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Preparation, Properties, and Crystal Structure of 
Dichloro( 1,3-dibenzoyl-2-azapropenato) (ethanol)iron( 111) 
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Received J u n e  21, 1978 
The compound dichloro( 1,3-dibenzoyl-2-azapropenato)(ethanol)iron(III), Fe(C16Hi2N02)C12(C2HsOH), has been prepared, 
and its structure has been determined crystallogiaphically. The compound was prepared by the reaction of iron(I1) chloride 
with a-aminoacetophenone in the presence of air. The structure consists of octahedral iron(II1) coordinated by two chlorides, 
an ethanol, and a tridentate ligand derived from two molecules of a-aminoacetophenone by oxidation and condensation. 
The two five-membered rings of the ligand are virtually identical. The compound crystallizes in monoclinic space group 
C2/c with eight formula units in a unit cell of dimensions a = 29.606 (8) A, b = 6.689 (1) A, c = 20.627 (6) A, /3 = 114.70 
( 2 ) O ,  paid = 1.51 g/cm3, and pOM = 1.5 1 g/cm3. The structure was solved by Patterson methods, and least-squares refinement 
converged at final values of R = 0.066 and R, = 0.045 for 1729 reflections with I Z 2u(I). 

Introduction 
As part of a continuing investigation of transition-metal 

complexes of amino alcohols and related compounds, we 
became interested in the possibility of utilizing oc-amino- 
acetophenone, I, as a ligand. Although it is not an amino 

0 O H  
I 0 C = C ” H 2  

0 ! - C H 2 N H 2  

I I1 

alcohol, there is the possibility of an enol form, 11. The reaction 
of a-aminoacetophenone hydrochloride with most metal 
chlorides produced only salts of the tetrachlorometalate ions, 
and attempts to neutralize the hydrochloride to carry out 
reactions of the amine led to organic condensation products. 
The reaction of iron(I1) chloride with the hydrochloride under 
nitrogen gave the tetrachloroferrate(I1) ion, but the same 
reaction in air produced an iron(II1) complex with an unusual 
ligand; the ligand is an anion formed from a-aminoaceto- 
phenone by condensation and oxidation. In this paper we 
report the preparation, properties, and crystal structure of this 
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iron (I  I I)  compound. 
Experimental Section 

Preparation. Iron(I1) chloride tetrahydrate (1.99 g, 10 mmol) was 
dissolved in approximately 50 mL of dry and deaerated ethanol, and 
solid cu-aminoacetophenone hydrochloride (3.43 g, 20 mmol) was added 
to the solution under a nitrogen atmosphere. The orange solution 
was refluxed for 20 min; pale yellow crystals separated on cooling. 
Anal. Calcd for (C8HloN0)2FeC14-2H20: C, 38.14; H,  4.80; N, 5.62; 
CI, 28.09. Found: C, 37.98; H! 4.78; K, 5.54; CI, 28.02. 

The orange solution was exposed to air to give a red solution. After 
several hours, green hexagonal platelets formed and were filtered. 
Anal. Calcd for FeC18H,8K03C12: C, 51.10; H,  4.29; N ,  3.31; C1; 
16.76; Fe, 13.20. Found: C,  51.34; H, 4.17; N ,  3.28; C1, 16.83; Fe, 
13.55. 

Magnetic Susceptibilities. The magnetic susceptibilities of the 
compounds were determined by the Faraday method using Hg- 
C O ( N C S ) ~  as calibrant. Diamagnetic corrections were applied using 
tabulated va1ues.l The experimental moments per gram-atom of iron 
for the yellow compound and the green compound are 5.50 and 5.71 
f i B ,  respectively. 

Collection of X-ray Diffraction Data. A dark green, hexago- 
nal-shaped platelet with approximate dimensions 0.1 X 0.4 X 0.4 mm 
was mounted on a glass fiber using epoxy cement such that one of 
the longer crystal dimensions (b*) was approximately parallel to the 
fiber axis. 

