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Summary 

Tetraphenyldiphosphine  monox ide  forms complexes of the type  (CO)sM- 
[PPh2P(O)Ph:] with Group VIB metals (M = Cr, Mo, W). The crystal  and mole- 
cular s t ructure  of  the Mo-complex has been de termined:  MoP:O6C29H20, Mono- 
clinic Space Group P21/n, a 13.776(1),  b 16.811(2),  c 12.162(1} .~, ~ 90.36(1) ° ; 
Z = 4 and De 1.47 Mg m -3. RF is 0.038 for 5006 observed reflections.  The Mo 
atom is found  to be coordina ted  to the  originally tr ivalent phosphorus  a tom 
while the  Iigand P--P bond remains intact  and the oxygen a tom is uncomptexed .  
The overall con fo rma t ion  around the  P--P bond is staggered. 

Heating of these complexes in diglyme resulted in loss of CO and tautomeri-  
zation of  the  diphosphine oxide ligand into the chelating d iphosphoxane  in 
products identif ied as cis-(CO)4M(PPh2OPPh2). 

Reaction of  excess OP2Ph4 with c/s-(CO)4M(NHCsH1Q)2 yielded H-bonded 
heterocycles of  the type  cis-(CO)4M[PPh2P(Ph2)O"" HNCsH10] which are inert  
towards displacement  of  the remaining piperidine ligand. 

Introduct ion 

Diphosphine monoxides  (OPR2PR'2) can exist in several t au tomer ic  forms: 
R2P(O)PR'2, R2POPR'2, or R2PP(O)K'2 [1 ]. For  te t raphenyld iphosphine  oxide 
(R = R' = phenyl) ,  the  the rmodynamica l ly  favored form is Ph2PP(O)Ph2. The 
free ligand thus contains both  hard (O----P) and soft  (P) donor  sites. Potentially,  
OP2Ph4 and its d iphosphoxane  (Ph2POPPh2) t au tomer  can func t ion  in mono-  
dentate (Fig. 1: a, b, c), chelating (d, e), or bridging modes  (f, g). 

* Issued as NRCC publication no. 20206, 
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Fig. 1. 

Of these possibilities, only  g has been repor ted  in the  complex  (CO)sMoPPh2- 
OPh:PMo(CO)s  prepared  indirect ly  f rom coord ina t ed  ch lo rophosph ines  [2] .  
We have examined  the  direct  subs t i tu t ion  reac t ion  of  OP2Ph4 with Group  VIB 
metal  carbonyls  and we r epo r t  here our  findings.  

Results and discussion 

Direct  reac t ion  of  OP~Ph4 wi th  Mo(CO)~ p roceeded  s m o o t h l y  in ref luxing 
e thanol  to  give (CO)sMo(OP2Ph4). The  s t ruc ture  o f  this p r o d u c t  has been 
established by spectral  and  X-ray techniques .  

The  i m p o r t a n t  distances,  angles as well as the  a tomic  n u m b e r i n g  scheme are 
shown in Fig. 2. A stereoview of  the  molecu le  is p resen ted  in Fig. 3. The  crystal  
s t ruc ture  conta ins  a Mo a t o m  coord ina t ed  to five carbonyl  groups and the  
former ly  tr ivalent  P(1) a tom of  the  d iphosph ine  oxide ligand. The  P(1)--P(2) 
b o n d  remains  in tact  at 2 .238(1)  ,~ and the  oxygen  a t o m  on P(2) is uncoord i -  
nated.  The  overall conf igura t ion  a round  the  P(1)--P(2) b o n d  is staggered with 
the  Mo--P(1) and P(2)--O torsional  angle at 61.0(1)  ° . The  Mo--P(1) dis tance at  
2 .534(1) ,  Mo--CO~x at 1 .969(3) ,  C--O~x at 1 .158(3) ,  and average C--O,q at 
1.144(3) .~ are all similar to  r epo r t ed  values for the  (CO)sMoPPh3 complex  [3a].  

