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(0.6 g, 5.08 mmol)  in d imethy l fo rmamide  (5 ml). The reaction 
mixture was poured onto crushed ice, stirred for 5 min and the 
resulting solid filtered and dried in vacuo. Column chromatog-  
raphy on silica with CH2C12/CH3OH as eluant gave the prod- 
uct as a brown powder  in 66% yield, lH N-MR (CDC13): 6 8.65 
(2H, d), 8.31 (2H, d), 7 .86-7.60 (6H, m). Pale-yel low trun- 
cated octahedral  crystals were obtained f rom CH2Cl2/hexane 
solution. 

Crystal data 

Cl9HioN202 Mo Kc~ radiation 
Mr = 298.29 A = 0.71073 ,~ 
Orthorhombic  Cell parameters  from 25 
Pbcn reflections 
a = 14.997 ( 6 ) A  0 = 12.05-17.43 ° 
b = 12.898 (9) ,~ # = 0.092 mm -~ 
c = 14.743 (14) A T = 293 (2) K 
V = 2852 (4) A, 3 Truncated octahedron 
Z = 8 0.46 x 0.46 x 0.40 mm 
Dx = 1.390 Mg m -3 Pale yel low 
Om not measured 

Data collection 

Siemens P4 diffractometer  0max = 25.05 ° 
w s c a n s  h = 0 ~  17 
Absorption correction: none k = 0 --, 15 
2520 measured  reflections l = 0 ---, 17 
2520 independent  reflections 3 standard reflections 
1162 reflections with every  97 reflections 

I > 20"(/) intensity decay: 2% 

Refinement 

Refinement  on F 2 
R[F 2 > 20.(F2)] = 0.068 
wR(F z) = 0.163 
S = 0.926 
2520 reflections 
208 parameters  
H atoms riding using AFIX 

in SHELXL93 (Sheldrick, 
1993) 

I 
w = 1/[0.2(Fo 2) + (0.0693P) 2] 

where  P = (Fo 2 + 2F,?)/3 
(A/0.)max < 0.001 
Apmax = 0.176 e A, -3 
Apmin = - 0 . 2 5 8  e A, -3 
Extinction correction: none 
Scattering factors from 
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Tab l e  1. Selected geometric parameters  (A, o) 

OI---CI 
CI--NI 
CI---C2 
C2--C3 
C2~C I 1 
C 3 ~ 4  
C4--C5 
C5--C6 
C6--C7 
C6---C11 

OI---CI--NI 
0 1 ~ 1 - - C 2  
NI--CI--C2 
CI I----C2---C I 
CI 1 - - -C1~12  
C2---C 11---C 10 
O2---C 12--N I 
O2---C12~10 

.216(4) C7---C8 1.351 (5) 

.405 (5) C8---C9 1.401 (5) 

.471 (5) C9--C10 1.357 (6) 

.375 (5) CI0---CI I 1.414 (5) 

.409 (5) C I0---~ 12 1.470 (5) 

.400 (5) C12--O2 1.219 (4) 

.367 (6) C12--N1 1.403 (5) 

.409 (5) N 1--CI 3 1.448 (4) 

.411 (5) C15~CI9 1.444 (6) 

.416(5) C19--N2 1.138(5) 

119.6(4) N I----CI 2---C 10 117.0(3) 
123.8(4) CI 2--N1----C1 125.0 (3) 
116.6(4) C12--NI---C13 117.1 (3) 
120.3(3) CI--N I---C13 117.8(3) 
119.9 (4) C14---C13--N1 120.4 (3) 
121.1 (3) CI8---CI3--NI 119.1 (3) 
119.8(3) C 16~C 15---C19 119.3(3) 
123.2 (4) N2--C19---C15 178.6 (5) 

Data collection: XSCANS (Siemens,  1994). Cell refinement:  
XSCANS. Data reduction: XSCANS. Program(s)  used to solve 

structure: SHELXS86 (Sheldrick, 1985). Program(s)  used to 
refine structure: SHELXL93 (Sheldrick, 1993). Molecular  
graphics: SHELXTL/PC (Sheldrick, 1990). 

T h e  a u t h o r s  t h a n k  P r o f e s s o r  W. T. R o b i n s o n  ( U n i -  

v e r s i t y  o f  C a n t e r b u r y )  fo r  d a t a  c o l l e c t i o n .  T h i s  w o r k  

is s u p p o r t e d  b y  a g r a n t  f r o m  the  D i v i s i o n  o f  S c i e n c e s ,  
U n i v e r s i t y  o f  O t a g o .  

