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P2—OE21 1473(2)  N2—C2. 1.494 (3)
P2—OE22 1484(2)  c1—1® 1.508 (6)
P2—oL2!! 1602(2)  C2—C2 1.519(5)
P2—OLI2 1.602 (2) Pl-. P2 2.955(1)
N1—C3 1.469 (4) Pl-. P2 2959 (1)
OE11—P1—OEI2 12090(12)  P2—OL12—PI 133.37(12)
OE11—P1—0121 11042(11) P2 —0L21—P1 134.11 (12)
OE12—P1—0L21 106.81 (11)  P2—P1—P2! 96.82 (3)
OE11—P1—OLI12 110.62(11)  PI—P2—PI' 83.18(3)
OE12—P1—OLI2 106.54 (11)  C3—N1—C1" 1153 (3)
OL21—P1—OLI2 99.32(10) C3—N1—C4 1102 (3)
OE21—P2—0E22 118.64 (12) CI"—NI—C4 108.9 (2)
OE21—P2—OL21' 110.82(11)  C5—N2—C6 109.5 (3)
OE22—P2—OL21' 10571 (11)  C5—N2—C2 110.0 2)
OE21—P2—OL12 10689 (12) C6—N2—C2 1135(2)
OE2—P2—OLI2 109.73 (10)  NI*—C1—C1¥ 1104 (3)
OL21'—P2—OLI12 104.14(10)  N2—C2—C2" 111.13)

Symmetry codes: (i) —x,1 — y, 1 — z; (ii)) =1 — x,1 — y, 1 — 7 (iii)
—X, 1 =Y —Z

Table 3. Hydrogen-bonding geometry (A, °)

D—H---A D—H H.-..A D...A D—H...A
OW1—HI1WI1-..0E21'  0.85(5) 2.11(5) 29214 159 (4)
OWI1—H2W1. . .OW2 0.77 (6) 2.09 (6) 2.816 (4 158 (5)
OW2—HIW2...0E21  0.83(4) 1.93 (4) 2757 (3 173 (4)
OW2—H2W2.- - -OE12"  0.85(5) 1.97(5) 2.791(3) 166 (4)
N1—HNI1. - -OE11 0.85(3) 1.81(4) 2.647 (3) 173 (3)
N2—HN2. . .OE22 0.86 (4) 1.85(4) 2.700 (3) 169 (4)
HIW1—OW1. . -H2W1 - - - 99 (5)
HIW2—OW2. . .H2W2 - - - 109 (4)

Symmetry codes: (i) | —x,1 —y,—z; (i) 1 —x,—y, 1 — 2.

Data collection: CAD-4 Software (Enraf-Nonius, 1989).
Cell refinement: CAD-4 Software. Data reduction: MolEN
(Fair, 1990). Program(s) used to solve structure: SHELXS86
(Sheldrick, 1990). Program(s) used to refine structure:
SHELXL93 (Sheldrick, 1993). Software used to prepare mate-
rial for publication: SHELXL93.

The authors express their most grateful thanks to Dr
T. Jouini (Département de Chimie, Faculté des Sciences,
Tunisia) for the X-ray data collection.

Lists of structure factors, anisotropic displacement parameters, H-
atom coordinates and complete geometry have been deposited with
the TUCr (Reference: DU1166). Copies may be obtained through The
Managing Editor, International Union of Crystallography, 5 Abbey
Square, Chester CH1 2HU, England.
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Abstract

The title compound, C; H;7N3S, prepared by the
reaction of phenyl isothiocyanate with a low-valent tita-
nium reagent, has an intramolecular N—H- - ‘N hydro-
gen bond between the two exocyclic NH groups and a
C=S bond length of 1.660 (3) A.