It  is interest ing tha t  the  four  pheny l  rings a d o p t  a gauche-conformation (see 
Fig. 3) abou t  the  P--P bond,  whereas  in (CO)3Ni(Ph2PPPh2)Ni(CO)3 the  anti- 
con fo rma t ion  was found  instead [3b] .  Also w o r t h y  of  n o t e  is the  d i s to r t ion  of  
three  of  t he  pheny l  rings (1, 2 and  3). These conta in  average C(1)--C(2) and 
C(1)--C(6) distances of  1.38,  C(2)--C(3) and C(5)--C(6) o f  1.40,  and C(3)--  
C(4) and C(4)--C(5) distances o f  on ly  1 .35 /~ .  In add i t ion ,  the  average C(3)-- 
C(4)--C(5) angle for  these  rings is 121.4  ° . 

Analogous  react ions o f  OP2Ph4 failed wi th  Cr(CO)6 and W(CO)6 in e thanol .  



3 2 3  

oo 

o ~ ~ o 

, ~  ~ '  ~ -  ~ d 

• ^ ~ . t .  ~-  z-,4 \ ~ _  " 

g 

~ , . . ~  ~ ~ ~ ~ ~ ~ ~ o o o -  o ~ 

1 I o i I i I | | i I i | i I i 

I 1 I i i i i i i i I i ~ i i I 

0 

A 

r~ 

I '~ tD 
0 0 ~ 

5 ~ 



324  

Fig. 3. Stereoview of the (CO)5Mo(OP2Ph4) structure. 

These hexacarbonyls reacted instead with OP2Ph4 at 120 ° in diglyme solvent to 
give yellow products that were characterized as cis-(CO)4M(OP2Ph4) by IR and 
elemental analysis. A similar Mo-cornplex was obtained by prolonged heating 
of (CO)sMo(OP2Ph4) in ethanol or diglyme. Gray has previously reported for- 
mation of the same cis-(CO)4Mo(PPh2OPPh2) complex from the reaction of cis- 
(CO)4Mo(PPh20)~H- with chlorophosphines and acyl chlorides [ 20]. 

The infrared spectra of all three products showed the absence of terminal 
P==O bands in the 1100--1200 cm -I region. They all have strong new bands 
near 750--785 cm -t (Table I) which may be assigned to the P--O--P group 
[2,4]. Furthermore, a single type of phosphorus was found in each complex 
according to the a,p NMR spectra (Table 2). There are at least two reasonable 
structures for these compounds (Fig. 4): 

Structure A would contain the ligand functioning as a diphosphoxane chelate 
(mode e) while B would have the bridging diphosphoxane ligand (mode g). Pre- 
viously reported diphosphoxane bridges in (CO)sMoR2POPR'2Mo(CO)s have 
the i r  a s y m m e t r i c  P--O--P bands  in the  in f ra red  at  860- -895  cm -~ [2] .  

Since ~ has been p red i c t ed  to  decrease wi th  the  P--O--P angle,  the  m u c h  
lower  values o f  750- -785  cm -1 in these  complexes  m a y  suggest  a s ign i f icant ly  

T A B L E  1 

I N F R A R E D  D A T A  

C o m p o u n d  P(P---O--P) a p ( N - - H )  b P ( N - - D )  b 
( c m  - I  ) ( c m  - !  ) ( c m  -1 ) 

cts-(CO)4M(Ph2POPPh 2) 
M = Cr 
MfMo 
MfW 

c/s-~CO)4M(OP 2Ph4)(NHc 5 H I 0) 

M = C r  
M = M o  
M = W  

7 6 0 , 7 8 4  
7 5 8 , 7 7 3  
7 6 0 , 7 7 7  

3170 
3240 2892 
3238 2390 

a Spectra taken as Nujol Mulls. b Spectra taken in C2CI 4 solutions. 



