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Abstract 

Removal of HCl from (CO),MPRHCl (M = Cr, MO, W; R = Ph, NEt,) by treatment with NEt, has given the complexes 

(COlsMPh(H)PP(Cl)PhM(co), (M = Cr, MO, Wl (1) and (COl,CrNEt,(H)PP(CllNEt,Cr(CO1, (2) containing bridging diphos- 
phine ligands. Surprisingly, (CO)sCrCI,PPCl,Cr(CO)s (3) was formed from treatment of (CO),CrPHCl, with NEt,. Reaction of 1 

with tetrabutylammoniumfluoride, of 2 with gaseous HCl, and of 3 with MeOH gave (CO),CrPh(H)PP(F)PhCr(CO), (4), 

(CO),CrCl(H>PPCl,Cr(CO)s (5) and (CO),Cr(MeOl,PP(OMe),Cr(CO), (6) respectively. Except for Cl,PPCl,, the diphosphine 

ligands in l-6 are unknown in the free state. Attempts to abstract HCI from 1 to give the diphosphene complex 

(CO),CrPhP=PPhCr(CO)s failed. 

1. Introduction 

Recently, we showed by using neutralisation-reioni- 
sation mass spectrometry (NRMS) that certain small 
molecules containing phosphorus, e.g. H ,PSH, 
H,PCH,, HSP, and its isomer HPS can exist in the 
rarefied gas phase in the mass spectrometer. They are 
kinetically unstable and so accessible only by methods 
which preclude intermolecular interactions [ll. 

An alternative route to such species used by our 
group involves their generation within the coordination 
sphere of a complex. Thus, by suitable reactions of 
coordinated ligands we obtained, for example, com- 
plexes containing diphosphine ligands like P,Br, and 
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R(X)PP(X)R (R = aryl, X = H, Br, I) which are 
metastable or still unknown in the free state [2]. Coor- 
dination of the species via phosphorus to M(CO), 
centres strongly reduces their nucleophilicity, presum- 
ably the main source of instability for many Pm com- 
pounds containing combinations of P-P/, P-halogen/ 
and P-H/bonds [3]. 

We describe below the preparation of complexes 
containing functionalized diphosphines that can be used 
as starting materials in the synthesis of further com- 
pounds containing diphosphines as bridging ligands. 

2. Preparation of the complexes (CO),MR(H)PP(Cl)- 

RM(CO), (1,2) 

We have found that compounds 1 and 2 can be 
easily prepared in good yields by reaction of coordi- 
nated phosphines RPHCl with triethylamine according 
to eqn. (1). The precursor complexes (CO),MPRHCl 
can be readily made by various methods [4-101. The 
preparation of (CO),CrPHClNEt 2 (see Experimental 
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section) is described here for the first time. Complexes 
1 and 2 form yellow crystals that arc fairly stable in the 
solid state even when exposed to moist air. They arc 
readily soluble in benzene, toluene. or chlorinated hy- 
drocarbons. 

H H <‘I 

(1) 

(12) 

@= M(CO), 
1: R = Ph; a M = Cr, b M = Mo. c M = W 

2: R = NEt,, M = Cr 

Since 1 and 2 contain two chiral phosphorus centres, 
the products obtained are expected to be mixtures of 
the three- and cryl/zro-forms, giving rise tn WI) groups 
of signals in the “F’(‘N} NMR spectrum. III the case of 
the compounds la-lc. the spectra of the crude prod- 
ucts do indeed show two AX spin systems. in an 
approximate intensity ratio 3 : I. After repeated rccrys- 
tallization. the predominant diastcreomcrs were ob- 
tained in the pure state. In contrast to 1. solutions of 
crude 2 exhibit only one AX spin system. suggesting a 
stereospecific reaction (Table I j. 

Huttncr t’t ul. [I I] obtained la by addition of HCI to 
(CO),CrPhP=PPhC:r(CO),; they assumed tran.s addi- 
tion. and hence a thtwr configuration of the diphos- 
phinc ligand. Comparison of their NMR data with ours 
shows that in the reaction shown in cyn. (1). the 
cptlwo isomers of 1 arc prcferenlially formed. It is 
noteworthy that the predominating isomers of 1 gradu- 
ally undergo isomerization (e~~~tlzln-tl~~cc~ conversion?) 
when kept in CDCI i solution for day\ and wceki;. 

