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Abstract 

Chlorination of 4-methylbenzene-1,2-diamine gives the pentachloro ketone (3) which, on 
treatment with base, is converted mainly into the hydroxy acid (4). Methylated derivatives 
(5) and (6), and an unexpected transformation product of the hydroxy acid (4) are described. 
The chlorination of tetrachlorocatechol (8) gives the hexachloro ketone (9). X-Ray crystal 
structure determinations are reported for compounds (3)-(7) and (9). 

Introduction 

In 1897 Zincke and coworkers reported the chlorination of 3,4-diaminotoluene 
(4-methylbenzene-1,2-diamine) with chlorine in acetic acid containing concentrated 
hydrochloric acid to give the dihydrate of the pentachloro a-diketone (1) or its 
isomer (2).' In view of this structural uncertainty for the chlorination product, 
(1) or (2), and our continuing interest in the chlorination of polysubstituted 
amines and phenols we reexamined the chlorination of 3,4-diaminotoluene. In the 
event, the product was the monohydrate of 2,3,4,5,5-pentachloro-6,6-dihydroxy- 
4-methylcyclohex-2-enone (3). We now report the X-ray crystal analysis of this 
compound and those of several of its transformation products. 

Discussion 

Chlorination of 3,4-diaminotoluene by the procedure of Zincke et a1.l gave a 
red oil which on crystallization from wet benzene gave the expected product as 
pale yellow plates, m.p. 86-87' (1it.l 90'). The structure of this compound was 
determined by single-crystal X-ray analysis. The best model produced from the 
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data consists of a non-stoichiometric disordering of the substituent atoms C(7) and 
Cl(4) about carbon atom C(4) with a site occupancy of 0.64 for molecule 1, and a 
site occupancy factor of 0.36 for the disordered pair C(7') and Cl(4') in molecule 
2. A perspective drawing of 2,3,4,5,5-pentachloro-6,6-dihydroxy-4-methylcyclohex- 
2-enone (3) monohydrate, C7H5C1503.H20, m.p. 86-87', is presented in Fig. 1 
(for molecule 1) with corresponding atomic coordinates in Table 1. In the solid 
state the alicyclic ring exists in a flattened [C(l), sp2] half chair conformation 
[torsional angles: C(2)-C(3)-C(4)-C(5) - l8.7(9)'; C(3)-C(2)-C(1)-C(6) -7(1)'] 
with the C(4)-C(7) bond in the pesudo-axial orientation in molecule 1. The 
substituents on neighbouring carbon atoms at C(4), C(5) and C(6) are in 
close-to-staggered orientations, with the C(1)-O(1) and C(6)-O(62) bonds close to 
being eclipsed [torsinal angle: O(1)-C(1)-C(6)-O(62) -26.2(8)']. The structure 
determined above is related to structure option (1) proposed by Zincke et a1.l 

except that the non-conjugated carbonyl group exists as the covalent hydrate, 
presumably as a result of the dipolar repulsions between (i) the a-diketone 
functions, and (ii) the non-conjugated carbonyl group and the adjacent C1-C-C1 
function. 

Zincke et a1.l reported that the a-diketone, (1) or (2), rearranged on treatment 
with aqueous sodium carbonate, followed by aqueous acid, to give a pentachloro 
hydroxy acid monohydrate (m.p. 99.5') with a cyclopentene ring structure. In 
the present study, a dichloromethane solution of compound (3) was shaken with 
cold saturated sodium bicarbonate solution for 1 min. The dichloromethane 

Fig. 1. Perspective drawing of 
compound (3). Double bond 

is shown in black. 

