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s p  C ar b o n  C h ai ns t h at S p a n  T w o  Diff er e nt  Tr a nsiti o n  M et als a n d

M e di at e  C h ar g e  Tr a nsf er

T a m á s  B a rti k,  W ei qi n g  W e n g, J a m es  A.  R a ms d e n, Sl a w o mi r S z af e rt, St e p h e n  B.  F all o o n,
Att a  M.  A rif, a n d J.  A.  Gl a d ys z *

C o ntri b uti o n fr o m t h e  D e p art m e nt of  C h e mistr y,  U ni V ersit y of  Ut a h, S alt L a k e  Cit y,  Ut a h 8 4 1 1 2

R e c ei V e d J u n e 2, 1 9 9 8

A bst r a ct: R e a cti o ns of ( η 5 - C5 M e 5 ) R e( N O)( P P h3 )( Ct C Li)  wit h  W( C O) 6 , F e( C O)5 , or  M n( C O)3 (η 5 - C5 H n Cl 5 - n ),
f oll o w e d b y  M e3 O + B F 4

- , gi v e t h e h et er o bi m et alli c  C3 O M e c o m pl e x e s ( η 5 - C5 M e 5 ) R e( N O)( P P h3 )-
( Ct C C( O M e) d ) M( C O)x (η 5 - C5 H n Cl 5 - n )y ( M/x /y /n ) 3 ,  W/ 5/ 0/- ; 4 , F e/ 4/ 0/- ; 5 ,  M n/ 2/ 1/ 5; 6 ,  M n/ 2/ 1/ 4; 7 ,
M n/ 2/ 1/ 0). S p e ctr os c o pi c a n d cr yst all o gr a p hi c ( 3 ) d at a i n di c at e c o ntri b uti o ns b y + R e d C d C d C( O M e) - M -

r e s o n a n c e f or m s.  R e a cti o n s of 4 - 7 a n d  B F 3 g a s gi v e t h e titl e c o m p o u n d s [( η 5 - C5 M e 5 ) R e( N O)-
( P P h3 )( C C C) M( C O)x (η 5 - C5 H n Cl 5 - n )y ( M/x /y /n ) 9 ,  M n/ 2/ 1/ 5; 1 0 ,  M n/ 2/ 1/ 4; 1 1 ,  M n/ 2/ 1/ 0; 1 2 , F e/ 4/ 0/- ).
S p e ctr os c o pi c a n d cr yst all o gr a p hi c ( 9 ) d at a i n di c at e d o mi n a nt c o ntri b uti o ns b y f ull y c u m ul at e d + R e d C d C d C d M n
r es o n a n c e f or ms.  R e a cti o ns of (η 5 - C5 M e 5 ) R e( N O)( P P h3 )( Ct C C t C Li)  wit h  M n( C O) 3 (η 5 - C5 Cl 5 ),  M n( C O)3 (η 5 -
C 5 Br 5 ), or F e( C O)5 , f oll o w e d b y  M e3 O + B F 4

- , gi v e t h e  C5 O M e c o m pl e x es ( η 5 - C5 M e 5 ) R e( N O)( P P h3 )-
( Ct C C t C C( O M e) d ) M( C O)x (η 5 - C5 X 5 )y ( M/x /y / X ) 1 6 ,  M n/ 2/ 1/ Cl; 1 9 ,  M n/ 2/ 1/ Br; 2 0 , F e/ 4/ 0/- ).  H o w e v er,
M n( C O) 3 (η 5 - C5 H 5 ) d o es n ot r e a ct.  R e a cti o n of 1 6 a n d  B F 3 gi v es t h e  C 5 c o m pl e x [( η 5 -
C 5 M e 5 ) R e( N O)( P P h3 )( C C C C C) M n( C O)2 (η 5 - C5 Cl 5 )]+ B F 4

- (2 1 ) as a li g ht-s e nsiti v e d e e p br o w n p o w d er of
> 9 4 % p urit y. I R a n d  N M R d at a s h o w a d o mi n a nt + R e d C d C d C d C d C d M n r es o n a n c e f or m.  U V - visi bl e
s p e ctr a of 9 - 1 1 a n d 2 1 s h o w i nt e ns e a bs or pti o ns at 3 9 2, 3 9 6, 4 1 4, a n d 4 8 0 n m ( 5 5 8 0 0, 5 0 9 0 0, 4 9 1 0 0,
6 0 5 0 0  M - 1 c m - 1 ), r es p e cti v el y, a n d  w e a k er l o n g er  w a v el e n gt h b a n ds.  T h es e ar e b eli e v e d t o h a v e a p pr e ci a bl e
r h e ni u m-t o- m a n g a n es e c h ar g e-tr a nsf er c h ar a ct er.

Tr a nsiti o n  m et als a n d el e m e nt al c ar b o n fr a g m e nts ( C x ) c a n
c o m bi n e i n a v ari et y of f as ci n ati n g  m otifs. 1 Of t h es e, c o m pl e x es
i n  w hi c h s p c ar b o n c h ai ns s p a n t w o  m et als, [ Ln M C x M ′L ′n ′]z+

(I ), ar e attr a cti n g p arti c ul ar att e nti o n.1 - 8 T h e u ns at ur at e d
bri d g es c a n p ot e nti all y  m e di at e n u m er o us t y p es of c h ar g e-
tr a nsf er pr o c ess es i n v ol vi n g t h e  m et al t er mi ni.9 Cl os el y r el at e d
ass e m bli es ar e a cti v el y b ei n g i n v esti g at e d f or a p pli c ati o ns i n
n o nli n e ar o pti cs 1 0 a n d as  m ol e c ul ar d e vi c es s u c h as  wir es,
s wit c h es, a n d di git al cir c uits. 1 1 F urt h er m or e, t h e cl assi c al s p 3

a n d s p 2 p ol y m eri c c ar b o n all otr o p es, di a m o n d a n d gr a p hit e,
r e q uir e c a p pi n g e n d gr o u ps t h at diff er fr o m t h eir r e p e at u nits.

T h us, c o m pl e x es of t h e t y p e I c a n, at v er y hi g h v al u es of x ,
a n al o g o usl y b e vi e w e d as s p p ol y m eri c c ar b o n all otr o p es. I n
w or k t o d at e, a d d u cts  wit h c h ai ns as l o n g as 2 0 c ar b o ns h a v e
b e e n is ol at e d. 7 c

T h er e i s n o w a n e xt e nsi v e lit er at ur e f or c o m pl e x es I t h at
c o nt ai n e v e n- c ar b o n c h ai ns.  C o m p o u n ds  wit h t w o c ar b o n
c h ai ns ar e v er y c o m m o n, 3 a n d t h er e ar e i n cr e asi n g n u m b ers of
e x a m pl es  wit h f o ur c ar b o n c h ai ns. 6 S p e ci es  wit h l o n g er e v e n-
c ar b o n c h ai ns h a v e b e e n pr e p ar e d b y o urs el v es,  L a pi nt e,  Br u c e,
a n d  A kit a. 7 T his s eri es of c o m p o u n ds is li mit e d t o t h e
s y m m etri c al v al e n c e str u ct ur es  M- ( Ct C) y- M ′, Md ( Cd C) yd M ′,
a n d  M t ( C- C) y t M ′ a n d v ari a nts ass o ci at e d  wit h i nt er m e di at e

*  T o  w h o m c orr es p o n d e n c e s h o ul d b e a d dr ess e d. Pr es e nt a d dr ess: I nstit ut
f ür  Or g a nis c h e  C h e mi e, Fri e dri c h- Al e x a n d er  U ni v ersit ät  Erl a n g e n- N ür n b er g,
H e n k estr ass e 4 2,  D- 9 1 0 5 4  Erl a n g e n,  G er m a n y.

( 1)  G e n er al r e vi e ws or a c c o u nts: ( a)  B e c k,  W.;  Ni e m er,  B.;  Wi es er,  M.
A n g e w . C h e m ., I nt. E d . E n gl . 1 9 9 3 , 3 2 , 9 2 3. ( b)  L a n g,  H. A n g e w.  C h e m.,
I nt.  E d.  E n gl. 1 9 9 4 , 3 3 , 5 4 7. ( c)  B u n z,  U. A n g e w.  C h e m., I nt.  E d.  E n gl.
1 9 9 6 , 3 5 , 9 6 9. ( d)  Br u c e,  M. I. C o or d . C h e m . R e V . 1 9 9 7 , 1 6 6 , 9 1. ( e)  B al c h,
A.  L.;  Ol mst e a d,  M.  M. C h e m.  R e V . 1 9 9 8 , 9 8 , 2 1 2 3.