3. Preparation of ICO),CrCl,PPCI,CrlCO), (3) 

Surprisingly, (CO),CrPHCI, (the preparation of 
which is described here for the first time) is treated 
with NEt 3 according to eqn. (1). complex 3 is the main 
product rather than the expected complex 5. Vomplcx 

3 was previously prepared by clcctrochemical reduction 
of (CO)iCrP(‘I i 1121. The route taken by this reaction 
is still unknown. Hc~wcccr. wc found that in the initial 
stage 01’ the* reaction (al‘tcr addition of il.5 mol of 
NEt,) the solution conlained mainly 5 and unchanged 
starting matcriai. When ail rhc NEt, had been added. 
the solution contained 3 and srvcral phosphorus corn-- 
pounds that have not !bccn identified. Later on in our 
invcrtigationr. WC” I~und (SW bclocv) ‘I method of 
preparing pure 5. :trrd it should 1~ pc~&blc to study its 
reaction with NF,t in the prcscnc‘e or absence of 
CCOIiCrPHC’i ,. 

4. Reactions of complexes 1-3 

Dehydrohal~)gcnati~~n of la with NEt ; or other bases 
under various conditions did not give the expected 
diphosphcne ~omplcx (C’O),C‘rPhP=I-‘~‘h~-‘r(CO)i, but 
instc;td ;L c~mpi~x rnlrturc of products. However, a 
transient change in c~~lour of the solution from yellow 
to deep purple dur-ing lhc reaction suggests the inter- 
mediate formation ol l~El~-coordinate phosphorus com- 
pounds. 

When la wah treated with tctrabutylammoniLlm flu- 
oridc in tolucnt’ at room tcmperaturc for 45 min. the 
(‘1 was complctcly replaced by 1’. to give 4. The com- 
plex 4 obtained in this \vay turned out to be a mixture 
of two diastcreoisomeri in a 2 : 1 ratio. After repeated 
recrystallization from toluene. the predominant isomer 
wa\ obtained in pure form ~1s vellow iystals. The 
corresponding I’ Pi’ t-t) NMR siectrum. data from 
which are given in .l‘ahlt: I!. ahous the expected reso- 
nancc patterns and coupling constant>. 
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When la-lc was treated with gaseous HCl in pen- 
tane, no reaction was observed. Similarly, the P-P 
bond remains intact when 2 is treated with HCl under 
the same conditions. However, the NEt, groups in the 
latter are gradually replaced by Cl, with formation of 5, 
the reaction being complete after 20 min when CH,CI, 
is used as a solvent. 

(CO)&rCI(H)PPCl,Cr(CO), 

(5) 

By means of 31P NMR spectroscopy it was shown that 
the first step in the reaction is the formation of the 
partially substituted complex (CO),CrCl(H)PP(Cl) 
NEt ,Cr(CO),. Subsequently it undergoes complete 
substitution to give 5. The 31P(1H] NMR spectrum of 
(CO),CrCl,P,P,(H)ClCr(CO), (5) shows an AX pat- 
tern with chemical shifts a(P), 201.3 ppm (d), a(P), 
144.2 ppm (d), and the coupling constant ‘J(PP) = 204 
Hz. 

When we consider the range of tetraalkoxydiphos- 
phines (RO),PP(OR), that have been reported [13-161, 
we find it remarkable that the compound in which R is 
Me is still unknown. Perhaps this compound is unsta- 
ble. Reaction of 3 with MeOH at room temperature 
for 3 days gave compound 6 as a white powder that 
gradually became beige upon exposure to moist air. 

(CO),Cr( MeO),PP( OMe),Cr( CO), 

(6) 

The 31P(1H} NMR spectrum of 6 exhibits a singlet at 
a(P) 224.5 ppm. 

5. Conclusions 

It has been shown that complexes 1 and 2 containing 
functionalized diphosphines as bridging ligands are 
readily accessible. Because of the presence of reactive 
P-H, P-Cl or P-N bonds, they are versatile starting 

2 @PRHC~ a @R(H)PP(Cl)R@ 

@= M(CO),; M =‘,, MO, W; R = Ph, NEt, 

materials for the synthesis of further diphosphine com- 
plexes, e.g. 4-6, which cannot be prepared by conven- 
tional methods because the corresponding free diphos- 
phines are presumably kinetically unstable. The reac- 
tions are summarized in Scheme 1. 

