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Treatment of TaC I 2 ( dmp ~~) 
2 (dmpe = 1, 2—bi s—

(dimet t i  I hc~;j ’h i n~’) et h a n e )  w i  t h K [ I’I’h ) 2 di ox ane

a f f o r d s a ‘V e I i — ~~~~ ’t d i  n at e , Ta (III) hydi ide , Tall ( I ’Ph  , ) ~—
(dmpe ) Cryst al ot the comp lex a r e  t r i d  n c , s ’ace

— 0 0

qroup P1 , w i t h  a 10. ’~5(~(3) A , b 11.175 (3) A ,
0 ~~\ -

c l 8 . t ~~ $ ( 5 )  A , a = 7 t . 0 0 L ~)~~ , 7 4 . 4 8 ( 3 ) ~~ ,

=- 6 h . (~0 ( 3 )  ~ . Pu I I — m a t  i x  least  s q u ir e s  r ef  i Ilem (II t ot

pos 1 t i o t t i  I a t i d  t h t m t  I p t  ime t er s for all nc’ihyd i ~~~~~ en

a toms  ( i n c 1 u d i n ~t I i x e d  c on t i  i I ) u t i O n 5  t o t  ph eny l II ~t t o n ~s~

led t o  K = 0 . 0 7 7  and K - -
~ 

= 0. 0~
) 3. The m o l e c u l a r  s t  r uc t  ui e

of the  comp lex  cons i t s cii a wel l  — cl ef i ned p en t a q on a l

bi p vr a m i  d , wi t h ap i c i i  , monodent  at e  PPh. ,  mo j e t  i e~ , and

two drupe i i  q a nds  p lu s  a h y d r i d e  ion i n  t he  p ent aqoiia .1

p l ane .  The hy dr i d e  ion was not  i t t  i n t d , bu t  i t s p~ si t io n

was i n fe r r e d  I rem a peak on a f i n a l  di  f t  e rence mal’ , as

well as freui i  l a i q e  P — T a — P  a t i q l t ’  d i st o r t ion s  in  t he

pent aqona  1 p l a n e .

- - •~~~~~~ - - --- ‘ S
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Paramagne t i c  Ta and Nb o r g an om et a l l ic -  complexes

are rare , particularly those having oxida tion states II

and 0. Although (‘1—C 5
11
5
)
2
V
2
, V(C0)

6
3
, and o the r  V ( O )

com pounds4 are well-known , Ta and Nb analog s are absent

5or poorly defined. A number of stable Nb(IV) and

Ta(IV)6 cyclopentad ieny l derivatives are known and

(n-C
5
H
5
)2
Nb}12 

has been observed as a short—lived

intermediate 7. The complexes (LiPh) 4MPh 2 (Et 2
0)3 5

(M = Nb , T a ) ,  apparent M(II) derivatives , lik ely contain

M (IV)9. Monomeric (n—C
5
11
5
)
2Nh has been cla imed in

solution but has not been isolated and is incomp lc’telv

characterized ’0. Isolated Thiobocene” is not a simple

tnetallocene but a dimer containing n
5
:n

1
—C

5
H
4 

ligand s

and M-H bonds
11
.

We have investigated the reaction of the

1.2s table , monomeric Ta(II) complex TaC1
2
(dmpe )

2 
(dmp e =

1,2— b i s ( d im et hy l ph o s ph in e ) e th a n e )  w i t h  p a r t i c u l a r

nucleophilic reagents in order to exp lore the reasons

for the apparent instability of Ta(II) complexes. Thus ,

TaC1
2

(dmpe)
2 
reacts with Na[C

5
11
5
]13 and Na [11 2

A 1 ( OR)
2
)
14

to form , respective 1~’, Ta(III) and Ta(I) complexes ,

presumably by disporportionation in the former case and

reduction or disproportionation in the latter . This

report concerns the reaction of K[PPh
21 with TaC1

2
-

(dmpe)
2
, which affords the Ta (III) complex , TaII(PPh

2
)
2
-

(dmpc)2, apparently by hydrogen abstraction from the

solvent.
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This hydride represents the only structurall y

c h a r a c ter i z e d  member of t h e  c l a s r  ‘IH ( L )  2 ( b i d & n t a t t  pho~~ph m i )
(M ut Nb 15 , Ta 16 , n = 0 , L=C0 , C294; M = C r

17, ~10l7a~~l8 ~ I7 .l9

N 1, L CO. N2, C2H4) having a pentagonal bipyramidal struc-

ture. Two related complexes , [WH (N2)2(diphos) 2)~~~
9b and

(MoH(C 2II4)2 (diphos) 2]~~~
8b, have been reported to have pentagonal

bipyramidal structures. However , the former structure has not

been pub] ished and the latter has a l iy a n d — h v d r i d e  interaction

w h i c h  makes structural corTarisons of questionable v a l u e .

Further , the structure of Tali [PPh 2J 2
(dm pe)

2 differs

from those of other dialk yl- or diary lphosphid e comp l e xes  in

that it co:~tains uniclentate , rather t h a n  bridging phosphide

ligands.

E x p e r im e n t a l  Section

M a n i p u lat i o n s  were pe r fo rmed  under an a tmosphere

of p r ep u r i f i e c i  a rq on  or n i t r oge n  or under  vacuum . S o l v e n t s

were p u r i f i e d  by d ist i l la t i o n  f rom sod i um he ’nzophenone h e t v l ,

excepting CH
2

C1
2 

which  W8S d i s t i l l e d  f rom P 205. Tad 2
--

12 20(dmpe)2 and KIPPh 2]-2 dioxane were prepared by S

literature procedures. 100—Mh z and 4 0 . 5 — M f l z  31P NMR and

mass spectra were obtained on Varian XL—lOO and AEI MS-9

spectrometers , respectively. 31P NMR chemical shifts are

relative to 85% external H3P04. Double decoupled 13C(31P,~~H)