T A B L E  2 

31p N M R  D A T A  O F  T H E  C O M P L E X E S  

3 2 5  

C o m p o u n d  C h e m i c a l  sh i f t  a J ( W - - P )  
(Hz) 

6 ( P O )  A ( P O )  6 (P)  A ( p )  J ( p - - p )  
( H z )  

Ph2P--P(O)Ph 2 (L) 35.2 --23.2 

(CO)sM--L 

M = Cr 34.1 --1.1 50.1 +73.3 106 
M o  3 3 . 9  b - - 1 . 3  3 1 . 7  b + 5 4 . 9  1 0 7  
W 3 4 . 6  ---0.6 1 4 . 4  + 3 7 . 6  9 0  2 3 8  

cis-(C O ) 4 M - - L ( N H C  $ H 10) 
M = C r  3 9 . 9  + 4 . 7  4 6 . 8  + 7 0 . 0  1 5 9  

M o  3 7 . 9  + 2 . 7  3 0 . 0  + 5 3 . 2  1 4 4  
W 3 8 . 8  + 3 . 6  1 6 . 5  + 3 9 . 7  1 2 7  2 2 7  

c / s - ( C O )  4 M ( P h  2P O P P h  2) 
M = C r  1 6 3 . 2  

M o  1 3 4 . 8  
W 1 0 6 . 2  2 1 5  

a C h e m i c a l  sh i f t s  are in  p p m  f r o m  8 5 %  H 3 P O  4.  S p e c t r a  t a k e n  in  CDC13.  b S i n c e  c h e m i c a l  s h i f t  d i f f e r e n c e  is  
smal l ,  t h e s e  a s s i g n m e n t s  m a y  be  r e v e r s e d .  

smaller P--O--P angle as required by a chelating structure [4] .  Structural data 
on the related bridging (EtO)2POP(OEt)2 ligand in (EtO)2POP(OEt)2Fe2(CO)s 
revealed a P--O--P angle o f  119.3 °. [5] A chelating P---O--P group would neces- 
sarily have a smaller angle and has not been previously observed. A molecular 
weight determination on the cis-(CO)4Mo(OP:Ph4) complex supports a mono- 
meric formulation. The chelating P--O--P ligand structure A is favored for these 
products at this time. An X-ray structural study is in progress on the Mo-com- 
pound. 

Monosubstituted (CO)sM[PPh2P(O)Ph2] complexes o f  Cr and W were pre- 
pared from the appropriate (CO)sMCH3CN derivatives [7] .  Structures similar 
to that o f  the Mo-complex are suggested by their IR and 31p NMR data (Tables 
2 and 3). Both Cr and W complexes thermally rearrange with CO loss to  the 
respective cis-(CO)4M(PPh2OPPh2 ) complexes upon heating in diglyme. 

In attempting to prepare disubstituted products o f  the type (CO)4M(OP2- 
Ph4)2, c/s-(CO)4M(NHCsH10)2 compounds (M = Cr, Mo, W), first reported by 
Darensbourg [8] ,  were reacted with excess OP2Ph4 in methylene chloride. In 
all three cases, only a single piperidine was displaced and yellow complexes o f  
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/J 

A 
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3 2 6  

TABLE 3 

I N F R A R E D  DATA OF THE COMPLEXES IN THE C A R B O N Y L  R E O I O N  (in cn~ -1)  

(All spectra were taken in cyc lohexane  solu t ion)  

C o m p o u n d  

(CO)sM--L  (L = OP2Ph 4) 
M = C r  
MffiMo 
M = W  

(CO)4M--L 
M f C r  
M f M o  
M f W  

(C O)4M--L(NHC 5 H t0)  
M = C r  
M = M o  
M = W  

2058(w) .  1956(s) .  1946(s)  
2062(w)°  1963(s) ,  1931(s)  
206S(w) ,  1954(s) ,  1944(s)  

2012 (m ) ,  1942(s) ,  1922(s) ,  1918(s)  
2024(m) ,  1946(s) ,  1933(s) ,  1923(s)  
2020(m) ,  1939(s) ,  1925(s) ,  1916(s)  