6. Experimental details 

6.1. General procedures 
All operations were carried out under nitrogen. 

Nitrogen and solvents were purified and dried by stan- 
dard methods. Silica gel was silanized as reported in 
[17]. Melting points are uncorrected. 31P{1H) NMR, 
Bruker AM 200 (81 MHz); ‘H NMR, Bruker AM 200 
(200 MHz); 19F NMR, Bruker AM 200 (188 MHz); 
chemical shifts are relative to external 85% H,PO, 
(31P> and internal (CH,),Si (lH), C,F, (19F) as refer- 
ence compounds; positive shifts are to high frequency. 
Abbreviations used are as follows: s, singlet; d, doublet; 
t, triplet; q, quartet; m, multiplet; c, centred. Values of 
coupling constants are in Hz. IR, Perkin-Elmer PE 
283; IR spectra were recorded in the range 2200-1600 
cm-* in pentane solution. MS, Varian MAT 311 A; 
m/z data refer to the highest peak of a polyisotopic 
group. 

6.2. Preparation of (CO),CrPHClNEt, and its precur- 
sors 

6.2.1. (CO),CrPCl(NEt,), 
A solution of (CO),Cr . THF, prepared from 

Cr(CO), (10 mmol) and 130 ml of THF (ultraviolet 
irradiation for 45 min; Normag photoreactor, TQ 150 
Hanau), was added to 10 mmol of ClP(NEt,), and the 
mixture was stirred for 2 h. The solvent and unchanged 
Cr(CO), were then removed at 40°C in uacuo. The 
crude product was dissolved in pentane and chro- 
matographed on silica gel (column size 4 X 2.5 cm*>. 
Elution with pentane gave a yellow fraction, and after 

@Ph(H)PP(Cl)Ph@ CI/F-exchange @Ph(H)PP(F)Ph@ 

@NEt,(H)PP(Cl)NEt@ = @Cl(H)PPCl@ 

2 @PHCl, 3 @Cl,PPCl@ MeOH @(MeO),PP(OMe),@ 

a.0. 

Scheme 1 



removal of the solvent the pure complex was obtained 
in 80% yield as a yellow oil. 

6.2.1. I. Perentacarbo~l~(-chloro-his (cliethyl~lnzino)phc,s- 

phinechromium. Anal. Found: C, 3X.94; H. 5.12; N, 
6.91; Cl, 8.X0. C,,H,,,ClCrN,O,P (402.71 talc.: C, 3X.77: 
H, 5.01; N, 6.96; Cl. X.X1%. “P(‘H] NMR (in C,L>,l: 
6(P) 202.2 (s) ppm. ‘H NMR (in C,D,): (S(H)(CH,) 
1.12 (t, ‘J(HCCH)= 7.0 Hz); n’(H)(NCH,l 3.19 (mc, 
‘J(PNCH) = 14.0 Hz) ppm. El-MS: m/z 402 (20%) 

[Ml+‘: v(C0) 2066m. _ ~(121~. 19X%, 1960. 1947~s cm-‘. 

6.2.2. (CO),CrPH(NEt,I, 
In a previously described procedure [4]. a solution of 

10 mmol of (CO),CrPCl(NEt,), was added dropwise 
to 5 mmol of LiAlH, in 30 ml of diethyl ether at 
-80°C. The mixture was allowed to warm to room 
temperature and stirred for h h. After filtration, the 
solvent was removed in I’LZC‘IIO at room temperature. 
The residue was taken up in pentanc and chro- 
matographed on silica gel with pentane as eluent. The 
eluate was evaporated to dryness to give (CO),CrPlH- 
(NEt,), as a light yellow oil in 90% yield. 

Pentacarbonyl-bis(diethylamino)phosphinechrom- 
ium. Anal. Found: C. 42.15: H, 5.X8: N. 7.43, 
C,,H,,CrNZOjP (36X.3) talc.: C, 42.40; II, 5.75: N, 
7.61%. “‘P{‘H} NMR (in C,D,): ii(P) 126.9 (s) ppm. 
‘H NMR (in C,D,,): G(H)(CH i) O.XX (t, ‘.I(HCCH) = 
7.1 Hz); G(H)(NCH,) 2.X6 (mc, “J(PNCH! --= 14.0 Hz); 
G(H)(PH) 6.X5 (d, ‘J(PHl= 3X6.9 Hz) pprn. El-MS: 
m/z 36X (21%) [M]~“; v(CO) 2057m. 107Om, 1943. 

