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Abstract 

Optically pure cu-silylphosphetanes have been prepared through stereoselective metallation-silylation reactions of the P- 
menthylphosphetane oxide 1. Bridging of two phosphetane units by means of bifunctional chlorosilanes leads to various bidentate ligands 
and, particularly, to the chiml, /runs-chelating diphosphine 6b. Its square planar rhodium complex truns-Rh(CO)Cl(6b) has been 
structurally characterized. 

Kqwordv: Diphosphinc; Chimlity: Silyl; Rhodium 

1. Introduction 

Chiral, &chelating diphosphines are well known as 
excellent auxiliaries for a variety of catalytic asymmet- 
ric reactions. Nevertheless, the design and synthesis of 
SU..~“I ,L:“..I ah,Xl..&:.%rrn hn..:..,. A:ffm.a..~t nemw.t,,,.nl fm,_ IlVVbl ~lIlI44I yll"spruw~ 8WVUl~ UIIIVIVII, rTIl"bL,U‘U lb+&.- 

tutw, including mixed chelates with P-Q [I a], P-N [ lb] 
and P-S [Is] combinations, polydentntc [ I cl] and side- 
chain functiona!i~ed liyands [l dj, have played a major 
I& in the recent development of catalytic reactions [l j. 
Among these, chiral diphosphines which chelute to the 
central metal in rrclns-fashion have received the atten- 
tion of tto and coworkers: a series of 2,2”-bis[ I -phos- 
phinoethyij- i ,i”-iiiferrocenes (TRAFsi [2aj have *been 
prepared and successfully used in rhodium-catalyzed 
ketone hydrosilylations [20], olefin hydrogenations [2c] 
and Michael reactions [2d]. 

?? Corresponding author. 

With trans-chelating phosphines, a coordination site 
of the catalytically active species will zither be masked 
or only accessible to very small ligands. Thus, the 
catalytic properties of their complexes or, at least, their 
reaction mechanisms and stereoselectivities tiE ex- 
s\r~.tncl tfi CIR ~i~niE;~<,nrl,, t,#‘Pe&~,i A, fnl* nc U/P Lr,nw P’Sb.” .V - M1&1111.&4,1\1J “,IIbIU”. ‘.” .UB _” .I.- .*.*“I., 
ho and coworkers’ TRAPS are the only chiral fmns- 
spanning ligands reported to date [3]. 

Were we report ;I new apgrorrch to rrut~s=chclrrting 
diphosphines based on the diasteresselective cu-silylam 
tion of the optically pure phosphetane oxides 1. 

2. Results and discussion 

We have shown previously that both epimen of the 
phosphetanc oxide 1 may be obtained in optically pure 
form and that substitutions at the in&acyclic (314, car- 
bon are readily performed through highly selective met- 
allation-alkylation reactions [4]: 

ia, P(R); ib, P(S) 

Men = I-menthyl 
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Transchclating ligands should be accessible via an 
auo’rogous reaction when a bifunctional alkylating 
reagent is used to connect two phosphetane units, pro- 
vided that the bridging chain is sufficiently long to span 
the central m:tal atom. For such ligands, it is also 
desirable that the phosphorus atoms be hindered from 
taking up mutual &positions by increasing the sterical 
requirement of the substituents. In this light, chlorosilyl 
derivatives of the general formula CISiMe,(CH2),- 
SiMe$1, with n 2 5 [5], are good starting materials. 
Thus, we examined the cu-silylation reactions of 
phosphetane oxide 1, initially towards simple chlorosi- 
lanes and then with bis(chlorodimethyisilyi) derivatives. 

The phosphetane oxide la (or lb) was metallated 
with “BuLi at -78 “(3 and subsequently reacted with 
various chlorosilanes according to Eq. (2), giving the 
a-sibyl derivatives 2a-f: 

I. tctramrthylpipwidinr. 

“BuLi(2 rquiv.),THF.- 78°C 

2. R$iCl 
3. HCI 3N. O’C 

la. lb 2a-f 
(2) 

Entry Substrate SiR t Product Y icld 

2 lb SiMe, 2I-J 57 
3 la SiBt 1 2c 56 
4 18 %iMe\ Pt 2d 87 
3 la SiMez Ph 2e 83 
6 I&i SiMc,(Ct-i, I2 Ph 2f 74 

No significant quantities of side products are formed, 
rrlthough some starting material is recovered when the 
reaction conditions are not optimized. The epimers la 
HR) or lb PC9 of the phosphetane oxide 1 were: used 
as st;lrting materials in the reaction with trimethyl- 
chlorosiltme (entries 1, 2); no difference with regard to 
the reactivity or selectivity was observed. 