( 2)  R e pr es e nt ati v e  C1 c o m pl e x es of t h e t y p e I: ( a)  G o e d k e n,  V.  L.;
D e a ki n,  M.  R.;  B ott o ml y,  L.  A. J . C h e m . S o c ., C h e m . C o m m u n . 1 9 8 2 , 6 0 7.
( b)  L at es k y, S.  L.; S el e g u e, J. P. J . A m . C h e m . S o c . 1 9 8 7 , 1 0 9 , 4 7 3 1. ( c)
B e c k,  W.;  K n a u er,  W.;  R o bl,  C. A n g e w . C h e m ., I nt. E d . E n gl . 1 9 8 9 , 2 8 ,
3 1 8. ( d)  Eti e n n e,  M.;  W hit e, P. S.;  T e m pl et o n, J.  L. J . A m . C h e m . S o c .
1 9 9 1 , 1 1 3 , 2 3 2 4. ( e)  Mill er,  R.  L.;  W ol c z a ns ki, P.  T.;  R h ei n g ol d,  A.  L. J .
A m . C h e m . S o c . 1 9 9 3 , 1 1 5 , 1 0 4 2 2.

( 3)  R e vi e w of  C2 c o m pl e x es:  A kit a,  M.;  M or o- o k a,  Y. B ull . C h e m . S o c .
J p n . 1 9 9 5 , 6 8 , 4 2 0.

( 4) Pr eli mi n ar y c o m m u ni c ati o ns of t his  w or k: ( a)  W e n g,  W.;  R a ms d e n,
J.  A.;  Arif,  A.  M.;  Gl a d ys z, J.  A. J . A m . C h e m . S o c . 1 9 9 3 , 1 1 5 , 3 8 2 4. ( b)
W e n g,  W.;  B arti k,  T.;  Gl a d ys z, J.  A. A n g e w . C h e m ., I nt. E d . E n gl . 1 9 9 4 ,
3 3 , 2 1 9 9.

( 5)  Ot h er  C3 c o m pl e x es of t h e t y p e I:  W o o d w ort h,  B.  E.;  T e m pl et o n, J.
L. J.  A m.  C h e m. S o c. 1 9 9 6 , 1 1 8 , 7 4 1 8.

( 6)  All  C4 c o m pl e x es of t h e t y p e I r e p ort e d t hr o u g h 1 9 9 6 ar e cit e d i n
r efs 6 a, b; r efs 6 c- e d es cri b e  m or e r e c e nt r e p orts: ( a)  Br a d y,  M.;  W e n g,
W.;  Z h o u,  Y.; S e yl er, J.  W.;  A m or os o,  A. J.;  Arif,  A.  M.;  B ö h m e,  M.;
Fr e n ki n g,  G.;  Gl a d ys z, J.  A. J.  A m.  C h e m. S o c. 1 9 9 7 , 1 1 9 , 7 7 5. ( b)  W e n g,
W.;  B arti k,  T.;  Br a d y,  M.;  B arti k,  B.;  R a ms d e n, J.  A.;  Arif,  A.  M.;  Gl a d ys z,
J.  A. J.  A m.  C h e m. S o c. 1 9 9 5 , 1 1 7 , 1 1 9 2 2. ( c)  W o o d w ort h,  B.  E.;  W hit e,
P. S.;  T e m pl et o n, J.  L. J.  A m.  C h e m. S o c. 1 9 9 7 , 1 1 9 , 8 2 8. ( d)  Gil- R u bi o,
J.;  L a u b e n d er,  M.;  W er n er,  H. Or g a n o m et alli cs 1 9 9 8 , 1 7 , 1 2 0 2 ( e)
G uill e m ot,  M.;  T o u p et,  L.;  L a pi nt e,  C. Or g a n o m et alli cs 1 9 9 8 , 1 7 , 1 9 2 8.

( 7)  C6 - C 2 0 c o m pl e x es of t h e t y p e I: ( a)  Br a d y,  M.;  W e n g,  W.;  Gl a d ys z,
J.  A. J . C h e m . S o c ., C h e m . C o m m u n . 1 9 9 4 , 2 6 5 5. ( b)  C o at, F.;  L a pi nt e,  C.
Or g a n o m et alli cs 1 9 9 6 , 1 5 , 4 7 7. ( c)  B arti k,  T.;  B arti k,  B.;  Br a d y,  M.;
D e m bi ns ki,  R.;  Gl a d ys z, J.  A. A n g e w.  C h e m., I nt.  E d.  E n gl. 1 9 9 6 , 3 5 , 4 1 4.
( d)  Br u c e,  M. I.;  K e,  Mi n g z h e;  L o w, P. J. J.  C h e m. S o c.,  C h e m.  C o m m u n.
1 9 9 6 , 2 4 0 5. ( e)  A kit a,  M.;  C h u n g,  M.- C.; S a k ur ai,  A.; S u gi m ot o, S.;  T er a d a,
M.;  T a n a k a,  M.;  M or o- o k a,  Y. Or g a n o m et alli cs 1 9 9 7 , 1 6 , 4 8 8 2.

( 8)  C o m pl e x es  wit h ot h er t y p es of  C3 li g a n ds: ( a)  M ort o n,  M. S.;
S el e g u e, J. P. J.  A m.  C h e m. S o c. 1 9 9 5 , 1 1 7 , 7 0 0 5. ( b) F all o o n, S.  B.;  W e n g,
W.;  Arif,  A.  M.;  Gl a d ys z, J.  A. Or g a n o m et alli cs 1 9 9 7 , 1 6 , 2 0 0 8. ( c) F all o o n,
S.  B.; S z af ert, S.;  Arif,  A.  M.;  Gl a d ys z, J.  A. C h e m . E ur . J . 1 9 9 8 , 4 , 1 0 3 3.

( 9)  Astr u c,  D. El e ctr o n Tr a nsf er a n d  R a di c al  Pr o c ess es i n Tr a nsiti o n
M et al  C h e mistr y ;  V C H:  N e w  Y or k, 1 9 9 5; P art I.

1 1 0 7 1J.  A m.  C h e m. S o c. 1 9 9 8, 1 2 0, 1 1 0 7 1 - 1 1 0 8 1
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r e d o x st at es.  T h e first a n d t hir d str u ct ur es f e at ur e p ol y al k y n yl
c h ai ns,  w h er e as t h e s e c o n d f e at ur es a c u m ul e ni c c h ai n.

I n c o ntr ast, t h er e ar e f ar f e w er c o m pl e x es I t h at c o nt ai n o d d-
c ar b o n c h ai ns. 2, 4, 5, 8 I n f a ct, pri or t o t h e eff orts d es cri b e d h er ei n,
n o n e  w er e k n o w n  wit h a l e n gt h gr e at er t h a n o n e. 2 O n e
c o ntri b uti n g f a ct or is t h at c h ai ns ass e m bl e d s ol el y fr o m ( C t C) y

b uil di n g bl o c ks ar e r estri ct e d t o e v e n n u m b ers of c ar b o ns.  T h us,
m or e s o p histi c at e d s y nt h eti c str at e gi es ar e r e q uir e d. S u c h
c o m pl e x es c a n h a v e t w o v al e n c e str u ct ur es: ( 1) a s y m m etri c al
c u m ul e ni c f or m,  M d C d ( Cd C) y d M ′, or ( 2) a n u ns y m m etri c al
p ol y al k y n yl f or m  M t C - ( Ct C) y - M′.  T h e l att er is disti n-
g uis h e d b y a  m et al - c ar b o n si n gl e b o n d o n o n e e n d a n d a tri pl e
b o n d or c ar b y n e li n k a g e o n t h e ot h er.

W e s o u g ht t o a c c ess s u c h s p e ci es b y t h e i niti al d e pr ot o n ati o n
of tr a nsiti o n  m et al et h y n yl c o m pl e x es,  L n M C t C H, or hi g h er
h o m ol o g u es, t o lit hi at e d c o nj u g at e b as es  L n M C t C Li ( II ).
Pr e vi o usl y, a v ari et y of or g a ni c lit hi u m a c et yli d es,  R C t C Li,
h a d b e e n s h o w n t o att a c k c ar b o n  m o n o xi d e li g a n ds i n  m et al
c ar b o n yl c o m pl e x es,  L ′n ′M ′C O. 1 2 T his c o nstit ut es a o n e- c ar b o n
h o m ol o g ati o n.  T h e a ni o ni c a d d u cts c a n t h e n b e  m et h yl at e d t o
gi v e Fis c h er al k y n yl c ar b e n e c o m pl e x es  R C t C C( O M e) d M ′L ′n ′.1 2

I m p ort a ntl y, al k o x y gr o u ps c a n b e a bstr a ct e d fr o m c ar b e n e
c o m pl e x es  wit h el e ctr o p hili c a g e nts.  T his gi v es, d e p e n di n g
u p o n t h e  m et al fr a g m e nt a n d r e ci p e, eit h er c ati o ni c or n e utr al
c ar b y n e c o m pl e x es. 1 3

A s s h o w n i n S c h e m e 1, a si mil ar s e q u e n c e  wit h II w o ul d
gi v e bi m et alli c bri d gi n g  C 3 O M e c o m pl e x e s  L n M C t C C-
( O M e)d M ′L ′n ′ (III a).  C ar b e n e c o m pl e x es c a n e x hi bit a v ari et y
of r es o n a n c e f or ms, a n d o n e ot h er p ossi bilit y, z witt eri o n III b ,

is als o d e pi ct e d i n S c h e m e 1.  R e a cti o ns of III a n d s uit a bl e
el e ctr o p hil es ( E + X - )  w o ul d t h e n gi v e eit h er t h e c ati o ni c  C3

c o m pl e x es I V or t h e n e utr al c o u nt er p arts V .1 4 T h es e diff er i n
t h e dis p ositi o n of  X- .  T h e r es o n a n c e f or ms I V b a n d V b h a v e
c ar b y n e li n k a g es,  w h er e as I V a a n d V a h a v e c u m ul at e d c h ai ns.
T h e d o mi n a nt f or m  will b e a f u n cti o n of t h e r el ati v e π d o n or
str e n gt hs of t h e  L n M - a n d d M ′L ′n ′ t er mi ni.