2 0 0 4 ( w ) ,  1900(s)~ 1880(s ) ,  1833(s )  
2 0 1 0 ( w ) ,  1920(s ) ,  1905(s ) ,  1872(s )  
2 0 0 5 ( w ) ,  1912(s ) ,  1894(s ) ,  1869(s )  

the type  cis-(CO)4M(OP~Ph4) (NHCsH,o) were isolated. Inspect ion of  their IR 
spectra revealed shifts o f  the N--H stretching frequencies  to  lower  energies com- 
pared to the parent  bis-piperidine c o m p o u n d s  (Table 1). The Cr-complex,  for  
example,  exhibi ted a shift  o f  a lmost  100 cm -t . Fur thermore ,  its P--O band is 
decreased by 17 cm -1 f rom the value in (CO)sCr[PPh2P(O)Ph2].  Upon  deutera-  
t ion, the N--H stretch of  cis-(CO)4Mo(OP2Ph4) (NHCsHt0) at 3240 cm -1 is 
shifted to a value of  2392 cm -t in the NDCsHt0 analog. The 3tp NMR spectra  
of  all three complexes  showed the expec ted  AB pat tern and t j (pp )  values indic- 
ative of  P--P bonding (Table 2). Addit ionally,  all three 5(PO) values exhibi t  
coordinat ion  shifts o f  a few ppm downfield.  These spectral results suggest tha t  
intramolecular  H-bond  exists be tween  the diphosphine oxygen and the amino-H 
(Fig. 5). 

Darensbourg and coworkers  have already no ted  the e f fec t  o f  intramolecular  
H-bonding in the phosphi te  displacement  of  piperidine f rom cis-(CO)4Mo- 
(piperidine)2 [9] .  A weak O--H interact ion was in fact  discovered in the struc- 
ture of  an isolated intermediate ,  cis-(CO)4Mo(NHCsHto)(P(OMe)3) [ 10] .  In our 
complexes ,  intramolecular  H-bonding seems especially effective since fur ther  
piperidine displacement  using OP2Ph4 did no t  occur  even in solvents like THF.  

Our  results are summarized in Scheme 1. 

\1 \ t  
.,.. / P - - P -  

"M 1 " ~ 0  

Fig. 5. 
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The 31p NMR spectra 
The ~H-decoupled 31p NMR data is presented in Tab. 2. For  complexes  of  

the type  (CO)sM(OP2Ph4) assignments can be made if the chemical shift of  the 

SCHEME 1 

Ph2f 

(M = Mo) J ~  OP2Ph~ 
/ EtOH 

N H C ~  

0 
~-PPh2 

OP 2 Ph 4 

Heat 

CHaCN 
~-- (CO)sM'CH3CN (M = Cr, W) 

"-~.~ / NHC 5H 10 
"~r' l /1 OP2 Ph4 

J ~ NHC5HIo 

~'M j 0 

. .  [ Ph2p__<.  
I N--H 

oxygen bearing phosphorus  changes minimally upon coordinat ion of the terti- 
ary phosphorus  a tom to the metal.  Based on this assumption,  the upfield part  
of  the AB pat tern  is assigned to the meta l -coordinated  P-atom. Fur ther  support  
for this comes f rom the observation of  183W--S'P satellites a round the upfield 
signals for the W-complex. The decrease in coordinat ion shifts (Ap) f rom Cr to 
Mo to W (73.3 to 54.9 to  37.6 ppm) is typical of  phosphine complexes  of  this 
family of  metal  carbonyls [ 11,12].  

Similar assignments can be made for the cis-(CO)4M(OP~Ph4)(NHCsHlo) com- 
plexes. 

If the free ligand chemical  shifts of  Ph2POPPh2 were available, it would be 
most  instructive to discuss the cis-(CO)4M(PPh2OPPh2) complexes  in terms of 
their chelate ring effects  [13].  Unfor tuna te ly  such data  is no t  ye t  available; it 
will be useful to prepare non-chelate  complexes  of the type  MPPh2OPPh2 (c) 
for such comparisons.  

Experimental section 

All reactions and purifications were per fo rmed  unde r  dry,  deoxygena ted  
ni trogen in Schlenk glassware. 

