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Abst ract :  Analys is  o f  the proton nmr spect ra  o f  K. [HI r (CN)r ]  ( l ) ,  K3[HRh(CN) i ]  (2) ,  r rans- [HPtCN(P(C:H;)a) r ]

(4) ,  HMn(CO);  (5) ,  c is -HMn(CO),P(C,H;h (6) ,  Na[HW,r(CO)r0]  (7) ,  and Na[HMo' : (CO)ro]  (8)  e i ther  natura l ly

abundant  or  isotop ica l ly  enr iched in  r3CN or  r3CO has y ie lded va lues of  tH-M-t3C sp in-sp in  coupl ing constants

for representative t iansi i ion metal carbonyl and cyano hydrides. The uti l i ty of these coupling constants in struc-

tural investigations of hydride complexes of the transit ion metals is discussed brief ly, with part icular reference to

compounds 2,  5 ,  and 6.

f ) roton nnrr  spectroscopy is wel l  establ ished as a tech-
l -  n ique of  general  usefulness in structural  invest i -
ga t ions  o f  hydr ide  complexes  o f  the  t rans i t ion  meta ls . :
Wi th  few except ions ,  meta l  hydr ide  complexes  are  d ia -

magnet ic .3  and the  resonances  due to  the  hydr ide  l igands
character ist ical ly occur in a high-f ie ld region of  the
spec t rum wh ich  conta ins  no  in te r fe r ing  absorp t ions  due

to  so lvents  o r  to  o ther  l igands .  Consequent ly ,  hydr ide
resonances are relat ively easi ly detected even at  the low
concentrat ions f requent ly required for these studies.

For  the  la rge  and impor tan t  c lass  o f  meta l  hydr ide
complexes  wh ich  conta in  phosph ines  or  phosph i tes  as
l igands ,  s t ra igh t fo rward  ana lys is  o f  rH-3rP sp in -sp in
coupl ing constants provides a s imple and apparent ly re-
l iable method for establ ishing the relat ive stereochem-
istry oi  the hydr ide- and phosphorus-containing l ig-
ands. {  The determinat ion of  stereochemistry for
metal  hydr ide complexes which do not contain phos-
phorus remains a di f f icul t  problem. Al though i r  spec-
troscopy is useful  in studies of  metal  carbonyl  hydr ides
of appropr iate symmetry,  and single-crystal  X-ray di f -

( l )  Suppor ted  by  thc  Na t iona l  Sc ience  Founda t ion ,  Gran t  GP-7266 '
(2)  Reviervs:  (a)  A.  P.  Ginsburg,  Transi t ior t  tVeral  Chenr. '  I ,  I  I  I

(196, i ) ;  (b)  Nt .  L.  H.  Green and D. J.  Jones'  Adcan.Inorg.  Chent.  Radio '
c h e m . , 1 , 1 1 6  ( 1 9 6 5 ) .

(3 )  Thc  repor t cd  p i r ramagne t i c  hyd r idcs  a re  Cp ,T i rH : :  H .  B r in t -
z ingcr,  J .  Anrer.  Chem. Soc. ,  88,  4305, 4307 (1966);  L i : [CrrHr(CaH,) ' ] '
F .  He in  and  R .  Wc iss ,  Na tu rw iss . ,  46 ,321  (1959) .

(4 j  A t rans H-M-P stereochemistry is  normal ly  character ized by
J(H,P) of  8G-160 Hz,  whi te a c is stereochcmistry resul ts in ' / (H,P) of
10-40 Hz. t

f ract ion studies are being carr ied out on increasing nurt ' l -
bers  o f  complexes ,  deve lopmen[  o f  a l te rna t ive  spec t ro -
scopic approaches to stereochemical  studies of  t ransi-
t ion metal  hydr ides would const i tute a valuable adt l i -
t ion  to  the  range o f  techn iques  app l icab le  to  the  exanr -
inat ion of  these mater ia ls.

The work reported in th is paper was in i t iated in the
hope tha t  tH-13C sp in -sp in  coup l ing  cons tan ts  cou ld  bc
ut i l ized in t ransi t ion metal  carbonyl  and cyano hydr idcs
in  a  manner  ana logous to  tha t  w i th  wh ich  tH-3 tP coLt -
pl ing constants are used in metal  phosphine hydr ides,
to provide informat ion concerning the stereochemical
a r rangement  o f  hydr ide  and carbony l  o r  cyan ide  groups
coord ina ted  to  a  common meta l  a tom.  The na tura l
abundance o f  r3C is  l . l%:  i t s  nuc lear  sp in  i t  t / , r .  The
rH nmr  spec t rum o I  the  t rans i t ion  meta l  hydr ide  con-
ta in ing  carbon monox ide  or  cyan ide  l igands  wou ld  th r rs
be expected to consist  of  the superposi t ion oi  strong
resonances  due to  spec ies  conta in ing  on ly  t2CO or  t :CN

l igands, and addi t ional  weaker satel l i te peaks due t t )
rH- r rC sp in -sp in  coup l ing  in  spec ies  conta in ing  one or
more  r iC-conta in ing  l igands . ;

( 5 )  T h e  a n a l y s i s  o f  r 3 C  s a t c l l i t e s  h a s  b e e n  e x t c n s i v e l y  e x p l o i t c c i  r n

d e t e r m i n a t i o n  o f  r H - r i C  c o u p l i n g  c o n s t r l n t s  i n  o r g a n i c  m o l e c u i e s . ' '

To  our  knowledge,  the  on ly  such coup l ing  repor ted  fo r  a  meta l  h1 'd r rdc

has  been the  c is  coup l ing  (c ide  in f ra )  o f  IHWr(CO)ro ] - .?
(6)  J .  W.  Emsley ,  J .  Feeney,  and L .  H.  Sutc l i f fe ,  "H igh  Reso lu t io r t

Nuc lear  Magnet ic  Resonance Spect roscopy , "  Vo l .  2 ,  Pergamon Press ,

Oxford, 1956, p l0l l  n.
(7) R. G. Hayter, J. Amer. Chem. Soc., 88, 4376 (1966).
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I .  rH-r tc  Spin-Spin  Coupl ing Constants  (Hz)  in  Trans i t ion i l le ta l  Hydr ides

Compoun{ Solv 'ent Chem shi f t .  t rans J( tH.rrC) crs " / ( tH, t3,C) . I ( rH,M) " I ( t H . 3 t P )

1
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1
8

K , r [H I r (CN) ; l  :
K , [HR l t (CN) ; l  :
K, , [HCo(CN); l
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1 2 . 6 5
8 . r 3
. 7  . 7 3

9 4 3
1 2 . 5 8
1 2 .  t 5

J I . L

5 6 2

4 1 . 9
7 0
5 . 2

5 . 7
5 . 7

1 4 . 0
t 5  . 7 b
t 2 .  t ,
3 . 5
4 . 3

t2 .6

798 .0

42 .1

1 5 . 6

3 4 0

q . J

d

" Chemicai shif ts are expressed in
carbonyl group trans to the P(CeHoh
this point.

ppm upf letd f rom TNIS. d Coupl ing to the carbonyl  group c is to the' l igand.  
d The value of  th is coupl ing constant  is  e i ther 4.3 Hz or  ? 3.0

P(CoH;h l igand. "  CouPl ing to t l ' rc
Hz. See the text for discussion of

I t  has been found that the relat ive magnitudes of  c is
and t r . tn -s  IH-M-r3C coup l ing  cons tan ts  in  representa-
t ive octahedral  carbonyl  hydr ides are s imi lar .  Thus,
these coup l ings  w i i l  p robab ly  be  o f  on ly  l im i ted  use fu l '
ness as absolr . r te stereochemical  probes. The di f fer-
ences  be tween c i .s  and t rans  rH- t3C coup l ings  in  the  two
cyi . rno hydr ides examined are larger:  the absolute
magn i tuc les  o f  these coup l ing  cons tan ts  may be  o f
g rea ter  u t i l i t y  in  s te reochemica l  inves t iga t ions .  How-
ever ,  regard less  o f  the  use fu lness  o f  1H-M-" rC coup l ing
cons tan ts  as  abso lu te  s te reochemica l  p robes ,  the  da ta
co l lec ted  in  these s tud ies  demonst ra te  tha t  rH- r3C cou-
p l ing  cons tan ts  c ln  be  o f  use  in  the  so lu t ion  o f  s t ruc '
tu ra l  p rob lenrs  wh ich  requ i re  d i f fe ren t ia t ion  be tween
st ruc tures  cont t in ing  d i f fe ren t  numbers  o f  d is t inc t  car -
bony l  o r  cyan ide  groups .