The main features of these high yielding reactions 
are their tolerance of some sterical hindrance at silicon 
(entry 4) and their high diastereoselectivity; a single 
isomer of each silyloted phosphetane oxide 2 was ob- 
tain& xcording to VP NNR analysis of the crude 
reaction minrture. The SK, group is expected to lie in 
the equatoriul position, n~ti to the menthyl substituent, 
by analogy to previous results in alkyhttion reactions 
[Sl, Nevertheless, bccwse the “IW-P) coupling con- 
stants of the PCHSi hydrogen were significantly target 
(ea. 12 Hz) than in analogous a-substituted phosphetane 
oxides of known anti stereochemistry (J = 5 to 7 Hz 

[4]), the carbon configuration could not be unambigu- 
ously defined on the basis of the NMR data. A subse- 
quent X-ray crystal structure of a rhodium complex 
containing a silylated phosphetane (see below) con- 
firmed the assumed stereochemistry. Detailed NMR data 
for 2d are given in Table 1. Selected ’ H and “C NMR 
data for compounds 2a,b,c,e,f are reported in Tables 2 
and 3. 

As far as the synthesis of bridged diphosphetanes is 
concerned, the crucial point is the stereospecificity of 
reaction (2). regardless of the precise stereochemistry of 
the final products. Consequently, analogous silylation 
lleactions allow the facile synthesis of optically pure 
diphosphetane dioxides: the phosphetane oxide la was 
reacted successively with 1 equivalent of “BuLi and 0.5 
equivalents of a difunctional chlorosilane, e.g. 1.3-di- 
chlorotetramethyldisiloxane, 1,2-bis(chlorodimethyl- 
silyl)ethane or 1 .f%bis(chlorodimethylsilyl)hexane, ac- 
cording to Eq. (3). to afford compounds 3a-c respec- 
tive ly. 

Men’ 
I. “BuLi. THP. - 78°C 

2. CISiMr,-X-SiMc$J. 
0.5 equiv., - 78/O”C 

3. HCI 3N 

la P(R) 

Entry X Product Yield (%r 
I 0 3a 80 
2 CH,CH2 3b 64 
3 KM, 16 3c 74 

A single isomer of each phosphetane oxide was 
obtained, within the detection limits of our “P NMR 
experiments. The stereochemistry was assigned on the 
basis of the X-ray structure of the rhodium complex 
given hereafter. Selected NMR data for oxides 3a-c are 
pnsentcd in Tables 2 and 3. 

Eq. 43) represents a convenient method for bridging 
two phosphetane units via silylated chains of various 
length. Up to date, three, five and eight atom chains 
have been incorporated. however, the synthetic ap 
preach is likely to have more general applications. 

Reduction of the phosphetane oxides 2 and 3 with 
HSiCl,-Et,N at room temperature proceeds stereo- 



specifically, presumably with retention of the phospho- 
NS configuration [4]. After the usual workup (see Ex- 

perimental section), the new chiral ligands 4-6 (see 
below) were obtained. 

Men’ 

4a, R = SiMe, 

4c. R = SiEt, 

4d, R = SiMe,‘Pr 

[CH,l< / 

Men’ 
2 

6a, n = 1 
6b, n=3 

4e, R = SiMe,Ph 

4f, R = SiMe,(CH,CH,Ph) 

Compounds 4-6 have peculiar properties: phos- species, because the oxygen atom of phosphoms- 
phetanes 4 are electron rich, highly hindered monoden- oxygen ligands is often involved in hemilabile bonds to 
tate ligands. Phosphetane 5 is a potentially tridentate transition metals [6]. In the case of phosphetanes 5 and 

Table I 
‘H and “C spectrrd data for compounds M and 4u Cl 

S 

M 4a 

mB 
ls(pptn) J(C,-P) 6(tqmd Jfti-P) iNppd J(C--P) ~(tqm) J(tl-t’) 

c 
c 
C-H 
Mc 
Mr 
Me 
Me 
CH 
CH, 
CH 
CH 

CHZ 
CH, 
Me 

CH 
Me 

Me 

SiMe, 

2 
3 
4 
S 

ti 
7 
H 
I’ 

2’ 
3 
4’ 
5’ 
6’ 
7’ 

8’ 
9’ 