spectra were recorded with a Bruker HFX-90 spectrometer using

a Unive rsal probe. In this configuration , the additional

tuned 36.43 HMz 31 P noise decoupling was introduced onto a

separate crossed coil. The elemental analysis was by Dornis

and Kolbe, MUl kein , Germany.

~~~ ~~~
____________ 

________
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T a f l ( P P h 2
)

2 (d m1~~~~) . Dry  THF (250 ml) wan add. d

to 7 . 0  g (0.012 m o l e )  Tad 2 
(dmpc ) 

2 
and 9.6 U (0.024 mole)

d i o x an e  c o n t a i n e d  in a f l a s k , cooled i n  an ice

b a t h .  A deep purple co lo r  developed  i n s t a n t l y .  The

r e a c t i o i w t s  a l l owed  to proceed f o r  two hours  at  00 wi th

Consta:~t stirring . The solvent was t hen  removed under

r e d u ced  pressure ari d the result irtq solid ~.as ext r icted

w i t h  h ot  t e lu ene  until the washinqs were colorless . The

pooled extracts were filtered through celite and

concen t rated to dryn ess , afford ing 5.7 g of crude

p r o d uct  (56%) . R ep e a t e d  crystalli z a t i o n s  f r o m  hot

toluent gave an analytical lv pure compound : M~ ( c i ’ .osco~- i  c

in benzene) 820 30, Calcd . 852; IR (nujol mull)

v (Ta-hl) 1648 cm ’; 3l~ NMR (toluene-d 8) 20.52 ppm (s)

10.11 (d, 83 }l~~) , - 3 . 8 5  (s ) ; 1
H~~

31
P} NMR ( t oluen e -

d8
) 8.05 and 7.43 ~ ( ary l , 2011), 1.72 and 1.32 (dmpe

methyls , sing lets, 2411) , 1. 51 (dmp e m et h v l en e s , hr , 811) -

Anal. Calcd. for C36 1I 53P6Ta: C , 50.71; 11 , 6.27 ;

P, 21.79 ; Ta , 21.22. Found : C , 50.72; 11 , 6.14; P. 2 l . 6 ~~;

Ta, 21.17.

D e g r a d a t i o n  of Ta~~ftP h 2 ) 2~~~~~ o) 2
(A) Reaction with DC1 and D

2
0. DC1 eas was

bubbl ed into a TIIF solution containing 100 rIg of

TaIl(PPh2)2 (dmpe )2. An instantaneous color change from

purple to pale blue-green occurr~d. The solvent was

removed by distillation in vacuo and 10 ml of 0.1 N KOhl

solution was added to the residue . The organic components

_______ - -

-— -— ~~~~~ ~~L —--
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w er e  t hen  e x t  racted into 25 ml of d ry  p e nt a n e .  Fol  l L ~~.’ i  in;

ev ap o r a t i o n  of the so 1 vent , the  ma ss  spect rum ( appe t a::ce

potent i a 1) of the  r e s u l t  a n t  oi 1 i ev e a l  ed p a r e n t  pea t s f o x

t hc 2
1

H 10
2

D 1
31 L’ 1 

+ 
(ni t ’ 1 8 7 )  an d  [~ ~~ 

31
P 1  

+ 
hr ‘C

186) in t h e  r a t i o  of l.O0 :0.9~~. A si :~ii1a r expe: imi nt

1~ 1 31 +with [),C~ showed t h e  p re sence  of [ C 12 h1~ o ~~~~~ P 1 1 arid

in t he  ratio of 1.00:0.70.

( P ) R e a c t  ion  w 1 t h CD~~C . A cc 1 0 1  ~~~~~~t r i U ; (’ t : U r n

p u r p le t e h - i  own was oh SO r ye d upon add I :n; C P~ C ~ 2 to

Tail (l~~h , ) ( d rn p i  , . A 1 11 N~ tR s t -e c t :  urn rid c a t e d  t h e  S

p 1  es t : i c& of di phenv I pho:~~h L n o ;  l!P~ a t  5. 1 7U’i 
~ PU 

=

219 lL~ ( 1 i t . 1 : hi~~~, 5. 14~~, 1t lL~ - I n t e ~i r a t  i on

of the ph e nv i  r eq i o n  v e r s u s  qave  a r a t i O  of 2 0 : 1 .

Collect ion  arid !~~ d ric t i c r  ot  ~ i f a c t  1U ~~ri ~~~I t  a .

Pu rp it — r d p ri sri i t i ~
- c F\  st a 1 s we re i so I a te  J f i a tel ti~~ no

solut i on wh I U h  had been cool ed si  ow lv , and were mount ed i n

cap il l ix t ubes sea led  t ind  t N , - St ’ve i a  I b a t  che of

cr ~- st a 1  s w et  ~ ex n r t n e d  and  about twent v were m o u n t e d ,

from whtch six crystals wore ~e 1ected  for  use on the  S

basis of Lane phot oqr a p hs - Pre  i i  ru n a ry  We i sse r i l - e  rq

phot o~i ra ph s  i n d i c a t e d  t h a t  the  c r y s t a l  was  p robabl y

t r i cl in i c .  However , du r i n q  t h is  t i me  h a l f  of the crystals

decomposed sudden lv  and  u n p  i edict ~i’ I , a f t c  i each had

been exposed to x-rays for different periods. The

remaininq crytals were transferred sequentiall y to a

Syntex P21 diffractometer . Unfortunatel y , two of these

decomposed during the first 4-6 hr , and it was suspected

L -.~~ ~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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I)

t h a t  a s t r u c t u r e  d e t e r m i n a t  ion would be impos~; i l l e  due to

c r y s t a l  i n s ta b i l i t y .  N e v er t h e l e s s  t l i e  las t  c r y s t a l  was

mounted  on the di t f ractome t e r  , ~t i1LI  a p p e a red  to be sorxewhi t

more stable than the  et h er s .  hence  we d~ cided to heqin a

da t a  collection . A l l  oper at  i on s  wer e  car r i e d  out as
)5)

desc r ib ed  p r e v i o u s  i’- and dot a I Is  ~ f t h e  St i tic t t U t ’

a n al ys  i s art ’ q iven in Table I . All ope ra t i

ref i n t m e  i i  t we r e c ar r i e d  out us i xiq loca l  1 v rnod t r e d

ve r s ions  of t h e  mach ne— i  ari~; u aq e  or F or t  r a n  d i t  t a c t  orne t ci

p r o q r a m , and the ~ v x x t o x  XTI . s t r u ct u r e  P c t e r r n i n a t i o n

Sys tern (24 K Nova con f i qu r a t ion 24 
- W i t h i n  m x  n u t  es e f

the end of  d a t a  cU ’ 1 1 oct i on , t he or y t a 1 d~- cern~’. St t a S

colorless p ow d e r .  Absorpt ion c o r r e c t  ic :us  were  not made .

Sd Ut t o n  ar i d  Fe i i-to r e r i t  of the i~ t ruc t r i t e  - The

Pat terson function was rat h e x  cor~p i i c at o d  o w i r n i  t o  a

la rqo peak at (
~ , 

-
~~~, ~) , imn lvi nq a oseudo— b ody  ce r i t e  ed

a r r an q e men t  in either P1 or P1. Such a v e c tor

distribut ion i m m e d ia t e l y  p r e c l u ded  the pos sibility of

bri dqirxq p h o sp hide  me icties , as t h e  Ta—Ta di S tan c e  (- 11 A )

was far too great. The s t r u c t u re  was solved , w i t h

considerable difficulty, by careful consideration of

chemical and spectroscopic data and “manual trial—and—

U - i l lerror shifting of the tantalum a tom aw ay from

in P1. Structure factor calculations based on t a n t a l u m

and the six phosphorus atoms gave R = 0.204; atomic

positional parameters of all carbon atoms were obtained

from two successive difference Fourier syntheses. A

difference map calculated after anisotropic refinement of

-~~~~~~~~ - -~~—~~~~~~ 
— - - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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all dmi’e C at  err ~‘xcept  C~ ~ ) , ~-P  arid Ta ~ h crs t -d evidence

f o r  t h e  hy d r i d e  II at em and 1~’heii\ 1 II at otis . Th e  p hi ’ n y  1 11

at o r r i ;  W e r e  1 ric 1 udi Ul as I xed  ce nt  r i  )rt i~. ’:~~; iii t hi

ref  r nt rn nt  . The hvd : i ~h II  at  o t i  d i d  n o t  i i t

s u c ce s s  t u 1 Iv a rid was not 1 Tic I t ided  i n the cal cu I a t  ions () r: S

see f ui t her b e l o w )  . The a n t  1 ’ t c a l  ~ ca t t o x  1 :1-: ic or  U’

Cr erie x a it UI Wa l -e we r e u Si Ul “ ; r e a l  an UI n t  t n t  r y

cot p o n t - n t  ~~t an o n _ i b r i m  ~ C t t  t t :  t i c  wet :~c l r i~h - UI ~u t h e

~
calculat ion te: Ta an d  I’~ - At cU -r ve :  Uri i i U t  i . ’ . ~ 0 . 0 1)

a we i ; h t  t i c  scheme  a n t  ‘ V: ; x e v e t ‘t ed ax ct  n U t  ~~~l ’~~t r i U  i t S

O X  1 i t  L t U  t U ’ t l S :i .1 i v  i~~~ 
) re a x o 1  be wee 1 8 - m d

22 - 5 hour~
; o ( “ s him t t ot o~

5
~~:~ 

‘ t r io - ~_~t ( i t t o leo ens

showed no t i n U ii u.i 1 e r i d e :  - e~j rio ii cU n u.d~er , a l ; le

i n d e x , ox t he iraq :11 t n: t ’ U~ 
U~ 

- Rec t t mi l v  , U ’ \s i :nt  t 0

t hi’ di ctx I v e a -. r i ;  UI t U  t en—~~ua 1 i t v c i - st a I

and  t h e  : i  i n st  a1~ x 1 i t  v apt’a: on t x ~ av d rnr ice , we Wer e

un ab l e  t o  t e p e a t  t h e  t u c t  i t t  o w i m  I vs is , ox t o  I ~ :~e i s l l x 0

t he a f t  o U t  e d re f li ’U t  . The lii q 0 d tic I i pari U’ i t S

men t  l O f l O U I  ii~ U~Vt (F0 1. 3 F )  led , a p p a x  ~ n t  l v , t o  f iv e