Resul ts

[HI r (CN)r ] ' - ,  IF IRh(CN) ; ]3 - ,  and IHCo(CN) ; ]3 - .  The
t ime-averaged nntr  spectrum of a saturated aqueous so-
lu t ion  o f  K ' [H I r (CN) ; ]3  (1 )  con ta in ing  '3C in  na tura l
abundance cons is ts  o f  a  sharp  s igna l  a t  14 .37  ppm up-
f ie ld f rom tetramethyls i lane f lanked by two symmetr ical
pa i rs  o f  sa te i l i tes  hav ing  re la t i ve  in tens i ty  4 :1 .  The
separa t ion  be tween the  components  o f  the  more  in tense
sate l l i te  doub le t  i s  5 .7  Hz:  the  separa t ion  be tween the
components  o f  the  less  in tense doub le t  i s  37 .2  Hz.  The

IHI r (CN) ; ]3 -  ion  a lmost  cer ta in ly  has  C, , '  symme'
try,e,e '  10 wi th the hydr ide occupying a normal octahedral
coordinat ion s i te.  Assuming this geometry,  the intense
central  l ine in the observed spectrum can immediately
be assigned to [HIr(  t tCN)r]r  present in -94.2/o abun'
dance. The more intense of  the doublets can be as-
signed as t3C satel l i tes due to the 4!% of natural ly
abundant  [H I r (  "CNX 

t 'CN)r ]3 -  con ta in ing  H and t3CN

c,s to one another,  and the less intense doublets to the
l . l% o f  th is  ion  hav ing  a  t rans  H- l r - t3CN geomet ry .
In  samples  o f  I  con ta in ing  on ly  na tura l l y  abundant  r3C,

[HI r ( t tCN)r ( t tCN) ' ]3 -  w i l l  be  present  on ly  to  the  ex ten t
o f  approx imate ly  0 .3% and w i l l  no t  make an  appre-
c iab le  cont r ibu t ion  to  the  spec t rum.

(8 )  K .  K rogmann  and  W.  B inder ,  Angew.  Chem.  In te rn .  Ed .  Eng l . ,6 ,
8 8 1  (  1 9 6 7 ) .

(9)  Al l  prcsent ly  avai lable evidence indicates that  a hydr ide ion
occupies a normal  s i te in the coordinat ion sphere of  a metal ,  rather
th i rn burrorv ing into the metal  e lectron c loud:  cf ,  l .  A '  Ibers,  lnn.
Rec .  Ph t ' s .  Chem. ,  16 ,  389  (1965) ;  R .  J .  Doedens  and  L .  F .  Dah l ,

J ,  Aner .  Chem.  Soc . ,  87 ,  2576  (1965) .
(10) L.  L.  Lohr and W. N. L ipscomb, Inorg.  Chem.,  3,  22 (19&l) ,

have obtaincd sat is factory agreement between the observed value of  the
chemical  shi f t  of  the hydr ide of  [HCo(CN)r1r-  und that  calculated
assuming an octahedral  st ructure.
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Figure l. Observed and calculated tH nmr spectrum of -55'',,
r3CN-enriched [HIr(CN),] '-, IHRh(CN)5]3-, and [HCo(CN)']3- rn
water at 60 MHz. The theoretical spectra were calculated using
the coupling constants of Table I.

These coupl ing constant assignments were conf i rmed
by examinat ion of  the proton nmr spectrum of 1 prc-
pared8 using potassium cyanide enr iched to the extent
of  50-60 f  in t }C. This spectrum is shown in Figurc l .
together wi th the spectrum calculated assuming a sta-
t ist ical  d istr ibut ion of  the labeled cyanide among onc
axial  and four equivalent radical  posi t ions of  an octa-
hedral  1,  and the rH-t3C spin-spin coupl ing constants
l isted in Table I.

Analogous rH-t3C couPling
(CN)ul (2) (Table I) could also
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Figure 2. The rH nmr spectrry qf the hydride abso-rption of
- SS Z I 3CN-enric he<I rru,,rs-1 H PtC N(P( C:H rh )rl in ch loroform sol u-

t ion at  100 MHz and 30' .  i5e spacing in the t r ip lets shown in the

figure corresponds to tl. le phosphorus-hydrogen coupling constant.

t ime-averagecl  proton spectrum of saturated aqueous

solut ions of  unenr iched m4ter ia l ,  and conf i rn led by the

spectrum of nr l ter ia l  prepared from 50 to 60% enr iched

potass lu r l l  cyanrde (F igure  l ) .  The observa t ion  o f  d is -

i r . t .  c i . s  and I rons  rH- r3C coup l ing  cons tan ts  fo r  2  re '

so lves  unarnb iguous ly  the  uncer ta in ty  concern ing  the

compos i t ion  o t  th is  mater ia l .  w i l k inson and co-

workers  had repor tec l  tha t  reac t ion  o f  po tass ium cya-

n ic le : . r  nt i  tetraca rbo n y l -p-d ichloro-d i  rhod i  t r  m( I  )  i  n aque-

ous  n lc rhano l  y ie lded a  compound fo rmula ted  as  d ipo-

t i t ss iunr  te t racyanohydroaquorhod ium( l l l ) ,  and  sug-

gcsted C*u synlnletry for  the -presumed IHRh(CN)'-

i f f , . .Ol ] i -  ion on the basis of  i r  evidence.rr  These

workers suggested that the t rans-cy^no group oi  2 ap-

peared to b.  very tabi le toward_ replacement bI  water,

presurnably due to the t rans ef fect  o i  the hydr ide ion.