1936~s cm -I. 

62.3. (CO),CrPHCINEtz 
In a previously described procedure [4], a solution of 

10 mmol of (COl,CrPH(NEt,), in 40 ml of pentane 
was treated with gaseous hydrogen chloride for 5 min 
at 0°C. After removal of the solvent in ~~cuo at room 
temperature, the residue was extracted with 75-50 ml 
of pentane. The extract was filtered and the filtrate 
evaporated to dryness. The residue was chro- 
matographed on silica gel to give (CO)iCrPHCINEt, 
as an orange oil in 85% yield. 

Pentacarbonyl-chlorodiethylaminophosphospl~inechrom- 
ium. Anal. Found: C, 32.54; H, 3.31: N, 3.93: Cl, 10.61. 
C,H,,ClCrNO,P (331.61 talc.: C, 32.60: H, 3.34; N. 
4.22; Cl. 10.69%. “P{‘H} NMR (in C,D,): 6(P) 149.5 
(s) ppm. ‘H NMR (in C,D,): G(H)(CH,l (I.93 (t, 
‘J(HCCH) = 7.2 Hz); G(HXNCH21 2.98 (mc, “.I(PNCHl 
= 14.3 Hz; 6(H)(PH) 7.61 (d, ‘.I(PH) = 402.4 Hz ppm. 

EI-MS; rrr/‘~ 3.31 (17%) [M]~’ ‘; v(CO) 2078s. 2024~. 
1989m, 1973. 196Ovs cm ‘. 

6.3. Preparation o)j’ ~C’O~,C‘rPHC12 
A solution of 10 mm01 of (CO),CrPH(NEt,), in 40 

ml of CH -Cl, was treated with gaseous hydrogen chlo- 
ride for 10 min at (1°C. The mixture was worked up as 
dcscrihed above to give (CO),CrPIHCl, as yellow crys- 
tals in 85%~ yield. 

Pentacarbonyl-dichlorophosphinechromium. Anal. 
Found: c’. 20.39; H. 0.40: Cl. 23.19. C,HCl,CrO,P 
(293.9) talc.: c’, 20.36; H. 0.34; Cl. 24.04%. “P(‘H] 
NMR (in C1,,D,,): &PI 155.5 (s) ppm. ‘H NMR (in 
ChDh); G(H)(PH) X.90 (d. ‘./(PH) = 391.1 Hz) ppm. 
El-MS: rn,‘; 294 (53% 1 [Ml’.‘: r(CO) 20Xlm. 1996~. 
1973\;s cm ' : rn.p. io-317. (dec.~. 

6.4. Geneml proccciuw .f;w the preparation qj’ (CO), 
MPh!H)t’~“jCI)Pi7A~1(‘0)i ila-icl 

Triethylamine (? mmol) was added dropwise to a 
solution of IO mmol of (COliMPhPHCl in 30 ml of 
toluene at -~ 35°C. ‘fhc mixture was stirred for 30 min 
and then allowed to warm slowly to room temperature. 
After removal of the solvent in mc140. the residue was 
washed with 30 ml of pcntanc (in which the diphos- 
phine complex i\ c~rrly sparingly soluble) and then dis- 
solved in toluene and chromatographcd on silica gel 
(column size 5 X 2.5 cm’: eluent tolucne). The yellow 

fraction was reduced irr I’C(~l(t7 to a v,olumc of 20 ml. 
and kept at -YC to give pure isomers of la-lc as 
yellow crystals in 60-65’; yield. 

Decacarbonyl-p- 1-chloro- 1 ,‘-diphenyldiphosphine- 
dichromium (la). Anal. Found: C. 40.h3; H, 1.85; Cl, 
5.40. C,,I-I,,CICI-:O,,,~~, (tGh.7) talc.: C. 41.50; H. 1.74; 
Cl. 5.57~~. ‘H NMR (in CDCI,): 8(IH)(C,H,l 7.50 
(mc); 6(H)(PHl b.21 (dd, ‘.I(PH) = 312.6 Hz; ‘.I(PH! = 
19.5 Hz) ppm. EI-MS: m/z 636 (12%) [Ml”: c(CO) 
2065m. 2027~. 19X9m. 1970. 1964~s cm I; m.p. 13% 
13X.S”C (dec,). 