Table 1. Fractional coordinates for atoms in 2,3,4,5,5-pentachioro-6,6-dihydroxy-4-methylcyclo- 
hex-2-enone hvdrate (3) 

Atom 1 0 ~ ~ / a  lo4 Y/b 1o4.2/c lo3 U (A2) Atom 104x/a 104Y/b 1042/c lo3 U (A2) 
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layer gave some unreacted compound (3), but acidification and extraction of the 
aqueous layer gave a residue shown (lH n.m.r.) to be a mixture (c. 9 :  1 : 1) of 
three compounds. The major component of this mixture was isolated by fractional 
crystallization and its structure determined by single-crystal X-ray analysis. 
A perspective drawing of 2,3,t-4,5,5-pentachloro-l-hydroxy-4-methylcyclopent- 
2-ene-r-1-carboxylic acid (4) monohydrate, C7H5C1503.H20, m.p. 91-93', is 
presented in Fig. 2 with corresponding atomic coordinates in Table 2. In the 
solid state the cyclopentene ring exists in an envelope conformation [torsional 
angles: C(3)-C(2)-C(1)-C(5) -l9.4(9)O; C(2)-C(3)-C(4)-C(5) 16 2(9)'; Cl(2)- 
C(2)-C(1)-C(6) 47(1)'; Cl(3)-C(3)-C(4)-C(7) -4O(l) '1, the deviation of the 
cyclopentene ring from planarity allowing significant staggering of the substituents 
on neighbouring carbon atoms, C( l )  and C(5), and C(4) and C(5) [torsional angles: 
e.g. Cl(4)-C(4)-C(5)-Cl(52) -43-4(7)'; C(7)-C(4)-C(5)-Cl(52) 78 - 7(8)']. The 
plane of the carboxylic acid group is close to perpendicular to the C(1)-C(5) bond 
[torsional angle: C(5)-C(1)-C(6)-0 (61) - 106(1)"]. The stereochemistry of the 

Fig. 2. Perspective drawing of 
compound (4). 

Table 2. Fractional coordinates for atomsin 2,3,t-4,5,5-pentachloro-l-hydroxy-4-methylcyclopent- 
2-ene-r-1-carboxylic acid hydrate (4) 

Atom 104x/a lo4 Y/b 104z/c lo3 U (A2) Atom 104x/a lo4 Y/b 1042/c lo3 U (A2) 

Cl(2) 1264(2) -848(3) 5586(2) 33(1) O(62) 1055(7) 3566(8) 3344(5) 27(3) 
Cl(3) 3486(2) -3255(3) 5185(2) 29(1) 1801(8) 725(11) 3801(7) 14(3) 

2939(2) -2800(3) 2660(2) 30(1) 1099(1) -551(10) 4627(6) 11(3) 
C(3) 2972(8) -1530(10) 4486(6) 13(3) 

Cl(52) 2777(2) 1315(3) 2037(2) 20(1) 3517(6) -1103(10) 3523(6) 18(3) 
O(1) 968(5) -67(7) 3213(5) 17(2) ( 2931(8) 802(11) 3294(6) 14(3) 
O(2) B(5)  1551(7) 1515(4) 15(2) C(6) 1407(8) 2654(11) 4115(7) 13(3) 
O(6l) 1438(6) 3160(8) 4948(5) 29(3) C(7) 4702(6) -1154(12) 3476(7) 25 
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hydroxy acid (4), with the syn arrangement of the methyl and carbonyl groups, 
is consistent with the rearrangement in solution of the dihydroxy ketone (3) in 
the half chair conformation given in Fig. 1. 

In an attempt to isolate the minor components of the mixture of products 
from the base-catalysed rearrangement of the dihydroxy ketone (3), a sample 
of the mixture was reacted with diazomethane in the expectation that the 
hydroxy esters might be more amenable to chromatography on a silica gel 
Chromatotron plate. In the event, the Chromatotron separation of the products 
gave two crystalline fractions and small amounts of intractable mixtures. The 
two crystalline products (5) and (6) were identified by single-crystal X-ray 

Fig. 3. Perspective 
compound (5). 