Mor .  recenr ly  l ( rognrann and B inder  repor ted  the  prep-

ara t ign  o f  a  compound fo rmula ted  as  2  f rom the  same

reugents  in  abso lu te  methano l  so lu t ion . t :  The hydr ide

chemica l  sh i i t  and  H- r03Rh coup l ing  cons tan ts  charac-

te r iz ing  the  mater ia ls  ob ta ined by  w i lk inson 's  and

Krogmann 's  p rocedures  are  ident ica l  w i th in  exper i -

menta l  e r ro r .  Moreover ,  the  q t res t ion  o [  the  exac t

composir ion o[  the rhodium cyi ]no hydr ide could not be

resoived by elemental  analysis,  s ince the compound is

extremely hygroscopic.  The observed spectrum of
t3C-enr i ihed 2,  prepared by o modif icat ion of  Krog-

mann's method, establ ishes the presence of  two dist inct

types of  cyanide groups in the ion in relat ive abundance

l- : :1,  and is ent i re ly consistent wi th the formulat ion

[HRh(CN)r ] ' - .  A l though th is  spec t rum dgt l  no t  ex-

. lud.  the existence of  an ion [HRh(CN)'(OHr)] ' -  under

di f ferent c i rcumstances, the observed stabi l i ty  of  2 in

aqueous solut ion does indicate that  the l rans cyano

group in th is compound is not labi le toward water under

i t re ConOit ions obtaining in the solut ions examined by

nmr.
Attempts to observe rH-13C spin-spin coupl ings in

aoueous solut ions of  Kr[HCo(CN)] ;  (3)  were unsuc-

cessiul .  Using ei ther unenr iched or enr iched (Figure

1) mater ia l ,  only a s ingle broad l ine was observed for

the hydr ide resonance. Atthough i t  is  conceivable that

the  rH- r3C coup l ing  cons tan ts  in  th is  compound are  too

(11 )  D .  N .  Lawson ,  M.  J .  Mays ,  and  G.  Wi l k inson ,  J '  Chem'  Soc"  A '

su ,  t t soe l ;  see  a l so  H .  L .  Rober ts  anc l  w .  R .  Symes ,  i b id . ,1450  (1968) .

(12) K.  Krogmann and W. Binder,  J.  Organometal '  Chem" l l '  P:7
(  1 9 6 8 ) .

smal l  to  be  de tec ted  under  the  cond i t ions  o f  the  exper i -

ment ,  the  la rge  coup l ing  cons t i ' l n ts  charac ter iz ing  the

SDect ra  o f  I  and 2  ind ica te  th l t  r rp i t i  in tc r rno lecu la r  hy-

drogen or cyanide exchange *otr l , - i  pre-rr  idc a lnore prob-

ab le -  exp lanat ion  fo r  the  absencc  o l '  dc tec tab le  cou-

p l i n g . r 3  T h e  o b s e r v a t i o n  t h a t  b o t h  t h e  h y d r i d e  a n d  w a -

te r  resonances  ln  aqueous sOl t t t t t ' ns  t l i  3  a re  b rOad Sug-

gests that  the width o[  the l ine duc trr  3 rcf ]ccts the pres-

ence o f  paramagnet ic  componcnt :  in  s t l lL t t i t ln  ra ther  than

exchange broaden ing .  A t tep tp ts  to  s iow ' t [e  e rchangc

reac t ions  presumed to  be  respons ib le  io r  thc  averag in l

o [  rH- t rC coup l ings  by  tak ing  spcc t r l l  a t  lo rv  temper -

tu res  in  mix tu res  o f  water  and d in re th l l  su l io r ide  re -

su l ted  in  decomPos i t ion  o f  3 .
t ra r rs - [HPtCN(P(C:Ht ) r ) , ] . ' {  A  s ing le -c rvs ta i  X- r r "

s tudy  has  es tab l i shed tha t  t ra r rs - [HPtBr (P(C:H; ) r ) :J  rs

square  p lanar ; t ;  i t  seems reasonab le  to  assume e  s imi l . r r

g.or. t ry for  tans-[HPICN(P(C:H;)r)r ]  (a) .  The nnrr

ipec t rum o f  50-60% t tcN-enr iched 4  in  the  reg ion  or '

hydr ide  absorp t ion  cons is ts  o f  th ree  mul t ip le ts .  The

out . r  two o [  thesc  groups  o f  l ines ,  a r is ing  f rom mole-

cu les  o f  4  conta in ing  te ;P t ,  a re  sept i ra ted  by  ' / (H ,Pt ;  :

798 Hz:  the  cent ra l  rnu l t ip le t  i s  due to  n ro lecu les  o f  -$

conta in ing  p la t inur l  i so topes  hav ing  zero  nuc lear  sp in .

S t ra ig f i r fo iward  examinat ion  o f  the  ccn t ra l  mu l t ip le t

(F igu ie  2 )  g ives  the  coup l ing  paran le te rs  l i s ted  in  Tab lc

I .  1 t - t .  observa t ion  tha t  the  two phosphorus  nuc le i  a rc

equa l ly  coup lc -d  to  the  hydr ide  conf i rn rs  the  Uuts

H-PI -CN ge( )n lc t ry  fo r  thc  complcx '

T h e  H - , i C  c o u p l i n g  c o n s t u n t  i n  . l  i s  o i  a p p r o x i m a t e l y

the  sarne  s ize  as  the  cor respond ing  l runs  coup l ing  con-

s ranrs  in  1  and 2 .  Th is  observx t ion  ind ica tes  tha t  two-

b o n c i  r H - r 3 C  c o u p l i n g  c o n s t a n t s  o f  t h i s  m a g n i t u d e  a r c

not  res t r i c ted  to  onc  par t i cu la r  s t ruc tu r r l l  t ype  and sug-

gests that  thcy m1r)-  prove useful  in t [e ident i f icat ion of

i ru,r ,  H- lvI-CN geornetr ies.  Horvcv'cr ,  a more inter-

est ing feature of  the spectrum of 4 is i . tn uncxpected large

isorope ef fect  on rhe hydr ide cher1l ical  shi f t :  the chem-

ical  s 'h i i t  of  the hydr ide t r lns to t3CN fal ls -0 '006 ppm

downf ie lc l  f rorn that  of  the hydr ide t r |Jtrs to 1:CN. This

chemica l  sh i i t  d i f fe rence is  apparent  in  the  exper imenta l

spec t rum:  the  t r ip le t  due to  p ro ton-phosphorus  cou-

p l ing  in  4 - r?CN is  cen[ered  a t  a  s l igh t ly  h igher  f requency

in"n  the  s ix - l ine  pa t te rn  due to  p ro ton-phosphorus  and

pro ton-carbon coup i ing  in  4 - r "CN.  Th is  f requency

i i f f . r .n. . ,  a l though smal l ,  is  reproducible and indepen-

dent both of  the direct ion of  sweep and the solvent.

Appreciable chemicat shi i t  d i f ferences have been ob-

t . ru.d between f t tor ine atoms bonded direct ly to r :C

and r3C,16 and to  3 :S  and 3{S.17  in  o therw ise  ident ica l

molecules.  These isotope efrects.  and simi lar  ef fects re-

su i t ing  f rom subs t i tu t ion  o f  deuter ium fo r  hydrog€o,  "
have 5. .n at t r ibutecl  to the inf luence of  the di f ference in

(13 )  See  J .  l v { .  P ra t t  anc l  R .  J .  P '  W i l l i ams" ' / '  Chem'  Soc"  A '  l 29 l

( tg67 i ,  and  R .  G .  S .  Banks  and  J .  N I .  P ra t t ,  i b id . ,851(1968) ,  and  re i c r -

enccs  in  eech  fo r  a  d i scuss ion  o f  cv idcncc  pe r t i nc l t t  t o  cxchange  rcac t io r t s

o f  3 .
( l - t )  J .  Cha t t  and  B .
( 1 5 )  P .  G .  O r v s t o n ,  J .

2 4 6  0 9 6 0 ) .