IO’ 

SiCH Me, 

SiW Me, 
SiMe, 

40.3 
40.3 
a I .6 
1H.I 
27.6 
25.6 
33.5 
39.0 
40.1 
41.5 
24.6 
34.3 
22.6 

30.4 
17.4 

22.2 

- 2.H 
- 2.4 

19.x 
1H.I 
14.2 

3.2 
~_I. 

p_ 
- 
-- 

4.6 

40.0 ’ 
I .72 12.3 29.x 
0.91 IX.2 22.4 
I.13 16.4 23.x 
0.x5 - 27. I 
1.32 - 25.5 

34.0 
39.0 
35.7 
48.8 
25.3 
35.1 
22.7 0.94 

[O.ll 
29.x 14.9 
16.7 .- 0.97 

(6.91 
I .0x 

16.91 
0.23 
0.3x 
0.9- I0 

22.6 

-- 
10,x 
5.7 

22.0 
a.9 
7.7 
S.6 
5.6 

34.4 
24.4 
9.9 

- 
-_ 

I .3x “I.6 
I. I’) 4.0 
I .06 15.4 
0.84 -- 
1.33 _ 

” 
” 
B 
0 
” 
0 

0.92 

b.41 
I .9 111 
0.79 

[6.X] 
0.98 

b.N 

1.x 2.7 0.19 

’ ‘.‘C NMR assignments for the mcnthyl moieties have been tnade by annlogy to the reported spectra of menthyldiphenylphosphine nnd phosph,i:e 
oxide [90]. For the phosphetane moiety, data from Refs. [7b,c] have been used. * C(2) and C(3) may be reversed. ” Unresolved. ‘H- .S 

correlations have been established by 2D spectroscopy. 
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Table 2 
“P d peleK$ ‘H NMR data for phosphetane oxides 2 and 3 

Compound “P ‘H 

MeW a Me(6) Me(7) Me(8) PCHSi SiR, 

28 68.0 0.90 1.12 0.81 1.38 0.28 (s. SiMe) 
[lS.O] [ 16.41 [*I$ 

2b 61.8 1.03 I .23 0.95 1.27 1.96 0.29 Is, SiMe) 
[ 17.21 [ 15.81 [Il.81 

2c 68.7 o 1.14 0.85 1.33 1.76 1.08” (t, J,, = 6.7, 
[16.4] [12.5] SiCH,CH,) 

k’ 72.7 1.10 I .06 0.87 1.31 2.02 0.5 I (s. 6H. SiMe,). 
[18.6] il6.81 [I I.91 7.2-7.6 (m, SiPh) 

21 ?? 71.7 1.14 I.11 1.04 1.36 1.85 0.22.0.27 (s, SiMe), 
[ 18.51 [l&8] 112.01 2.6 (m, CH, Ph). 7. I - 

7.3 (m, Ph) 
3a 65.9 0.94 I.19 I.00 I .55 1.77 0.49.0.63 (s, SiMeI 

[171 [ 16.51 [ 12.31 
3b ?? 71.3 1.11 I .07 I.00 1.32 1.81 0.16,O. 18 (s, SiMe) 

[ 18.41 [ 16.71 [I I.81 
3c 67.8 0.92 I.15 0.87 1.41 1.61 0.35.0.37 (s, SiMe) 

[ 18.01 [ 16.41 [12.0] 

Solvcm C,D, or CDCIJ ‘. a Assignments for methyls 5.6, 7, 8 have been made on the basis of literature data [7b,c and references cited theirein]. 
Me(S) and Me(6) may be reversed. ’ Unresolved or lemative assignment. 

6, cis-coordination of the two phosphorus atoms on the 
same metal should be prevented by sterical hindrance, 
however. the synthesis of bimetallic complexes or. for 
Bb, of rrwns-chelated msnemetallic compounds, is en= 

phosphetane 6b was reacted with (Rh(CO),Cl), in di- 
lute benzene solution (7 X IO- mm01 ml-‘): 

Phosphetanes 4-6 have been fully characterized by 
NMW spectroscopy. As a 
‘“C NMR data for 4e are 

xample the principal ’ M and 
en in Table I, Assignments 112 (FW,(CQ~G~)~ , Bb ~RtoReq ‘I”’ -__ ~.-l-am 

huvr bean made on the basis of literature data [7] and BY% yiBtd 

aanfirmed by ’ H -“CT correlation and DWT exprri- 
Me 

merits, 
In order to rhesk its 

2b 51.3 *;“J’:$ 44.7 1 rz$ fJ 
19.7 28.5 25.2 

[56>31 [3&O] 
I A. I .S SiMe> 

?E 
IS.59 tr4.31 

50.3 
17.31 [Zf , 39.7 [SS,O] 137.91 I%] 2l.6 18.1 27.9 25.8 5.2 [2.5] SiCH,. 