W e r e c e ntl y r e p ort e d t h e g e n er ati o n of  R e C 2 Li a n d  R e C 4 Li
s p e ci es  wit h t h e c hir al r h e ni u m e n d gr o u p ( η 5 - C5 M e 5 ) R e( N O)-
( P P h3 ) (VI - M e5 ).6 b, 1 5 T his str o n gl y π - d o n ati n g fr a g m e nt h as
( as a 1 6- v al e n c e- el e ctr o n c ati o n) t h e d or bit al  H O M O s h o w n
i n S c h e m e 2.  T h e  R e Cx Li s p e ci es ar e r e a dil y d eri v ati z e d b y a
v ari et y of el e ctr o p hil es a n d h a v e b e e n el a b or at e d t o a n u m b er
of c o m pl e x es I wit h e v e n- c ar b o n c h ai ns. 6 b, 7 c I n t his p a p er,  w e
d es cri b e t h e s u c c essf ul i m pl e m e nt ati o n of t h e  m et h o d ol o g y i n
S c h e m e 1  wit h t h es e c o m p o u n ds, a n d t h e is ol ati o n a n d r e m ar k-
a bl e pr o p erti es of h er et of or e u n pr e c e d e nt e d c o m pl e x es  wit h  C 3

a n d  C 5 c h ai ns. 4

R es ults

1 . C 3 O M e  C o m pl e x es .  T h e et h y n yl c o m pl e x (η 5 - C5 M e 5 )-
R e( N O)( P P h 3 )( Ct C H) ( 1 ) a n d n - B u Li  w er e c o m bi n e d i n  T H F
at - 8 0 ° C t o g e n er at e t h e  R e C 2 Li s p e ci es ( η 5 - C5 M e 5 ) R e( N O)-
( P P h3 )( Ct C Li) ( 2 ).1 5 A s s h o w n i n S c h e m e 2, t h e c ar b o n yl
c o m pl e x es  W( C O) 6 , F e( C O)5 ,  M n( C O)3 (η 5 - C5 H 5 ),  M n( C O)3 (η 5 -
C 5 H 4 Cl), 1 6 a n d  M n( C O) 3 (η 5 - C5 Cl 5 )1 7 w er e a d d e d.  T h e s ol uti o ns
w er e  w ar m e d a n d t h e n a d d e d t o s oli d  M e 3 O + B F 4

- at - 8 0 ° C.
W or k u ps g a v e t h e h et er o bi m et alli c al k y n yl c ar b e n e c o m pl e x es
(η 5 - C5 M e 5 ) R e( N O)( P P h3 )( Ct C C( O M e) d ) M Ln (3 - 7 ) as or a n g e-
r e d or r e d p o w d ers i n 7 3- 4 1 % yi el ds.  T h es e  w er e st a bl e f or
w e e ks i n air as s oli ds a n d  w er e c h ar a ct eri z e d b y I R,  N M R ( 1 H,
1 3 C, 3 1 P), a n d  m a s s s p e ctr o s c o p y a s s u m m ari z e d i n t h e

( 1 0) S e e t h e f oll o wi n g 1 9 9 6- 7 arti cl es, a n d r e vi e ws cit e d t h er ei n: ( a)
B u blit z,  G.  U.;  Orti z,  R.;  R u ns er,  C.; F ort,  A.;  B ar z o u k as,  M.;  M ar d er, S.
R.;  B o x er, S.  G. J.  A m.  C h e m. S o c. 1 9 9 7 , 1 1 9 , 2 3 1 1. ( b)  N g u y e n, P.;  L esl e y,
G.;  M ar d er,  T.  B.;  L e d o u x, I.;  Z yss, J. C h e m . M at er . 1 9 9 7 , 9 , 4 0 6. ( c)
L e C o urs, S.  M.;  G u a n,  H.- W.;  Di M a g n o, S.  G.;  W a n g,  C.  H.;  T h eri e n,  M.
J. J.  A m.  C h e m. S o c. 1 9 9 6 , 1 1 8 , 1 4 9 7. ( d)  T a m m,  M.;  Gr z e g or z e ws ki,  A.;
St ei n er,  T.; J e nt zs c h,  T.;  W er n c k e,  W. Or g a n o m et alli cs 1 9 9 6 , 1 5 , 4 9 8 4.
( e)  H o u br e c hts, S.;  Cl a ys,  K.; P ers o o ns,  A.;  C a di er n o,  V.;  G a m as a,  M. P.;
Gi m e n o, J. Or g a n o m et alli cs 1 9 9 6 , 1 5 , 5 2 6 6.

( 1 1)  W ar d,  M.  D. C h e m . I n d. 1 9 9 7 , 6 4 0 a n d r efs 1 a n d 2 t h er ei n. ( b)
H arri m a n,  A.;  Zi ess el,  R. J.  C h e m. S o c.,  C h e m.  C o m m u n. 1 9 9 6 , 1 7 0 7. ( c)
A n dr es,  R. P.;  Bi el ef el d, J.  D.;  H e n d ers o n, J. I.; J a n es,  D.  B.;  K ol a g u nt a,
V.  R.;  K u bi a k,  C. P.;  M a h o n e y,  W. J.;  Osif c hi n,  R.  G. S ci e n c e 1 9 9 6 , 2 7 3 ,
1 6 9 0. ( d)  Astr u c,  D. A c c.  C h e m.  R es. 1 9 9 7 , 3 0 , 3 8 3.

( 1 2)  A u m a n n,  R.;  Ni e n a b er,  H. A d V . Or g a n o m et . C h e m . 1 9 9 7 , 4 1 , 1 6 3.
( 1 3) Fis c h er,  H. I n C ar b y n e  C o m pl e x es ; Fis c h er,  H.,  H of m a n n, P.,  Kr ei bl,

F.  R., S c hr o c k,  R.  R., S c h u b ert,  U.,  W eiss,  K.,  E ds.;  V C H:  N e w  Y or k,
1 9 8 8;  C h a pt er 1.

( 1 4)  R el at e d a p pr o a c h es t o  C3 a n d  C 5 c o m pl e x es h a v e r e c e ntl y b e e n
i n v esti g at e d: ( a)  H art b a u m,  C.;  R ot h,  G.; Fis c h er,  H. C h e m . B er ./R e cl. 1 9 9 7 ,
1 3 0 , 4 7 9. ( b)  H art b a u m,  C.; Fis c h er,  H. C h e m . B er ./R e cl. 1 9 9 7 , 1 3 0 , 1 0 6 3.

( 1 5)  R a ms d e n, J.  A.;  W e n g,  W.;  Gl a d ys z, J.  A. Or g a n o m et alli cs 1 9 9 2 ,
1 1 , 3 6 3 5.

( 1 6)  R ei m er,  K. J.; S h a v er,  A. J . Or g a n o m et . C h e m . 1 9 7 5 , 9 3 , 2 4 3.
( 1 7)  W el c h, S.  A.;  H e e g,  M. J.;  Wi nt er,  C.  H. Or g a n o m et alli cs 1 9 9 4 ,

1 3 , 1 8 6 5.

S c h e m e 1. Bi m et alli c  C 3 C o m pl e x es: S y nt h eti c Str at e g y S c h e m e 2. S y nt h es es of  C 3 O M e  C o m pl e x es

1 1 0 7 2 J.  A m.  C h e m. S o c.,  V ol. 1 2 0,  N o. 4 3, 1 9 9 8 B arti k et al.



E x p eri m e nt al S e cti o n.  C o m pl e x es 3 - 5 als o g a v e c orr e ct
mi cr o a n al ys es. S o m e p urifi c ati o ns  w er e c o m pli c at e d b y hi g h
pr o d u ct s ol u biliti es ( 6 , 7 ) a n d a  T H F p ol y m er b y pr o d u ct.