L .  Sharv ,  i b id . ,  5075  11962) .
iv l .  Part r idgc,  ancl  J.  M, Rowc, Acta Cryst . ,  13 '

(16 )  Fo r  examPles ,  sce  N .  N{u l l c r
I  I  I  ( 1 9 6 3 ) ;  G .  V .  D .  T i e r s  a n d  P '  C '

anct  D.  T.  Carr ,  J .  Ph.vs '  Chem.,6 '1,
Lau tc rbu r ,  J .  Chem.  Ph t ' s . ,36 ,  I  t  1 ( )

( r 9 6 2 ) .'  
i i t i  R .  J .  G i l l esp ie  and  J .  w .  Qua i t '  i b i d ' , 3e '  2555  (1963 ) ;  R '  A '

Srervar t ,  S.  Fu j i rvara,  and F.  . {ubkc,  ib id ' ,49,965 (1968) '- ' t r i lb .  
o .  Traf icante and G.  E.  Macie l .  J .  Amer .  Chem. soc. .  87,

qs i i i rqo i r ;  c .  E.  Macic t ,  p .  D.  E l l is ,  and D.  c .  Hofer ,  J .  Pht 's .  chem.,
l i , : i i o i r s i a l ) :  E .B 'wh ipp le ,  w .  E '  S t$v i t r t ,  C '  S '  Rcddv '  and  J '  A '

Goldste in ,  J .  Chem. Ph. t 's . ,34,2136 (1961) ,  and re fcrenccs in  each.
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Figure 3.  Observed and calculated tH nmr spectrum of  r3CO-
enr rched  HNtn (CO) ;  i n  d ie rhy l  e the r  so lu t i on  a t  100  MHz.  The
calculated l ine intensi t ies are based on the assumpt ion of  approxr-
mate ly  20% i so top ic  en r i chment .

mass of  the isotopes involved on the ampl i tude of  the
zero-po in t  v ib ra t iona l  mot ion  o f  rhe  bond to  the  mag-
net ic nucleus being observed, and to the at tendant
changes in  i t s  average screen ing . re  A l though the  mag-
ni tude of  the isotope ef fect  observed in 4 is surpr is ingly
la rge ,  the  mot iona l  coup l ing  o f  M-H and C-N (or
C-O) stretching vibrat ions t rans to one another20
shou ld  be  su f f i c ienr ly  s t rong to  make compounds such
as 4 part icular ly suscepr ib le ro a chemical  shi f t  isotope
effect  resul t ing f rom vibronic interact ion.

HNIn(COX (5) and crs-HNIn(CO).rP(CoHr), (6).
S ing le -c rys ta l  X- ray , : r  i r . : :  e lec t ron  d i f f rac t ion , :3  and
broad- l ine nmr2{ studies have establ ished C., ,  symmetry
fo r  HMn(CO)r  w i th  the  hydrogen arom occupy ing  a
oc tahedra l  coord ina t ion  s i te .  The ambien t  tempera-
tu re  h igh- reso lu t ion  nmr  spec t rum o f  unenr iched 5  in
several  solvents consists of  a relat ively broad central
peak, f lanked by two t3C satel l i tes separated by 14.0
Hz. Repeated at tempts to detect  a second rH-r3C cou-
pl ing comparable to the larger coupl ing observed with
1, 2.  and 4 by t ime averaging were unsuccessful .  How-
ever,  exarrr inat ion of  the spectrum of HMn(CO); en-
r i ched to  approx imate ly  20% in  tsCO by  exchange w i th
50[ -enr iched carbon monox ide : : '2 ;  ind ica ted  tha t  a
second coupl ing was in fact  present (Figure 3):  sur-
pr is ingly,  th is coupl ing,  ident i f ied as a tans H-r3C cou-
pl ing on the basis of  re lat ive intensi t ies of  the l ines in the

(19 )  T .  W.  Marsha l l ,  , r {o l .  Ph .v .s . ,4 ,  6 l  (1961) ;  H .  S .  Gurowsky ,
J .  C h e m .  P h . r ' s . , 3 1 ,  1 6 8 3  ( 1 9 5 9 ) ;  N .  F .  R a m s e y ,  P h y s .  R e o . , 8 T ,  1 0 7 5
(  I  9 5 2 ) .

(20) L.  Vaska,  J.  .4nrer.  Chern,Soc. ,  88,  ,1100 (1960, and references
the re in .

(2 l )  S .  J .  LaP laca ,  J .  A .  Ibc rs ,  and  W.  C .  Hami l ton , Ino rg .  Chem. ,3 ,
l 49 l  (1964) ;  J .  An re r .  Chenr .  Soc . ,  86 ,  1238  (1964) .

( : l )  P .  S ,  B ra tc rmun ,  R .  W.  Har r i l l ,  and  H .  D .  Kaesz ,  rb id . ,89 .285 l
(1967);  W. F.  Edgct t ,  J .  W. Fisher,  C.  Asato,  and r* ' .  NI .  Risen,  Jr . .
I n o r g .  C h e m . , 8 ,  I  1 0 3  ( 1 9 6 9 ) .

(23 )  A .  G .  Rob ie t t c ,  H .  1 ! I .  She ld r i ck ,  and  R .  N .  F .  S impson ,  Chem.
Commun. ,  506  (  1968) .

(21 )  c .  M .  Shc ld r i ck ,  i b id . ,75 l  (1967) ;  T .  C .  Fa r ra r ,  S .  W.  Ryan ,
A .  Dav ison ,  and  J .  W.  Fu l l e r ,  J .  Amer .  Chem.  Soc . ,  E8 ,  184(1966) ;  D .  L .
VanderHar t ,  H .  S .  Cu towsky ,  and  T .  C .  Fa r ra r ,  i b id . ,  E9 ,5056  (1967) .

(25 )  F .  Baso lo ,  A .  T .  B rau l t ,  and  A .  J .  P i j c ,  J .  Chem. ioc . ,676  ( t96 .1 ) .
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20 Hz

Figure 4. The tH nmr spectrum of the hydride absorption of rrCO-
enr iched cis-Hi \ ln(CO). ,P(C6H;)r  in diethylerher ar 100 MHz. Thc
extent of enrichment is approximately 20f.

multiplet of the observed spectrum, is smaller than the
cr.r  coupl ing in th is compound. I t  is  noteworthy thar
subst i tut ion of  t3co for txco in th is molecule produces
an isotope effect on the chemical shift of the trans-hy-
dr ide very s imi lar  to that  observed for 4:  the chenr ical
shi f t  of  the hydr ide tans to tsCO in 5 fa l ls . - ,0.005 pprn
downfield from that trans to r:CO, while the chemical
shi f t  of  hydr ide c is ro r3CO is apparenr ly unaffected.

The same relat ive magnitudes of  the c ls and tons
rH- r3C coup l ing  cons tan ts  were  observed fo r  c ls -H lv {n-
(CO)rP(CoH: t ) r  (6 ) . ru  The specr rum o f  the  hydr ic lc  o i

o
C ,CO

OC-, \ In -P(CdH5)J

H,  CO
6

,-207o "CO-enr iched 6,  shown in Figure 4,  is  composct l
to a f i rst  approximat ion of  two mult ip lets separated by
the  tH-3 IP coup l ing  cons tan t .  Each o f  these mul t ip lc ts
cons is ts  o f  a  cent ra l  peak ,  a r is ing  pr imar i l y  f rom molc -
cu les  o f  6  conta in ing  on ly  t rCO,  f lanked by  th ree  pr in -
c ipa l  se ts  o f  sa te l l i tes  hav ing  re la t i ve  in tens i t ies  -Z :  I  :  l .
The C, octrahedral  structure postulated:.  for  6 on thc
basis of  i r  evidence:6 should give r ise to three types ot '
rH- t3C coup l ing  cons tan ts :  two c is  coup l ings ,  hav ' ing
re la t i ve  in tens i ty '  2 :1 .  be tween the  hydr ide  and the  car -
bon monoxides which are respect ively c ls and tran.s to
the  t r ipheny lphosph ine  moie ty ,  and one t rans  coup l ing .
hav ing  re la t i ve  in tens i ty  l ,  w i th  the  remain ing  carbon
monoxide. The nmr spectrum is thus in fu l l  accord
with the postulated structure.