Metal hexaearbonyls  were purchased f rom Vent ron  Chem. Co. Tet raphenyl-  
diphosphine oxide was prepared according to l i terature m e t h o d  [ l ( a ) ] .  

Diglyme was predried with Call2 and vacuum-distil led f rom Na-benzophe- 
none ketyl .  Methylene chloride and hexane  were distilled f rom Call 2. cis-(CO)4- 
M(NHCsH,0)2 were prepared by l i terature methods  [ 10]. 

Infrared spectra were recorded  using a Perkin--Elmer  283 spec t rophotometer .  
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TABLE 4 

A N A L Y T I C A L  D A T A  O F  T H E  C O M P L E X E S  

C o m p o u n d  F o u n d  (ca lcd . )  (%) 

C H N 

( C O )  5 M---- (OP2Ph4)  
M = Cr  5 9 . 8 7  3 . 5 3  

( 6 0 . 1 7 )  ( 3 . 4 6 )  
M = M o  5 6 . 0 8  3 . 2 5  

(55.96) (3.22) 

M = W 4 8 . 8 4  2 . 8 8  
( 4 9 . 0 4 )  ( 2 . 8 2 )  

(C O ) 4 M ( P h 2 P O P P h  2 ) 
M = Cr 6 0 . 9 2  3 . 7 5  

( 6 1 . 0 5 )  ( 3 . 6 3 )  
M = M o  5 6 . 3 7  3 . 3 3  

( 5 6 . 5 8 )  ( 3 . 3 9 )  
M = W 4 9 . 4 0  2 . 9 5  

( 4 9 . 2 5 )  ( 2 . 9 3 )  

( C O ) 4  M ( O P 2 P h 4 ) ( N H C  5 H 10) 
M = Cr  6 2 . 0 1  4 . 6 6  

( 6 2 . 3 6 )  ( 4 . 8 8 )  
M = M o  5 8 . 3 8  4 . 6 9  

( 5 8 . 3 7 )  ( 4 . 5 7 )  
M = W 5 1 . 6 9  4 . 0 7  

( 5 1 . 6 2 )  ( 4 . 0 4 )  

2 . 1 6  
( 2 . 2 0 )  
2 . 0 3  

( 2 . 0 6 )  
1 . 8 0  

( 1 . 8 2 )  

3~p NMR spectra were run on a JEOL-FX 90Q FT-NMR spectrometer with 
D-lock and all chemical shifts were referenced to external 85% H3PO4. Elemen- 
tal analyses were performed by the Instrumentation Center at UNH (Tab. 4). 
Osmometry molecular-weight determination was done  by Schwartzkopf  
Analytical Company,  Woodside, New York. 

Preparation of  (CO)sMo(OP~Ph4) 
An amount  o f  600  mg (1.5 mmol)  o f  OP2Ph4 and 400 mg (1.5 mmol )  o f  

Mo(CO)6 were ref luxed in absolute ethanol (20 ml) for 2 h. The resulting light 
ye l low solution was slowly cooled to 0°C whereupon pale ye l low crystals 
formed and were col lected,  washed with ether, and dried to give 500 mg (0.8 
mmol,  53%) o f  the product.  

Preparation o f  (CO)sM(OP2Ph4); M = Cr, W 
Equivalent quantities o f  (CO)sM(CH3CN) prepared by literature methods  

[7 ] ,  and OP~Ph4 were dissolved in sufficient CH2C12 to give a clear solution.  
After stirring for 1 h, the solution was concentrated to half the volume and an 
equal amount  o f  ethanol added. Upon slow evaporation o f  the solution,  the 
product crystallized as a microcrystalline ye l low solid in 50--60% yield. 