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: FG1259). Services for accessing these 
data are described at the back of the journal. 
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A b s t r a c t  

T h e  t i t le  c o m p o u n d ,  CI4HI8P2,  c r y s t a l l i z e s  in t h e  r a r e  

t e t r a g o n a l  s p a c e  g r o u p  P42bc w i t h  t w o  i n d e p e n d e n t  m o l -  
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ecules, each of which displays crystallographic twofold 
symmetry. In both molecules, the proximity of the 
PMe2 groups leads to distortion, the main feature of 
which is the out-of-plane displacement of the P atom 
[by 0.378 (5) and 0.297 (6)A]. The structure displays 
a marked pseudosymmetry, with local inversion centres 
each relating four pairs of molecules. 

Comment 
We are interested in the structure and properties of 1,8- 
diphosphine-substituted naphthalenes. We present here 
the first in a series of structure determinations, that of 
1,8-bis(dimethylphosphino)naphthalene, (I). 

H 3 c H ~ c H 3  

(I) 

The compound crystallizes in the rare space group 
P42bc (No. 106). A recent paper (Utz, Geib & 
Cooper, 1996) described the centrosymmetric counter- 
part, P4flmbc, as rare, because it occurs only 13 times 
in the Cambridge database (Allen & Kennard, 1993); 
P42bc is represented 12 times. Our structure displays 
unusual pseudosymmetry, as discussed below. 

The structure (Fig. 1) consists of two independent 
molecules, each with crystallographic twofold symme- 
try; the central bond of the naphthalene moiety, C5- -  
C6, lies along the twofold axes 1,0,z (molecule 1) and 
0.5,0,z (molecule 2). 

r 

Fig. 1. One of two independent molecules of the title compound in 
the crystal. Ellipsoids represent 50% probability levels. Only the 
asymmetric unit is numbered. 

The two bulky PMe2 groups necessarily lie close 
to each other, with P . . .P  distances of 3.070 (1) and 
3.036(1) A, much less than the double van der Waals 
radius of 3.8,~, for phosphorus (cf. 3.052A in the 

diphenylphosphino analogue; Jackson, James, Orpen 
& Pringle, 1993). This leads, as expected, to steric 
distortions in the molecule. The main distortions involve 
a twisting of the molecule such that the torsion angles 
P--C1. . .C1/ /  P# are 30.7 (2) and 20.0 (2) °. In each of 
the independent rings, the atoms C1-C4 are essentially 
coplanar (mean deviations 0.010 and <0.001 A), with 
small displacements of C5 [0.042 (6) and 0.049 (5)A] 
and C6 [0.139 (5) and 0.077 (5)A], and a much larger 
displacement of the P atom in the opposite direction 
[0.378 (5), 0.297 (6),~,]. It is surprising that the extent 
of this distortion is appreciably different in the two mol- 
ecules; the in-plane distortions are, however, slightly 
greater for molecule (2) [C6--C1--P  121.6(4) and 
123.1 (3)°; additionally, the bonds C1--C6 and C5- -  
C6 are slightly longer than the standard naphthalene 
values of 1.420 and 1.422 ~,; Allen et al., 1987]. Table 2 
shows associated molecular dimensions; our recent more 
extensive discussions of distortions in 1,8-disubstituted 
naphthalene systems can be found in Bahl, Grahn 
& Jones (1996a,b). The methyl substituents show an 
approximately 'bisecting' conformation with respect to 
the ring plane, whereby the torsion angles X - - P - - C  1--  
C2 are 15 and 24 ° (X is the centre of gravity of the three 
atoms bonded to phosphorus). For ~/detailed discussion, 
see Heinicke et al. (1996). 

The pseudosymmetry of the structure is discussed 
in the following. Systematic absences indicated either 
space group P42bc or P4flrnbc. The intensity statistics 
were centrosymmetric (<E 2 - 1> = 0.923) and we 
therefore chose the latter space group. However, all 
attempts to solve the structure failed. For a small 
structure and with data of reasonable quality this is 
nowadays unusual. 

More in hope than expectation, we then applied di- 
rect methods in P42bc, whereupon the first run yielded 
the complete structure (two half molecules). However, 
this is not definite proof that the structure is non- 
centrosymmetric; an old stratagem of the multisolution 
philosophy allowed for solving difficult centrosyrmnet- 
ric structures in the corresponding non-centrosymmetric 
space group and then transforming back to the higher 
symmetry. It was apparent that the coordinates of re- 
lated atoms in the two molecules were closely related 
(indeed, correlation coefficients as high as 0.90 for the 
z coordinates of C6/C6' were observed during refine- 
ment) but all attempts to transform the coordinates to 
the higher symmetry space group failed. 