We have ass igned the  th ree  observed rH- r rC coup l inu
cons tan ts  in  6  as  ind ica ted  in  Tab le  I  us ing  the  fo l low ing
arguments.  The doublet  having the largest separat ion,
15.7 Hz, corresponds to the satel l i te pair  of  re lar ive in-
tens i ty  2 ,  and can be  ass igned on  the  bas is  o f  th is  in ten-
si ty to the coupl ing between hydrogen and the two geo-
metr ical ly equivalent carbon monoxides cls to both hy'-
drogen and phosphorus. The doublet  of  re lat ive inten-
s i ty  I  hav ing  the  smal le r  separa t ion ,  5 .2  Hz,  i s  ass igned
to coupi ing between hydrogen and the trans carbon
monoxide for two reasons: f i rst ,  the magnitude of  th is
coup l ing  is  c lose  to  tha t  o f  the  s imi la r  c rs  coup l ing  in  5 :
and second, the center of  th is doublet  d isplays the sr la l l
downf ie ld shi f t  re lat ive to the absorpr ion f requency'  ot '
unenr iched 6  wh ich  was a t t r ibu ted  to  a  r3C chemica l
shi f t  isotope ef fect  in 4 and 5.  By defaul t ,  the remuin-
ing  doub le t ,  w i th  separa t ion  12 . I  Hz ,  i s  ass igned to  cou-

(2O W, Hi jber,  E.  Wintcr ,  and E.  Shubert ,  Chem. Ber. ,  95,  30i t )
(1962);  W. Hieber,  G. Faulh;rbcr ,  and F.  Theubcrt ,  Z.  Anorg.  Al lgern.
Chem. ,  314 ,  125  (  1962) .
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Figure 5.  The rH nmr spectrum of  [HW:(CO),0]-  in tetrahydrofuran

soiut ion at  100 MHz. The posi t ions of  the satel l i tes due to coupl ing

rv i th natural ly  abundant r2C are indicated by the l ines under the

spectra l  t race;  peaks due to [HI83W:(CO),0]-  are indicated by ar-

rows above the trace.

pling between hydrogen and the carbon monoxide trans

to t r iphenylPhosPhine.
The observat ion of  d ist inct  c ls and trans lH-r3C cou-

pl ings in 5 and 6 is pert inent to at tempts to resolve a

.urr int  problem concerning the structurtr l  r ig id i ty of

mangan.se carbonyl  hydr ides.  This problem is based

on two rypes of  observat ions.  First ,  the structural ly

dist inct  racl ia l  and axial  carbonyl  groups of  5 have been

shown ro exchange with labeled carbon monoxide at

equa l  ra tes . r : ' :5  Second,  in f , ra red  s tud ies  o f  a  var ie ty

oi  phosphorus t r i f luor ide der ivat ives of  5 have indicated

tha t  cer ta in  o f  these compounds (e .g . ,  HMn(COh-
(PFr)r)  exist  as equi l ibr ium mixtures of  geometr ical  iso-

mers;  however,  at tempts to separate these isomers

using a var iety of  techniques, including high-ef f ic iency
uopol  phase chromatography, have been unsuccessful .

On the basis oI  these and related exper iments,  i t  has been

suggested that the axial  and radial  carbonyl  groups of  5

interchange rapidly in solut ion,  e i ther by one of  several

types of  intramolecular hydr ide migrat ion in 5 i tsel f ,  or

by dissociat ion of  a proton from 5 fol lowed by pseudo-

rotat ion of  the resul t ing manganese pentacarbonyl  an-

i o n .  : 7 ' : 3

Unambiguous elaborat ion oI  an intramolecular mech-

anism for fast  interchange of  l igands in 5 would const i -

tute an important contr ibut ion toward understanding

the rearrangements of  octahedral  complexes. Since the
rH-r3c coupl ings in 5 provide an at t ract ive probe with

which to eramine any interchange of  axial  and radial

carbonyl  groups, we have examined the temperature de-

pendence of  the nmr spectrum of enr iched 5 (Figure 3) '

Un[ortunately,  there is no indicat ion of  any averaging

of  rH-13C coup l ings  in  th is  compound in  d ie thy i  e ther

solut ion over the temperature range -70 to +50" '
The indiv idual  spectral  l ines do broaden slowly on in-

creasing the temperature.  However,  s ince qual i tat ively

simi iar  l ine broadening is observed in cyclohexane solu-

t ion over a much narrower temperature range (--  l0

to *30") ,  we bel ieve that the i ine widths in these spectra
probably ref lect  the v iscosi ty dependence of  quadrupole-

broadened rH-55Mn spin-spin coupl ing, :e '  30 rather than

(27 )  W.  J .  M i les ,  J r . ,  and  R .  J '  C la rk ,  I no rg '  Chenr ' ' 7 ,1801  (1968) '

(28) For revicrvs of  cv idence pert inent  to int ramolecular  rearr i lnge'

ments in s ix-coordinate compounds,  see E'  L.  Muetter t ies '  J '  Amer '

Chem. .Soc . .  90 .  - s097  (1968) ;  T .  L .  B rown, lno rg '  Chem' ,7 ,26 '13  (1968) '

(29) For refercnces.  see G. M. Whitesides and H. L.  Mi tchel l ,J .  Amer.

Chem.  Soc . ,  91 ,2145  (1969)
(30) This conclusion rcceives fur ther support  f rom the observat ion

that  the l ine rv idth of  pure unenr iched 5 is  anomalously large (-1 '5 Hz

oi  p.r*  hal f -height) .  Morecver,  the * idth of  thc r3C resonances of  5

in  i yc lohexanc  (pcaks  w i th  re la t i ve  i n tens i t y  -1 :4  a t  *0 ' l  and  -17 '7

the onset of a spectroscopically detectable exchange
process involv ing hydr ide or carbon monoxide l igands

on 5.  Thus. the observat ion of  d ist inguishable cts and

trans rH- r  3C coupl ing constants in 5 and 6 demonstrates

that any rearrangement in these compounds, 
-whether

intra- or intermolecular,  must be slow on the nmr t ime

scale (here k < 0.2 sec- ' ) .
At tempts to obtain coupl ing constants on unenr iched

HMn(CO)3[P(OC6H,) , ] r "  and HMn(CO)3[P(CoH; )eJ3 '
were unsuccessful  due to a combinat ion of  solubi l i ty  and

l ine-width problems.
Na[FIW:(CO)ro]7and Na[HNIo' : (CO)ro] .7 TheIHWr-

(CO)'ol-  ion (7) and the [HMo(CO)'o]-  ion (8) are as-

sumed to be isostructural with the [HCrr(CO)ro]- ion
(9). t '  Al though the hydrogen atom was not located in

the single-crystal  X-ray study of  th is last  compound, i ts

Cr-Cr distance of  3.7- l  A and apparent D16 slmmetry

strongly suggested that the hydrogen is s i tuated as a

l inear symmetr ical  br idge between two Cr(COX moi-

er ies.  This structure places eight magnet ical ly equiva-

lent  carbons ci .s to the hydr ide.  i rnd two trQns.33 Thus,

coup l ing  o f  the  hydr ide  ion  w i th  na tura l l y  abundant  13C

in 7-and 8 would be expected to give r ise to two sets of

sa te l l i te  doub le ts  hav ing  re la t i ve  in tens i ty  4 :1 .