T h e str u ct ur es of 3 - 7 w er e s u p p ort e d b y n u m er o us s p e ctr o-
s c o pi c f e at ur es. F or e x a m pl e,  m ass s p e ctr a e x hi bit e d  m ol e c ul ar
i o ns.  T h e I R s p e ctr a s h o w e d ν C O a b s or pti o ns si mil ar t o t h os e
of a n al o g o us Fis c h er c ar b e n e c o m pl e x es. 1 2, 1 8 B y c ar ef ul
c o m p aris o ns, ν C t C b a n ds c o ul d b e assi g n e d ( c m - 1 , s- m: 3 ,
1 9 1 3; 4 , 1 9 2 0; 5 , 1 8 6 2; 6 , 1 8 7 1; 7 , 1 9 0 4).  As e x p e ct e d, 1 3 C
N M R s p e ctr a s h o w e d d o w nfi el d C d M si g n als ( 2 5 3. 2, 2 5 6. 6,
2 8 3. 9, 2 8 2. 1, 2 7 3. 5 p p m).  H o w e v er, t h e  R e C si g n als ( 2 0 4. 9,
2 0 4. 0, 1 6 6. 8, 1 7 1. 3, 1 8 6. 8; d)  w er e i nt er m e di at e b et w e e n t h os e
of t h e n e utr al al k y n yl c o m pl e x es ( η 5 - C5 M e 5 ) R e( N O)( P P h3 )-
( Ct C R) ( 9 8 - 8 6 p p m) 1 5 a n d c ati o ni c vi n yli d e n e c o m pl e x es [( η 5 -
C 5 M e 5 ) R e( N O)( P P h3 )(d C d C H R)] + X - ( 3 3 0- 3 2 9 p p m). 1 5, 1 9

T h e 2 J C P v al u es s h o w e d a si mil ar tr e n d ( 1 2. 3, 1 3. 3, 1 3. 8, 1 3. 5,
1 1. 6 vs 1 6 - 1 8 or 1 0 - 1 1  H z), as di d t h e I R ν N O v al u es ( 1 6 7 4 -
1 6 4 8 vs 1 6 3 7 - 1 6 2 9 or 1 7 2 8 - 1 6 8 1 c m - 1 ).  T h es e a n d ot h er
d at a ( b el o w) i n di c at e si g nifi c a nt c o ntri b uti o ns b y b ot h t h e n e utr al
a n d z witt eri o ni c r es o n a n c e f or ms III a ,b i n S c h e m e 1.

T h e  U V - visi bl e s p e ctr a of 3 - 7 s h o w e d i nt e ns e b a n ds at
2 4 0 - 2 3 2 n m a n d a c c o m p a n yi n g s h o ul d ers, c h ar a ct eristi c of all
a d d u cts of t h e r h e ni u m fr a g m e nt ( η 5 - C5 M e 5 ) R e( N O)( P P h3 ) (VI -
M e 5 ).  N e w b a n ds o c c urr e d at 3 0 6- 3 8 2 a n d 4 4 6 - 4 7 0 n m (
9 5 0 0 - 1 2 1 0 0 a n d 7 4 0 0 - 2 2 8 0 0  M - 1 c m - 1 ), a n d r e pr es e nt ati v e
tr a c es ar e gi v e n i n Fi g ur e 1.  Al k yli d e n e a n d vi n yli d e n e
c o m pl e x es of VI - M ex d o n ot e x hi bit a n al o g o us a bs or pti o ns,
alt h o u g h ar yl-s u bstit ut e d t er mi ni (i. e., d C H Ar) gi v e ris e t o a
si n gl e b a n d ( 3 6 0 - 4 0 0 n m, 7 6 0 0 - 1 3 0 0 0  M - 1 c m - 1 ).6 a, 1 9, 2 0

S ol v e nt eff e cts  w er e pr o b e d  wit h r e pr es e nt ati v e c o m pl e x es
( h e x a n e/ C H2 Cl 2 / a c et o nitril e: 3 , 3 5 0/ 3 4 6/ 3 4 8 a n d 4 6 4/ 4 6 4/ 4 6 4;
7 , 3 3 2/ 3 3 6/ 3 3 2 a n d 4 6 4/ 4 6 8/ 4 6 8).  T h e p ositi o ns of t h e  m a xi m a
v ari e d o nl y sli g htl y  wit h p ol arit y.

I n vi e w of t h e  m a n y s y nt h es es of t u n gst e n c ar b y n e c o m pl e x es
fr o m Fis c h er c ar b e n e c o m pl e x es,1 3 r e a cti o ns of 3 w er e i n v es-
ti g at e d first.  H o w e v er, r e p e at e d att e m pts t o a bstr a ct t h e
m et h o x y gr o u p fr o m 3 w er e u ns u c c essf ul. F or e x a m pl e, t h e
tr a diti o n al r e a g e nt  B Br3 ( 1 e q ui v) g a v e n o r e a cti o n i n  C H2 Cl 2

at l o w t e m p er at ur e.  E x c ess  B Br 3 , or M e3 SiI/ T H F, g a v e s e v er al
s p e ci es at r o o m t e m p er at ur e.  W h e n 3 a n d  B Cl 3 w er e c o m bi n e d
i n  C D2 Cl 2 at - 8 0 ° C, 1 H a n d 3 1 P  N M R s p e ctr a s h o w e d at l e ast
f o ur pr o d u cts.  W h e n t h e s a m pl e  w as  w ar m e d t o r o o m t e m-
p er at ur e, o nl y o n e n e w c o m p o u n d, a n d u nr e a ct e d 3 , r e m ai n e d.
Att e m pts t o is ol at e t h e n e w s p e ci es f ail e d.

T u n gst e n c ar b y n e c o m pl e x es h a v e als o b e e n pr e p ar e d b y
r e a cti o ns of t h e a ni o ni c i nt er m e di at es i n s y nt h es es of Fis c h er
c ar b e n e c o m pl e x es ( R C( O - )d M ′L ′n ′)  wit h a p pr o pri at e el e ctr o-
p hil es. 2 1 Al s o, nitr o g e n d o n or li g a n ds s u c h as  T M E D A a p p e ar
t o st a bili z e s o m e s p e ci es. F oll o wi n g lit er at ur e pr e c e d e nt,2 1 t h e
R e C 2 Li c o m pl e x 2 w as tr e at e d  wit h  W( C O) 6 a n d t h e n ( a)
( Cl C O)2 , ( b) ( Cl C O)2 / T M E D A, a n d ( c) ( C F3 C O) 2 O/ T M E D A.
H o w e v er, n u m er o us pr o d u cts  w er e o bt ai n e d.  W e s p e c ul at e d
t h at a p h os p hi n e li g a n d  mi g ht b e b e n efi ci al.  A c c or di n gl y, t h e
p h ot ol ysis of 3 a n d P M e 3 i n  T H F ( S c h e m e 2) g a v e t h e
s u bstit uti o n pr o d u ct cis -(η 5 - C5 M e 5 ) R e( N O)( P P h3 )( Ct C C-
( O M e)d ) W( P M e3 )( C O)4 (8 , 6 5 %).  T h e st er e o c h e mistr y f ol-
l o w e d fr o m t h e I R a n d 1 3 C  N M R a bs or pti o n p att er ns of t h e  C O
li g a n ds.  H o w e v er, r e a cti o ns of 8 a n d  B Br 3 als o g a v e a  m ultit u d e
of pr o d u cts.

T h es e u ns u c c essf ul eff orts pr o m pt e d us t o c h e c k f or u n d erl y-
i n g str u ct ur al pr o bl e ms.  T h us, t h e cr yst al str u ct ur e of 3 w as
d et er mi n e d as o utli n e d i n  T a bl e 1 a n d t h e  E x p eri m e nt al S e cti o n.
S el e ct e d b o n d l e n gt hs a n d a n gl es ar e gi v e n i n  T a bl e 2, a n d t h e
m ol e c ul ar str u ct ur e is s h o w n i n Fi g ur e 2.  T h e r h e ni u m - c ar b o n
b o n d l e n gt h ( 1. 9 7 3( 7)  Å) is b et w e e n t h os e i n t w o r e d o x-r el at e d
c o m pl e x es d eri v e d fr o m VI - M e5 wit h  R e C t C C t C R e a n d

( 1 8) ( a) F or al k y n yl c ar b e n e c o m pl e x es of F e( C O) 4 , s e e: P ar k, J.;  K a n g,
S.;  W h a n g,  D.;  Ki m,  K. Or g a n o m et alli cs 1 9 9 1 , 1 0 , 3 4 1 3; J . K or e a n  C h e m .
S o c . 1 9 9 2 , 3 6 , 7 7 0. ( b) F or c ar b e n e c o m pl e x es of (η 5 - C5 H 5 ) M n( C O)2 , s e e:
Fis c h er,  E.  O.;  C h e n, J.; S c h er z er,  K. J . Or g a n o m et . C h e m . 1 9 8 3 , 2 5 3 , 2 3 1
a n d r ef er e n c es t h er ei n.

( 1 9)  W e n g,  W.;  B arti k,  T.; J o h ns o n,  M.  T.;  Arif,  A.  M.;  Gl a d ys z, J.  A.
Or g a n o m et alli cs 1 9 9 5 , 1 4 , 8 8 9.