Preparation o f  (CO)4M(PPh20PPh2); M = Cr, Mo, W 
A mixture o f  1.5 mmol  o f  M(CO)6 and 1.5 mmol  o f  OP~Ph4 was heated in 

20 ml o f  diglyme at 120 ° C. After approximately two  equivalents o f  CO had 



TABLE 5 

ATOMIC PARAMETERS x, y, z AND Bis o. E.s.d.~s refer to  the last  digit p r in ted  

x y z Biso 

3 2 9  

Mo 0 .475598(19)  0 .314882(14)  0 .036518(20)  3 .506(10)  
P(1) 0 .52670(5)  0 .27460(4)  0 .22914(5)  2.99(3) 
P(2) 0 .54435(5)  0 .14288(4)  0 .24729(6)  3 .24(3)  
0 (1 )  0 .26146(15)  0 .24484(12)  0 .04742(18)  6 .43(13)  
0 (2 )  0 .41397(17)  0 .38701(12)  - -0 .19034(15)  7.01 (14) 
0(3)  0 .53744(15)  0 .15721(12)  - 0 . 0 8 7 2 8 ( 1 6 )  6 .31(13)  
0 (4 )  0 .69131(16)  0 .37286(13)  - -0 .00354(17)  7 .31(14)  
0 (5 )  0 .42154(16)  0 .48028(11)  0 .14308(17)  6 .74(14)  
0 (6 )  0 .62129(13)  0 .11585(9)  0 .17072(14)  4 .00(10)  
C(1) 0 .33777(21)  0 .26969(15)  0 .04753(23)  4 .43(15)  
C(2) 0 .43807(23)  0 .35926(17)  - -0 .10741(22)  5 .15(17)  
C(3) 0 .51583(20)  0 .21264(16)  - 0 . 0 3 7 8 0 ( 2 2 )  4 .50(15)  
C(4) 0 .61320(22)  0 .35387(17)  0 .01324(21)  5 .03(16)  
C(5) 0 .44019(21)  0 .41969(16)  0 .10438(23)  4.61 (16) 
C(11) 0 .64503(18)  0 .31794(14)  0 .26388(18)  3 .04(11)  
C(12) 0 .73148(19)  0 .27738(14)  0 .25063(22)  3 .77(14)  
C(13) 0 .81889(20)  0 .31761(17)  0 .26606(23)  4 .86(15)  
C(14) 0 .82012(21)  0 .39660(17)  0 .29353(23)  4 .95(16)  
C(15) 0 .73511(22)  0 .43701 (16) 0 .30634(23)  4 .90(16)  
C(16) 0 .64750(21)  0 .39823(15)  0 .29157(22)  4 .24(15)  
C(21) 0 .57076(20)  0 .11509(14)  0 .38759(20)  3 .67(14)  
C(22) 0 .66129(22)  0 .08242(16)  0 .40865(23)  4 .89(17)  
C(23) 0 .68559(24)  0 .05850(18)  0 .5154(3)  6 .23(19)  
C(24) 0 .6221(3)  0 .06822(18)  0 .59777(25)  6 .78(21)  
C(25) 0 .5331(3)  0 .09945(19)  0 .57985(24)  7 .10(21)  
C(26) 0 .50636(24)  0 .12245(17)  0 .47311(24)  5 .82(19)  
C(31) 0 .45202(19)  0 .30459(14)  0 .34618(20)  3 .76(13)  
C(32) 0 .49244(24)  0 .31292(18)  0 .45011(21)  5 .91(18)  
C(33) 0 .4345(3)  0 .33536(20)  0 .5392(3)  8 .43(25)  
C(34) 0 .3386(3)  0 .34670(18)  0 .5223(3)  8 .21(24)  
C(35) 0 .29689(24)  0 .33869(17)  0 .4234(3)  7 .30(21)  