tp’ 
[4.7] [ 16.81 

50.8 
I4.7] 

[%I 
42,o 

8. I SiCH p MC 
39.9 21.7 17.6 27. I 25.4 - 

I37.51 
0.4 [4.0] SiMe, 

5P ’ ‘5$1 
[41.7] W] [19.5] 12.91 - 0.3 SiMe 

[ss:i 1 [::i] 41.4 I41.1) 39%8 21.8 17.9 27.7 25.6 L3H.l) 
I4.Q) [17.01 

-0.5 SiMe,. 19.1 

.&I 30.4 
[4.6] 

t:::] 
44.4 

SiCH z 

$I:] 
21.6 1kM 27.6 

[5!5.H] 
25.6 

I36.91 
Jb’ 

[4.2] 
50.3 

I19.61 13.21 
41.3 39.6 21.8 17.8 27.9 25.6 - - [55.1] 1.3. I.2 [3&2] [41.4] 

i4.41 
SiMc,. 

I17.31 (4.21 9.4 [2.9] SiCH, 
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Fig. 1. ORW drawing of the rhodium complex 7. 

After chromatography on alumina with pentane as 
eluent, complex 7 was obtained in 57% yield as an air 
stable, pale yellow solid. Recrystallization from pentane 
afforded crystals suitable for an X-ray diffraction study, 
the results of which are given in Fig. I (ORTEP plot) and 
Table 4 (main bond distances and angles). 

The X-ray structure of Fig. I confirms the assumed 
stereochemistry of the phosphetane moiety: both the 
menthyl and the silyl substituents occupy equatorial 
Positions (a relative nr,ti-ealfi~unrtiotl) and the phos- 
phorus atoms show S-configuration, In complex 7 the 
tetruooordinatc rhodium atom is planar. The eight-atom 
chain bridging the phosphstanr: units lies roughly in the 
~o~t~ination plane and SLJlTOLJJJdS tire chlorine I 
The whole mo has C4 symmWy, where t 
axis pttsses thr the linear Cl-Rh-CO framework. 
The other known complexes of frttrts-chelating chiral 
ligands (TRAP complexes IX]> adopt a quite different 
,arrangement in the solid state, the phosphorus-bridging 
chain being almost perpendicular to the coordination 
plane of the metal. 

In summary, this work shows the wide potential of 
metallation-silylation reactions of phosphetane oxides 
for the synthesis of JEW mono- and polydentatc chiral 
ligands. A trcots-chelating. optically pure phosphine has 
been prepared and its rhodium complex 7 fully charac- 
terized. 

The next target will be the use of such complexes or 
their analagues in appropriate catalytic reactions. Drevi- 
ous work having shown that phosphetanes are more 
effective ligands for palladium- than for rhodium-cala- 
lyzed reactions, the catalytic activity of palladium com- 
plexes of 6b will be targeted initially. In this respect, 
some exploratory work is needed because rrurts-chelat- 

ing diphosphines have not yet been used in enantiose- 
lective palladium chemistry. Moreover, the eventual use 
of 6b in chiral organometallic species displaying I,_ewis 
acid-like catalytic activity [9] should be feasible, given 
the known catalysis of Michael reactions by TRAP- 
rhodium complexes [2d]. 

3. Experimental section 

All reactions were carried out under argon in dry 
solvents. NMR spectra were recorded on a Bruker AC 
200 SY spectrometer operating at 200.13 MHz for ‘H, 
SO.32 MHz for 13C and 81.01 MHz for 3’P NMR. Most 
of the NMR data for the new compounds are given in 
Tables 1-3; additional selected data are reported in this 
section. All the chlorosilanes are commercially avail- 
able. 