Unit cell parameters and the orientation matrix were determined 
on a Syntex P21 four-circle diffractometer equipped with a graphite 
monochromator (Bragg 28 angle = 12.2O) using Mo Kcu radiation 
at a takeoff angle of 6.75'. Fifteen reflections whose 26 values ranged 
from 4.4 to 19.9' were machine-centered and used in least-squares 
refinement of the lattice parameters and the orientation matrix. Unit 
cell parameters obtained are' a = 29.606 (8) A, b = 6.689 (1) A, 
c = 20.627 (6) A, 0 = 114.70 (2)O, and V = 3711 (2) A3. The 
calculated density of 1.51 g/cm3 for eight formula units per unit cell 
agrees with the experimental density of 1.51 g/cm3 measured by the 
flotation method using a mixture of carbon tetrachloride and hexane. 
w scans of several low 26 angle reflections gave peak widths at 
half-height of less than 0.25', indicating a satisfactory mosaic spread 
for the crystal. 

Axial photographs indicated that the crystal belonged to the 
monoclinic system. Intensity data for zero and upper levels were 
collected at a rapid scan rate, and the intensities were examined for 
systematic absences. The absence of I = 2n + 1 reflections for h01 
and h + k = 2n + 1 reflections for hkl is consistent with space group 
Cc (No. 9)) or C2/c (No. 15). Space group C2/c was assumed, and 
the successful refinement of the structure has verified this assumption. 

Intensity data were collected using 8-28 scans with X-ray source 
and monochromator settings identical with those used for determination 
of the unit cell parameters. A variable scan rate from 7.3 to 29.3'/min 
was used, and a scan width of 2' was sufficient to collect all of the 
peak intensity. Stationary-background counts were measured at the 
beginning (bgdl) and at the end (bgd2) of each scan with a total 
background to scan time ratio of 1.0. No significallt fluctuations were 
observed in the intensity of a standard reflection (220) monitored every 
50 reflections. Intensities were calculated from the total scan (CT) 
and background counts by the relationship 

f = CT - (bgdl + bgd2) 

The intensities were assigned standard deviations according to the 
formula 

a(f) = [CT + (bgdl + bgd2)]'iz 

From a total of 28 13 reflections collected in a complete quadrant ( k ,  
I Z 0) of data out to 28 = 50°, 1729 were accepted as statistically 
above background on the basis that I2 241). Lorentz and polarization 
corrections were made in the usual way. Absorption corrections were 
not applied. 

Solution and Refinement of the Structure. Computations were 
performed using standard  program^;^ all computations were carried 
out on the CDC Cyber 74 system. For structure factor calculations 
the scattering factors were taken from Cromer and Waber's tabulation5 
for all atoms except hydrogen; Stewart's hydrogen atom scattering 
factors6 were used. The scattering factors for iron and chlorine were 
corrected for the real and imaginary anomalous dispersion components 
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Figure 1. Molecular structure and atom labeling of FeLCI,(EtOH). 

using the dispersion factors given by Cromer.' The agreement factors 
are defined in the usual way as 

R = (CIIFol ~ I ~ c l l ) / C I ~ o l  
Rw = E . w ( / F o I  - l ~ c l ~ 2 / C ~ ~ ~ I ~ o l ~ z 1 1 ' 2  

In all least-squares refinements, the quantity minimized was w(lFol 
- IFc[)'. A weighting scheme based on counting statistics (w = 
4f/u2(f)) was employed in the calculation of R, and in least-squares 
refinement. 

Atomic coordinates for the iron atoms were obtained from a 
three-dimensional Patterson synthesis, and the remaining nonhydrogen 
atoms were located by mean of successive Fourier syntheses. A 
least-squares refinement using isotropic temperature factors for all 
nonhydrogen atoms converged with R = 0.098 and Rw = 0.082. 
Anisotropic thermal parameters were introduced, and further re- 
finement gave R = 0.073 and R, = 0.053. The 18 hydrogen atoms 
were located as the principal features on a difference electron density 
map. Subsequent refinements, varying coordinates of hydrogen atoms 
but maintaining hydrogen thermal parameters at 3.0, converged to 
give R = 0.066 and R, = 0.045 (225 variables). In the final cycle 
of refinement, the maximum parameter shift was 0.80 (B22 for C17). 
The major feature on a final difference Fourier map was a peak of 
1 .O e/A3 approximately 1.1 A from iron; this compares to values of 
approximately 4.0 for typical carbon atoms in this structure. Final 
positional and thermal parameters are given in Table I. A list of 
calculated and observed structure factors is available.8 