C(36) 0 .35397(21)  0 .31815(16)  0 .33138(24)  5 .18(16)  
C(41) 0 .42639(19)  0 .10444(14)  0 .20888(20)  3 .27(13)  
C(42) 0 .33913(20)  0 .12248(14)  0 .26110(21)  4 .06(15)  
C(43) 0 .25277(21)  0 .09088(16)  0 .2205(24)  4 .99(17)  
C(44) 0 .25308(22)  0 .04169(17)  0 .13237(23)  5 .30(17)  
C(45) 0 .33815(23)  0 .02238(16)  0 .08080(22)  5 .01(17)  
C(46) 0 .42425(21)  0 .05426(15)  0 .11812(21)  4 .22(15)  
H(12) 0 .7312(15)  0 .2195(11 ) 0 .2282(16)  3.9(5)  
H(13) 0 .8746(17)  0 .2877(12)  0 .2566(17)  5,6(6) 
H(14) 0 .8780(16)  0 .4250(13)  0 .3015(17)  5.6(6) 
H(15) 0 .7348(17)  0 .4958(12)  0 .3240(17)  5.5(6) 
H(16) 0 .5896(15)  0 .4244(12)  0 .3024(15)  3.9(5) 
H(22) 0 .7019(16)  0 .0734(12)  0 .3494(17)  5.3(6) 
H(23) 0 .7557(19)  0 .0321(13)  0 .5318(19)  7,9(8)  
H(24) 0 .6430(20)  0 .0532(15)  0 .6702(20)  8.8(8) 
H(25) 0 .4830(20)  0 .1067(15)  0 .6417(20)  8.7(8) 
H(26) 0 .4451(18)  0 .1428(13)  0 .4586(19)  7.5(7) 
H(32) 0 .5597(19)  0 .3052(15)  0 .4619(20)  9.3(8)  
H(33) 0 .4661(22)  0 .3434(16)  0 .6200(23)  11.1(10)  
H(34) 0 .3021(23)  0 .3601(16)  0 .5789(22)  11.0(10)  
H(35) 0 .2197(21)  0 .3479(15)  0 .4137(21)  9 .5(9)  
H(36) 0 .3236(16)  0 .3158(12)  0 .2581(16)  4.9(6) 
H(42) 0 .3408(16)  0 .1591(12)  0 .3209(17)  5.3(6) 
H(43) 0.1953(16) 0.1071(12) 0.2571(17) 5.4(6) 
H(44) 0.1854.(18) 0.0177(13) 0.1018(18) 7.1(7) 
H(45) 0 .3388(17)  - -0 .0137(12)  0 .0175(17)  5.9(7) 
H(46) 0 .4831(16)  0 .0405(12)  0 .0839(16)  4.9(6)  
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evolved,  t he  d i r t y  y e l l o w  s o l u t i o n  was  s t r i pped  o f  the  d ig lyme  and M(CO)6 b y  
s h o r t p a t h  dis t i l la t ion.  The  resul t ing  res idue  was e x t r a c t e d  wi th  10 ml o f  
CH2C12, f i l te red  t h r o u g h  Celi te  and the  f i l t ra te  d i l u t ed  wi th  e thano l .  S l o w  
e v a p o r a t i o n  o f  the  so lu t i on  gave the  p r o d u c t s  as y e l l o w  solids.  Yields  were  in 
the  4 0 - - 6 0 %  range.  A m o l e c u l a r  we igh t  d e t e r m i n a t i o n  o f  t he  M o - c o m p l e x  in 
T H F  b y  o s m o m e t r y  gave a value  o f  560  + 50 (calcd.  fo r  Mo(CO)4(OP2Ph4) :  
594) .  

