scattering factors taken

from International Tables for X-ray Crystallography
(1974, Vol. IV).
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Table 3. Bond lengths (A) and bond angles (°) for (1)

1—C(1) 2029 (7) F(3)—C(3) 1:316 (9)
1—C(5) 2:089 (7) F(4)—C(3) 1:316 (9)
S(1)—O0(1) 1-392 (5) F(5)--C(4) 1-388 (9)
S(1)—0(2) 1-439 (6) F(6)—C(4) 1-28 (1)
S(h—c(1) 1-702 (7) C(2)—C(3) 1-56 (1)
S(1)—C(2) 1-851 (9) C(3)—C(4) 1-59 (1)
S(2)—0(3) 1-436 (5) C(5)—C(6) 1:39 (1)
S(2)—0(4) 1-411 (7) C(5)—C(10) 1-44 (2)
S(2)—C(1) 1-691 (7) C(6)—C(7) 1-42 (1)
S(2)—C(4) 1-86 (2) C(1)—C(8) 138 (2)
F(1)—C(2) 1-325 (9) C(8)—C(9) 141 (2)
F(2)—C(2) 1-34 (1) C(9)—C(10) 1:34 (1)
C(1)—I—C(5) 1024 (3) F(1)—C(2)—C(3) 1074 (7)
O(1)—S(1)—0(2) 121-4 (4) F(2)—C(2)—C(3) 1080 (7)
O(1)—S(1)—C(1) 1126 (3) F(3)—C(3)—F(4) 107-5 (8)
O(1)—S(1)—C(2) 105-2 (4) F(3)—C(3)—C(2) 110-2 (7)
0(2)—S(1)—C(1) 108-7 (3) F(3)—C(3)—C(4) 109-3 (8)
0(2)—S(1)—C(2) 105-2 (4) F(4)—C(3)—C(2) 109-3 (8)
C(1)—S(1)—C(2) 101-7 (4) F(4)—C(3)—C(4) 106-0 (7)
0(3)—S(2)—0(4) 121-1 (5) S(2)—C(4)—F(5) 106-0 (7)
0(3)—8(2)—C(1) 115 (3) S(2)—C(4)—F(6) 110-6 (7)
0(3)—S8(2)—C(4) 105-6 (4) $(2)—C(4)—C(3) 1137 (6)
0(4)—S(2)—C(1) 109-4 (5) F(5)—C(4)—F(6) 108-9 (8)
O(4)—S(2)—C(4) 105-8 (4) R(5)—C(4)—C(3) 106:9 (8)
C(1)—S(2)—C(4) 101-4 (4) F(6)—C(4)—C(3) 110-5 (8)
I—C(1)—S(1) 1197 (4) C(6)—C(5)—C(10) 1237 (7)
- C(1)—S(2) 121-7 (4) C(5)—C(6)—C(7) 116:3 (7)
S(1)—C(1)—S(2) 117-9 (5) C(6)—C(7)—C(8) 120-3 (9)
S(1)—C(2)—F(1) 109:0 (6) C(7)—C(8)—C(9) 121 (1)
S(H—C2)—F(2) 108-5 (7) C(’)—C(O)—C(10) 1216 (8)
S(1)—C(2)—C(3) 113-7 (6) C(5)—C(10)—C(9) 1169 (7)
F(1)—C(2)—F(2) 1102 (8)

Table 4. Bond lengths (A) and bond angles (°) for (11)