3.1. General proced14r~ for the synthesis of the 
phospherune oxides 2a-f 

0.51 g (1.8 mmol) of la (or lb) and 0.31 ml (1.8 
mmol) of 2,2,6,6_tetramethyIpiperidine were dissolved 
in 25 ml of TI=IF. The reaction mixture was cooled to 
-78 “C. To this solution were added dropwise 2.4 ml 
of n-butyllithium (1.6 M in hexane) and, after I5 min, 1 
to 3 equivalents of the appropriate chlorosilane. The 
solution was allowed to warm to room temperature over 
2 h. It was then hydrolysed at 0 *C with 3 N HCI (2 ml). 
TIPF was removed in vaCuo, and after extraction of the 
residue with ether and drying over MgS0,. the final 
product was purified by column chromate 
neutral alunninium oxide with hexanc-ether (X0:20) its 
cluent. 

J.l.1. (P(B),CtU)) I-~?rcnrhy~-~,~,~,4-telrco~lethy~~2~(lri- 
r#erhylsilyllph~s~?h~t~~}l~ oxide, 2w 

0.49 g (76%) of 2e was recovered as a colorless solid 
from la and I equivalent of Me,SiCI; m,p, I54 “C. 
Anal. Found: C, 67.52; H. 11.58. C,,H,,IWSi Calc.: C, 
67.36; H, I I .59%. Mass spectrum (C.I.) m/c’ 357 
(M+ I). [c&= -47’=(c= LCHCl,). 

Rh-PI6 2.3302(8) 
Rh-C49 I .825(3) 
Rh-Cl 2.3114(7) 
PI-C2 1 .XK9(3) 
PI-C4 I .882(3) 
C2-C3 I .583(4) 
c49-0 l-153(4) 

Cl -Rh-C49 
Cl -Rh-PI 
Cl-Rh-PI6 
PI -Rh-C49 
Pl6-Rh-C49 
C2-PI -C4 
PJ -C4-Si5 

178.8(l) 
84.57(3) 
85.33(3) 
94% I) 
95sXl) 
77.6(l) 

130.8(2) 
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3.1.2. (p(S),CfS)I I-ntenthyl-3,3,4,4-tetrumcthyl-2-(ri- 
methyisilyl~phosphetane oxide, 2b 

0.36 g (56%) of 2b was recovered as a colorless solid 
from lb and 1 equivalent of Me,SiCl: m.p. 122 “C. 
[al,= -33” (c= 1, CHCI,). 

3.1.3. (P(R).C(R)) l-menthyl-3,3.4.4-termethyl-2-(rri- 
ethylsilyl)phosphetane aside. 2c 

0.40 g (56%) of 2c was obtained as a colorless oil 
from la (1.8 mmol) and Et,SiCl (5.4 mmol). Mass 
spectrum (EL) m/e 398 (M. 9%0), 369 (M-C,H,. 
29%). 69 (100%). [c$= -45” cc= 1, CHCl,). 

3.1.4. (PIR),C(R)) I-menthyl-3.3,4.4-tetramethyl-2-(di- 
methylisupropylsilyl~phosphetane. 26 

0.66 g (87%) of 2d was obtained as a colorless solid 
from la (I .8 mmol) and ‘PrMe,SiCl ( I A? mmol); m.p. 
94 “C. Anal. Found: C. 68.63: H, 12.02. CzzH,,POSi 
Calc.: C, 68.40; H, I 1.79%. Mass spectrum m/e 384 
(M, 8%). 369 (M-CH,. 10%). 341 (M-C,H,, 100%). 
Cal, -40” (c = 1, CHCI,). 

3.1.5, (P(RMXR)) I-menthyl-3,3,4,4-tctranrethyl-2-(di- 
methylphenylsilyl)phusphetune oxids, 2e 

” Buti ( 120 ml, I .6 M solution in hexane, I .9 mmol) 
WM added slowly to a THF solution (25 ml) of la (0.5 I 
p, I ,8 mmal) ut = 7X “CT. After a few minutes, (I.%) mmol 
of ehlorosilene was added. After I h at -78 “C, the 
solution WPS warmed to 0 “6‘ over a period of 2 h and 
subsequently hydrolysed with 0.5 ml HCI 3 N. Aftel 
extraction with ether, the organic phase was dried over 
M$SCa, WIJ evapomted. The residue was purified by 
chromatopraphy on a short alumina column with hcX- 
tine-ether mixtults as eluent, 

3b was obtained as a colorless solid from la and 
1,2-bis(chlorodimethylsilyl)ethane in 64% yield. Small 
amounts of side products were observed in the reaction 
mixture by “P NMR analysis. Anal. Found: C, 67.59; 
H, 11.37. C,H,,0,Si2P, Calc.: C, 67.55; H, 11.34%. 
Massspectrum m/e 710(M,3%), 427(M-C,,H22P0, 
3O%b), 341 (C,,H,,OPSi, 66%). 284 (C,,HjjPO, 70%), 
55 (100%). 