Discussion 

FeLCl , (E tOH)  where  L represents  the anion 111. 
The analysis of t h e  green compound  corresponds to 

T h e  

c-o- 
// 

P h \  

H - C, 
;/" 

H-C 
\ c=o 
/ P h  

111 
formula and the magnet ic  moment ,  5.71 pB, indicate a n  
iron(II1) complex. 

T h e  s t ruc ture ,  F igure  1, consists of a n  iron a t o m  with 
distorted octahedral coordination. The two oxygen atoms and 
the nitrogen a t o m  of the t r identa te  l igand occupy three co- 
planar coordinat ion sites, the ethanol  oxygen occupies a 
position cis to t h e  nitrogen, and  the  two chlorine atoms occupy 
t h e  remaining two corners  of t h e  octahedron.  T h e  0-Fe-N 
angles within the five-membered chelate  rings, 76.0 (2)  a n d  
75.0 (2)O, a r e  considerably smaller than  t h e  90° of a regular  
octahedron but a r e  similar to the angle in five-membered rings 
of o ther  i ron(II1)  ~ t r u c t u r e s . ~ - ' ~  

The two Fe-C1 distances, 2.216 (2) a n d  2.352 (4) A, a r e  
not equivalent, and  the chlorine in the plane of the ligand, C11, 
shows the  shorter distance. The alcohol oxygen, 0 3 ,  is weakly 
coordinated with a n  Fe-0 dis tance,  2 .157 (7)  A, t h a t  is 
significantly longer than the Fe-0 distances for ligand oxygens, 
2.021 (4) and 2.037 (5) A. The coordination, thus, corresponds 
t o  a tetragonally distorted octahedron with t h e  axial ligands, 
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Table 1. Final Atomic Parameters for FeLCl, (EtOH)a 