Fig. 4. Perspective 0162) 

drawing of 
compound (6). 

drawing of 
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analysis. A perspective drawing of methyl, 2,3,t-4,5,5-pentachloro-1-methoxy-4 
methylcyclopent-2-ene-r-1-carboxylate (5), C9HgC1503, m.p. 91-92', is presented 
in Fig. 3, with corresponding atomic coordinates in Table 3. Corresponding data 
are presented for methyl 2,3,t-4,5,5-pentachloro-l-hydroxy-4-methylcyclopent-2- 
ene-r-1-carboxylate (6), C8H7Cl5O3, m.p. 71-72' (Fig. 4 and Table 4). In the solid 
state, compounds (5) and (6) exist with the cyclopentene ring in closely similar 
envelope conformations. The significant difference between the conformations 
of the two compounds lies in the orientation of the C02Me group [torsional 
angles: for (5), O(61)-C (6)-C (1)-C (2) -4.9(8)'; for (6), 0 (62)-C(6)-C (1)-C (2) 
160.9(5)']. 

An early, and unrepeatable, reaction of the hydroxy acid mixture (c. 9 : 1 : 1) with 
diazomethane, apparently as above, gave a mixture from which a pure compound 
(7) could be isolated by chromatography on a silica gel Chromatotron plate 
followed by crystallization of a major fraction. The structure of this compound 
was determined by single-crystal X-ray analysis. A perspective drawing of methyl 
4,5-dichloro-3-methyl-2-oxo-2H-pyran-6-carboxylate (7), C8H6Cl2O4, m.p. 92-95', 
is presented in Fig. 5 with corresponding atomic coordinates in Table 5. In the 
solid state, the heterocyclic ring is essentially planar, and the orientation of the 
methoxycarbonyl group is indicated by the torsional angle. C(5)-C(6)-C(8)-O(81) 

Table 3, Fractional coordinates for atoms in methyl 2,3,t-4,5,5-pentachloro-1-methoxy-4- 
methylcyclopent-2-ene-r-1-carboxylate ( 5 )  

Atom 104x/a lo4 Y/b 104Z/c lo3 U (AZ) Atom 104X/a lo4 Y/b 10*Z/c lo3 U (A2) 

Table 4. Fractional coordinates for atoms in methyl 2,3,t-4,5,5-pentachloro-1-hydroxy-4- 
methylcyclopent-2-ene-r-1-carboxylate (6) 

Molecule 1 Molecule 2 
Atom 104x/a lo4  Y/b 1042/c lo3 U (A2) Atom 104X/a lo4 Y/b 104Z/c lo3 U (A2) 
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-19-1(6)O. The spectroscopic data for compound (7) are in accord with the 
established structure. The precise mode of formation of compound (7) is uncertain, 
but it is believed that its genesis from the hydroxy acid (4) was due to the 
accidental introduction of base during the distillation of diazomethane into the 
reaction vessel. If this thesis is accepted, the formation of compound (7) could 
be accounted for in terms of the reaction sequence given in Scheme 1. 

Table 5. Fractional coordinates for atoms in methyl 4,5-dichloro-3-methyl-2-oxo-2H-pyran-6- 
carboxylate (7) 

Atom 104X/a lo4 Y/b lo4Z/c lo3 U (AZ) Atom 104x/a lo4 Y/b 104Z/c lo3 U (A2) 

Fig. 5. Perspective drawing of 
compound (7). 

Finally, chlorination2 of tetrachlorocatechol (8) gave the hexachloro analogue of 
compound (3) reported above, and its structure was determined by single-crystal X- 
ray analysis. A perspective drawing of 2,3,4,4,5,5-hexachloro-6,6-dihydroxycyclohex- 
2-enone (9) hydrate, C6H2C1603.H20, m.p. 85-87', is presented in Fig. 6 with 
corresponding atomic coordinates in Table 6. In the solid state, the alicyclic 
ring of compound (9) exists in a half chair conformation closely similar to that 
reported for the monomethyl derivative (3). 