1ar~e peak s  of hei~ ht 2.5 e~~ - These  were ntiI t h e  -
~~~~~~~~

Ta and P at  cnn; , hu t a ll had 1 U ’cm t i on s  o t h e  t v

CX , - , - ) . It was d e c i de d  to ten t the of t oc t  e t c m i  t t t n t

the ret lect ions wt (x the 1 arqe :; t di n c r  ep an u c  t en  ( 1 30

r emo vi n Lu th em f r o m  t h e  r e f i n e m e n t  and \F ’ sy n t h e s es .  Wh e n

this wit; dane , ( a )  no signific ant chan qes  oc c u r r ed  in the

— 0 1
refinement and (b) the seven pe a ks  of hei~Tht 2.5 e

—

were still present , b u t  with heichts ot 0 .9—1.2 e 11A
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The p 1 - SO t i t  W; 1 ~ ~ 5 h i I I I  -d 11 ~~ U Ti I - H I t  ~1’ . ’ - t l  t U S i r i ;  I a l l  UI at -

for W I I X U h  F 3. ‘)2c (F’) , s 11100 WO have r io  l u s t  i t  1

basi t ; IU ’! e x c l u  I r n ~~: ~: v Uh i t i .  h~ ’1~~-v~~r , t h e  o:r l r ; s l c r ;  t i - S t

Su p p e r  t n t Il t h i v ~ ct  he t;  t (~~~t , i t  i x  t t r - t he  i t  - - U t

the p r o c  1 S i c t i  e t hi ’ i e i t  i ’  -rn nit , i i i  I I I  en U f t n - UI at a

w i 11 p ~U I  i I ;  I ~~fl1  l t i 0 - U 1 .1 ; 1 t 1 tI t It  - 0 ; O~, ( U~~

bond l e r i q t  (~s i nc  a n - t i e r .  The  t i r i r l  L- -vilui , 0 . 0 7 7 , in

rcat;U -na~ l i  h i t n - d  U ’ri t h e  d i  c r  t- ~~- i t ~~ci ~~’~~- an~ t the x e  l a t  i v o l ’ 1

h i  oh  n t  U U h t s  t c F 0 .  047 (st e Tat - lo I )  .

- - 

The “ r i t - x t  ~:~~x ht ~~he  ~t •‘ 
~ ‘ t - .t l

~ s en t );c 11111

di t e l  t f l U 0  s n t  ( i t ’s i t ;  L i d  h~~t I ‘t1t s U t  0. 89— 1 . 21 e A - Al 1

We 0 Vt ’ I ~~ rr- -~ r 1 , I or U ( n l ; ’ (’ C a t  U ’ n t lt  except ( t a ~~~~~aK a t

(0.344 , 0.1St , 0 .219), 1.47 A f r o t ~ Ta ~~‘de  i n t t i .

Tab le I I  1 i st  1 t h e  pU - s i t  1Lil i I and is-ct : 0 : - i c

tot’~ -e u t  t i l t ’ l U t  U~ 5 cx  a l l  a t om s , wb le an i so t  i a’~- i c

t empe i a ( r i t e  t lU  t U~ t a -
~~ ~~

‘ a t  i i i  Ta h i t ’ I 1 1 .

R e t r i 1 t ~~

~~~~~~~~~~~ ~it i ~ I h ’~~t i c a I  C h a r  actt-’r 1’ j t ‘i O r i U ’t

Tal ’  ( F i ’ ( r  , ) , (dr-jn’) , - A THF sol ut  i on  of T i C I  (d rT o )  and 
S

‘S .

K P P h , - 2 d x e x , i r i e  i n  a 1:2 mole rat t o  r a p i d l y  r e a c t ed  at

0°C to q ive an i n ten s e  pu i p i t ~ sd U t  ~ U ’ l i  - Pa r a t l i U l  Tie t i c

Spec ies  ot h~’ r than t he  Ta (II) St art m g  i r u a t e r i  a 1 were not

observed b y F~ R durinq the course  of the  r e a c t i o n .  A
S 

~ urp1e  c r y st a l  l i n i  so l id  was  i so l a t e d  f r om  t h e  r eac t  io;i

i~uxture , which exhibited an infrared band (nujol mull)

at l64~ cm 1 , sU~x~n e s t  ive of the  pr e sence of a Ta— Il

u n i t 26 . A t o t a l  a n a ly s i s  ~~~t i h 1j ~~ht~ I the  e m p i r i c a l

L. _ _ _ _ _  

-
~~~~ ~~

-.-
~~~~~~~~~

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —~~~
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f c u r . u l a  as C3~ tI 53P Ta~ ixr~-l vi ri I ( I l i l i l l i t  i~~~i ; iS T a l l  ( l i t ;  )

, Ceo . 1) . A ci Y~~~S U ( 1 - 1 C ’  ( i ~~- t ~c~ ’ : ;o )  i : n l - c u  l a x  r-.’ ’ r q h t

detox r - r  n i t  ion wit; cons m t  t r i t  w it ) .  1 n i o r r c r i - u  ic for :rulatior;

(calod . 852 , f e u l Ut 8~’0 30)

TiC 1 (dn~-e) -4- 2Ni I’h 2 U 1 1  ( > I I ; t  — —  Tal l  ( P 1 - h ) ( dn i 1 t ) - (1
2 2 2 2 2

The 
31~ ~~~ it U1ue:r —d ) of t (tt cc:-r lox

exhi t i t o t  h : t - t ’  I x md t U - : ; 1 r i L~~~~ ; at  20. 52 , 10.11 m i d

_ 3 .8r 
~- rn ~ (:r~ - s- or th 1’.’, an unx~~soI v~-d A B ,N . ( a t t  - r : ; ) ,

i I it O s i J t  1 : 1 0  in the ri t in of 1: 1:1. The B. art of t he

spec t  r u n -  is s~ I it int o a OU . -rib~~- t ~- ( i c h  c~~l lit -~ t -S en

prot o:~ d -coop 1 t t S t  (~~~, 
= 8 ~ lIz ) ; si tn h r  Vi I ~ 51

have’ b e en  r t - ~ or  t t~-d f o r  a i m r  O t -  11 urn t - ~ - r e S C V t  ii— coo t o  i r i m  t e

met al hyd: ide’ c-or~p l ex e x J 3 
of th e - t v~ c Md (CD) ( b i d c : t~~ t-

phU t - :  h i r i~ - )  ~~~~~~ Si r ’ ; i i t ; 3 ~~~~~~~~~ : i .  ( t ao  A
2~~ 

• L 5 ~C tS~~t S~~t S

o c c ur s  at 800 , w h i l e  t h e  ; - ( i ; - n p h c - r u -~ a t o m S  c~~:m s t i t u t i t r t

the X 2 oar  t rena in  u r i ch &ri q  ed

The ~l1 
31P t;~-t~ C t  o lu c r i t - - d 8 ) of t he  comp l e x  d i d  r i o t

sh ow t hi ~ h ’- i do I t -SOn mnce . -~~ t r oom t 0 r i O i 5  t i l t ’  t he 1~ 31
~
,

~~~~ sho;:t -u t w o  ci St r o o t  dnr e m e t h y l  r t - s o n a r m c e - s

Ab ov e  a t - i t  r e n t  U - - - r a t  u r  c , thL- so re sot-ta r-toe s broa~~~ - r l ~~- U( i n  -‘

coalesced; the cc’mlesccnce poin t was reache d at 80°.

That is , two equally i-~ pulated sites for licxand meth y l

groups exist in the q r o u t t d  s ta te  and these sites exchange- .

An estimate of the activation c n o rqy  for th is process ,

derived from the Cutor.’nkv—liel r~ erua t ion 28, gives

= 1 7 . 5  kca l / mole .

~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —-  ~~~~~~~~ - - - -  ~~ —--~~~~~~~~~-— -~~-—~~~ — ~~~~~~~~~~~~~~~~~~~~ --~ - 
~~~~~~~~~ --‘  — — 
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A l t h o u g h  the hydr ide  J i gand was  not detected by

NMR spectroscopy, its presence was confirmed by chemical

data. Mass spectral studies following treatment of the

complex with DC1 or D20 showed parent ion peaks for I IP Ph 2 - 11
and DPPh2 in approximately equal intensity . It appears

that reductive elimination of UPPh
2 from the metal center

(t h e r e f o r e  imp ly ing  the presence of a Ta-U bond ) occurs

when the complex is oxidized by D20 or Dcl. The other

PPh 2 group is then l ibera ted  as DPPh 2 . There are a

numbe r of examples  of one-e lec t ron  ox ida t ions  promoting

reductive elim ination29. Consistent with this hypothesis

was the observation that HPPh2 is formed when the com plex

is decomposed by CD2C12. A 111 NMR sample , prepared in

CD
2

C1
2
, showed the presence of free HPPh2; a r a t i o  of

peak areas of 1:20 for FIPPh2 to the aryl hydrogen atoms

was observed , consistent with the formation of equirriolar

amounts  of HPPh 2 and DPPh2.

Molecular Structure of TaH (PPh
2
)
2

(dmp e )
2. 