Comment

The reductive coupling of carbonyl compounds with
low-valent titanium reagents is an attractive method
for the formation of C—C bonds which has found
considerable application in synthesis (Wei-Xing, 1993).
Under the action of the low-valent titanium TiCl,—Zn
reagent, phenyl isothiocyanate was converted into the
title compound, (I), via a trimolecular cyclodesulfuration
reaction in ca 44% yield.
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The molecular structure of (I) is illustrated in Fig. 1.
Bond lengths and angles in the compound are generally
normal. The C=S bond length of 1.660 (3) A is in the
range found for similar compounds in N,N'-diphenyl-
thiourea, the bond length is 1.681 3)A (Ramnathan,
Sivakumar & Subramanian, 1995). The S1, N1, C1, C2
and C3 atoms lie in one plane, the largest deviation
being 0.047 (3) A for the C2 atom. The N3 atom lies
0.221 A from this plane. There is an intramolecular
N1—HI- - -N3 hydrogen bond, with a H1- - -N3 distance
of 2.11(3) A and an N1—HI- - -N3 angle of 145 (3)°.

Fig. 1. View of the title compound with displacement ellipsoids at the
50% probability level.

Experimental

A dry flask (100 ml) was charged with zinc dust (3.90g,
60 mmol), THF (50 ml) and TiCly, (3.30 ml, 30 mmol). The
mixture was refluxed for 2 h under argon after which a solution
of phenyl isothiocyanate (2.28 g, 10 mmol) in THF (10 ml)
was added and refluxing continued for 20 h. After removal of
THF, the mixture was quenched with 20% K,COs solution
(200 ml) and extracted with CHCl3 (3 x 100 ml). The crude
product was purified by chromatography on silica gel [1:4
ethyl acetate—petroleum ether (333-363 K)]. Yellow single
crystals suitable for X-ray diffraction analysis were obtained
from the eluted solution.

Crystal data
C21H17NsS Mo Ko radiation

= 343.45 A =0.71069 A
Monoclinic Cell parameters from 22
P2,/c reflections
a=1391() A 6 = 18.43-21.43°
b=5748(1) A p=0.194 mm™'
c=21.569(2) A T=293K
B = 90.619 (8)° Plate
V=17345@4) A’ 0.30 x 0.20 x 0.10 mm
Z=4 Yellow

D, = 1315 Mg m™>
D,, not measured

Data collection
Rigaku AFC-7R diffractom-
eter
w/20 scans
Absorption correction: none
2737 measured reflections
2593 independent reflections
1619 reflections with
1> 20(])

Refinement

Refinement on F
R =0.034

wR = 0.040
S$=138
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Rine = 0.040

Omax = 25°

h=0—15

k=0—-6

l=-25—-124

3 standard reflections
every 200 reflections
intensity decay: 0.4%

Apmas = 0.12 e A3

Apmin =-0.17e¢ A_3
Extinction correction: none
Scattering factors from Inter-

1619 reflections
294 parameters
Isotropic H atoms freely

national Tables for X-ray
Crystallography (Vol. IV)
and International Tables

refined for Crystallography
w = lo*(F) (Vol. C)
(A/0)max = 0.01
Table 1. Selected geometric parameters (fi, °)

S1—Cl1 1.660 (3) NI—C1 1.341 (3)
N1—Cl6 1422 (3) N2—C2 1.381 (3)
N2—C5 1.370(3) N3—C3 1.423 (3)
N3—CI0 1.410(3) cl1—C2 1.466 (4)
c2—C3 1.372 (4) C3—C4 1.422 (4)
CI—N1—C16 134.2(3) C2—N2—C5 109.7 (2)
C3—N3—C10 120.1 2) SI—CI—N1 1262 (2)
S1—C1—C2 1212(2) N1—C1—C2 1126 (2)
N2—C2—Cl1 120.72) N2—C2—C3 107.9 (2)
Cl—C2—C3 131.4(2) N3—C3—C2 1254 (2)
N3—C3—C4 126.5 (3) C2—C3—C4 108.1 (2)

Data collection: MSC/AFC Diffractometer Control Software
(Molecular Structure Corporation, 1992a). Cell refinement:
MSCIAFC Diffractometer Control Software. Data reduction:
TEXSAN PROCESS (Molecular Structure Corporation, 19925).
Program(s) used to solve structure: SAP/91 (Fan, 1991) and
PATTY in DIRDIF92 (Beurskens et al., 1992). Program(s) used
to refine structure: TEXSAN. Molecular graphics: ORTEPII
(Johnson, 1976). Software used to prepare material for publi-
cation: TEXSAN.

This research was supported by the National Natural
Science Foundation of China and the Chinese University
Doctoral Research Fund.