Zincke, T., Justus Liebigs Ann. Chem., 1897, 296, 135. 
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CI CI CI CI 

hydrolysis on - chromatography - (7) 
CI 

' C02Me 

CI CI CI 

(6 )  

Scheme 1 

Fig. 6. Perspective drawing of 
compound (9). 

Table 6. Fractional coordinates for atoms in 2,3,4,4,5,5-hexachloro-6,6-dihydroxycyclohex-2- 
enone hydrate (9) 

Atom 104X/a lo4 Y/b 1042/c lo3 U (A2) Atom 104x/a lo4 Y/b 104Z/c lo3 U (Aa) 
. .-... 



J. L. Calvert et al. 

Experimental 

Melting points are uncorrected. Infrared spectra were recorded on Shimadzu IR-27G or 
Pye-Unicam SP-3 spectrometers; 'H and 13C n.m.r. spectra were recorded on a Varian XL-300 
spectrometer with SiMe4 as an internal standard. Ultraviolet spectra were recorded on a 
Varian Superscan spectrometer. Silica gel used on Chromatotron (Harrison & Harrison) plates 
was Merck type P.F. 254. 

Reaction of 3J-Diaminotoluene with Chlorine 

Chlorine was bubbled for 12 h a t  20' through a stirred solution of 3,4-diaminotoluene 
(20 g) in acetic acid (200 ml) and concentrated hydrochloric acid (40 ml) in a darkened flask. 
During the course of the reaction the colour of the solution changed from dark red-brown to 
golden yellow. The excess chlorine was removed in a stream of nitrogen and the precipitated 
ammonium chloride was removed by filtration to  give an orange solution. The solvents were 
removed under reduced pressure, the residue was dissolved in dichloromethane and further 
ammonium chloride was removed by filtration. The solvent was removed under reduced 
pressure to  give a red oil as a residue (42.3 g) which was dissolved in a mixture of benzene 
(45 ml) and water (4 ml). Pale yellow plates (14.3 g) separated which were identified as 
2,3,4,5,5-pentachloro-6,6dihydroxy-4-methylcyclohex-2-enone hydrate (3), m.p. 86-87' (lit.' 
90') (X-ray crystal structure determined below). 'H n.m.r. (CDC13) 6 2.56, Me; 6.48, 
H2O; 7.36, OH. vmax (KBr) 3550 (OH), 3130 (HzO), 1718 (C=O), 1650 (C=C), 1120 cm-' 
(OH). 

Base-Catalysed Rearrangement of 2,3,4,5,5-Pentachloro-6,6-dihydroxy-4-methy1cyc10hex- 
2-enone Hydrate (3) 

A solution of the pentachloro ketone (3) (2 g) in dichloromethane (150 ml) and cold 
(0') saturated aqueous sodium bicarbonate (75 ml) were mixed and shaken for 1 min. The 
dichloromethane solution was separated, washed with water, and dried with magnesium sulfate, 
and the solvent was removed under reduced pressure to give a residue (445 mg) identified as 
unreacted pentachloro ketone (3). The aqueous bicarbonate layer was acidified with dilute 
hydrochloric acid, and the resulting mixture was extracted with dichloromethane. The solvent 
was removed from the dichloromethane solution to give a pale yellow residue (1.823 g) which 
was shown ('H n.m.r.) to  be essentially a mixture (c. 9 :  1 : 1) of three components. This 
mixture was treated in three ways. 

(i) Fractional crystallization of this mixture, initially from benzene and a trace of water, 
but finally from etherllight petroleum mixtures gave 2,3,t-4,5,5-pentachloro-1-hydroxy-4- 
methylcyclopent-2-ene-r-1-carboxylic acid hydrate (4), m.p. 91-93' (lit.' 99.5') (X-ray crystal 
structure determined below). 'H n.m.r. (CDC13) 6 2.03, Me; 4.35, H20, OH. 13c n.m.r. 
(CDC13) 6 25.30, Me; 79.26, C4; 87.54, C5; 93.40, C 1; 129.45, C3; 138.06, C2; 168.70, 
C02H. vma, (KBr) 2400-3600 (COzH, OH), 1728 (C=O), 1623 (C=C), 1100 cm-I (OH). 