3c was obtained from la and 1,6-bis(chlorodimethyl- 
silyl)hexane in 74% yield after chromatography with 
ether as eluent. Colorless solid: m.p. 160 OC. Anal. 
Found: C, 68.37; H, I 1.50. CUH,,02P2Si, Calc.: C, 
68.88; H, 11.56%. Mass spectrum m/e 767 (M + 1, 
8%). 483 (M-C,,HJzPO, 100%). [a], = -47” (c = 1, 
CHCI 3 1. 

3.3. Redtrctiort procedure 

The phosphetane oxide 2 or 3 (1 mmol) was dis- 
solved in dry benzene (5 ml) and triethylamine (2 equiv. 
for each phosphine oxide function to be reduced) was 
added. The mixture was cooled to 5 “C and trichlorosi- 
lane (2 equiv. for each phosphine oxide function) was 
added. The reaction mixture was stirred at room temper- 
ature and monitored by “P NMR. Reaction times varied 
between 2 and 5 h, The solution was then cooled to 5 
“C and hydrolized with 20% aqueous sodium hydroxide 
solution. The Orgilnk layer was directly chro- 
matographed on a short alumina column with hcxanc- 
rthur (95:5) as eluent, under argon. All reductions were 
quantitntivc and stereospecific accordin 
analysis of the crude r~rtion mixtures. 

ELI Quantitative yield obtained after 3 h at room 
temperature. Colorless solid: m.p. 79 “C. Mass spectrum 
nrpe 340 (M, 12%), 267 (M-SiMe,. lWk), 212 
(MenP=CMe,. 30%). 73 (SiMe,. 100%). “P NMR 
(C,B,) S 28.2 ppm. [eu], = - 180” (c-p 1, C,H,J. 

4b was farmed quantitatively after 3 h at room 
temperatur\: according to “P NMR analysis of the 
rcuction mixtun. Colorless solid. “P NMR CC,&,,) S 
22.6 ppm. ‘PI NMR (CAB,) 6 0.20 (s. SiMe,). 0.88 (s. 
Me-71. 1.13 kl. jJ,,_,, = 15.6 Hz. Me-61. 1.29 (d, ‘J,,_,, 
= 4.2 Hz. Me-S). 1.34 
Hz, PCHSi) pprn. “C 

Me-H), 1.98 (d. “J ,,.., , = 3.3 
R KY, I& ) 6 0.96 (cl, ‘J(. _ ,’ I- 

4.0 Hit. SiMc,L 21.6 
(d. ‘J(. ,, 

‘Ju_,, = 5.2 Hz. Me-51, 25.1 
c= 9.4 Hz. Me-WI. 25.6(d. ‘J(. _,, = 23.0. Me-61, 

27.1 (d, ‘Jr_,,= 5.9 Hz, Me-7). 29.1 (d. ‘Jr_ 1, = 19.6 
Ilz, PCH%i). 41.6(C), 44.5 (d, Jc_,, = 2.7 Hz. C) ppm. 
Mass spectrum /,1,/e 340 IM. Srir). 325 (M-Me. 5%). 

-SiMe?, 10%). 212 (MenP==CMe,. IS%). 73 

4c was obtained after 3 h at room temperature. 
Colorless oil. ” P NMR (C,Q,) S 28.9 ppm. ‘H NMR 
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structure was solved and refined using the Enruf-Nonius 
IWWN package. The compoznd crystallizes i”, space 
group P2 t a= 11.946(l) A. b- 14.835(2) A, c= 
15.681(2)A. /3= 100.43(l)“; V=2733.16(9);i3; Z=2; 
d Enk = 1.200 g cme3; p = 4.9 cm- ‘: F(OO0) = 1072. A 
total of 7621 unique reflections were recorded in the 
range 2“ I; 28 I; 56.1”, of which 1056 were considered 
as unobserved (F* < 3.0a(F2)), leaving 6565 for solu- 
tion and refinement. Direct methods yielded a solution 
for all atoms. The hydrogen atoms were included as 
fixed contributions in the final stages of least-squares 
refinement, while using anisotropic temperature factors 
for all other atoms. A non-Poisson weighting scheme 
was applied with a p factor equal to 0.08. The final 
agreement factors were R = 0.032, R, = 0.045, GOF 
1.01. 
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