The or ig ina l  observar ion  o i  the  t3c  sa te l l i tes  in  the

IHWr(CO)r, ,1-  ion by HayterT clear ly resolved only the

irs coupt ing.  The spectra used in th is work were ob-

tained i t  h igher instrLrment sensi t iv i ty,  and establ ish the

presence o f  sa te l l i tes  due bo th  to  the  c is  cogp l ing  (3 .5  Hz)

ind  to  the  s l igh t ly  la rger  I r ( tns  coup l ing  (a .3  Hz)  (F igure

5) .  Spec t ra  taken o f  the  [HMo: (CO) ' , , ] -  ion  under  s im-

i la r  cond i t ions  showed on ly  one f lank ing  doub le t  due to
rH- r3C coup l ing  ( / (H, r rC)  :  '1 .3  Hz) '  Compar ison o f

the  combined in tens i ty  o [  the  components  o f  th is  dou-

bler wi th that  of  the center peak establ ished that the dou-

b le r  i s  due to  coup l ing  o f  the  hydr ide  w i th  the  na tura l l y

abundant  r3C in  e igh t  to  ten  carbon monox ide  mole-

cu les .  Thus .  the  4 .3 -Hz coup i ing  in  8  must  cor respond

to a c is coupl ing.  unfortunately,  the intensi ty data are

not suf f ic ient ly accurate to establ ish i [  the t rans coupl ing

in  8  i s  co inc identa l l y  ind is t ingu ishab le  f rom the  c is  cou-

p l ing ,  o r  i i  i t  i s  so  smal l  thar  i r  i s  obscured by  the  center

band.
The signal- to-noise rat io in the spectrum o[ 7 is suf f i -

c ient ly high that the weak peaks due to [H '83W2(CO)to]-

or. .o i i ly  observable (Figure 5).  The exper imental ly de-

termined peak heights lor  the hydr ide resonances of  the

IH rs3W:(CO),0]- ,  [H 's3WW(CO)to]- .  and [HWr(CO)ro]-
i o n t  o t .  i n  t h e  r a t i o  0 - 1 7 :  l 0 : 6 1  : 1 0 : 0 . 4 7 ;  t h e  c o r r e -

sponcl ing theoret ical  rat ios based on a structure anal-

o g o u s  t o  t h a t  o f  9  a r e  0 . 4 2 : 1 0 . 0 : 6 0 . 8 :  l 0 ' 0 :  0 - 4 2 .  N o t e '

however,  that  at though this agreement between theo-

rer ical  and observed spectra is ent i re ly compat ib le wi th

a formulat ion for  7 analogoLts to that  of  9,  i t  does not

ppm, respcct ively,  rv i th respect  to r iCS:)  is  appro.x imately 75 }{z '  Th' :

i "*p"r" tu.*  in jcpendencci  of  the rH-r3C coupl ings in enr iched 5

c l cmons t r l t t e  tha t  thcse  anoma lous ly  b road  l i nes  a re  no t  due  to  l i gand

in te rchange  rcac t ions .  Her rce ,  ex tcns ivc l y  r c la rcd  sp in -sp in  Coup l ing

to mangancse sccm the most reasonable expl i rnat ton f9r  1, !e 
t3C l inc

rv i c i t hs .  The  r3c  spec t rum o f  5  was  ob ta incd  by  Dr .  F .  We ige r t  and
protcssor J.  D.  Roberts at  the c l l l i lorn ia Inst i tute of  Technology.

(31 )  R .  Ugo  anc l  F .  Bona t i '  J '  Organonre ta l '  Chenr ' , 8 .  189  (1967) '

i l : i  f - .  B .  H l r t c l y ,  P .  l v l .  T re i che t ,  L .  F .  Dah t ,  and  R '  G '  Hay tc r '

J .  Amer .  Chen t .  Soc . ,  88 ,  366  (  1966) .
(33) This srarcmcnr carr ics rv i th i t  no i r rp l ic l t ion that  the hydrogen

ociupics a s inglc symmcrr ical  potent iaI  wc[ [  betrveen the metal  atoms,

bui-onty t t rat  i i  the potent ia l  is  actual ly  a double rvel l ,  osci l la t ion of  the

hydr ic le between the nvo equivalcnt  minimi l  must  be rapid on the nmr

t imc scale.
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by i tsel f  provide ! 'erv compel l ing evidence for th is struc-
ture,  s incc idet t t tcal  inrerts i ty rat ios would be observed
for  a t  leas t  four  d is t inc t  s t ruc tu res :  (a )  a  s lowly  (on  the
nmr  t in re  sca le )  equ i l ib ra t ing  rn ix tu re  o f  unsymmet r ica l
ions represented schematical ly by lOa and 10b, each
having the hydr ide ion speci f ical ly bonded to one tung-
sten i r tom .  procidcd that the tungsten in the natural ly
abundant  IH  "eW:(CO) to ] -  tha t  i s  no t  d i rec t l y  bonded to
the  hydr idc '  i s  s t rong ly  v i r tua l l y  coup led  to  i t ;3 {  (b )  a
rap id ly  equ i l ib ra t ing  mix tu re  o f  unsymmet r ica l  ions
10a *  10b.3 ; (c )  a  bent  hydrogen-br idged spec ies  l l ;
(d)  a l inear species 12. analogous to 9,  wi th the br idging
hydrogen ei ther symmetr ical ly disposed or rapidly os-
ci l lat ing between the tungsten atonrs.

w-w tv-w
l t
H H

lOa 10b

w_w \\,_H_w
\ , /

H
l t  1 2

Discussion

No sa t is t 'ac to ry  theore t ica l  t ree tment  o i  long- range
t H - t 3 C  c o u p l i n g  c o n s t s n t s  c a p a b l e  o f  d e a l i n g  w i t h  t h e
tH-M-r ' rC  coup l ings  repor ted  in  th is  paper  has  been
deve loped.  Even fo r  the  s imp ler  and cons iderab ly
m o r e  t h o r o u g h l y  s t u d i e d  c l a s s  o t ' m o l e c u l e s  c o n t a i n i n g
the  tH-C- r i rC  l ' ragrnent ,  unders tand ing  o f  the  tac to rs
in f luenc ing  the  nragn i tudcs  o f  two-bond pro ton-carbon
c o u p l i n g  c o n s t a n t s  i s  i n c o m p l e t e :  t h e  a v a i l a b l e  d a t a
in  th is  la t te r  g roup o I  cornpound ind ica te  c lc 'a r ly  on ly
tha t  te rnrs  o t l le r  than the  Fermi  contac t  in te rac t ion  con-
t r ibu te  to  the  coup i ing . ' j ' 37  S ince  thc  n ragn i tude o f  the
two-bond sp in -sp in  coup l ings  in  the  t rans i t ion  meta l
hy 'd r ides  s tud ic 'd  he  re  i s  p robab ly  de termined by  a  ba l -
a n c i n g  o [ c o n t r i b u t i o n s  c v e n  m o r e  c o m p l i c a t e d  t h a n  t h a t
invo ived in  the  tH-C- t3C f ragn lcn t .  specu la t ion  con-
cern ing  de ta i l s  o f  these coup l ings  shou ld  sens ib ly  be  de-
ie r red  un t i l  n ' ro rc  exper in ren ta l  da t i r  a re  ava i lab le .
Nonethe lcss .  f ronr  a  p rac t ica l  po in t  o f  v iew.  two fea-
tu res  o i  the  da ta  in  Tab le  I  deserve  br ie f  comment .