(ii) Diazomethane, prepared by addition of potassium hydroxide (400 mg) in ethanol (10 ml) 
to  a solution of N-methyl-N-nitrosotoluene-p-sulfonamide (2.14 g) in ether (30 ml) a t  0°, was 
distilled into a solution of the hydroxy acid mixture (200 mg) in ether (10 ml) a t  -78' and 
the temperature of the mixture was then allowed to rise to  0'. The residue (203 mg), after 
removal of the solvent under reduced pressure, was absorbed onto a silica gel Chromatotron 
plate a t  4'. Elution with pentanelether mixtures gave two crystalline fractions and four 
fractions which were shown to be mixtures. 

The less polar of the two crystalline fractions was identified as methyl 2,3,t-4,5,5-pentachloro- 
l-methoxy-~-methylcyclopent-2-ene-r-1-carboxylate (5) (18 mg), m.p. 91-92' (X-ray crystal 
structure determined below). 'H n.m.r. (CDC13) 6 1.98, Me; 3.56, OMe; 3.92, C02Me. 
vmax (KBr) 1749 (C=O), 1614 (C=C), 1455 cm-I (C-0-Me). 

The more polar of the crystalline fractions was identified as methyl 2,3,t-4,5,5- 
pentachloro-l-hydroxy-4-methylcyclopent-2-ene-r-l-carboxylate (6) (100 mg), m.p. 71-72' (X-ray 
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crystal structure determined below). 'H n.m.r. (CDC13) 6 1.99, Me; 3-93, C02Me. urnax 
(KBr) 3450 (OH), 1724 (C=O), 1626 cm-' (C=C). 

(iii) One (unrepeatable) reaction of the hydroxy acid mixture (100 mg) with diazomethane, 
apparently as above, gave after the methylation procedure a residue (108 mg). Chromatography 
of this material on a silica gel Chromatotron plate at  4' gave a series of fractions which were 
complex mixtures and a single crystalline fraction (57 mg) shown ('H n.m.r.) to be a mixture 
(c. 3: 2) of two compounds. Crystallization of this material from pentane gave the major 
component identified as meth,yl 4,5-dichloro-Pmethyl-2-oxo-8H-pyran-6-caboxylate (7), m.p. 
92-95O (X-ray crystal structure determined below). 'H n.m.r. (CDC13) 6 1.98, Me; 3.924, 
COzMe v,,, (KBr) 1729 cm-' (C=O). Amax (cyclohexane) 312 nm (E 10170). The minor 
component of the mixture could not be isolated in a pure state but gave 'H n.m.r (CDC13) 6 
2.33, 3H; 3.96, 3H; 4.21, 1H. 

Chlorination of Tetrachlorocatechol (8) 

Chlorine was bubbled slowly through a stirred solution of tetrachlorocatechol (8) (5 g) in 
acetic acid (43 ml) for 1.5 h. The reaction flask was then stoppered and the mixture stored 
at  20' for 2 days. The mixture was then poured into excess water at 0' and the colourless 
solid (5.8 g) which separated was isolated by filtration. Crystallization from etherllight 
petroleum gave 2,3,4,4,5,5-hexachloro-6,6-dihydroxycyclohex-2-enone hydrate (9), m.p. 85-87' 
(lit.2 90-95') (X-ray crystal structure determined below). urn, (KBr) 3600-3200 (OH, HzO), 
1730 (C=O), 1630 cm-' (C=C). 