atom X Y z o r B  (A2)  Biz B33 El l  '23 

Fe 0.12822 (4) k0.20274 (17) -0.00540 (5) 3.03 (6) 3.48 (5) 1.87 (4) 0.29 (5) 0.97 (4) 0.00 (2) 
Cl(1) 0.0652 (1) 0.2797 (3) 0.0212 (1) 3.5 (3) 5.3 (1) 3.4 (1) 0.22 (7) 1.8 (2) -0.20 (2) 
Cl(2) 0.1679 (1) 0.5159 (3) 0.0215 (1) 4.3 (3) 3.15 (9) 3.9 (1) 0.07 (7) 1.8 (2) -0.09 (2) 
O(1) 0.1002 (2) 0.2499 (6) -0.1118 (2) 2.9 (3) 3.3 (3) 2.5 (1) 0.8 (2) 1.4 (2) 0.04 (5) 
O(2) 0.1807 (2) 0.0824 (8) 0.0856 (2) 2.9 (3) 4.6 (3) 2.4 (1) 0.1 (2) 1.2 (2) 0.21 (7) 
O(3) 0.1005 (2) -0.0987 (8) -0.0308 (3) 4.31 (3) 2.6 (2) 5.1 (3) 0.1 (2) 1.2 (2) -0.05 (9) 
N 0.1851 (2) 0.0962 (8) -0.0348 (3) 3.2 (3) 3.2 (3) 2.0 (3) -0.1 (3) 1.2 (2) 0.09 (7) 
C(1) 0.1267 (3) 0.1980 (12) -0.1441 (3) 2.9 (3) 3.0 (3) 2.4 (3) -0.5 (4) 0.8 (2) 0.04 (10) 
C(2) 0.1068 (2) 0.2156 (11) -0.2222 (3) 2.3 (3) 4.2 (3) 1.9 (3) 0.4 (4) 1.2 (2) -0.04 (10) 
C(3) 0.0592 (3) 0.2799 (12) -0.2583 (4) 3.6 (2) 
C(4) 0.0370 (3) 0.2946 (13) -0.3328 (4) 4.5 (2) 
0 5 )  0.0643 (3) 0.2405 (11) -0.3698 (4) 3.7 (2) 
C(6) 0.1108 (3) 0.1712 (13) -0.3351 (4) 4.5 (2) 
C(7) 0.1334 (3) 0.1548 (1 1) -0.2605 (4) 3.5 (2) 
C(8) 0.1751 (3) 0.1158 (11) -0.1026 (4) 2.3 (6) 3.7 (4) 2.9 (4) 0.4 (4) 1.4 (2) 0.05 (10) 
C(9) 0.2250 (3) 0.0259 (12) 0.0177 (3) 2.9 (3) 4.2 (4) 2.0 (3) 0.4 (4) 0.8 (2) 0.02 (10) 
C(10) 0.2215 (3) 0.0222 (11) 0.0840 (3) 3.2 (6) 2.8 (4) 2.5 (3) -0.6 (4) 1.2 (2) 0.00 (9) 
C(11) 0.2624 (3) -0.0435 (10) 0.1511 (3) 2.7 (1) 
C(12) 0.3055 (3) -0.1182 (11) 0.1519 (4) 3.6 (2) 
C(13) 0.3456 (3) -0.1704 (13) 0.2176 (4) 4.7 (2) 
C(14) 0.3401 (3) -0.1418 (12) 0.2784 (5) 4.3 (2) 
C(15) 0.2984 (4) -0.0704 (13) 0.2797 (5) 4.7 (2) 
C(16) 0.2577 (3) -0.0196 (11) 0.2147 (3) 3.9 (2) 
C(17) 0.0504 (4) -0.1708 (16) -0.0704 (5) 4.9 (6) 4.1 (5) 5.5 (6) -0.4 (4) 0.8 (4) -0.3 (1) 
C(18) 0.0404 (6) -0.2229 (20) -0.1442 (7) 10 (1) 7.1 (8) 5.6 (6) -0.5 (8) 0.8 (6) -0.6 (3) 

atom X Y z atom X Y Z 

0.040 (2) 
-0.003 (3) 

0.042 (2) 
0.134 (3) 
0.168 (3) 
0.196 (3) 
0.252 (3) 
0.314 (2) 
0.369 (2) 

0.339 (9) 
0.326 (9) 
0.242 (8) 
0.133 (9) 
0.125 (9) 
0.082 (10) 

-0.042 (10) 
-0.141 (9) 
-0.198 (10) 

atomsB = 3.0 A*.  

-0.239 (3) 
-0.350 (3) 
-0.432 (3) 
-0.345 (3) 
-0.235 (3) 
-0.1 18 (4) 

0.006 (3) 
0.117 (3) 
0.207 (3) 

Table 11. Interatomic Distances (A) and Angles 
(deg) in FeLCl, (EtOH) 

Distances 

Fe-Cl(2) 2.352 (4) Fe-0(2) 2.037 (5) 
Fe-N 2.136 (6) Fe-0(3) 2.157 (7) 

Fe-Cl(1) 2.216 (2) Fe-O(1) 2.021 (4) 

O(1)-C(l) 1.270 (8) 0(2)-C(10) 1.286 (8) 
C(l)-C(8) 1.437 (10) C(lO)-C(9) 1.415 (10) 

C(l)-C(2) 1.473 (9) C(lO)-C(ll) 1.474 (9) 
C(2)-C(3) 1.36 (1) C(l1)-C(12) 1.36 (1) 
C(3)-C(4) 1.40 (1) C(12)-C(13) 1.42 (1) 
C(4)-C(S) 1.37 (1) C(13)-C(14) 1.34 (1) 
C(5)-C(6) 1.34 (1) C(14)-C(15) 1.33 (1) 
C(6)-C(7) 1.40 (1) C(15)-C(16) 1.42 (1) 