F i rs t ,  the  t runs  rH- r rC coup l ing  cons tan ts  in  com-
pounds l .  2 .  anc l  4  a re  anonra lous ly  la rge  by  compar ison
wi th  coup l ings  der ived  f rom organ ic  mo lecu les :  in  fac t .
the  t r r r rs  rH-Rh ' ;CN coup l ing  in  2  (56 .2  Hz)  i s  by  a
s m a l l  m a r g i n  t h e  l a r g e s t  k n o w n  t w o - b o n d r  H - r t C  c o u -
p l ing . "8  The nragn i tude o f  these coup l ing  cons tan ts  i s
p a r t i c u l a r l y  s t r i k i n g  b y  c o m p a r i s o n  w i t h  t h e  m u c h

( 3 - l )  p .  A ,  L .  A n c t ,  C a t r . J .  C h e n r . , 3 9 , 2 2 6 2  ( 1 9 6 1 ) :  J .  I .  l V l u s h c r  a n d
E .  J .  C o r c y ,  T e t a h e d r o n .  1 8 ,  7 9 1  ( 1 9 6 2 ) :  R .  I ( .  H a r r i s ,  C a n .  J .  C h e m . ,
4 2 . 2 2 7 5  ( r 9 6 r ) .

1 J - i )  P r * , i o u s  c o n s i d c r a t i o n s  o f  t h i s  p r o b l c m ; . 3 6  h i t v e  c a l c u l a t c d  t h e
i n t e n s i t y  o f  t h c  o u t c r  p e a k s  d u c  t o  t h e  H r t e W "  f i a g m e n t  i n c o r r e c t l v :  a
r a p i d l y  e q u i l i b r a t i n g  m i x t u r c  ( 1 0 )  o f  i o n s  c o n t a i n i n g  t h i s  m o i e t y  * ' i l l  g i v e
r i s c  t o  a  I  : l  :  I  t r i p l c t ,  r v i r h  s p a c i n g  c q u a l  t o  r h c  h y d r o g e n - t u r l g s r e n
c o u p l i n g  c o r l s t a n t ,  r e g a r d l e s s  o f  v i r t u u l  c o u p l i r r g  b e t u ' e e n  t h e  t w ' o  t u n g -
s t c l l  a t o m s  a n d  t h c  l r y d r i d c .

( 3 6 )  A .  D a v i s o n ,  W .  N l c F a r l ; . r n e  ,  L .  P r a t t ,  a n d  C .  W i l k i n s o n , J .  C h e n t .
S o c . .  3 6 5 3  ( 1 9 6 : ) .

( 3  t ' )  G .  J .  I ( a r l b a t s o s  a n d  C .  E .  O r z c c h ,  J r . ,  " / .  A m e r .  C h e m .  S o c . ,  8 6 .
3 - ( 7 - l  (  1 9 i l ) .  I t  i s  s i g n i t i c a n r  t h a t  t h e  m o s t  p r o r n i s i n g  o f  t h e  p r e s c r r t l y
a v a i l a b l c  t h c o r e t i c l l  l r p p r o . r c h c s  t o  t h c  c a l c u l a t i o n  o f  c o u p l i n g  c o l t s r a n t s
h a s  b e c n  n o t a b l y  l c s s  s u c c e s s f u l  i n  c s t i n r a t r r r g  l o n g - r a n g c  r H - r : t C

c o u p l i n g  c o n s t a n t s  t h a n  l o n g - r a n g e  t F [ - r H  c o u p l i n g  c o n s t a n t s ;  c l .
J .  A .  P o p l c ' ,  J .  W .  M c l v e r ,  J r . ,  a n d  N .  S .  O s t l u n d ,  J .  C h e m .  P h _ v s . , 4 9 ,
2960, 2e65 (1968).

(38 )  The  la rgc r  two-bond  rH- r rC  coup l ing  in  HrC t3 -C :C-H i s
50.8 Hz:  J.  N.  Shoolcry,  L.  F.  Johnsorr ,  and W. A.  Anderson,  J.  i l Io l .
Spec rrosc. ,  5,  I  l0  (  1960).
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s m a l l e r  t H - I { - r " C O  c o u p l i n g  c o n s t a n t s .  M o r e o \ e r .
the  re la t i ve  magn i tudes  o f  these coup l ings  are  in  an  or -
der  oppos i te  to  tha t  wh ich  wou ld  be  expec ted  on  thc  in -
t u i t i v e  g r o u n d s  t h a t  a  a  b o n d  c o n n e c t i n g A  m e t a l  a t o m
and cyan ide  group shou ld  conta in  less  "s  charac ter "  in
the  carbon bond ing  orb i ta l  than a  meta l -carbony l  a
bond,  s ince  the  e lec t roneget iv i t y  o f  oxygen is  g rea tc r
t h a n  t h a t  o f  n i t r o g e n . ' r e ' { 0  A l t h o u g h  t h i s  o b s e r v a t i o n
suggests  tha t  te rms o ther  than the  Fermi  contac t  in te r -
ac t ion  are  in rpor tan t  in  de termin ing  the  magn i tude o t '
t H - M - r ' r C  c o u p l i n g s ,  t h e  d a t a  o f  T a b l e  I  a r e  t o o  s p a r s e
to  ident i f y  the  major  coup i ing  mechan ism.

Second,  the  s in r i la r i t y  in  the  s ize  o f  the  c rs  and t re t rs
tH-M- t rCO coup l ing  cons tan ts  repor ted  in  Tab le  I  i s
in te res t ing ,  par t i cu la r ly  by  cont ras t  w i th  the  apprec iab le
di f lerence in s izes charactei- ist ical ly associated with the
c o r r e s p o n d i n g  r H - r  r P  a n d  3 r P - r r P  c o u p l i n g  c o n -
stants.  { r  Whatel 'er  the di f ferences in the mechanisnr
o f  coup l ing  in  these sp in  sys tenrs .  i t  does  no t  appear  to
be prac t ica l  to  use  the  abso lu te  magn i tude o f  tF I  -

M-  r 'C  coup l ings  cons tan ts  to  ass ign  s te reochemis t ry  in
complex  meta l  carbony l  h ,v "dr ides .  Thus ,  examinat ion
o f  t H - M - t 3 C O  c o u p l i n g  c o n s t a n t s  a p p e a r s  t o  h a v e  t h e
grca tes t  p ron t isc  as  a  s te rc 'ochcmica l  p robe when ap-
p l ied  to  p rob lenrs  w i r i ch  s imp ly  requ i re  d i f fe ren t ia t ion
betwc 'en  s t ruc tu rcs  d i r le r ing  in  the  number  o f  d is t inc t
t y p e s  o f  c a r b o n v l  g r o L r p s .

Exper imenta l  Sec t ion

General .  Nmr spectra wcrc recorded on ei t l rer  a Var ian HA-6()
or  HA-[(X) spectromctcr  equipl red rv ' i th a V-6G10 var iable- tem1;crr-
tu re  p robe  and  con t ro l l e r .  Cn l i b ra t i on  o f  the  tempera tu re  con t ro l
un i t  r " ' as  accomp l i shed  by  measur ing  pcak  separa t ions  in  me thano l
o r  e thy ' l ene  g l y ' co l  samp les .  A l l  spec t ra  were  taken  in  l t equenc ; ' -
s \ veep  mode ,  us ing  T . \ lS  o r  p romlncn t  so l ven t  peaks  as  lock  s igna ls .
Appropr iate factors r" 'cre usgd to convert  l requency separat iorr '
f rom the lock s ignal  to chcmical  shi t ' ts  in ppm from TiVlS.  For
hydr ide  resonanccs  occur r i r rg  more  than  1 .0  kHz  f rom the  lock
s igna l .  t he  in te rna l  1 .5  kHz  spec t romete r  aud iomodu la t i on  l ' r c -
quency  rvas  rep laced  bv  a  su i tab le  l ' r equency  de r i ved  f rom a  Krohn-
H i te  ! l o r l c l  . 150  osc i l l a to r .  T i rnc  avc rag ing  was  accomp l i s l r c t i
us ing  a  Vanan  C-10 : l  C . {T .  I r  spec t ra  were  taken  on  a  Perk in -
E l rne r  237  B  g ra t i ng  spcc t romc tc r .