The

molecular sLructure of the complex , and the atom label l i n g

scheme , are depicted in Figure 1. Tantalum resides in a

pentagonal  bi pyramida l  env i ronment , where the bidentate

dmpe l igand s and the hydr ide  ion form the equa tor ia l

ligand set, and the dipheny iphosphide ligands occupy the

axial sites. Of particular significance in Figure 1 are

(i) the unidentate nature of the diphenyiphosphide ligands ,

(ii) the obviously large P3-Ta-P5 ang le (and small

P4—Ta—P6 angle), and (iii) the apparent tilting of two of

— -‘~-i-~~-- ~~~~ 
.
~~~ 

.. — ) -‘- ~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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t he di plii ’nV 1~ -?x ~ ‘; i’h i do 1te i i ~ 1 i I l i t ! , :  t ~ W,t I ii t hi ’ hy d i di ’

i Oti - Theta 1 0,1 t Ut ox ; , as we I I a: o t hot t t in ’ I ur ,j I

p.11 ; l l i i  t i ’ I r ;  , ,r i i ’ i l l  r o u t  ::i ’tI i n  c l i ’ I a t I l’ ‘ I ‘w . 1i~ t iil I eriq (lt ~.

a t ‘ p t i ’ :;i - i t  i’d t ii Ta I 1 I V , . I ‘et t u n  n t  1 ~~‘ i i  I .- i u i . t  1~’ i n

T a b l e  V .

The 1J. i ‘ 1 ’  t a I ~r e  1 ~i i i (  1 t t ‘ 1  1 hi ’ inn er ‘ . r t d H i i  t i e t i

0 t he t ’oni~ ’ It ’ x i t ;  shi ‘wri iii Ft ~~it t e 2. The t I i I i ~ ’e

phorphoru: ; at em:; di -w v e t  V m i l l e t  de i v a t  i ou : :  ( -  0.0 ~0 ~~t ’~ \ ,

Tal’ 1 o VI ) I I ~‘ni t he p e t i t  •r . t o n a  l p1 m i ’ - The h’. t ~ .me lot ; ol

t hi’ dn;i e It ‘ ii  r t d  r ;  , l t e  -
, 4 — 1 .‘ (I’ -- Ti - - 1’ 1 and  ‘it ~ . 0 -

‘

(P’~ - ,I’.- a— P ’

I t l i n t  I at ~~ p 1 a t~~~’ c. ‘ot 1 l i i i  I e: ;  1 oi t hi ’ lii i i d~ 
-

I eli , (0. 3.’O , 0 .  1 11 , (1 . .‘~L’ wei  0 cal cit I at -d ~~, ,-i, ;,; t rm i 11i~ I
C.

(0  t i~ ’ 1 oci t ed 1 — 7 ’ ’ ,\ I cr1 t •iuut il , wi  I lr  t lu ’  T i -  11 ~‘i ’ct t ’t

i t s  - e t t r e  I l i i ’  1’ - — Ta — I’ ’ auiq l e  . 1’lit ’ c~ ‘ . ‘ 1  1 1 1 1 , 1  t e .  .11 ‘ in

i-I I i ’ i ’ u o i it  w i t  Ii a l ’o .1 1. 1 . (~~“ e A ) eli  t h i ’ I i ti.i I d i  I I , ‘t  en . ’, ’

r v n l  1i, ’t i t ;  . ‘ . A 1 em I an I a 1 t i l t i  .11 (0. 4 -~ , (1 - 1 ‘ 4 ’  , - .‘1 ~

T h e  , i t , ’\’ i ’ 1 1 1 1 1  ‘ I t t i ed d i  I , t l l t ’ i ’ j S C0 l 1 il ’ i  I h l e  w i I Ii I l i i ’  l~o i i t l

I ( ‘ l i i i  t ( i  ‘I 1 . 7 ~1 i n  ( ‘ :— ‘C l l , ) ,T.tfl d~’ I or n i t  ned by t i e n t  I i ’l l

(I i t  I I .iot 1011 . F ur  I li i ’r i ’v i deuce  f o r  p1 ,it - e m e t t t  e t  I lie

i . ’n i n  I ! i ’  i ’ l i t . r t  i~~ i I , I I  j’I.itt ’, l ’i  Si ’ O t  1 11 . 1  1 h~’

P . - - ‘i’ .t — 1’’~ .111 , : ‘ t ;  ‘V i i  i~ ‘d I • ~nr a ~0I~ S I 1 ’ t , i t  i on 1 ( . i  I lii ’

cli r I  • t  t o i l  • i , ’ • P i ’ ’ t  I V  (1 the t’(~l1t l’ I (’x • i t i i l  ft) i n t l  ,rin~’ l i n-ii1ar

flOT1 )~011d,’~ I i ’ i ’Tl I aol:; . ‘l’! i t i r ;  , I lie 1’ —- Ti— P” i t t . i  Ii’ ix : • j t  * ‘.tt l v

( ‘Xpi t ld ( ’ tl ( 1  ~‘ iL -.  ( .‘ ) i’ ) , and t he l’4 — ‘1~.i - - Pt ’  .1 t i’l  Ie (8 (~ - .‘ ( .‘ )  “

1 r i  c’cunp I e ’ ;x ;o  i i ’ 1 ,-it i Vi ’ I t ’ “ f l o t m a  i ’  v’.’i I l i i ’ : :  I oLilid i n dmpi ’

(‘ompi i ’ x e :;  ( - 1 0 4  i~~~
) Thi’ ix  .iI i’lto ’;i’horiI: ; at om s  . i t-e  t

- ‘  .- ~~~~
- 

-- — - —-=-—- -‘- ,~~_,__; - 
~~~~~~~~~~~~~~~~~~~ -- ‘ — ~~~~~~~~~ ~~~~



A .

6. 10 (P 1 ) and 4 . 30 (1’ 2) from t lit ’ n o r  1 :1 .1  1 t o t hi’ eq ira tori .i

plane t o w a r d  the hy di ide  I ‘r i .  Thi ~ I i e m r— e & ] U a  l i t  y aqai ii

support s location ot the  II at em in I he pent aet ’t i , l  1 p1 a li t  ,

r a th e r  t h a n , f o r  justine’ , en an i -i et . i tri • l t  i i  l a i r ’  i l ’t ’v e  or

be low that  p l a n e . Fi gu re  3 1 11 U t ;  I i at  O r ;  t he  H fl 00111 l ot

between t he  hydr i de ion (Ta--Il f 1 x~~ l ml  I . 7 ~ A )  a r id  t lii ’ H

atoms bound I e ph ony 1 c a r l) -’ri a t  ornx ; ~‘I 8 and Ct’

( c a l c u l at e d 30 
at r C } l  1.  Q t ~ A)  . The contact win cli 

I 
-

~

o b ta i n  (HI 8
~

11
T 

:2 . ~~ 116 11’r~ 
:2 17 A)  a r e  v e r y  n e a r l y

0
double the van  dcr ~caa ln i- ad I us fox hy d i  oc t ’11 , 1 .2  It

The Ta—P d i  s t an ce - : ;  , at ; well a t ;  I’ — T m — I ’  a ; i . t  Ii ’s

and st m e t  nra I pat ante to rs of t hi’ dnil’c 1 i ‘i an d s  COlfl I’ . i i  e

well with othci structurall y c h r l a c t e r l  zcd dmp e

33 -comp lexes . Two of t!’ie Ta—P dis t ,i tit ’et; (—P4 ,dmpt
2.  ( 2 3  ( 7 )  — P r •  , 2. 5~~ ~ (7) M a t  e s i  qn i  I i n u t  l y b us t ’ t I han

the other two (—P3 , 2. ~68 (7); — P 5 , 2.  5 5 5 ( 7 )  A)  , p r t ’s i m m a b lv

due to a si i~~ht t i m n s — i n !  1u~~n ct ’ e x e r t e d  b y t he  hy i l i  ide

ion or steric eff ects.

The qeomet  rv  about  the d iphctiv i phosp li i de cent  e~

is very n e a r l y  t r i q on a l  p l an a r .  Thus , I- hi ’ t w o  TaP C , u n i t : ;

are p l an a r  w i Ui in t’xj’t’x-im errta 1 eri or (Tab le V I )  , and t l ie

bond anq ] es about the phosphorus  at ems \ ‘ary from 1 00— ] 0”

Devi a t  I OI1I-t of these a n g l e s  from 1 20° a t o  a probal’le

consequenc e of nOIihC’I iCIOd con t . ictr ;  he t we-en t h e  p h eny  I

groups and dmp c liqmnds . Sim ilar patterns are a p p ar e n t

in the structurall y—i - elated transition—metal dial kylamide

comp lexes 3 . The Ta—P prn d i st ance s  ( 2 . 4 0 4 ( 6 ) ,  2 .430(6))1 2

I”—

) - ..L1 - _ -
- 

‘~~- __~~~~ ;_ ~ ~—.‘,.,-“ .‘ “ I. -.
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13

0

are 0. 13—0. 22 A shi rter than the bond di  stances ;  be tw een

Ta and t h e  e qu a t o r ia l  t or t  I a r y  phesi li I net;.