C(8)-N 1.309 (9) C(9)-N 1.312 (8) 

C(7)-C(2) 1.39 (1) C(16)4(11)  1.39 (1) 

Angles 
Cl(l)-Fe-C1(2) 97.1 (1) C1(2)-Fe-N 89.3 (2) 
Cl(1)-Fe-0(1) 103.1 (2) 0(1)-Fe-0(3) 86.6 (2) 
Cl(l)-Fe-0(2) 105.1 (2) O(1)-Fe-N 76.0 (2) 
Cl(l)-Fe-0(3) 90.2 (2) 0(2)-Fe-0(3) 85.4 (2) 
C1(2)-Fe-O(1) 93.2 (2) O(2)-Fe-N 75.0 (2) 
C1(2)-Fe-0(2) 91.2 (2) 0(3)-Fe-N 83.3 (2) 
Fe-O(l)-C(l) 117.6 (4) Fe-0(2)4(10)  117.6 (4) 
O(l)-C(l)-C(2) 120.1 (6) 0(2)-C(lO)-C(ll) 118.8 (6) 
O(l)-C(l)-C(8) 118.2 (6) 0(2)-C(lO)C(9) 118.0 (7) 
C(2)-C(l)-C(8) 121.7 (8) C(9)-C(lO)-C(ll) 123.2 (8) 
C(l)-C(8)-N 113.5 (7) C(lO)-C(g)-N 113.5 (8) 
C(8)-N-Fe 114.6 (5) C(9)-N-Fe 115.5 (5) 
C(8)-N-C(9) 129.9 (7) Fe-O(3)-C(17) 130.2 (5) 
C(2)-C(3)-C(4) 121.8 (8) C ( l l ) C ( 1 2 ) C ( 1 3 )  120.4 (8) 
C(3)-C(4)-C(5) 118.4 (8) C(12)-C(13)-C(14) 118.4 (9) 
C(4)-C(5)-C(6) 120.5 (8) C(13)-C(14)-C(15) 123.0 (9) 
C(5)-C(6)-C(7) 121.7 (9) C(14)4(15)4(16)  119.5 (9) 
C(6)4(7)-C(2)  118.7 (8) C(15)-C(16)-C(ll) 119.1 (9) 
C(7)4(2)-C(3) 119.1 (6) C(16)-C(ll)-C(12) 119.5 (7) 

HC(14) 
HC(15) 
HC(16) 
HAC(17) 
HBC(17) 
HAC(18) 
HBC( 18) 
HCC(18) 
~ 3 )  

0.370 (2) 
0.283 (2) 
0.224 (3) 
0.050 (2) 
0.032 (3) 
0.603 (3) 
0.033 (3) 
0.057 (3) 
0.115 (2) 

-0.170 (9) 
-0.031 (9) 

0.042 (9) 
-0.299 (1 1) 
-0.077 (11) 
-0.248 (10) 
-0.114 (12) 
-0.327 (11) 
-0.218 (10) 

0.324 (3) 
0.305 (3) 
0.217 (3) 

-0.047 (3) 
-0.061 (3) 
-0.171 (3) 
-0.153 (4) 
-0.145 (4) 
-0.024 (3) 

Table 111. Equations of Least-Squares Plane@ and Distances of 
Atoms from the Planes 

Equations of Planes 

plane a: coordinating rings (0(1), 0(2),  N, C1, C(8), C(9), C(10)) 
0 . 3 4 3 ~  + 0 . 9 1 9 ~  + 0.1952 = 2.434 

plane b: ligand, L 
0 . 3 7 1 ~  + 0 . 9 2 0 ~  + 0.1302 = 2.584 

Deviations of Atoms from Planes (A) 

atom plane a plane b atom plane a plane b 

Fe 0.110 0.075 C(6) -0.494 -0.057 
Cl(1) -0.038 -0.164 C(7) -0.313 0.033 
Cl(2) 2.456 2.417 C(8) -0.017 0.130 