The packing diagram (Fig. 2) shows that the mol- 
ecules form layers parallel to the xy plane. A more 
detailed analysis shows that the structure contains 
essentially exact local inversion centres at (0.5, 0.25, 
0.5) or (0.25, 0.5, 0.5), each of which relates (a different) 
four pairs of molecules. Additionally, local glide planes 
can be identified. However, none of these symmetry 
elements increases the global symmetry. We are thus 
reasonably confident that the space group is correct. 
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[With  h inds ight ,  it is c lea r  that  the pairs  o f  a toms  
on  the t w o f o l d  axes (C5,  C5 ' ;  C6,  C6 ' )  can  n e v e r  
be m a d e  equ iva len t ,  b e c a u s e  the t rans la t ion o f  0.5x 
mus t  a lways  r ema in ;  fu r the rmore ,  a r e fe ree  points  out  
that  cons ide ra t ions  o f  m o l e c u l a r  size p r e c l u d e  m o l e c u l a r  
p a c k i n g  a long  the z axis in the  h ighe r  s y m m e t r y ] .  M a r s h  
(1997)  has no ted  s imi la r  effects  in n o n - c e n t r o s y m m e t r i c  

o r t h o r h o m b i c  s t ructures  wi th  m o r e  than one  i n d e p e n d e n t  

mo lecu l e .  

Fig. 2. Packing diagram viewed down the x axis. Radii are arbitrary. 
H atoms have been omitted. 

Experimental 

The title compound was obtained according to the method of 
Costa & Schmidbaur (1982) and recrystallized from chloro- 
form/ethanol at 213 K. 

Crystal data 

CI4HI8P2 Mo Ko~ radiation 
Mr = 248.22 % = 0.71073/k 
Tetragonal Cell parameters from 48 
P4zbc reflections 
a = 12.8075(18),~, 0 = 10.0-11.5 ° 
c = 16.419 (3) A /z = 0.295 mm -~ 
V = 2693.2 (8) ,~3 T = 143 (2) K 
Z = 8 Tablet 
Dx = 1.224 Mg m -3 0.80 × 0.30 × 0.20 mm 
Dm not measured Yellow 

Data collection 
Stoe Stadi-4 diffractometer 
w/O scans 
Absorption correction: none 
3208 measured reflections 
3092 independent reflections 
2670 reflections with 

I > 2o'(/) 
Rint = 0.012 

Refinement 

Refinement on F 2 
R[F 2 > 2o'(FZ)] = 0.041 
wR(F 2) = 0.101 
S = 1.064 
3092 reflections 
151 parameters 
H atoms: methyl groups 

rigid, others riding 
w = 1/[o'2(Fo 2) + (0.042P) 2 

+ 1.7207P] 
where P = (Fo 2 + 2F,?)/3 

( A / o ' ) m a x  = 0 . 0 0 4  

0max = 27.5 ° 
h = - 1 6  ~ 16 
k = -11  ---+ 11 
l = - 2 1  ~ 21 
3 standard reflections 

frequency: 90 min 
intensity decay: none 

Apmax = 0.318 e .~-3 
Apmin = -0 .235  e ,~-3 
Extinction correction: none 
Scattering factors from 
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Absolute structure: 
Flack (1983) 

Flack parameter = 0.20 (17) 
(based on 1696 Friedel 
pairs) 

Table  1. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (f~e) 

Ueq = (1 /3 )E i~ j l f JaT  a* ai.a). .i 
x y z Ueq 

P 0.96206 (6) 0.11367 (5) 0.64850 (4) 0.02063 (17) 
C 1 1.0001 (2) 0. 1000 (4) 0.7566 (3) 0.0203 (9) 
C2 1.0149 (3) 0.1885 (3) 0.8020 (3) 0.0244 (8) 
C3 1.0243 (3) 0.1867 (3) 0.8879 (2) 0.0263 (8) 
C4 1.0133 (3) 0.0942 (4) 0.9286 (3) 0.0242 (9) 
C5 1 0 0.8841 (4) 0.0166 (14) 
C6 1 0 0.7968 (5) 0.0178 (14) 
C7 1.0790 (3) 0.1753 (3) 0.6050 (2) 0.0312 (7) 
C8 0.8765 (2) 0.2299 (2) 0.6524 (2) 0.0315 (7) 
P' 0.54102 (6) 0.11119 (5) 0.35336 (5) 0.01939 (16) 
C 1 ' 0.5141 (3) 0.0989 (3) 0.2429 (2) 0.0160 (7) 
C2' 0.5193 (3) 0.1886 (3) 0.1960 (3) 0.0239 (8) 
C3' 0.5169 (3) 0.1862 (4) 0.1107 (3) 0.0277 (9) 
C4'  0.5095 (3) 0.0946 (4) 0.0723 (3) 0.0256 (10) 
C5' 1/2 0 0.I 145 (4) 0.0222 (15) 
C6' I/2 0 0.2028 (5) 0.0146 (13) 
C7' 0.4194 (3) 0.1729 (3) 0.3891 (2) 0.0320 (8) 
C8' 0.6269 (2) 0.2269 (2) 0.3576 (2) 0.0279 (6) 