—O(5) 2-564 (4) F(1)—C(2) 1-340 (6)
I—C(1) 2058 (5) F(2)—C(2) 1-336 (7)
1—C(5) 2-110 (6) F(3)—C(3) 1350 (7)
S(1—0(1) 1-418 (5) F(4—C(3) 1-337 (7)
S(1)—0(2) 1-434 (4) F(5—C(4) 1-330 (6)
S(1)—C(1) 1-686 (5) F(6)—C(4) 1-350 (7)
S(1H—C(2) 1-853 (6) C(2—C(3) 1-350 (7)
$(2)—0(3) 1-424 (4) C(3)—C(4) 1-524 (9)
S5(2)—0(4) 1-439 (4) C(5)—C(6) 1-392 (8)
S()—C(1) 1-678 (6) C(5)—C(10) 1-378 (8)
S(2)—C(4) 1-862 (6) C(6)—C(7) 141 (2)
S(3)—0(5) 1-493 (4) C(71—C(8) 135 (1)
S(3)—C(11) 1-794 (7) C(8)—C(9) 1-40 (1)
S(3)—C(12) 1-768 (8) C(9)—C(10) 1-42 (1)
O(5)—1—C(1) 176-1 (2) S(1)—C(2)—C(3) 114-1 (4)
O(5)—I1—C(5) 771 (2) F(1)—C(Q2)—F(2) 107-5 (5)
C(1)—1—C(5) 99:0 (2) F(1)—C(2)—C(3) 109-5 (5)
O(1)—S(1)—0(2) 120-8 (3) F(2)—C(2)—C(3) 109-1 (5)
o(1)—S(1)—C(1) 1110 3) F(3)—C(3)—F(4) 107-4 (4)
O()—S(1)—C(2) 104-5 (3) F(3)—C(3)—C(2) 106-5 (6)
0(2)—S(1)—C(1) 1121 (3) F(3)—C(3)—C(4) 107-6 (6)
0(2)—S(1)—C(2) 103-7 (3) F(4)—C(3)—C(2) 108-9 (6)
C(1)—S(1)—C(2) 1024 (3) F(4)—C(3)—C(4) 109-0 (5)
0(3)—S(2)—0(4) 1194 (3) C(2)—C(3)—C(4) 1171 (5)
0(3)—S(2)—C(1) 1140 (3) S(2)—C(4)—F(5) 108-5 (4)
0(3)—S(2)—C(4) 1040 (3) S(2)—C(4)—F(6) 107-1 (4)
0(4)—S(2)—C(1) 1093 (3) S(2)—C(4)—C(3) 1153 (4)
0(4)—8(2)—C(4) 1062 (3) F(5)—C(4)—F(6) 108-3 (5)
C(1)—S(2)—C(4) 1020 (3) F(5)—C(4)—C(3) 109-2 (5)
O(5)—S(3)—C(11)  107-3 (3) F(6)—C(4)—C(3) 108:2 (5)
0(5)—S(3)—C(12)  104-7 (3) C(6)—C(5)—C(10) 1252 (6)
CU—S3)—C(12) 978 (5) C(5)—C(6)—C(7) 116:8 (8)
I—C(1)—S(1) 1207 (3) C(6)—C(7)—C(8) 71202 (8)
I—C(1)—S(2) 1211 (3) C(7)—C(8)—C(9) 122:4 (8)
S(1)—C(1)—S(2) 117-6 (3) C®)—C(O—C(10) 1192 (8)
S(1)—C(2)—F(1) 108-3 (4) C(5)—C(10)—C(9) 1162 (7)
S(1)—C(2)—F(2) 108-3 (4)
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Discussion. The positional and thermal parameters
for (I) and (II) are listed in Tables 1* and 2, respec-
tively. Bond distances and angles for (I) and (II) are
given in Tables 3 and 4, respectively. The molecular
structures of (I) and (II) are shown in Figs. 1 and 2.
In the overall structure of (I), a phenyliodonium
group is linked to a hexafluorodithianide tetraoxide
group through the C(1)—I bond. The average bond
lengths CSPJ_—-CSP.\ =1-57, F"——CX[,J = 133, Cph_Cph
=140 A agree with the normal values of corre-
sponding bonds. The C(1) atom, exhibiting a car-
banion property with sp? hybridization, links directly
to a heteroatom, the I atom. This structural charac-
teristic is consistent with that in phosphorus ylides in
which the C—P bond shows considerable polarity
(Schmidbaur, 1973; Johnson, 1966). Consequently, it
can be inferred that the I atom carries a high degree
of positive charge and the p-d= overlap between the

* Lists of structure factors and anisotropic thermal parameters
have been deposited with the British Library Document Supply
Centre as Supplementary Publication No. SUP 53581 (20 pp.).
Copies may be obtained through The Technical Editor, Interna-
tional Union of Crystallography, 5 Abbey Square, Chester CH1
2HU, England.