E t h e r  s o l v e n t s  w e r e  d i s t i l l e d  u n d e r  n i t r o g e n  l r o m  l i t h i u m  a l u -
minum l ry 'dr ide immediatel -" '  betbre use;  a l l  solvents for  nnrr
samples rvere c legassed by- several  l reeze-thaw cy 'c les ( l iquid n i t ro-
gen)  be tb rc  use .  \ l e ta l  ca rbon l l s  and  ca rbony l  ha l i des  were  o t r -
ta ined  t rom A l fa  Ino rgan ics  Inc . .  o r  S t rem Chemica ls .  Po tass iu rn
c lan ide  and  ca rbon  monox ide  ( - i 0 -60% t ,C)  were  ob ta ined  l ' r on r
I somet  Corp .  and  N{a l l i nck rod t  Nuc lea r ,  respec t i ve l y .

H \ ' I n (CO) i  ! r , as  p repared  lb l l ow ing  the  p rocedure  o I  Edge l l . t r
d r ied  ove r  L inde  JA  mo lecu la r  s ieves .  and  pu r i f i ed  by  bu lb - to -bu l l r
d i s t i l l a t i on .  Th is  h1 'd r ide  w 'as  en r i ched  in  t tCO by  s t i r r i ng  0 .0 ( r  g
( 0 . 3 1  m m o l )  o f  p u r e  m a t e r i a l  i n  - Q . - i  m l  o f  e t h e r  w i t h  - 1 . 5 3  r n m o i
(50 -60 ' r :  t : rCO)o f  ca rbon  monor ide  tb r  100  h r  a t  room tempera tu re  .
t ra t t s - lHPt l  t : 6 r t l (P (C :Hrh ) : l  r vas  p repared  by  reac t ion  o f  t ;C -

enr iched potassium cl 'anide u i th / r ' rur . r - [H PtCl(  P(C.,H;)r ) r ]  in  meth-
ano l  and  rec r ; - s ta l l i zed  f rom l i gh t  pe t ro leum.  r {  En r i ched  K  r -
IH I r tCN) ; ]  w 'as  p repared  f rom 11 t : ; - f r {  and  ch lo rob is (1 ,3 -c1c lo -

( 1 9 )  H .  A .  B c n t ,  C h e n r .  R e l ' , , 6 1 . : 7 5  ( 1 9 6 1 ) .  N o t e ,  h o w e v c r ,  t h a t  t h c
3 r P  n u c l c i  i n  s r r o n g  a - d o n a t i n g  p h o s p h l n e s  a n d  p h o s p h i t c s  a r c  l c s s
s t r o n g l y  c o u p l c d  t o  r J l w  i r r  c o r n p l c r c s  o f ' t h c  t i p e  L W ( C O ) ;  t h a n  a r e  t l r c
r r P  n u c l c i  i n  r v e a k  c  d o r r o r s :  c l .  S .  O .  C r i n r ,  P .  R .  M c A l l i s t c r ,  a n d
R .  \ 1  .  S i n g e r .  C h e m .  C o n t n : u t t . ,  - ' l S  { 1 9 6 9 ) .

( - l { ) )  For  recL 'n t  thcore t ice i  d iscuss ions  o f  mcta l -carbony l  and -c - " -an i , . i c

b o n d i n g ,  s e c  I (  C .  C . r u l t o n  e n d  R .  F .  F c n s k e , l t t o r g .  C h e m . , 7 ,  l l ; , i
( 1 9 6 8 ) :  A .  F .  S c h r c i r r c r  a n d  T .  L .  B r o r v n ,  J .  A m e r .  C h e m .  S o c . ,  9 0 .
3 3 6 6 ,  5 9 - 1 7  ( 1 9 6 8 ) ;  J .  J .  A l c x u n d c r  a n d  H .  B .  G r a y ,  i b i d . , 9 0 ,  1 2 6 0
( 1 9 5 8 ) ;  N .  A .  B e a c h  a n d  H .  B .  G r : r y ,  i b i d . , 9 0 , 5 7 l 3  ( 1 9 6 8 ) .

( - l l )  Houever .  see  P.  I ( .  I I . rp les  and C.  S .  l ( ra ihanze l ,  Chem Contnru t r . ,
9 : l  ( 1 9 6 8 ) ;  W .  E .  S t a n c l i f t  a n d  D .  G .  H c n d r i c k e r ,  I n o r g .  C h e n r . ,  i ,
l 2 . l :  (  1 9 6 8 ) .

( 4 1 )  W .  F .  E d g e l l  a n d  W .  . \ I .  R i s e n ,  J r . ,  J .  A m e r .  C h e m .  S o c . ,  8 8 .
_s-15 I (  t9 66t .
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hexadiene)ir idium(I){3 by Krogmann's procedure.t Hayter 's pro-
cedure was used in the preparation of the [HMr(CO)roJ- anions.T
Aqueous solutions of Mr[HCo(Chl-)rl were prepared by reducing
solutions of [Co(CN);]3- with hydrogen, sodium borohydride, or
I f  sodium amalgam. r3

K3tFIRh(CN);1. Solid bis(crs,crs-1,5-cyclooctadiene)-p-dichloro-
dirhodium(I) (0.10 g,O.4 mmol) was added to a boi l ing solut ion of
potassium cyanide (0.26 g, 4.0 mmol) in 5 ml of degassed absolute
methyl alcohol. The red-purple mixture was gently refluxed for
l0 min dnd then cooled to room temperature. The resulting white
crystalline precipitate was separated by filtration, washed with
cold methyl alcohol, and dried under vacuum (0.126 9,907" yield).

Anal. Calcd for K'[HRh(CN);]HrO: C, 16.26; H,0.86; N,
18 .97 .  Found :  C ,  16 .12 :  H ,0 .66 ;  N ,  18 .71 .

This material gave the same nmr spectrum as that prepared using
the procedure of Krogmann. I !

crs-HNIn(CO)rP(CoH;)r was prepared by a modification of a
l i terature procedure.{{ Manganese pentacarbonyl hydride (-0.20
g, I  mmol) was dist i l led under vacuum into a l iquid nitrogen cooled
Schlenck tube containing a solut ion of tr iphenylphosphine (0.26

(43 )  G .  Winkhaus  and  H .  S ingc r ,  Chem.  8e r . ,99 ,3616  (1966) .
(44) B.  L.  Booth and R. N.  Haszeldine,  J.  Chem. Soc. ,  A,157 (1966).

g, I mmol) in dry, degassed diethylether (3 ml). The mixture was
warmed to room temperature and stirred until carbon monoxide
evolution ceased (-5 hr). From time to time the evolved gas was
pumped out of the tube. Evaporation of the resulting yellow solu-
tion under reduced pressure and recrystallization of-rhe product
from boiling toluene afforded 0.3 g of pale yellow crystals, mp 137'
(under nitrogen) (l i t.15 mp 137.5"); ir (cyclohexane) 2060 (vs), 1985
(vs), 1970 (vs), 196O (vs), l94O (vw) cm-r.

Anal. Calcd for Cr:HroOrMnP: C, 61.21; H, 3.74. Found:
' C ,  6 1 . 8 0 ;  H , 4 . 0 1 .
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