D i sc u s : ;  t on

Nat u re  of t hi ’ T a— I ’P li , i ;~ ‘i d  . t) i a 1 h y 1— an d

diary b pho sph ide I oti s; d l i ’  • lt ’ n ( ’  i -a l l  v i eqa rded a;; pot  0111

- 35nucl eoph i I es . They are , f o r  in s  t a h oe , cap .nh  le ot

effect inq nu c leoph i lie subst i tut ions; eu ar y ~

ace ty ionic hal  ides. Furt her , they are pot en I i  a I I o u r —

electron doriot: ; to transition m e t a l  i o n s , as; tw o  lent ’

pa ir s  are ava ii able . There  are  sev~’ r a ]  ex.ilt ;j’ i i ’:; ot

react ion s; t~’f orq iso; “hosph  id e  na It s; wit Ii trans it i & ‘ t i  me t  a I

h a l i d e s .  I n  most  ca s e s , ph osph ide—b r i dq e d  comp i ox en

~~~ 2~~~ 
a t e  o u t  . i i  no ;] , Exal ’ip ] en  a t e  [ ( C ! ~ 

) ~, ‘1 
~~~~~~~~

(M Ti , Z r ) ,  [Cu ( 1l l ’ I
~2 ) 

~~~~~ 
1 2 ?  and ( P d X ( l ’ R 2~ ~~~~~~~

(X hali de , 1. t er ti a ry piion i’lriue ) . The comp l ext’:;

T i ( P R 1) 2’ 
V (PR

2
) 
~ 

and Cr (PR ~ )
3 

41  
are ei ’t aitied an menomei

in solution , but may be assoc~ atcd in  the ~ol id s t a t i’ ,

The onl y other stru ctu ral b y ch ar act e r i z e d

R 2P—me tal comp lexes are those liav in q a p h e s rp h i d e  h i i d &t t ’
4 2,

No s t r u c t u r a l  rep ort :;  of comp ounds co n t a i r ì  I nq t ~r in i nil

phosphide-  g roups ,  ~l , 1i’~~ app i .t t e d .  Such

compounds have been sugges ted  as; react i o n  intermedi at &‘s’
~ ~

and are , l i k e l y ,  ca pable of ex i s t ence , sin c e  n i t r og e n

ana logs  arc  w e l l — k n o w n . Numerous  examp les of t e r m i n a l

d ia lkyla n iide complexes are known and ev idence  f o r  m e t a l -

nitrogen multiple bondin g ha :; been p r es en ted 34 .

- ——,--——‘—‘—— —--— ---—- - &-____ ~ t__ _ . — — 

. 

—
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I n t r a n s i t i o n  metal  dialky lamic le c o m p l e xe s , the

ligands are r eg ar d e d  as t w o — e l e c t r o n  ~ donors  and

t w o —e l e c t r o n  ii donors .  The i l a n ar i  t y of t h e  M—NC 2 
un-n i t ; ;

and the short ~I- N bond l en s ;  ths o}’:;i S vt ’i for Nb (N ~1e 2~ ~
and ~ (NM e

2 ~6 
l ’r ov i  do an  m d  I cat i o n  of t h e  i mp o r t  al lOt

of nj t r e s t ’n — t o - — m c t . i l  ii bonding . l-’or examp le , i i i  t’: (~~~~t - . 1 )

tungsten attain s ; an 1 8— e l e c t r o n  v a l en c e  sh e l l  as a r t ’ s ;u l t

of ~ orm i ng s ix N— ’~’~’ ;‘ bonds and t h i  t ’e N — W ii 1 oi d:; , l e a d  1 111;

to an average  W — N  bond o r d e r  of I . 5. In Tal l  ( PPh 2 2 (di;
; ‘o )

t a n t a l u m  ach n e v en  a c l o s e d— s h e l l  e l e c t  r o u t  coni I ~;u 
i- at  j en

if t h e  Ta —P ( d i  p h e n y l ph onph  i d e )  boi d orde’ i s a t e  1 . 5. T hat

is , in valence bond tent ’s ; , the molecule is ; bes t

represented an a superponi t ion of t h e  resonance s t r uc t u r e: ;

shown l’t ’bc’w : PPh2 :PPh 2

T 
- — p~~J~~R~

/ fl ~:1—3 <~~ “ ,“ Ta ‘H

:Pph 2 PPh 2

The a p p r o x i m at e  tr I qona 1 p l a n a r  a r r a ng em e n t of the

d iph c n y lph osphide 1 iqandsr , as we l l  as t-he i r ec l ipsed

con! i q ur a ti o n  r e lat i v e  t o  one a n o t h e r , is c o n s i s ten t  w i t  h

this descri ption .

Re lit  i o n s h i~~, t h e v F e v e n— C o or d i u a t c~~~~~ ij  d e n .

Hydrid e s of the genera l  formula  Nil  ( i l— a c c e p t o r )  2 (b i d en t  a t e

15- 19
phosp h in e)  2 (N = Nb , Ta , n 0; f’l Ci , l~o , W , n 1)

arc w e l l  k nown. Three st ruc tu ra l  r ep or ts ;  ha’- ’e appeared 1er

exampl es with monodentato ii —accept i no i i  cars l ; . The

complex Ta ll (C C ) ) 2 (dmp e)  2 is reported to have tiiOnocipps~’d

~~~~~ th.t. ~~~~~~~ ~~~~ 
i

~_ ‘~~t— ~~~~~~~~~~~~ ‘~-
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16b -Oct ahed n i  st ruct U t  e I ; t he m o l e c u l e  i :; , howove ’ u ,

s eve rel y d i  ; ;ordered and the  hy d i  I ;It ’ 1 1 q a n d  Wa;; located on

the ba:- i s  of I mU rt’,’t ev i d e n ce . A p p a r e n t l y  a di ~ o n d e i  t -il

model ha :;t - d on a l’ eui t ag ou t  a I b i ‘v ran t  i LI , ar ia  i eq OU ;: t o

Tall [I’  1’ h i , I (it::1 ‘e) , , W a : ;  not  one ot the mode 1 s t o n  t & ‘~

d ur : n q  t h e  v er y  c&m: ~’ 1 i c at t ’d :;olut t o : ;  Of t h a t  s t r u ct ur e .

Such a mode ’ 1 dot ’:; not  appe.i i to he tot al l v i ncon: ; i st en t

w i t h  the x — r a y  d a t a , a nd a i t ’ I n i v e st  I c a t  i o u  of t h e

di carboutv I st ructui e , . q . , at I ow tempera t nrc , may  he

w o r t h w h i l e .

(Wif (N
2
) 
2 

(d i p l ies)  ) 1 I S  st ,ite ’;I to hiVe ’ the ’

pentagonal  b i p v n a m i & i . i  I st  r u c t u i e  I I  , a n a l o g ou s  to

Tall (P Ph 2 2 ( drn p e)  2’  on the ha’: is of an u np i rh i  i shed

s t r u ctu r e , 19b . The h v d r  ide  in (Molt ( C  ii  ) ( d i phc ’n) j  
+