( 2 0) ( a)  Ki el,  W.  A.;  Li n,  G.- Y.;  C o nst a bl e,  A.  G.;  M c C or mi c k, F.  B.;
Str o us e,  C.  E.;  Eis e nst ei n,  O.;  Gl a d ys z, J.  A. J.  A m.  C h e m. S o c. 1 9 8 2 , 1 0 4 ,
4 8 6 5. S ol v e nt d e p e n d e n c e d at a ar e gi v e n i n f o ot n ot e 4 0 of r ef 6 a. ( b) S e n n,
D.  R.;  W o n g,  A.; P att o n,  A.  T.;  M arsi,  M.; Str o us e,  C.  E.;  Gl a d ys z, J.  A.
J.  A m.  C h e m. S o c. 1 9 8 8 , 1 1 0 , 6 0 9 6.

( 2 1) ( a)  M c D er m ott,  G.  A.;  D orri es,  A.  M.;  M a yr,  A. Or g a n o m et alli cs
1 9 8 7 , 6 , 9 2 5. ( b)  H art, I. J.;  Hill,  A. F.; St o n e, F.  G.  A. J . C h e m . S o c .,
D alt o n Tr a ns. 1 9 8 9 , 2 2 6 1.

Fi g u r e 1. R e pr es e nt ati v e  U V - visi bl e s p e ctr a of  C 3 O M e a n d  C 5 O M e
c o m pl e x es ( C H 2 Cl 2 , a m bi e nt t e m p er at ur e).

T a bl e 1. S u m m ar y of  Cr yst all o gr a p hi c  D at a f or
(η 5 - C5 M e 5 ) R e( N O)( P P h3 )( Ct C C( O M e) d ) W( C O)5 (3 ) a n d
[(η 5 - C5 M e 5 ) R e( N O)( P P h3 )( C C C) M n( C O)2 (η 5 - C5 H 5 )]+

B F 4
- ‚( C H2 Cl 2 )0. 5 (9 ‚( C H2 Cl 2 )0. 5 )

3 9 ‚( C H2 Cl 2 )0. 5

f or m ul a C 3 7 H 3 3 N O 7 P R e W  C 7 7 H 7 2 B 2 Cl 2 F 8 N 2 M n 2 -
O 6 P 2 R e 2

a

f or m ul a  w ei g ht 1 0 0 4. 7 0 2 1 9 1 0. 1 8
cr yst al s yst e m tri cli ni c tri cli ni c
s p a c e gr o u p P 1h P 1h
c ell di m e nsi o ns
a ,  Å 1 3. 1 2 5( 2) 8. 7 3 2( 1)
b ,  Å 1 3. 8 3 7( 3) 1 5. 2 4 8( 4)
c ,  Å 1 0. 8 8 0( 2) 2 8. 8 5 0( 5)
R , d e g 1 0 9. 1 6( 2) 8 4. 6 8( 2)
, d e g 9 2. 4 8( 2) 9 7. 0 1( 1)

γ , d e g 7 7. 8 0( 2) 1 0 2. 4 0( 2)
V,  Å 3 1 8 2 3. 5 5 3 7 1 4. 8 0
Z 2 2
t e m p of c oll e cti o n (° C) 1 6 - 1 2 5
d c al c , g/ c m3 1. 8 3 0 1. 7 1
d f o u n d, g/ c m3 ( 2 2 ° C) 1. 8 0 5 1. 7 0 1
r efl e cti o ns  m e as ur e d 6 7 6 5 1 2 9 9 8
t ot al u ni q u e d at a 6 3 9 4 1 2 0 5 1
o bs er v e d d at a, I > 3 σ (I) 5 2 0 7 8 9 3 5
n o. of v ari a bl es 4 3 3 9 2 8
g o o d n ess of fit 0. 9 0 2. 0 4
R ) ∑ ||F o | - |F c ||/∑ |F o | 0. 0 2 9 0. 0 5 4
R w ) ∑ ||F o | -

|F c ||w 1/ 2 /∑ |F o |w 1/ 2
0. 0 3 3 0. 0 7 2

a F or t w o i n d e p e n d e nt  m ol e c ul es i n t h e u nit c ell.

N e w  F or ms of  C o or di n at e d  C ar b o n J.  A m.  C h e m. S o c.,  V ol. 1 2 0,  N o. 4 3, 1 9 9 8 1 1 0 7 3



+ R e d C d C d C d C d R e + li n k a g es ( 2. 0 3 7( 5), 1. 9 3( 1)- 1. 9 1( 1)
Å). 6 a, 2 2 T h e  R e C ≡ C b o n d l e n gt h ( 1. 2 3( 1)  Å) is cl os e t o t h e
m e a n f or al k y n yl c o m pl e x es ( 1. 2 1 0( 1 3)  Å), 2 3 b ut t h e  R e C t C C d
b o n d l e n gt h ( 1. 3 8( 1)  Å) is s h ort f or s p - s p 2 j u n cti o ns ( 1. 4 3  Å).2 3 b

T h e c ar b o n - t u n gst e n b o n d l e n gt h ( 2. 2 0 0( 8)  Å) is cl os er t o t h os e
i n a n al o g o us Fis c h er c ar b e n e c o m pl e x es ( R C( O R′)d ) W( C O)5 ,
2. 1 9 1( 9)  Å) 2 4 t h a n a ni o ni c al k yl c o m pl e x es ([ R W( C O)5 ]- ,
2. 3 1 - 2. 3 4  Å). 2 5, 2 6

A d d u cts of VI - M ex a n d u ns at ur at e d li g a n ds c o m m o nl y e x hi bit
c o nf or m ati o ns t h at  m a xi mi z e o v erl a p of li g a n d a c c e pt or or bit als
wit h t h e d or bit al  H O M O s h o w n i n S c h e m e 2.  A c c or di n gl y,
t h e P- R e d C pl a n es of al k yli d e n e a n d vi n yli d e n e c o m pl e x es
m a k e c a. 9 0 ° a n d 0 ° a n gl es, r es p e cti v el y,  wit h t h e pl a n es of
t h e d C R R ′ t er mi ni.6 a A s s h o w n i n t h e b ott o m vi e w i n Fi g ur e
2, t h e P - R e - C 4 0 pl a n e of 3 is n e arl y ort h o g o n al t o t h e
W - C 4 2 - O 2 pl a n e ( ∠ 9 9. 6( 2) ° ).  T his g e o m etr y is c o nsist e nt
wit h a pr o p a di e n yli d e n e or + R e d C d C d C( O M e) - W - f or m ul a-
ti o n.  O n t h e b asis of all t h e pr e c e di n g str u ct ur al a n d s p e ctr o-
s c o pi c d at a,  w e c o n cl u d e t h at t h e el e ctr o ni c gr o u n d st at es of
3 - 8 ar e n e arl y h alf w a y b et w e e n t h os e r e pr es e nt e d b y r es o n a n c e
f or ms III a a n d III b ( S c h e m e 1).

2 . C 3 C o m pl e x es . Pr e vi o us st u di es h a v e s h o w n t h at
c y cl o p e nt a di e n yl  m a n g a n e s e c ar b e n e c o m pl e x e s ( R C-
( O R′)d ) M n( C O)2 (η 5 - C5 H 5 ) a n d e x c ess  B F3 g as r e a ct t o gi v e
c ati o ni c c ar b y n e c o m pl e x e s [( R C t ) M n( C O)2 (η 5 - C5 H 5 )]+ -
B F 4

- .1 8 b, 2 7 T h us, as d e pi ct e d i n S c h e m e 3, t h e r h e ni u m/
m a n g a n e s e  C 3 O M e c o m pl e x 5 a n d  B F 3 w er e c o m bi n e d i n

( 2 2)  A r h e ni u m/tri os mi u m  C3 O M e c o m pl e x, ( η 5 - C5 M e 5 ) R e( N O)( P P h3 )-
( Ct C C( O M e) d ) Os3 ( C O)1 1 , h as b e e n str u ct ur all y c h ar a ct eri z e d as p art of
a n ot h er i n v esti g ati o n. 8 b T h e  R e C,  R e C ≡ C , a n d  R e C≡ C C b o n d l e n gt hs ar e
v er y cl os e t o t h os e of 3 ( 1. 9 8 3( 7), 1. 2 3 8( 9), a n d 1. 3 6 4( 1 0)  Å).

( 2 3) ( a)  M a n n a, J.; J o h n,  K.  D.;  H o p ki ns,  M.  D. A d V . Or g a n o m et . C h e m .
1 9 9 5 , 3 8 , 7 9. ( b)  M ar c h, J. A d V a n c e d  Or g a ni c  C h e mistr y , 4t h e d.;  Wil e y:
N e w  Y or k, 1 9 9 2; p p 2 1 - 2 2.

( 2 4)  T his r e pr es e nts t h e a v er a g e f or 3 2 s u c h c o m pl e x es ( R,  R′ r estri ct e d
t o c ar b o n s u bstit u e nts) i n t h e J a n u ar y 1 9 9 7  C a m bri d g e  Cr yst all o gr a p hi c
D at a  B as e (r a n g e 2. 2 7 5( 8) - 2. 1 0( 2)  Å).