O(2) -0.033 -0.159 C(10) 0.010 -0.080 
O(3) -2.042 -2.064 C(11) 0.069 -0.086 
N 0.012 0.067 C(12) 0.048 -0.073 
C(1) -0.033 0.136 C(13) 0.181 -0.004 
C(2) -0.182 0.086 C(14) 0.343 0.065 
C(3) -0.295 -0.014 C(15) 0.360 0.045 
C(4) -0.483 -0.110 C(16) 0.213 -0.039 
C(5) -0.564 .-0.115 

O(1) 0.040 0.139 C(9) 0.022 0.033 

a Direction cosines of the plane refer to the orthogonal axis sys- 
tem a, b, c*.  

C12 and 0 3 ,  more weakly bound. 
The two five-membered rings are virtually identical with 

Fe-0 distances of 2.021 (4) and 2.037 ( 5 )  A, C-0 distances 
of 1.270 (8) and 1.286 (8) A, C-C distances of 1.437 (10) and 
1.445 (10) A, and C-N distances of 1.309 (9) and 1.312 (8) 
A. The least-squares plane calculated for the ligand atoms 
comprising the two five-membered rings, Table 111, shows these 



3514 Inorganic Chemistry,  Vol. 17, No. 12, 1978 

atoms to be coplanar, and the iron is 0.1 10 A out of this plane. 
The two phenyl substituents are on opposite sides of this plane 
with the c]I-c16 ring on the same side as the iron atom. The 
negative charge and the double bonds do not appear to be 
localized as in 111; there is instead extensive delocalization of 
the ligand T system. This delocalization is not typical of 
iron(II1)-imine complexes as there are u ~ u a l l y ~ - ' ~  distinct 
carbon-nitrogen single bonds and carbon-nitrogen double 
bonds. This type of delocalization is postulated for the in- 
termediate in transamination and other reactions of metal 
complexes of the imines of pyridoxal and a-amino acids.14 The 
delocalization in the iron compound may be enhanced by the 
phenyl substituents since the phenyl rings are aligned with the 
chelate rings. 

The phenyl groups have the expected parameters. The 
carbon-carbon bond distances vary from 1.33 to 1.42 A with 
an average of 1.38 (3) A; the angles vary from 118 to 123' 
with an average of 120 (1)'. 

The mechanism of formation of the tridentate ligand is of 
considerable interest. The dependence on metal ion and 
molecular oxygen suggests an oxidative deamination process, 
as observed with vitamin B6 c ~ m p l e x e s ' ~  followed by con- 
densation with a second molecule of a-aminoacetophenone. 

In the absence of a metal ion, the a-aminoacetophenone 
hydrochloride seems stable in solution. However upon neu- 
tralization of the hydrochloride salt self-condensation takes 
place to yield a cyclic dimer, Cl6HI4NZ. With iron(I1) chloride 
in the absence of oxygen, the a-aminoacetophenone hydro- 
chloride reacts to form a salt, (C8HloN0)2FeC14. An orange 
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solution of this salt in ethanol upon exposure to air gives a red 
solution from which green crystals of the iron(II1) compound 
separate. With an excess of a-aminoacetophenone hydro- 
chloride in the absence of molecular oxygen, the color of the 
solution changes to yellow and the iron is apparently reduced. 
Addition of oxygen restores the red color of the iron(II1) 
compound. 

Registry No. FeLCI,(EtOH), 68070-71-3; 1-HCI, 5468-37-1; 
(CBH1,,N0)2FeC14, 68036-76-0. 

Supplementary Material Available: Table of observed and calculated 
structure factors for FeLCl,(EtOH) (9 pages). Ordering information 
is given on any current masthead page. 