2 4 ~~ -

located on a C
2l1 4

—P edge’ , for m i no an a p p r o x i ma t e

penta gon a l  bi py ram i d of t yp e  I I I .  However , in this

H2C~ ~~CH2

Mo~~~~~
H

It - - - 
~~~

- -. — -•‘ 
_I_ - — -~~~ ~— 4



1 -

example C
1 

and C 2 are  not symmetrically bound to Mo; the

Mo ( I t )  (C
2

}1 4 ) o r e - u p  approaches  an M~~—c 2 Il 5 u n i t  1 Sb 
~~

i m p l i e d  C2 — hI i n t e r ac t i o n  may be respon s ibl e for t he

l o c a t i o n  of t h e  hy d u  i d e .

We s u gg e s t  t h a t  p enta ’ ’ou t a  I b i py r a t n i d a l

s t r u c t u r e  I I  n a y  be common and  p r e s e n t  in  most h y d r i d e s

of the  t’~’pe Mh ( C e)  2 ( h i d e nt a t e  phos~’hi t i c )  ~~~~~~~~ In t h is

r e ’q . i i & l  ~ e have r eoxam i ned the  low t en ip e r a t  n r c  13
C NM R

spec t rum of t M o l I  ( 13
C0) 2 

(~h 1 p h~~;) 
2~ 

[50 3F ) .  At — 1 5 5 ° C  a

CD 2 C 1 2 ‘Freon 22 sol i tt  1 Ofl  of [Pe l t  ( 1 3C0) 2 ~~ ~~~~~~~~~ 2

has a si no Ic s h a rp  ( fwlur t  11 lIz) r e ’so nat ic t ’ i n  i t  s
13

c 
3l~ l it } NPR spect t u r n . In  cen t  rant to ant earl i o n

18c - 13s tudy  , which repel ted a b r o a de n e d  C r o s e - u t  .111 cc ’ at

— 7 0 °  iii (CD
3
) ,C0

46
, we f i n d  no ev idence ’  f o r  c h e m i ca l

i ne qu  i va l e nc t ’ of t he  car ’bony I o r e -u p : ; . NL ’ u t — ex ch a u ; q  I no

sites: sepa t a t  ed by 0.  3 ppm won ii  have l ’eeti  dot  oct ib i t ’

This ;  su g g e st s  t h a t  the comp lex oit 1101 ha n structure 11

or is a none -capped oct ahedron o ’i t vpe I w i t h  the  hvd r i  le-

rap id l y exchan q  in&i bet s  ‘eon c a p p i ng  s i t e s  al ’ove- and  he low

the P 4 p l ane .  Th e former is  more likel y, since a harrier

to exchang e of loss ; t h a n  6 kc a l  - - m ol e ’ w o u l d  he requ l  re-ti ,

a s s u m i n g  a c hem i c a l  s h i f t  d i f f e ren c e  of 1 ppm b etweeni

i n equ iv a l en t  car h o ny l ct t o up s  in S t r u c t u r e  I .  The

barrier to equilibr a tion of the phosphorus  r e s o n a n ce ’s;

of this compound is approximate lv 20 k c a b/ m o l
] 8C

Phosph orus exchan ge like l y occurs by a m e ch a n i s m  i n - iv o lv i  ng

motion of the hy dride li qand about the upper faces of the
18c’

octahedron (eq. 2)  ; i t is unl i kel y that the harrier

—---i - - — — - -k, - - ~~~~~~~~ ~,‘- ,,. ‘ ‘ “  ~ ‘d-~~~’-~~
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(~~~~~H 
.~~

-:~~:: /
P~~/

P ~~~~ P
1~

F~
\ -~~~~~~~ / P_

~~P~ ( 2 )

P P,.4_— _ P ~-P1j ‘P

0 O 8
1 eu e xcha  n ero  b et  Wee ’n U~’pt ’ i and loWe ’ r I ace;; We -U Id he’

s i g r i n t icaui t lv It ’:;;;.

Add I t i ot t. n 1 1 y , t he r e ’  a re ’ re 1 at ‘~i pt ’ n it ao ‘ i i  a 1

h t pv i am i d  a I t r tic t u ron w i t 1n m o n t e - d e n t  at  e i i u . n  ml ;; . Tb U ; ;

Mol t  (CF’ 4 C~~ , ) [ 1’ (g ~~~~- )  
3 1 4 ha: ; i i i  , ip ~ ’1ox  i n;.n t e p en t  age -n .h

h i  ~‘y n ar’; ida  1 n t tue t U n  0 as shown , a It hots; h t he’ bvdi t dt ’ i n

P

P
sl i g h n t  1’’ d i  ;T i . t c ’ecl t o w a r d  0l le ’  o t  t h e  a x i a l  phosph i  i t t ’

47
gi-oir~’s

The .i~’prox i m a t e  C st  r uc t  U n e  o S ‘l’. t l i  ( I ’ l ’h i  , ) ,— -

( dmp e ’) 2 ~~ a p p a t t ’n i t  lv  p i  os ;e ’ i v e d  i n  se-i  u t  1 0 11 , as sh own 1’’.’

the uhs :o u v a  t ion e- t t w o , cqi r .i I Iv popin L~t Oci dm 1 -’t ’— mt ’ t liv .1

resonance :;  — t hose ft on t l ie ’ met  by I ~i roth ’:; a t  t ached to t he

chi’l at  e end s ;  a d j a c e n t  to the ’ h y d r i d e ’ ar id t ~t~~’:; ’ oppo ;; i t o

th e hy d u  ide . The observed  ex c h an g e ’ bet Wt ’e ’ti t h o s e  s; i t t ’ ;;

is ac ce-mod ,i t e’d by t h e  pu eec’s;; i n  e g . .~ I tide ’e-el tht ’

barr’  i c r  is s i m i la r  to  t h a t  f OU n d  t o t  phosphorus  e x c han ge ’

L 

for Mo ll (CO)  2 ( d i  p hos : ) ~ . The 31 
~ c hem i c a l  sh I f t

sepa ra t ion w as too l a n g e  to a l l o w  observat  i on  of exchan ge

b etw een pho sph orus ;  s i t es  he low the ’ ~h’e’e-iiip~’:; t t i e r - i  p o in t  of

th e complex .
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I mp  i i  ~‘at i o n s  t or ~ t a l  i 1 i t ~~~~~f T a ( l f l Ce ”n~j ’l e x e ’n .

The fo rma t ion of Tal l  ( I’I ’h
2 2 (drnp o 2 may 1 iwo I ye  ( l i e  i i i  i t  Ia  1

gene rat ion of the odd - e l e c t  i on m c  ~~ ed i a te  , (Ta 1 1 (Pl ’b i 1 ) , —

(dnq ’e ) , I . Th i s; 17—el oct non e’omI’ l ox  a pp a r e n t  l y . i l ’s ; t  ract s

a hy drooen ate -ni fr ont no I ven t  (Ti l l - ’) on  d i  oxane  , t h c ’ r o b y

at t a inn no an 1 8 — e l  t ’ct r o n  vi l e i icc  s l i t ’ ~l I a ho i n  t t ant alum •

Hy d 1 e ’~~t ’n ii’:; t t .ie ’ t i on by met  . i l  e ’t ‘nip lo xe ~; I c ’:ii ne - i  von t b i as ;

bet ’  ii net  t’d , f t  ‘r e x~1m I ’ I t ’ , in t ho pre pa rat i on of 110 nO I ., —

(Phi u~~Ph~~ 
~~~~~~

, Pt (11 )
2 

( d i p h i t ’s) 2 
4e) 

1IM ( fl (~~I M t ’ 3 l , )  
~ 

(P Th ,

“ O a nd lI M ni  ( C O t  
~ 
(Pflir~~ , • The Ta (ii ) in - n t er m e d  i at t ’

must  be Shot t — l i v e d  a:~ i t was n o t d e t e c t  e ’d by st at i c

l~~~1~ e~~~’ ’  i i  met i t

On the ha s; i s ;  o r-eact ions of TaC 2 (dmpe ’ , w i t h

C ç P~ 
13 

biy dr i cie t I e -n o ?  1 4  and Pl’ h , , i t  appeai  t h a t

r e p  1 acemon t  of ha i i  ~le ’ by ;: t l o t ige  i I io id  i i  ~u a n d  ;; lead;: t o

spec r c ’ s;  r t ’S t ’i” 1’ ii no ~‘t g  an i c rad i ci is i n - n  n eat ’ t ~i V i  t v , ‘dii cli

1 , 1 p i .11 \‘ ‘i i ;; - t ‘~~ ‘on t i oti a c (‘ or .tb;; t. t a c t  hy dt  o e ’ n at ,‘nl ts ;
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M a t  o r  i i i  A v a i l a b l e  : L i s t  i ng s ; of ob~ c ’n Vt cl

and c.i I c u l at  ci st r u c t u n e  I ac t o r  ampi  I t i~des; (Tib le V i i )

and hyd oqen a t  o : u  pos i t on s (Table VI Ii ) (ni p.t-;e s )

Order i u ;~; jii S or m a t  t o n i  1 0 1  ~‘t I i  Ofl a!1\’ Cu r r e nt  m a s t h e ad

Psi c i  0

I
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Table 1. Data from the X—ray Diffraction Study of T a U ( P Ph 2 )
2 —

(dmpe) 2.

(A ) Crystal Data at 23(l) OC a

b 03
crystal system : tric linic V = 1 9 2 3 . 8  A

space group i P1 r C~~; N o .2 )  Z 2

a = 1 0.5 5 6 ( 3)  A fo rmula  wei ght = 852.7
o —3

b = 11.175(3) A p(calcu lated) = 1.47 g cm
o c -3

c = 18.663(5) A p (ohserved) = 1.51(2) g cm

= 76.OO(3)° p (calculated ) = 79.1 cm i’

8 = 74.48(3)° (CuKct)

y = 6 6 .6 0 ( 3 ) °  
- 

—

Cell constant determination : 9 (hk2.) reflections and refined 20 ,

w and x values in the range 40 < 20 < 43° ( X ( C u K &)  =

1.541 8 A)

(B)  Collection of Intensit y Data

radiation CuKa , Ni 8—filter

ref lec t ions  measured ±h , ±k , ± Z (to 20 101°)

scan type ; speed 0 — 2 0 ;  variable , 3 . 0 8 — 6 . 5 1 ° / m m

scan range symmetrical , [ 1 . 8  + ti (a
2 

— a
1
)]°

background measurement stationary , for one-fourth of
scan time at each of scan limits

number of reflections 4351 total ; 4050 in unique set

measured

standard reflections 003, 253 measured after every
60 reflections; deviation

- 
< ±3 ~j ( I )  for each

automatic recentering of every 800 reflections

crystal
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T
Table 1 (con t I nut’d)

(C)  T r e a t m e n t  of I n t e n s i t y  1)ata d

d a t a  reduction intensities at  before 22 ; esd ’ s
of F~ va I uc- s ca 1 cu 1 - i t  ci by

me t-hod of finit e diffe nc -nnct -s ’

statisti cal information H = 0.047; H = 0.039
5 av

CD) Refinement
0
, with 2942 Data f o r  W h i c h  F ~‘ 3.92 ’ (1- ’)

wei ghtinq of reflections w [e 2 (IF I + HF 0 I ) 2 ) ] ~~ ;
0.040

Patterson solution Ta, 6P; H 0.204

isotrop ic refinement , a l l  H = .094; R
~ 

= .114
non— h yd re - ic ii at em:;

anisotropi c refinements; Ta , R = 0. 077 ; H = 0 . 0 9 3

6P , drnpc’ C atom s ( e x c ep t

C33 , w h i c h  w o u l d  not

refine ani isot rop icall y)

only; ot ht -r a t o m s
i so t ro p ic ;  II atoms on

pheny l rings included as

f ixed contributions with
= 0.95 A.