Decacarbonyl-p- 1 -chloro- 1,2-diphenyldiphosphine- 
dimolybdcnum (lb). .Anal. Found: C. 36.47; H, 1.47: Cl, 
4.99. CZ2H ,,ClMo,Oi,,P, (724.6) talc.: C. 36.47; H. 
1.53: Cl, 4.89%. ‘H NMR (in CDCl,): G(H)(C,H,) 7.62 
(mc); G(H)(PH) 6.14 (dd, ‘.I(PH) E-= 312.1 Hz. ‘.I(PH) = 
16.6 Hz) ppm. FI-MS: I?I,/Z = 723 (71Y) [Ml”: v(U)) 
207Om, 2024~~ 19XXm. 1973, 196%~ cm-~ ‘: m.p.: 144- 
144.S”C (dec. 1. 

Decacarbonyl-p- I -chloro- 1.2-diphenyldiphosphine- 
ditungsten (1~). Anal. Found: c’, 29.15: H, 1.15; Cl, 
3.7X. C,,H ,,CIO,,,PZWI (900.4) talc.: C. 29.35; H. 1.23; 
Cl, 3.94%. ‘1-l NMR (in CDCI,): G(H)(C,,H,) 7.62 
(mc); G(H)(PHl -= 6.74 (dd. ‘J(PH) = 324.7 Hz, ‘.I(PH) 
= 17.4 Hz) ppm. El-MS: r?z/; 900 (47%) [M] “; v(CO1 
2072m. 3(125w. 19hXs. 1959vs cm ‘: m.p. 16X- lhX.S”C 
(dec.). 
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6.5. (CO),CrNEt,(H)PP(CI)NEt,Cr(CO), (2) 
A solution of 25 mmol of NEt 3 in 5 ml of pentane 

was added dropwise at 0°C to 10 mmol of 
(~O)~~rPHCINEt~ in 60 ml of pentane. The reaction 
was completed by stirring for 15 min, the precipitate 
then filtered off and the filtrate evaporated in uucuo at 
room temperature. The residue was taken up in pen- 
tane and the solution mixed with 20 ml of silica gel. 
After removal of the solvent, a powder-like product 
remained and this was placed on the top of a silica gel 
in a column (size 20 x 2.5 cm’). Elution at - 30°C with 
pentane gave a yellow fraction, what was evaporated in 
uucuo at room tempeature to small volume then kept 
at -4°C to give yellow rhomb-shaped crystals in 40% 
yield. 

Decacarbonyl-~-1-chloro-1,2-bis(diethylamino)di- 
phosphinedichromium (2). Anal. Found: C, 34.33; H, 
3.29; N, 4.49; Cl, 5.49. C,,HZICICr,N,O,,P, (626.7) 
talc.: C, 34.49; H, 3.38; N, 4.47; Cl, 5.66%. ‘H NMR 
(in C,D,): 6(H)(PH) 6.96 (dd, ‘J(PH) = 357.8 Hz, 
2J(PH) = 53.8 Hz); G(H),(NCH,) 3.30 (mc, “J(PNCH) 
= 11.6 Hz); S(H),(NCH,) 3.10 (mc, 3J(PNCH) = 11.6 
Hz); ~(H)~(CH~) 1.01 (t, 3J(HCCH) = 7.1 Hz); 
G(H)x(CH,) 0.88 (t, -?I(HCCH) = 7.1 Hz) ppm. ET-MS: 
m/z 626 (4%) [Ml+‘; v(C0) 2059m, 1989s. 1962,1956vs 
cm-‘; m.p. 84.5-85°C (dec.). 

6.6. fCO),CrCI, PPCl,Cr(COJ, (3) f121 
A solution of 5 mmol of NEt s in 5 ml of pentane 

was added dropwise with stirring to a solution of 10 
mmol of (CO),CrPHCl, in 50 ml pentane at 0°C. 
When the addition was complete, the yellow mixture 
was stirred for a further 15 min, the solvent was 
removed in uucuo at room temperature and the residue 
treated with 20 ml of diethyl ether. The undissolved 
material was filtered off. When the filtrate was kept for 
several days at -4°C further product separated. For 
purification, the solid product was chromatographed 
(column size 5 x 2.5 cm*; eluent toluene), and the 
yellow fraction evaporated in uucuo to a small volume 
and kept at - 4°C to give yellow crystals in 50% yield. 