References and Notes 
B. N. Figgis and J. Lewis, Mod. Coord. Chem., 403 (1960). 
Numbers in parentheses here and elsewhere in this paper indicate estimated 
standard deviations in the least significant digit(s). 
"International Tables for X-Ray Crystallography", Vol. 1, Kynoch Press, 
Birmingham, England, 1952. 
Programs utilized were Zalkin's FORDAP Fourier summation program, 
Iber's NUCLS modification of the Busing-Martin-Levy least-squares 
program, Doeden's RBANG rigid-group orientation program, and Johnson's 
ORTEP program. 
D. T. Cromer and J. T. Waber, Acta Crystallogr., 18, 104 (1965). 
R.  F. Stewart, E. R. Davidson, and W. T. Simpson, J .  Chem. Phys., 42, 
3175 (1965). 
D. T. Cromer, Acta Crystallogr., 18, 17 (1965). 
Supplementary material. 
M. Gerlach and F. E. Mabbs, J .  Chem. So?. A ,  1598 (1967). 
M. Gerlach and F. E. Mabbs, J .  Chem. Soc. A ,  1900 (1967). 
J. A. Bertrand and J .  L. Breece, Inorg. Chim. Acta, 8, 267 (1974). 
J. A. Bertrand, J. L. Breece, and P. G. Eller, Inorg. Chem., 13, 125 (1974). 
J.  A. Bertrand and P. G. Eller, Inorg. Chem., 13, 927 (1974). 
R. H. Holm, Inorg. Biochem., 1150 (1973). 

Contribution from the Department of Chemistry, 
Wayne State University, Detroit, Michigan 48202 

Structural Chemistry of Molybdenum Complexes of Cyclic Polythia Ethers. 
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The crystal and molecular structures of (hydrosulfido)(oxo)( 1,5,9,13- tetrathiacyclohexadecane)molybdenum(lV) tri- 
fluoromethanesulfonate are reported. The complex crystallizes in the monoclinic space group P2 , lc  with four molecules 
per unit cell of dimensions a = 7.494 (3) A, b = 20.500 (6) A, c = 14.902 (5) A, = 101.09 (3)O, and V = 2248 (1) A'. 
Full-matrix least-squares refinement gave final discrepancy factors of R, = 0.035 and R, = 0.047 for 2509 data for which .@ > 2.5u(p) .  The macrocyclic ring is coordinated to molybdenum in the conventional planar tetradentate manner, with 
oxo and hydrosulfido groups occupying trans positions along the symmetry axis of the monomeric cation. A comparison 
of bonding parameters in the title complex with those in the sulfur-bridged dimeric precursor complex is given. 

Introduction 
In our investigation of molybdenum complexes of cyclic 

polythia ethers, we have studied in detail the reaction of the 
binuclear quadruply bonded dimolybdenum trifluoro- 
methanesulfonate [ M o " ~ ( H ~ O ) ~ ( C F ~ S O ~ ) ~ ]  (CF3S03)2 with 
the 16-membered macrocyclic polythia ether 1,5,9,13-tetra- 
thiacyclohexadecane,' The reaction yields several products, 
three of which have been structurally characterized. This is 
the last of three reports on those complexes.'S2 

Previous structural work on complexes of cyclic polythia 
ethers has revealed interesting features, dictated in part by 
the constraints imposed by the macrocycle. These have in- 
cluded the exo or "inside out" conformation found in the 
complex (NbC1J2( 14-ane[S4])3,4 and the unique bridging 
nature of tetradentate 16-ane[S4] in the complex [Mo2- 
(SH),( 16-ane[S4])] (CF3S03)2-2H20 from which the title 
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compound is derived.' This is the first mononuclear mo- 
lybdenum complex of a cyclic polythia ether for which the 
structure has been determined. The most notable feature is 
the terminal SH group in the lower axial coordination site. 
Bridging SH groups or SR groups are not uncommon in M o  
chemistry, but terminal sulfur ligands are usually the doubly 
bonded sulfide. 

Experimental Section 
The synthesis of the title compound has been reported previously.' 

Crystals were isolated from the reaction vessel with only a wash of 
warm hexane to remove surface organic contaminants. The crystals 
were found to be air stable but were nonetheless sealed in thin-walled 
capillaries as a precaution. 

A suitable crystal measuring approximately 0.38 X 0.19 X 0.11 
mm3 was mounted on a Syntex P2,  four-circle diffractometer. 
Oscillation photographs, together with a small set of counter data, 
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