( 2 5) ( a)  C as e y,  C. P.; P oli c h n o ws ki, S.  W.;  T ui nstr a,  H.  E.;  Al bi n,  L.
D.;  C al a br es e, J.  C. I n or g. C h e m . 1 9 7 8 , 1 7 , 3 0 4 5. ( b)  D ar e ns b o ur g,  D. J.;
B a u c h,  C.  G.;  R h ei n g ol d,  A.  L. I n or g.  C h e m. 1 9 8 7 , 2 6 , 9 7 7.

( 2 6)  All Fis c h er c ar b e n e c o m pl e x es h a v e z witt eri o ni c r es o n a n c e f or ms
of t h e t y p e ( R C( d O + R ′)) M( C O)5

- .  H e n c e, t h e i ntr o d u cti o n of a d o n or-
s u bstit ut e d al k y n yl gr o u p  mi g ht b e e x p e ct e d t o h a v e a r el ati v el y s m all eff e ct
u p o n t h e c ar b o n - m et al b o n d or d er.  A c c or di n gl y, t h e 1 J (1 8 3 W - 1 3 C) v al u e
of 3 ( 9 3. 2  H z) is  m u c h cl os er t o t h os e of ( RC ( O R′)d )W ( C O)5 ( 9 2. 8- 1 0 2. 5
H z;  K ö hl er, F.  H.;  K al d er,  H. J.; Fis c h er,  E.  O. J . Or g a n o m et . C h e m . 1 9 7 6 ,
1 1 3 , 1 1) t h a n t h at of [ P h C H2 C H 2 W ( C O)5 ]- ( 4 8. 2  H z;  D ar e ns b o ur g,  D. J.;
Gr öt s c h,  G. J.  A m.  C h e m. S o c. 1 9 8 5 , 1 0 7 , 7 4 7 3).

T a bl e 2. K e y  B o n d  L e n gt hs ( Å),  B o n d  A n gl es ( d e g), a n d  T orsi o n
A n gl es ( d e g) f or 3 a n d 9 ‚( C H2 Cl 2 )0. 5

3
R e - P 2. 3 9 8( 2)  C 4 2 - W 2. 2 0 0( 8)
R e - N 1. 7 6 3( 6)  C 4 2 - O 2 1. 3 5 3( 9)
N - O 1. 1 7 8( 8)  O 2 - C 4 3 1. 4 4( 1)
R e - C 1 2. 3 3 4( 8)  W - C 5 0 2. 0 2( 1)
R e - C 2 2. 2 6 9( 8)  W - C 5 1 2. 0 5( 1)
R e - C 3 2. 2 5 1( 8)  W - C 5 2 2. 0 5( 1)
R e - C 4 2. 3 0 7( 7)  W - C 5 3 2. 0 4( 1)
R e - C 5 2. 3 7 0( 7)  W - C 5 4 2. 0 1( 1)
P - C 1 1 1. 8 2 5( 7)  C 5 0 - O 3 1. 1 5( 1)
P - C 2 1 1. 8 2 5( 7)  C 5 1 - O 4 1. 1 2( 1)
P - C 3 1 1. 8 4 1( 7)  C 5 2 - O 5 1. 1 2( 1)
R e - C 4 0 1. 9 7 3( 7)  C 5 3 - O 6 1. 1 2( 1)
C 4 0 - C 4 1 1. 2 3( 1)  C 5 4 - O 7 1. 1 4( 1)
C 4 1 - C 4 2 1. 3 8( 1)

C 4 0 - R e - P 9 4. 4( 2)
C 4 0 - R e - N 9 8. 5( 3)  C 4 2 - W - C 5 1 8 8. 9( 3)
P - R e - N 9 0. 8( 2)  C 4 2 - W - C 5 2 8 7. 9( 4)
R e - N - O 1 1 7 3. 7( 6)  C 4 2 - W - C 5 3 8 7. 1( 4)
R e - C 4 0 - C 4 1 1 7 2. 3( 7)  C 4 2 - W - C 5 4 1 7 6. 4( 4)
C 4 0 - C 4 1 - C 4 2 1 7 4. 5( 8)  W - C 5 0 - O 3 1 7 7( 1)
C 4 1 - C 4 2 - O 2 1 1 6. 5( 7)  W - C 5 1 - O 4 1 7 8( 1)
C 4 2 - O 2 - C 4 3 1 1 9. 7( 6)  W - C 5 2 - O 5 1 7 7( 1)
W - C 4 2 - C 4 1 1 2 8. 1( 6)  W - C 5 3 - O 6 1 7 9( 1)
C 4 2 - W - C 5 0 9 3. 6( 3)  W - C 5 4 - O 7 1 7 8( 1)

C 4 1 - C 4 2 - O 2 - C 4 3 1. 7( 0. 9)  W - C 4 2 - O 2 - C 4 3 - 1 7 8. 3( 0. 5)

9 ‚( C H2 Cl 2 )0. 5

R e - P 2. 4 1 0( 3)  R e ′- P ′ 2. 4 0 2( 3)
R e - N 1. 7 6 3( 9)  R e ′- N ′ 1. 7 5 0( 9)
N - O 1 1. 1 8( 1)  N ′- O 1 ′ 1. 2 1( 1)
R e - C 4 0 1. 9 1( 1) b R e ′- C 4 0 ′ 1. 9 3( 1) b

C 4 0 - C 4 1 1. 2 8( 2) c C 4 0 ′- C 4 1 ′ 1. 2 7( 2) c

C 4 1 - C 4 2 1. 3 1( 2) d C 4 1 ′- C 4 2 ′ 1. 2 8( 2) d

M n - C 4 2 1. 7 5( 1) a M n ′- C 4 2 ′ 1. 7 6( 1) a

M n - C 5 0 2. 1 6( 1)  M n ′- C 5 0 ′ 2. 1 2( 2)
M n - C 5 1 2. 1 3( 1)  M n ′- C 5 1 ′ 2. 1 2( 2)
M n - C 5 2 2. 1 2( 1)  M n ′- C 5 2 ′ 2. 1 6( 1)
M n - C 5 3 2. 1 7( 1)  M n ′- C 5 3 ′ 2. 1 7( 2)
M n - C 5 4 2. 1 3( 1)  M n ′- C 5 4 ′ 2. 1 3( 2)
M n - C 6 0 1. 8 2( 1)  M n ′- C 6 0 ′ 1. 8 1( 1)
M n - C 6 1 1. 8 1( 2)  M n ′- C 6 1 ′ 1. 8 2( 2)
O 2 - C 6 0 1. 1 2( 2)  O 2 ′- C 6 0 ′ 1. 1 7( 1)
O 3 - C 6 1 1. 1 5( 2)  O 3 ′- C 6 1 ′ 1. 1 5( 2)
R e - C 1 2. 2 4( 1)  R e ′- C 1 ′ 2. 2 8( 1)
R e - C 2 2. 2 6( 1)  R e ′- C 2 ′ 2. 3 1( 1)
R e - C 3 2. 3 2( 1)  R e ′- C 3 ′ 2. 3 2( 1)
R e - C 4 2. 3 4( 1)  R e ′- C 4 ′ 2. 3 2( 1)
R e - C 5 2. 2 8( 2)  R e ′- C 5 ′ 2. 3 2( 1)
P - C 1 1 1. 8 2( 1) P ′- C 1 1 ′ 1. 8 1( 1)
P - C 2 1 1. 8 2( 1) P ′- C 2 1 ′ 1. 8 2( 1)
P - C 3 1 1. 8 1( 1) P ′- C 3 1 ′ 1. 8 4( 1)

P - R e - N 8 8. 5( 3) P ′- R e′- N ′ 9 2. 5( 3)
P - R e - C 4 0 9 2. 3( 4) P ′- R e′- C 4 0 ′ 8 5. 6( 3)
N - R e - C 4 0 9 8. 8( 5)  N ′- R e′- C 4 0 ′ 1 0 2. 2( 4)
R e - N - O 1 1 7 5( 1)  R e ′- N ′- O 1 ′ 1 6 9. 0( 7)
R e - C 4 0 - C 4 1 1 7 3( 1) e R e ′- C 4 0 ′- C 4 1 ′ 1 7 6. 1( 9) e

C 4 0 - C 4 1 - C 4 2 1 7 6( 1) f C 4 0 ′- C 4 1 ′- C 4 2 1 7 1( 1) f

M n - C 4 2 - C 4 1 1 8 0( 1) g M n ′- C 4 2 ′- C 4 1 ′ 1 7 5( 1) g

C 4 2 - M n - C 6 0 9 2. 8( 6)  C 4 2 ′- M n′- C 6 0 ′ 9 2. 2( 5)
C 4 2 - M n - C 6 1 9 3. 2( 6)  C 4 2 ′- M n′- C 6 1 ′ 9 0. 8( 5)
C 6 0 - M n - C 6 1 9 3. 1( 7)  C 6 0 ′- M n′- C 6 1 ′ 9 1. 9( 6)
M n - C 6 0 - O 2 1 7 8( 1)  M n ′- C 6 0 ′- O 2 ′ 1 7 7( 1)
M n - C 6 1 - O 3 1 7 9( 1)  M n ′- C 6 1 ′- O 3 ′ 1 7 8( 1)

a 1. 7 5( 2), 1. 7 5( 2) i n 1 6 ° C str u ct ur e. b 1. 9 2( 1), 1. 9 3( 1) i n 1 6 ° C
str u ct ur e. c 1. 2 6( 2), 1. 2 8( 2) i n 1 6 ° C str u ct ur e. d 1. 3 2( 2), 1. 2 8( 2) i n 1 6
° C str u ct ur e. e 1 7 3( 1), 1 7 5( 1) i n 1 6 ° C str u ct ur e. f 1 7 5( 2), 1 7 0( 2) i n 1 6
° C str u ct ur e. g 1 7 8( 1), 1 7 8( 2) i n 1 6 ° C str u ct ur e.