Crystallography 

Crystal data, established from precession photographs and measured accurately, by means of 
a Nicolet XRD P3 four-circle diffractometer lmolvbdenum X-radiation, X(Mo Ka) 0.71069 A, 
from a crystal monochromator], are given beldw. The space group was, in each case; determined 
unambiguously as a result of the structure analyses reported below, but initially indicated 
by conditions limiting possible reflections. 8/20, Wyckoff or w-scans were used to collect 
reflection intensities out to a maximum Bragg angle, 8, given below. The cell parameters 
were determined, in each case, by least-squares refinements for which the setting angles of 25 
accurately centred high-angle reflections were used. 

Cystal Data 

2,3,4,5,5-Pentachloro-6,6-dihydroq-~-methylcyc1ohex-2-enone hydrate (3).-C7HsC1503.- 
H20, M 332.4, triclinic, pi, a 6.381(2), b 6.923 (23, c 13.731(3) A, a 93.86(2)', ,B 
100.28(2)', y 104.01(2)', V 575.2(3) A3, Dc 1.92 g cm- , Z 2, p (Mo Ka) 12.5 cm-'. The 
crystal was pale yellow and of approximate dimensions 0-10 by 0.68 by 0.4 mm. 0/28-Scans 
were used to collect data at  153 K out to a maximum Bragg angle 0 25'. The number of 
independent reflections measured 2029, 1807 with I > 3a(I); g 0.00072; absorption corrections 
were not applied; R-factor 0.063, wR 0.073. 

The model first refined (molecule I ) ,  R 0.081, showed significant residual electron density 
around methyl carbon atom C(7) in the difference-Fourier map. This discrepancy could not 
be explained satisfactorily by a translational disordering of the methyl group or by total 
interchange of the substituents C(7) and Cl(4) attached to carbon atom C(4) (namely molecule 
2). The best model produced from the data consists of a non-stoichiometric disordering of the 
substituent atoms C(7) and Cl(4) about C(4). The result was a site occupancy of 0.64 for the 
atoms C(7) and Cl(4) in the positions represented by molecule 1, and a site occupancy factor 
of 0.36 for the disordered pair C(7') and Cl(4') in the positions represented by molecule 2, 
R-factor 0.063. 

2,3,t-~,5,5-Pentachloro-I-hydroxy-~-methy1cyc1opent-2-ene-r-I-carbo~y1ic acid hydrate (4).- 
C7H5C1503.H20, M 332.4, monoclinic, space group P 21/c, a 12.211(4), b 7-332(2), c 
13-724(4) A, P 92.66(3)', V 1227.5(4) A3, Dc 1.804 ~ m - ~ ,  Z 4, p(Mo Ka) 11.7 cm-l. 
The crystal was colourless and of approximate dimensions 0.31 by 0.40 by 0.05 mm. w-Scans 
were used to collect data at  173 K out to a maximum Bragg angle 0 22.5'. The number of 
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independent reflections measured 1545, 1015 with I > 3a(I); g 0.0001; absorption corrections 
were not applied; R-factor 0.051, wR 0.053. 

Methyl 2,3,t-4,5,5-pentach1oro-1-methoxy-4-methyccopent-2-ene-r-1-carboxyate (5).- 
C9H9C1503, M 342-5, monoclinic, space group, P 21/n, a 8.092(4), b 14.97(1), c 10.914(7) A, 
/3 97.54(5)', V 1311-O(1) A3, Dc 1.725 g cmd3, Z 4, ~ ( M o  KQ) 11 .O4 cm-l. The crystal 
was colourless and of approximate dimensions 0.14 by 0.60 by 0.64 mm. w-Scans were used 
to collect data at 163 K out to a maximum Bragg angle 0 24.5'. The number of independent 
reflections measured 1752, 1016 with I > 30(1); g 0.00031; absorption corrections were not 
applied; R-factor 0.048, wR 0.049. 