Table  2. Selected geometric parameters (,4, o) 
P---427 
P- -CI  
P---C8 
C I - - C 2  
C I - - C 6  
C2---C3 
C3--C4 
C4----C5 
C5----C6 

C7--P----421 
C7--P---C8 
C 1 --P---C 8 
C2-----421---426 
C2---C 1 - - P  

1.837 (3) P'----C7' 
1.848 (5) P'---C8' 
1.850 (3) P'---CI' 
1.370 (6) C I '---C2' 
1.441 (6) C I '~ -C6 '  
1.416 (6) C 2 ' - - C 3 '  
1.367 (7) C3'---C4'  
1.420 (5) C 4 ' ~ C 5 '  
1.434 (10) C5'---C6'  

101.49 (15) C7 ' - -P ' - - -C8 '  
98.67 (16) C 7 ' - - P ' - - C 1  ' 

101.46 (18) C8 ' - -P ' - - -C  1' 
119.1 (4) C2 ' - - - -C1 '~C6'  
118.8 (3) C 2 ' - - - C I ' - - P '  

1.842 (3) 
1.847 (3) 
1.853 (4) 
1.385 (6) 
1.439 (5) 
1.401 (6) 
1.335 (7) 
1.401 (6) 
1.449 (10) 

98.47 (16) 
101.02 (15) 
102.48 (17) 
118.8 (4) 
117.7 (3) 
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C6---C i--P 121.6(4) C6'--CI'--P' 123.1 (3) 
C5---C6---C1 i 117.3 (3) CI'---C6'---CI'" 125.5 (6) 
C5--C6--C1 117.3 (3) CIt--C6J--C5 ' 117.3 (3) 
cIi--c6---CI 125.5 (6) Cltii---C6J------C5 ' 117.3 (3) 

P---C1---C2--C3 167.6 (3) PJ--CI '---C2~--C3 ' 169.6 (3) 
P---C 1---C6---C5 -162.00(14) Pt----C 1 ~---C6t---C 1 tii 11.88(15) 
p---C I--C6---C 1 i 1 8 . 0 0 ( 1 4 )  P~---C 1 '--C6'--C5 t -168.12(15) 

Symmetry codes: (i) 2 - x, - y ,  z; (ii) 1 - x, - y ,  z. 

The absolute structure was determined by the method of  Flack 
(1983) and the origin was fixed by the method of  Flack & 
Schwarzenbach (1988). 

Data collection: DIF4 (Stoe & Cie, 1992a). Cell refinement: 
DIF4. Data reduction: REDU4 (Stoe & Cie, 1992b). Pro- 
gram(s) used to solve structure: SHELXS86 (Sheldrick, 1990). 
Program(s)  used to refine structure: SHELXL93 (Sheldrick, 
1993). Molecular  graphics: XP (Siemens,  1994). Software used 
to prepare material  for publication: SHELXL93. 

The authors thank the Fonds der Chemischen Indus- 
trie for financial support. Professor R. E. Marsh and Dr 
R. Herbst-Irmer made many helpful comments about the 
symmetry. 

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: FG1288). Services for accessing these 
data are described at the back of the journal. 
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Abstract 
All non-H atoms in the two identical molecules of 
the title compound, C12HI403, lie on a crystallographic 
mirror plane, except for C2 and C3, which lie equally 
above and below the plane by approximately 0.4 A. 
Intermolecular hydrogen bonds between the phenol 
group and the carboxylate O atom link the molecules 
into chains which lie along the a axis. 
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Comment  
During the course of our studies of the photochemical 
[2+2] cycloaddition of carbonyl compounds with cyclo- 
propyl-substituted silyl enol ethers, a mixture of the 
tricyclic silyl enol ether, (1), and benzophenone were 
subjected to UV irradiation. Only one product of this 
type, (2), in 28% yield, was isolated from the reaction 
mixture. The I H and 13C NMR spectra were insufficient 
for unequivocal structural assignment of this material 
and so an X-ray structural analysis was carried out on 
(2). 

O "Si(C2H5)3 OH 

4 CH3CN, hv 

CO2CH3 CO2CH 3 

(1) (2) 

Compound (2) was formed from initial H4-atom ab- 
straction by photoexcited triplet biradical benzophenone, 
followed by cyclopropylmethyl radical fragmentation; 
this gave a radical intermediate that underwent subse- 
quent oxidation and hydrolysis. This product is unusual, 
since such reactions normally result in an oxetane prod- 
uct by way of the well known Paterno--Biichi reaction 
(Porco & Schreiber, 1991). 

Essentially, there are two identical molecules in the 
asymmetric unit. For both molecules, all of the non- 
H atoms lie on a mirror plane, except for C2 and 
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