Lists of atomic coordinates, displacement parameters, structure factors
and complete geometry have been deposited with the [UCr (Reference:
CF1106). Copies may be obtained through The Managing Editor,
International Union of Crystallography, S Abbey Square, Chester CH1
2HU, England.
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Abstract

The title compound, Ci5H20,, (5), has been prepared
and its structure determined. At room temperature,
two conformations are observed, but at 193 K, the
compound shows only the conformation which has 67%
occupancy at room temperature. The appearance of two
conformations and the low symmetry of compound (5)
are in accordance with the general structural behaviour
of 13-membered-ring systems. meso-(5) crystallizes in
the monoclinic space group I2/a. The lengths of the
triple bonds are close to 1.175 A at room temperature
and 1.188 A at 193 K. The bond angles at the triple
bonds deviate by less than 7° from being linear and are
almost temperature independent.

Comment

Medium-sized ring compounds are of considerable inter-
est because of their unique structure and transannular re-
activity (Dunitz & Meyer, 1965; Johnson, 1986; Gleiter,
Merger, Irngartinger & Nuber, 1993; Meier, 1991). The
cyclotridecadiynediol (5), as well as the recently pub-
lished substituted cyclododecadiynes (Boss, Keese &
Fortsch, 1996; Boss, Stoeckli-Evans & Keese, 1996),
have been prepared both for investigation of the reac-
tions of the juxtaposed triple bonds with doubly func-
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tionalized reagents and for comparison of different ring
sizes and substitution patterns at the propargylic centres
of homologous ring compounds.

HO OH

&)

In the crystalline state at 193 K, the unit cell contains
two enantiomorphic forms of meso-(5) in a ratio of
1:1. The population of the two conformations at room
temperature corresponds to the general conformational
behaviour of unsubstituted cyclotridecane (Dale, 1978).
Quite different from the 12-membered-ring compounds
where the racemic form crystallizes (Boss, Stoeckli-
Evans & Keese, 1996), it is the meso-(5) compound
that affords crystals which are composed of layers with
the hydrophilic and hydrophobic areas separated.

In meso-(S), the lengths of the two triple bonds
at room _temperature are 1.174(5) (C2=C3) and
1.177 (S)A (C9=C10). At 193 K, the triple bonds
show lengths of 1.187(5) (C2=C3) and 1.189(5)A
(C9=C10), and are exactly within the range of
triple-bond lengths found for the cyclododecadiyne
diols (Boss, Stoeckli-Evans & Keese, 1996). The
angles at the triple bonds [173.9 (4) (C1—C2=C3),
175.0(5) (C2=C3—C4), 176.1(5) (C8—C9=C10)
and 176.2 (4)° (C9=C10—C11) at room temperature;
173.3(4) (C1—C2=C3), 1753 4) (C2=C3—C4),
175.2 (4) (C8—C9=C10) and 175.9 (4)° (C9=C10—
Cl1) at 193K] show practically no temperature
dependence and lie within the same range as those
determined for 12-membered-ring systems. The trans-
annular distances of the two alkyne moieties in meso-
(5) are 4.126 (5) (C2- - -C10) and 4.333 (6) A (C3--.C9)
at 193 K, and 4.155 (5) and 4.384 (6) A respectively, at
room temperature.

These structural features are well within the range
found for other cycloalkadiynes in the Cambridge
Structural Database (Allen et al., 1979). Other salient
features of diol (5) are the bond angles at the other
centres. The C2—C1—C13 bond angle at the quaternary
C atom is 110.1(3)° and the value at the corresponding
centre (C10—C11—C12) is 109.2 (3)°, whereas the
adjacent bond angles C1—C13—C12 and C11—C12—
C13 are 117.7(3) and 112.4(3)°, respectively. This is
reminiscent of the bond angles at the quaternary C
atoms of type (H3C);C(C); (Keese & Meyer, 1993).
The values determined at 193 K are very similar to those
obtained at room temperature.

The disordered part of the molecule shows very
different values for bond angles at the CH; groups
[C4—C5—C6 124.8 (3) and C4—C5—C6A 91.1 (7)°1.
At 193K, the corresponding angle is 118.0(4)°. In
the cell packing diagram of meso-(5) (Fig. 2), hydro-
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