Preparation o f  (CO)4M(OP:Ph4)(NHCsH1 o); AI = Cr, Mo, W 
The  syn thes i s  o f  the  M o - c o m p l e x  is typ ica l :  A n  a m o u n t  o f  207  m g  (0 .55  

m m o l )  o f  cis-(COhMo(NHCsHlo):  and 4 2 2  mg (1.1 m m o l )  o f  OP2Ph4 were  dis- 
so lved  in 20  ml  o f  CH2C12 to  give a c lear  y e l l o w  so lu t ion .  A f t e r  1 h o f  st irr ing 
at  r o o m  t e m p e r a t u r e ,  the  so lu t i on  was c o n c e n t r a t e d  in v a c u o  to  5 ml and  
m e t h a n o l  a d d e d  d r o p w i s e  unt i l  t u r b i d i t y  pers i s ted .  F u r t h e r  s low e v a p o r a t i o n  
p rec ip i t a t ed  a br ight  y e l l o w ,  l ight-sensi t ive sol id  p r o d u c t  in 6 0 - - 7 0 %  yie ld .  The  
N - d e u t e r a t e d  c o m p l e x e s  were  p r e p a r e d  f r o m  NDCsHI0.  

X-ray Structure determination o f  ( CO )sMo(OP2Ph4 ) 
The  d i f f r ac t ion  in tensi t ies  o f  an a p p r o x i m a t e l y  0 .4  × 0.4  X 0.3  m m  crys ta l  

were  co l l ec t ed  using g r a p h i t e - m o n o c h r o m a t i z e d  Mo-K~ rad ia t ion .  The  0 /20  
scan t e c h n i q u e  was used  and the  da ta  were  s u b j e c t e d  to  prof i le  analys is  [ 1 4 ] .  
The  da t a  was co l l ec t ed  to  20 = 60  ° giving a to ta l  o f  9 4 4 3  m e a s u r e m e n t s  o f  
wh ich  the re  were  8 2 5 7  i n d e p e n d e n t  r e f l ec t ions  and  5 0 0 6  were  j u d g e d  to  be  
o b s e r v e d  at  the  2 .50  (I) level. L o r e n t z  and  po la r i za t ion  fac to r s ,  [15 ]  were  
app l ied  b u t  no  a b s o r p t i o n  c o r r e c t i o n  was p e r f o r m e d  (p 6 .04  cm-~).  T he  cell 
p a r a m e t e r s  were  o b t a i n e d  b y  leas t - squares  r e f i n e m e n t  o f  the  se t t ing  angles o f  
60  r e f l ec t ions  wi th  20 larger t han  50 degrees  (Mo-Ka¢l> = 0 . 7 0 9 3 2 ) .  

The  Mo a t o m  was f o u n d  b y  app l i ca t ion  o f  M U L T A N  [ 1 6 ] ,  and  t h e n  a h e a v y  
a t o m - p h a s e d  F o u r i e r  m a p  revea led  the  t w o  p h o s p h o r u s  a t o m s  and 31 non-  
h y d r o g e n  a toms .  The  initial  R-va lue  was 19% and a s u b s e q u e n t  F o u r i e r  m a p  
revealed  all 38  n o n - h y d r o g e n  a toms .  Success ive  i so t rop ic  r e f i n e m e n t  cyc le s  
l o w e r e d  the  res idual  t o  R F  = 0 .079 .  The  h y d r o g e n  a t o m i c  pos i t i ons  we re  calcu-  
la ted  and thei r  pos i t iona l  p a r a m e t e r s  were  r e f ined  an i so t rop ica l ly  b y  t he  b l o c k  
diagonal  least  squares  m e t h o d .  The  final  a g r e e m e n t  f ac to r s  a r e  R E = 0 . 0 3 8  and  
R w = 0 . 0 2 3  wi th  c o u n t i n g  s ta t is t ics  weights .  Final  pos i t iona l  p a r a m e t e r s  and  
equ iva len t  i so t rop ic  t e m p e r a t u r e  f ac to r s  are  l i s ted in Tab le  5, f u r t h e r  supple -  
m e n t a r y  da t a  can  be  o b t a i n e d  [ 17 ]. All ca lcu la t ions  we re  car r ied  o u t  using t h e  
N K C  s y s t e m  o f  p rograms  for  t h e  PDP-8 [18 ]  and  sca t te r ing  f ac to r s  we re  t a k e n  
f r o m  In t e rna t iona l  Tables  fo r  X-ray  C r y s t a l l o g r a p h y  [ 1 9 ] .  

A c k n o w l e d g e m e n t  

We t h a n k  Mr. J.  Baldvins fo r  he lp  in par ts  o f  the  synthes is .  We also t h a n k  the  
Na t iona l  Sc ience  F o u n d a t i o n  for  an i n s t r u m e n t  grant  t o w a r d s  the  p u r c h a s e  o f  
the  F T - N M R  s p e c t r o m e t e r .  
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