Methyl 2,3,t-~,5,5-pentachloro-l-hydro~-4-methylcyclopent-2-ene-r-l-carboqlate (6).- 
CsH7Clij03, M 328-5, triclinic, Pi ,  a 7.582(5), b ll.693(7), c 14.83(1) A, a 72.26(5)O, /3 
87.56(5)', y 90.28(5)', V 1251.5 A3, Dc 1.743 cmd3, Z 4, p(Mo KQ) 11.53 cm-l. The 
crystal was colourless and of approximate dimensions 0.79 by 0.44 by 0 304 mm. Wyckoff scans 
were used to collect data at 163 K out to a maximum Bragg angle 0 25.5'. The number of 
independent reflections measured 4258,3140 with I > 3 ~ ( 1 ) ;  g 0.00111; absorption corrections, 
maximum 0.878, minimum 0.768; R-factor 0.052, WR 0.054. The structure consists of two 
crystallographically independent molecules in the asymmetric unit which are approximately 
related by a pseudo glide plane perpendicular to the a axis. This pseudosymmetry gives rise 
to some systematically weak reflections. 

Methyl 4,5-dichloro-3-methyl-2-0xo-2H-pyran-6-carb0xy1ate (7).-CsH6C1204, M 237.04, 
orthorhombic, Pbca, a 7.844(6), b 13.10(1), c 17.98(2) A, V 1846 A3, Dc 1.71 g ~ m - ~ ,  Z 
8, ~ ( M o  KQ) 6.85 cm-l. The crystal was colourless and of approximate dimensions 0.84 by 
0.46 by 0.24 mm. w-Scans were used to collect data at 153 K out to a maximum Bragg 
angle 0 25'. The number of independent reflections measured 1624, 1267 with I > 3a(I); g 
0.00719; absorption corrections, maximum 0.932, minimum 0.469; R-factor 0.085, wR 0.092. 

2r31~1415,5-H~achloro-6,6-dihyd~oqcyclohex-2-eone hydrate (9).-CsH2Cls03.H20, M 
352.82, triclinic, P r ,  a 6.376(2), b 7.015(2), c 13-618(5) A, a 93.49(3)', P 99.90(3)O, y 
103.94(2)', V 579.02 A3, Dc 2.03 g ~ m - ~ ,  Z 2, p(Mo Kcx) 14.85 cm-l. The crystal was 
colourless and of approximate dimensions 0.48 by 0.08 by 0.28 mm. w-Scans were used to 
collect data at 153 K out to a maximum Bragg angle 0 25'. The number of independent 
reflections measured 3368, 2640 with I > 3a(I); g 0.00060; absorption corrections, maximum 
0.840, minimum 0.730; R-factor 0.034, WR 0.035. 

Structure Determination 

The structures were solved by direct methods and difference-Fourier syntheses. Blocked 
cascade least-squares refinements3 were employed, reflection weights l / [ a 2 ( ~ ) f g  ( F ~ ) ]  being 
used. The function minimized was C w  ( lFol-IFcl )'. Anomalous dispersion corrections were 
from Cromer and ~ i b e r m a n . ~  All non-hydrogen atoms were assigned anisotropic thermal 
parameters. Methyl hydrogen atoms were included as rigid groups pivoting about their 
carbon atoms. Final Fourier syntheses show no significant residual electron density, and there 
were no abnormal discrepancies between observed and calculated structure factors. Material 
deposited with the Australian Journal of Chemistry, P.O. Box 89, East Melbourne, Vic. 3002: 
temperature factors, structure factor amplitudes, comprehensive interatomic distances, bond 
angles, torsional angles, and hydrogen atom coordinates. 

Acknowledgment 

The authors acknowledge grants from the Research Committee of the New 
Zealand Universities Grants Committee. 

Sheldrick, G. M., S H E L X ~ ~ ,  A Program for Crystal Structure Solution, Gottingen University, 
1986; Sheidrick, G. M., SHELXTL User Manual, Revision 4, Nicolet XRD Corporation, Madison, 
Wisconsin. 
* Cromer, D. T., and Liberman, D., J. Chem. Phys., 1970, 53, 1891. 