Fi g u r e 2. Vi e ws of t h e  m ol e c ul ar str u ct ur e of 3 (t o p) a n d  N e w m a n-
t y p e pr oj e cti o n d o w n t h e  C 4 2- R e li n k a g e ( b ott o m).
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toluene/hexane at -45 °C. A precipitate formed, and workup
gave the target ReC3Mn complex [( 5-C5Me5)Re(NO)-
(PPh3)(CCC)Mn(CO)2( 5-C5H5)]+BF4- (9) as an analytically
pure red-brown powder in 95% yield. The chlorocyclopenta-
dienyl complexes 6 and 7 were similarly converted to the
corresponding C3 complexes [( 5-C5Me5)Re(NO)(PPh3)(CCC)-
Mn(CO)2( 5-C5H5-nCln)]+BF4- (10, n ) 1; 11, n ) 5) in 53-
58% yields.
Complexes 9-11 were characterized analogously to 3-7.

FAB mass spectra exhibited intense parent ions for the cations.
The rhenium IR NO bands (9/10/11 1701/1711/1717 cm-1) were
in the region noted above for cationic vinylidene complexes of
VI-Me5. The values increased as the number of chlorine
substituents on the manganese cyclopentadienyl ligand in-
creased. The two manganese IR CO bands shifted analogously
(2037/2039/2047 and 1987/1991/2007 cm-1). The values were
lower than those of the corresponding cationic carbyne com-
plexes [(RCt)Mn(CO)2( 5-C5H5)]+ X- (2084-2096 and 2043-
2054 cm-1).18b,27b Also, intense new IR bands appeared at 1889,
1892, and 1899 cm-1. They were assigned as CCC absorptionss
a feature diagnostic of cumulated compounds. These data show
that 9-11 are best described by cumulated +RedCdCdCdMn
resonance forms, as opposed to alkynyl carbyne Re-CtC-
CtMn+ resonance forms (see IVa,b, Scheme 1).
The dominance of the +RedCdCdCdMn resonance forms

was also supported by 13C NMR data. The ReCC signals of
9-11 (194.9/201.0/221.1 ppm) were ca. 30 ppm downfield from
those of precursors 5-7, and the 2JCP values shifted closer to
those of the corresponding vinylidene complexes (12.3/11.2/
11.8 Hz). The CCMn signals (286.4/287.4/287.8) were nearer
to those of the propadienylidene complexes (R2CdCdCd)Mn-
(CO)2( 5-C5H5) (305-331)28 than carbyne complexes [(RCt)-
Mn(CO)2( 5-C5H5)]+ X- (345-357).29 The CCC signals

(169.4/169.4/168.9) were also closer to those of the propadi-
enylidene complexes (140-170 ppm).
Considering the novelty of and scant precedent for 9-11, a

crystal structure was sought. X-ray data were collected on a
hemisolvate of 9 at -125 °C, as described in Table 1 and the
Experimental Section. Two independent cations were present
in the unit cell, and the structure of one is shown in Figure 3.
Selected bond lengths and angles for both are given in Table 2.
A second crystal structure was determined at room temperature,
as detailed in a communication.4a This gave comparable
metrical parameters and esd values (R ) 0.048; Rw ) 0.057;
goodness of fit ) 0.661). Since the second structure constitutes
a statistically meaningful independent determination, selected
data are given in a footnote to Table 2.
The six MCC and CCC bond angles in the two independent

cations ranged from 171(1)° to 180(1)°, for essentially linear
ReCCCMn linkages. A Newman-type projection illustrating
this feature is given in Figure 3 (bottom). The CdC bond
lengths ranged from 1.27(2) to 1.31(2) Å, bracketing those of
allene and butatriene (1.28-1.31 Å).23b The RedC bonds
(1.91(1)-1.93(1) Å) and the CdC bonds were nearly identical
with those in a related +RedCdCdCdCdRe+ compound
(1.909(7)-1.916(7) and 1.260(10)-1.305(10) Å).6a The CdMn
bonds (1.75(1)-1.76(1) Å) were closer to those in the propa-
dienylidene and vinylidene complexes (Cy2CdCdCd)Mn-
(CO)2( 5-C5H5) (1.806(6) Å)30 and (Me2CdCd)Mn(CO)2( 5-
C5H4CH3) (1.79(2) Å)31 than the vinyl-substituted carbyne
complex [(R2CdCHCt)Mn(CO)2( 5-C5H5)]+BF4- (1.665(5)
Å).32 Furthermore, the ReCCCMn conformation corresponded
to that which would be predicted from the HOMO of VI-Me5
and the R2CCxMn conformations of the propadienylidene and
vinylidene complexes.
Of all of the properties of 9-11, the UV-visible spectra were

the most striking. As shown in Figure 4, very intense

(27) (a) Handwerker, B. M.; Garrett, K. E.; Nagle, K. L.; Geoffroy, G.
L.; Rheingold, A. L. Organometallics 1990, 9, 1562. (b) Terry, M. R.;
Mercando, L. A.; Kelley, C.; Geoffroy, G. L.; Nombel, P.; Lugan, N.;
Mathieu, R.; Ostrander, R. L.; Owens-Waltermire, B. E.; Rheingold, A. L.
Organometallics 1994, 13, 843.

(28) (a) Berke, H. Chem. Ber. 1980, 113, 1370. (b) Kolobava, N. E.;
Ivanov, L. L.; Zhvanko, O. S. IzV. Akad. Nauk SSSR, Ser. Khim. 1980,
478, 2646.

(29) (a) Fischer, E. O.; Meineke, E. W.; Kreissl, F. R. Chem. Ber. 1977,
110, 1140. (b) Fischer, E. O.; Postonov, V. N.; Kreissl, F. R. J. Organomet.
Chem. 1982, 231, C73.

(30) Berke, H.; Huttner, G.; Seyerl, J. v. Z. Naturforsch., B: Anorg.
Chem., Org. Chem., 1981, 36, 1277.

(31) Berke, H.; Huttner, G.; Seyerl, J. v. J. Organomet. Chem 1981, 218,
193.

(32) Kolobova, N. E.; Ivanov, L. L.; Zhvanko, O. S.; Khitrova, O. M.;
Batsanov, A. S.; Struchkov, Yu. T. J. Organomet. Chem. 1984, 262, 39.

Scheme 3. Syntheses of C3 Complexes

Figure 3. Structure of the cation of 9 (CH2Cl2)0.5 (top) and Newman-
type projection down the manganese-rhenium linkage (bottom).
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a bs or pti o ns o c c urr e d n e ar t h e o ns et of t h e visi bl e r e gi o n ( n m,
( M- 1 c m - 1 ),  C H2 Cl 2 : 3 9 2, 5 5 8 0 0; 3 9 6, 5 0 9 0 0; 4 1 4, 4 9 1 0 0).

S u c h e xti n cti o n c o effi ci e nts ar e r ar e i n or g a n o m et alli c c o m-
p o u n ds.  W e a k er b a n ds  w er e als o pr es e nt f urt h er i nt o t h e visi bl e
( 4 8 4, 3 7 0 0; 4 9 0, 6 5 0 0; 5 5 4, 2 7 0 0).  All  m a xi m a s hift e d t o l o n g er
w a v el e n gt hs as t h e n u m b er of c y cl o p e nt a di e n yl c hl ori n e s u b-
stit u e nts i n cr e as e d.  T o h el p c h ar a ct eri z e t h es e tr a nsiti o ns,
s p e ctr a of 9 w er e als o r e c or d e d i n a c et o n e a n d a c et o nitril e.  T h es e
s h o w e d o nl y sli g htl y s hift e d  m a xi m a ( 3 9 0/ 3 8 8 a n d 4 8 6/ 4 8 6 n m).