0(3)
Fig. 2. A view of (II) with atom-numbering scheme.
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filled 2p orbital of the C(1) atom and the vacant d
orbital of the I atom probably occurs similarly to
that in phosphorus ylides (Johnson, 1966). The evi-
dence for the assumption of orbital overlap has been
provided from the fact that the C(1)—I bond is
shorter than C(5)—I. The S(1)—C(1) and S(2)—C(1)
bonds are obviously shorter than S(1)—C(2) and
S(2)—C(4). The bond retrenchment reveals that the
O=S—C" structure probably changes into its reso-
nance structures O(1)”™—S(1)=C(1), O(2) —S(1)=
(1), O(3)"—S(2=C() and O@) —S(2y=C(1)
because the bonds C(1)—S(1) and C(1)—S(2) rep-
resent a double bond in four resonance structures.
Clearly, the resonances delocalize the negative charge
of the carbanion C(1), thereby stabilizing the car-
banion structure and leading to an easy crystalliza-
tion of the title compounds at roogn temperature.
However, some phenyliodonium ylides containing
sulfonyl groups without CF, groups are unstable at
room temperature (Hatjiarapoglou & Varvoglis,
1988). Based on the above fact, it can be considered
that the strong electron attraction of adjacent CF,
groups aggravates the electron deficiency of the SO,
group and therefore the SO, group tends to accept
an electron from the carbanion by resonance. A
similar situation has been found in some phosphorus
ylides with a carbonyl group (Fliszar, Hudson &
Salvadori, 1963; Johnson, 1966). Structure (II) con-
sists of a title ylide molecule and an Me,SO mol-
ecule. The configuration of the ylide in the crystal is
generally consistent with that of (I) but the precision
of structural parameters of the former seems better
than that of the latter due to the crystal quality. The
shortest contact between the ylide and Me,SO is
I—O(5) at 2:564 (4) A. This distance implies that the

Acta Cryst. (1991). C47, 1230-1234

C,H;sFsI0.S, AND C,,HsF¢l0,S,.C,HOS

interaction between the ylide and Me,SO is different
from a van der Waals interaction by which host
molecules usually interact with solvent molecules in
most crystals. It can be inferred that the I atom can
either as an electron donor coordinate with the C(1)
atom or as an acceptor receive the lone-pair electrons
from O(5) atoms to form a charge-transfer complex
(Cotton, 1972; Foster, 1973). The C(1)—I---O(5)
bond angle [176-1 (2)°] shows a linear linkage among
the three atoms. This type of charge-transfer bond-
ing behaviour is similar to that in the complex of
1,4-dioxane with iodine monochloride in which the
O--1 distance =2-57 A and the O--1—Cl system is
linear (Hassel & Hvoslef, 1956).
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Structure of a Chiral Tricyclic Phosphonamide

By YOUSSEF L. BENNANI AND STEPHEN HANESSIAN*
Department of Chemistry, Université de Montréal, CP 6128, Succ. A, Montréal, Québec, H3C 3J7, Canada

(Received 29 March 1990; accepted 18 September 1990)

Abstract. 2-[1-(1,3-Dithiolan-2-ylideneamino)-3-bu-
tenyl]-2,3,3a,4,5,6,7,7a-octahydro-1,3-dimethyl-1H-

1,3,2-benzodiazaphosphole 2-oxide, C;sH,sN;OPS,,
M, = 359-48, trigonal, P3,21, a=b6=9778(7), c=
34214 (1) A, V=28329A3 Z=6, D.=
1264 Mg m ™3, A(Cu Ka) =1-54178 A, u(Cu Ka) =

* Author to whom correspondence should be addressed.

0108-2701/91/061230-05$03.00

3-37mm~', F000)=3552, T=190K, R=0-046
for 1991 observed reflections. The title compound
contains two heterocyclic rings, a 1,3-diazaphosphole
2-oxide and a 1,3-dithiolanylideneaminobutene
bonded to the P atom which is tetrahedrally coordi-
nated. Both five-membered rings are in the half-chair
conformation. The diaza ring is trans-fused to a
cyclohexane which is in the chair conformation. The
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