Decacarbonyl-~-tetrachlorodiphosphinedichromium 
(3). C,,C1,CrZO,,P, (587.8) 31P{1Hl NMR (in C,D,): 
a(P) 208.5 (s) ppm. EI-MS: m/z 588 (62%) [Ml+‘; 
v(C0): 2076m, 2000s 1988~s cm-‘; m.p. 153-1535°C 
(dec.). 

A solution of 1 mmol of la in 40 ml of toluene was 
added dropwise with stirring to a suspension of an 
equimolar amount of tetrabutylammonium fluoride 
(TBAF) in 10 ml of toluene at room temperature. (The 
TBAF trihydrate used was dried for 5 h at 35°C in 

~_XZCUO as described by Cox [18].) When the addition 
was complete, the mixture was stirred for 45 min, the 
solvent then evaporated in U~CUO at room temperature, 
and the residue treated with 30 ml of diethyl ether 
then filtered off and dried in LUZCUO. The product was 
purified by chromatography on silica gel (eluent 
toluene; column size 5 X 2.5 cm2). The eluate was 
evaporated to small volume and kept at -4°C to give 
the pure isomer as yellow crystals in 70% yield. 

Decacarbonyl-~-l-~uoro-1,2-diphenyldiphosphine- 
dichromium (4). Anal. Found: C, 42.16; H, 1.77; F, 
3.20. CZ2H11Cr,FOl,P2 (620.2) talc.: C, 42.60; H, 1.79; 
F, 3.06%. ‘H NMR (in CDCl,): G(H)(C,H,) 7.24 (mc); 
G(H)(PH) 5.54 (ddd, ‘J(PH) = 322.0 Hz, 2J(PH) = 17.5 
Hz) ppm. “F NMR (in C,D,): 6(F) 11.2 (ddd, 3J(FH) 
= 19.4 Hz) ppm. EI-MS: m/z 620 (32%) [Ml+‘; v(C0) 
2064m, 2027w, 1981m, 1969, 1963~s cm-‘; m.p. 147°C 
(dec.). 

6.8. (CO),CrCl(H)PPCl,Cr(CO), (5) 

A solution of 2 mmol of 2 in 30 ml of Cl&H, was 
treated with gaseous hydrogen chloride for 20 min at 
-30°C. Removal of the sohent in ~~CUO at room 
temperature left a yellow powder which was treated 
with 20 ml of pentane and the precipitate removed by 
filtration. The filtrate was evaporated in ~~CUO at room 
temperature, and the crude product chromatographed 
on silica gel (eluent toluene; column size 5 X 2.5 cm2). 
The yellow fraction was reduced to a small volume 
then kept for several days at -30°C to allow complete 
crystallization. Compound 5 was obtained in 85% yield 
as yellow crystals. 

Decacarbonyl-~-l,2,2-trichlorodiphosphinedichrom- 
ium (5). Anal. Found: C, 21.60; H, 0.18; Cl, 19.15. 
~,~HC13Cr*O~~P~ (553.4) talc.: C, 21.70; H, 0.18; Cl, 
19 22%. ‘H NMR (in C,D,): G(HXPH) 6.75 (dd, 
‘J(PH) = 345.6 Hz, 2J(PH) = 23.1 Hz) ppm. EI-MS: 
m/z 553 (70%) [Ml”; v(C0) 2075m, 2000s 1990, 
1987~s cm-‘; m.p. 95-96°C (dec.). 

A solution of 2 mmol of 3 in 60 ml of methanol was 
stirred at room temperature for 3 days. The mixture 
was then reduced to a volume of 20 ml and kept for 
several days at - 30°C to give 6 as a white solid in 90% 
yield. 

Decacarbonyl-~-tetrametho~diphosphinedichrom- 
ium (6). Anal. Found: C, 29.27; H, 1.89; Cr, 18.14. 
Cl,Hl&r,014P2 (570.1) talc.: C, 29.49; H, 2.12; Cr, 
18.24%. ‘H NMR (in C,D,): G(H)(CH,) 3.55 (mc, 
3J(POCH) = 11.2 Hz) ppm. EI-MS; m/z 568 (25%) 
[Ml+‘; v(C0) 2060m, 2026w, 1988m, 1968,1958vs cm-‘; 
m.p. 160-161°C (dec.). 
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