standard dev ia t ion  of an 1 . 5 2 2
observation of u n i t

wei ght
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~ E s t im at e d  s t a n dar d  d e v i a t i o n s  in - i  t he  lea st  si g n i f i ca n t  d i n i t s ;
are g i \‘eni in ~~renthe~ ’s in  t h i s  and the f o l  I ow i nq t ab  it s ;;

b
~.hc d i men si o n s  of the  co r re spond ing  D e l a un - i ay  reduced c e l l  are
a = 10.556 , b = 11.175 , c 1 7 . 3 6 2  A ; a 9 1 . 0 6 , t~ 9 1 . 8 3 ,
y 113.38° :

C
1 by I l ot at  ion -i i n  1, 2— i  i b ro m o e t h a n e/ h e x an e

dR ~~~c1 ( 
~
F

~~’ ) / Y  ~~~ Ray [(Y I I I -  1~~~ ) - ‘
~~~ I I ) ;

C R~~~( I F S I _ I F !) / \ : !F ~~I ;  R~ =

S t a n d a r d  d ev i at  ion of an observat  ion c~ I J f l i  t w e i c i b i t
{~ w [~ F 0 - F~ ] 2 / (~1~~i) 1 , where in ( =  2 9 4 .~) is the number ot
observ a t I ens and ii ( 2 6 3 )  is the  numb er  of paranne  torn var i c ’i

______ -- - - - - - ---. ‘.j  ~~~~~~~~~~~ L_ jr~,p.~ri~~~wJ ~:~~~~~~&L  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Table I I . P o s i t  i o na i  a n d  I so t rop ic T h e r mal  1’ ar c t n i e t  c i  r ;  I or

Tall ( l’l’bi 2 
) , ( in ip t ’ )

Atom x “ z U .
1 5 )

Ta 0 .23137 (H) 0.26904(10) 0.25077 (h)
P1 0. 22806 ( n t )  0.  3 9 7 4 0  ( 56)  0. 1 2 5 5  ( 3  3 )
P2 0 . 2~~5 h 3 7 ( t ’ 4 )  0.  l l 0 3 5 f t~~) 0 . 3 t 3 ~1 3 ( 3  1)
P3 0 . O 6 q c ) 4 ( t ~5) 0. 1 t 7 8 0 ( ~~2 )  0 . 2 2 t 1 0 (  1’ )
P4 — 0.0 240 0 (n5) 0.40t ~9 ’  (ti ) 0.31 18 e (  3 t - )
p5 0 . 4 9 8 7 ’ / ( t 2 )  O . 2 0 2 1 0 ( t - 1 )  0 . 2 1 4 0 1  ~~~~P6 0.  2 8 3 5 3  ( te-~ 1 0. 439 ~7 (59 0. 3003~ ( ~
C 2 5  — 0 . 1 2 1 3  ( 2 - i )  0 . 57 0 . ’ ( .‘ 1 0 . 2 6 0 /  ( i S )
C2~ — 0 .  O7 0~ ( 2 7 )  0. 4~ 2 ( 2 1 )  0.  4 0h . 1  ( I ~~ )
C I !  — o . i s ~~q ( 4 1)  0.  3107 ( 3 0 )  0 . 3 2 3 1  ( 1 7 )
C2 8 — 0 . 0 7 9 3  ( 2 7 )  0 . 1 8 0 - )  ( 2 9 ~ 0.3070 (lt ~)
C 2t) — O . 0 1 t ~2 ( 2 0 )  0 .2411 (29) 0 . 1 4 3 0  ( I i - )
C30 0 .1351 (18) — 0 . 0 1 2 5  ( 2 . ’)  0 .2211 (17)
C31 0.5857 (31) 0.1984 (48) 0 . 1 1 Q 7  ( 1 0 )
Cil 0.6075 (31) O.060~ (31) 0 . 2 t ~50 ( 2 1 )
C34 0.4706 (31) 0.425 (:1~~) 0. It ’) (25)
CY’ 0.1971 (30) 0.6194 (‘2) 0. 27’~ - (15)
C36 0.2823 (39) 0. 4 2 ~13 (2t~) 0.4012 (14)
Cl 0.2831 (22) 0.3388 (21) 0.03 (3 (1 1) 0 . 1) 4 7 1  ( 5 )
C2 0. 287’~ (24) 0.4193 ( . 2 )  — 0 . 0 3 4 0  ( 1 4 )  0. O~~73 ( ‘

Cl 0. ~250 ( 2 5 )  0 . 3 t 0 1  (24) — i 3 . 0 9 8 1  ( 1 5 )  0 . i l t 4 2 ~ . t ’ )
C4 0.3633 (It ) 0.238i’ (2’’) —0.1 002 (15) 0 . 0 6 9 ’ t ( t ~)

0 . 3t ~~3 0 ~2 7 )  0 . 1 5 5 5  ( . 5 1  — 0 . 0 3 1 2  ( 1 ’ - )  0 . 0 7 0 0 ( e )
0 . 3 2 4 7  ( 2 4 )  0 . 10 2 7  ( 2 3 )  0 . 0 3 3 0  ( 1 4 )  0 . 0 5 0 4 ( ~~l

C7 0 . 1 8 7 4  ( 2 4 )  0 . 5 7 5 8  (22) 0.0940 (1 1 ) 0.05 . i~~S)
C8 0 . 2 9 1 4  t . 4 )  0 . t ~2 0  ( 2 3 )  0 . 0 8 1 5  ( 1 3 )  0 . 0 5 7 0 ( 5 )
C9 0 . 2 5 5 2  ( 3 1 )  0 . 7 / 0 3  ( 2 8 )  0.  0~~27 (17) 0. 0 0 3 1  ( 7 )
C10 0 . 12 3 4  ( 3 3 )  0 . 8 4 4 7  ( 2 ~~) 0 . 0 5 4 n ’  ( 1 7 )  0 . 0 0 ’n . ( ’ )
C l i  0 . 0 1 2 4  (31 ) 0 . i 9 7 ~ ( 3 0 )  0 . 0 6 4 2  ( 1 0 )  0 . O l t 2 ( 0 )
C 12  0 . O S e ) ( . ‘ 7 )  0 . o S / 5  ( 2 5 )  0 .0 8 5 1  ( 1 5 )  0 .Ot74 (e )
C 13 0 . 3 3 7 7  ( 2 2 )  —0 .0714 ( 2 0 )  0 . 3 7~~0 ( 1 3 )  0 . 0 4~~l H )
C14 0 . 3 3 9 6  ( 2 3 )  —0. 1490 (2 1 0. 4 4 8 ’ ~ ( 1 3 )  0. 0”  ~5 H)
C I S  0 . 4 1 2 2  ( 2 0 )  — 0 . 2 8 1 6  ( 2 ~~) 0 . 4~~4 5  ( I t ’ ) 0 . 0 ’ 4 e ~~t - )
C16 0 . 4 8 5 1  (It ) —0 .34133 ( 2 4 )  0 . 3 9 3 3  ( 1 5 )  0 . 0 t , e 0 ~~t ’ )
C 17 0 .4 8 0 0  ( 2 4 )  — 0 . 2 t 9 0  ( 2 3 )  0 . 3 2 2 9  ( 1 4 )  0 . 0 5 l e ( 5 )
C18 0 .4 0 7 4  ( 2 2 )  — 0 . l 3 s o  ( 2 1 )  0 . 3 1 7 2  (12) 0 . 0 - l e ’ ( ’ ’)
C19 0 . 2 0 ~~5 ( 2 2 )  0 . 1 3 2 0  ( 2 0 )  0 . 4 6 4 9  ( 1 2 )  0 . 0 4 1 5 ( 4 )
C20 0 .0 7 7 0  ( 13 )  0 . 1 3 0 4  ( 2 1 )  C) . 50t ’ 2 ( 1 3 )  0 . 0 ’ 1 7 H )
C2 1 0 . 0 4 2 2  ( 2 7 )  0 . 1 5 4 6  ( 2 5 )  0 . 5 8 2 0  ( 1 5 )  0 . 0 7 m m )
C22  0 . 1 3 9 6  ( 2 9 )  0 . 1 5 8 4  ( 2 6 )  0 .6 1 5 1  ( l e )  0 . 0 7 ’.- ’--~~e)
C23 0.2665 ( 2 6 )  0 . 1 5 4 5  (:15) 0 . 5 7 5 1  ( 1 5 )  0. O t t O  H )
C24 0 . 3 0 2 5  (2 5 ) 0 . 1 1 7 5  ( 2 3 )  0 . 4 9 9 7  ( 1. 1 ) 0 . 0 t 1 t - ( 1 ~
C33 0 . 5 6 6 6  (29) 0 . 2 9 1 1  ( 2 7 )  0 . 2 4 5 7  ( 11 ) ) 0 . 0 7 7 3 ( 7 )
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Table IV. Bond Distances (1~) for  T a l l ( P P h 2
) 2 (di np e) 2

Ta—PI 2.430 (6) C1—C2 1.402(33 )
Ta— P2 2.404 (6) Cl—C6 1.417(32)
Ta—P3 2.568 (7) C2—C3 1.347(35)
Ta—P4 2.623 (7) C3—C4 1.347(37)
Ta—PS 2.555 (7) C4—C5 1.365(38)
Ta— P6 2.599 (7) C5— C6 1 .359(36)

C7— C8 1 .365 (38)
P 1 — C l  1 . 8 0 3 ( 2 3 )  C 7 — C 12  1 . 3 4 5 ( 3 9 )
P1 —C7 1 . 8 4 1( 2 4 )  C8— C9 1 . 4 7 7( 3 8 )
P2 -C 13 1 .847(22 ) C9—C10 1.336(49)
P2—C19 1.868(22) ClO—Cil 1.322 (53)
P3—C28 1 .853( 30) C11—C 12 1.435 (41) —

P 3 — C 2 9  1 . 8 4 3 ( 3 1 )  C 1 3 — C 1 4  1 . 4 2 0 ( 3 2 )
P3—C30 1.871(24) C13—C18 1.338(31)
P4—C2 5  1 . 8 6 5 (2 9 )  C 14 — C 15  1 . 3 6 3 ( 3 6 )
P4—C26 1.849(27) C15—C16 1.391(38)
P4—C27 1.839 (39) C16—C 17 1.397(36)
P5—C 31 1.768(33) C17—C18 - 1 . 3 7 1( 3 2 )
P5—C32 1.765(36) C19—C20 1.363 (35)
P5—C33 1.720 (32) C19—C24 1.365(37)
P6—C34 1.861(39) C20—C21 1.401(36)
P6—C35 1.845(24) C21—C22 1.352 (45)
P6—C36 1.854(26) C22—C23 1.337(44)

C27—C28 1.607(50) C23—C2 4 1 .395(37)
C33— C34 1 .488(43)
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Table V. Bond Angles  (dog )  fo r  T a l I ( P P h 2
)

2 (dmpe )
2

Pl—Ta—P2 170. 36 (22) P3—C28—C27 110 .5(21)
P3—Ta—P4 73 .13 (Il) C28—P3—Ta 108.5(10)
P5—Ta—P 6 76.CI (21) C28— 1’3—C29 103.6(14)
P 1—T a — l’ 3 8 9 . 0 6  ( 2 2 )  C 2 8 — P 3 — C 3 0  1 0 0 . 7 ( 13 )
P1—T a—P4 96.45 ( 2 2 )  C29—P3—Ta 119.4(10)
P1—Ta—PS 85.87 (22) C29—P3—C30 101.9(13)
P1—T a—1’6 9 2 . 4 4  (22) C30—P3—Ta 120.2(10)
P2—Ta—P3 87.15 (22) P4—C27—C28 110.3(23)
P2—Ta—P4 91.04 (22) C25—P4—C26 98.2(13)
P2—Ta—PS 89.73 (22) C2 5— P4—C27 97 .0(15 )

94.82 (22) C25— P4—T ..i 119.7(10)
P3—T a— P S 129.70 ( 2 2 )  C26—P4—C27 99.4 (15)
P3—T a—1’ 6 154.2 6 (22) C2 6—P4—Ta 123.1 (9)
P4— Ta— I’S 156.16 (22) C27— 1’4—Ta 114 .6(12)
P4—Ta-iS.’ 80.17 (21) P5—C 33—C34 118.0(24)

C31—P5—C32 104.5(18)
C1— P1— C7 100.65 (111) C31—P5—C33 103.1(17)
Cl— Pl—Ta 128.30 (81) C31— P5—Ta 120.8(14)
C7— PI— T a 130.80 (84) C3 2—PS— C33 87 .6(lt- )
C 13— P2—C 1 9 98 .89(104) C32~-P5—T 4--r 120.2(13)
C 13—P2—Ta 1 30.05 (78) C33—P5 —T a 114.7(11)
C19—P2—Ta 131.00 (76) P6—C34—C33 114.1 (25)
P1—Cl—cl 124.7 (18) C34— l”6—C3 5 99.5(1S)
P1—C 1—C 6 120.8 (18) C34—P6—C36 96.6(16)
P1—C7— C8 119.0 (19) C34— P6—Ta 110 .4(12)
P1 C7 C12 121.4 (20) C35 1’6 C36 99.8(14)
P2— C 13--C l4 121.6 (18) C35—P 6—Ta 122.8 (9)
P 2 — C 1 3 — C 1 8  121 .5  (18)  C 3 6 — P 6 — T a  1 2 2 . 6( 1 1)
P2—C1 9—C20 121. 0 (18)
P2— C 1 9— C24 120.2 (18)

__________________________



Table V I . Least -Squares  ~ 14-11105a fo r  TaH (PPh
2
)., (dmpe ) 

2

(A) Plane equatio n: —0 .080X + 0.488Y — 0.869Z + 2.580 = 0
Atoms in plant’: Ta , P3 , P4 , P5 , I’ e
Distan ec s from p l a ne  (A)

Ta 0.000(1) P5 —0.017 ( t )  c28 -0 .  9 ( ’2 ( 2 9 )
P3 0.02 :1(6) P6 0. f l30 H - )  C33 — 0 .  0~°~ ( . 9 )
P4 —0.027 (6) C27 — 0.433~~33) C34 0.318(4.’)

(B) Plant’ equation : 0.993X — O . 094 Y — 0 . 0 7 5 Z  — 4 . 19 6 = 0
Atoms in  p l a n e : Ta , P1 , Cl , C7
D i s t a n ces f r o m  p l an e  ( A )  :

Ta 0.000(1) Cl 0.060 (2t’)
P1 —0.014(8) C7 0.068(28)

(C) Plane equation : 0.999x + 0.039Y — 0.037Z — 4.851 = 0
Atoms in plane : Ta, P2 , C13 , C19
Dis tan ces fro m p lan e (A) :

Ta 0 .000(1) C13 0.031(25)
P2 —0. 007(7) C19 0.029(25)

aorthoqor)al coordinate s X , Y and Z used in th ese ca l c u l a t i o n swere derived as described in roference 33.

~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ ~~~~~ -~~~~~~~~ --~~-
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Figure 1. Molecular Structure of TaH(PPh
2
)
2

(dmpe )2. For 
-

clarity only two of each of the phen yl carbon

atoms are labelled.
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~,~4~gure 2. Skeletal Geometry of TaH (PPh
2)2 (dmpe ) , showing

the expanded P3—Ta-P5 angle.
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Fi gure 3. Illu stration of H” •H Contacts in

TaH ( P P h 2 )
2 (dmp e)
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Tab le  V i i i .  Derived Hydr ~-~q ’ n Atom P t ’~ . i t  i ~~~

Ph ony  I Rinq~; n Tall  ( 1 ’ I ’h  ~ 2

Atom x y z U .
I

112 0.2630 0.~
’i l 1 ”  — 0 .01’4 0.0 ’30

113 0.3264 0 . 4 . S .~5 — 0 . 1 1 4 4 1 ’  0 . 0 7 0 1
114 0.389.’ 0 . 2 0 6 3 — - 0 .  1 . 1 ’ - ’ -  0 . 0 7 $ ~

)
115 0 . 3 8 9 8  0 . 0 6 3 ’ ~ — 0 . 0 ~~2 ’) 0 . 0 7 / 1
116 0.3259 0. 1424 0 .07C~l 0.0 1i 4 .’
118 0. 38~~2 0. 5(, q 1 0 .0 8 . 1  ‘~ 0 .  0~- .S..
119 0 .3 2 3~ 0 . 8 0 q 1  0 . 0 5 6 7
1110 0.1009 0.9374 0.0409 0.0~)8.’
11 11 — 0 .0699 0.8542 0.0”’S.’ 0.10 c~
1112 — 0 . 0 1 4 4  0.621~ 0.0’L’’~ 0.07 .1 11
1114 0.2910 —0. io~~i 0.4924 0. 0”8Q
1115 0.4131 —0 . l3 1~ 0. 5015 0. 0(L’ I
1116 0.5346 —0.44 1 0 0. ~~90 0 . 0 7  m ’ ,
1117 0.5274 —0.307~m 0.1781’ 0.0(’’-”
1118 0 .40-4 — 0 . 0 8 ~’ 4 0 . 2 1 - 8 . ’ 0.0’’14
l 1.’O 0 . 0103  0 . 13 1 2 0 .  4 8 3 ’ ’ 0.
1121 — 0 . 0 4 9 6  0. 162 ~

) 0. ( ‘101 0.0787
1-122 0.1177 0.1640 0.667~ 0.0841
1 12 3  0.3320 0.1~ ~1 0. 54-~C10 0 . 0 7 3 ”
1124 0 . 3 9 4 8  0 . 1 2’H  0 . 4 7 1 3  O . O t ’ 7 7
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