Fi n all y, t h e r e a cti o n of t h e r h e ni u m/ir o n  C 3 O M e c o m pl e x 4
a n d  B F 3 w as als o e x a mi n e d ( S c h e m e 3).  W or k u p g a v e t h e
t ar g et  R e C3 F e c o m pl e x [( η 5 - C5 M e 5 ) R e( N O)( P P h3 )( C C C) F e-
( C O)4 ]+ B F 4

- (1 2 ; 8 1 %), as s u p p ort e d b y a F A B  m ass s p e ctr u m
t h at g a v e a n i nt e ns e p ar e nt i o n f or t h e c ati o n.  N M R s p e ctr a
s h o w e d br o a d e n e d p e a ks b ut a hi g h d e gr e e of p urit y ( > 9 6 %).
A 1 3 C  N M R s p e ctr u m e x hi bit e d  R e C C C M si g n als cl os e t o t h os e
of 9 - 1 1 ( 2 5 4. 5 d (2 J C P ) 1 3. 4  H z), 1 7 2. 2, 2 5 1. 9 p p m).
M et at h esis  wit h  N a + S b F 6

- g a v e a bl u e p o w d er t h at  w as n e arl y
a n al yti c all y p ur e.  H o w e v er, cr yst als s uit a bl e f or  X-r a y a n al ysis
c o ul d n ot b e gr o w n. Si n c e al k yli d e n e or vi n yli d e n e c o m pl e x es
of t h e F e( C O) 4 fr a g m e nt d o n ot a p p e ar t o b e k n o w n,3 3 a cr yst al
str u ct ur e  w o ul d b e d esir a bl e.  N o n et h el ess, t h e c ati o ni c c ar b y n e
c o m pl e x [((i- Pr) 2 N C t ) F e( C O)3 ( P P h3 )]+ C F 3 C O 2

- h as b e e n is o-
l at e d.3 4 As  wit h 1 2 , a c u m ul at e d r es o n a n c e f or m ( R2 N + d C d F e)
is li k el y f a v or e d.  A c c or di n gl y, t h e C F e 1 3 C  N M R si g n al ( 2 6 6. 5
p p m) is v er y cl os e t o t h at of 1 2 .

3 . C 5 O M e a n d  C 5 C o m pl e x es .  W e s o u g ht t o e xt e n d t h e
pr e c e di n g c h e mistr y t o l o n g er c ar b o n c h ai ns.  T h us, t h e b ut a-
di y n yl c o m pl e x ( η 5 - C5 M e 5 ) R e( N O)( P P h3 )( Ct C C t C H) ( 1 3 )
a n d n - B u Li  w er e c o m bi n e d i n  T H F at - 8 0 ° C t o g e n er at e t h e
R e C 4 Li c o m pl e x ( η 5 - C5 M e 5 ) R e( N O)( P P h3 )( Ct C C t C Li) ( 1 4 ).6 b

T h e n  M n( C O) 3 (η 5 - C5 H 5 ) a n d  M e3 O + B F 4
- w er e a d d e d u n d er

v ari o us c o n diti o ns.  H o w e v er, t h e t ar g et r h e ni u m/ m a n g a n es e
C 5 O M e c o m pl e x  w as n e v er d et e ct e d.  R at h er, t h e  m aj or pr o d u ct
w as t h e 1, 3- p e nt a di y n yl c o m pl e x ( η 5 - C5 M e 5 ) R e( N O)( P P h3 )-
( Ct C C t C M e) ( 1 5 ),6 b d eri v e d fr o m t h e  m et h yl ati o n of 1 4 .

M or e el e ctr o p hili c or a ci di c  m a n g a n es e tri c ar b o n yl c o m pl e x es
w er e i n v esti g at e d.  As s h o w n i n S c h e m e 4, t h e p e nt a c hl or o-

c y cl o p e nt a di e n yl c o m pl e x  M n( C O) 3 (η 5 - C5 Cl 5 ) g a v e t h e d esir e d,
d ar k p ur pl e  C 5 O M e c o m pl e x ( η 5 - C5 M e 5 ) R e( N O)( P P h3 )-
( Ct C C t C C( O M e) d ) M n( C O)2 (η 5 - C5 Cl 5 ) (1 6 ) i n 7 7 % yi el d
aft er  w or k u p.  H o w e v er, t h e  m o n o c hl or o c y cl o p e nt a di e n yl c o m-
pl e x  M n( C O) 3 (η 5 - C5 H 4 Cl) g a v e a c a. 6 0: 4 0  mi xt ur e of t h e
C 5 O M e c o m pl e x ( η 5 - C5 M e 5 ) R e( N O)( P P h3 )( Ct C C t C C-
( O M e)d ) M n( C O)2 (η 5 - C5 H 4 Cl) ( 1 7 ) a n d 1, 3- p e nt a di y n yl c o m-
pl e x 1 5 . Pr o c e d ur es  w er e v ari e d i n eff orts t o r e d u c e t h e a m o u nt

( 3 3)  T h e  m ost cl os el y r el at e d c o m p o u n ds  w o ul d b e P h3 P d C d C d F e-
( C O)4 T P h 3 P + C t C F e( C O) 4

- a n d  R C( O R ′)d C d C d F e( C O) 4 : ( a) P et z,
W.;  W ell er, F. Z . N at urf ors c h . 1 9 9 6 , 5 1 b , 1 5 9 8. ( b)  B er k e,  H.;  Gr ö s s m a n n,
U.;  H utt n er,  L.;  Zs ol n ai,  L. C h e m . B er . 1 9 8 4 , 1 1 7 , 3 4 3 2.

( 3 4)  A n d ers o n, S.;  Hill,  A. F. Or g a n o m et alli cs 1 9 9 5 , 1 4 , 1 5 6 2.

Fi g u r e 4. R e pr es e nt ati v e  U V - visi bl e s p e ctr a of  C 3 a n d  C 5 c o m pl e x es ( C H 2 Cl 2 , a m bi e nt t e m p er at ur e).

S c h e m e 4. S y nt h es es of  C 5 O M e  C o m pl e x es
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of 1 5 .  H o w e v er, t h es e a n d all s e p ar ati o n att e m pts  w er e
u ns u c c essf ul.  W e pr es u m e t h at t h e a ni o ni c a d diti o n pr o d u ct
1 8 s h o w n i n S c h e m e 4 r e m ai ns i n e q uili bri u m  wit h 1 4 a n d t h at
b ot h ar e c o m p etiti v el y  m et h yl at e d b y  M e 3 O + B F 4

- .
T h e d at a i n S c h e m es 2 a n d 4 s h o w t h at t h e  R e C 4 Li c o m pl e x

1 4 is l ess b asi c a n d/ or n u cl e o p hili c t h a n t h e  R e C2 Li c o m pl e x
2 .  Or g a ni c t er mi n al a c et yli d es e x hi bit p ar all el tr e n ds.3 5 A
si mil ar r e a cti o n of 1 4 wit h t h e p e nt a br o m o c y cl o p e nt a-
di e n yl c o m pl e x  M n( C O) 3 (η 5 - C5 Br 5 )1 7 a n d  M e 3 O + B F 4

- g a v e t h e
d ar k bl u e  C 5 O M e c o m pl e x ( η 5 - C5 M e 5 ) R e( N O)( P P h3 )-
( Ct C C t C C( O M e) d ) M n( C O)2 (η 5 - C5 Br 5 ) (1 9 ) i n 5 5 % yi el d.
H o w e v er,  w h e n t h e p e nt ai o d o c y cl o p e nt a di e n yl c o m pl e x  M n( C O) 3 -
(η 5 - C5 I5 )1 7 w a s e m pl o y e d, n o a d d u ct  w as d et e ct e d.  A n a n al o-
g o us s e q u e n c e  wit h F e( C O) 5 g a v e t h e d ar k bl u e  C 5 O M e
c o m pl e x ( η 5 - C5 M e 5 ) R e( N O)( P P h3 )( Ct C C t C C( O M e) d ) F e-
( C O)4 (2 0 ) i n 7 7 % yi el d.

M ost s p e ctr os c o pi c pr o p erti es of t h e  C 5 O M e c o m pl e x es  w er e
si mil ar t o t h os e of t h e  C 3 O M e c o m pl e x es.  H o w e v er, as
ill ustr at e d i n Fi g ur e 1, t h e l o n g est  w a v el e n gt h visi bl e a bs or pti o n
of 1 6 w as r e d-s hift e d fr o m t h at of t h e l o w er h o m ol o g u e 7 a n d
m or e i nt e ns e ( 5 6 2 vs 4 7 0 n m; 2 1 3 0 0 vs 1 3 0 0 0  M - 1 c m - 1 ).
Als o, t h e I R ν C t C v al u es of 1 6 , 1 7 , a n d 2 0 w er e 1 0 0 - 1 8 0 c m - 1

gr e at er t h a n t h os e of 7 , 6 , a n d 4 . S e v er al f e at ur es s u g g est e d
sli g htl y l o w er c o ntri b uti o ns fr o m z witt eri o ni c r es o n a n c e f or ms.
F or e x a m pl e, t h e I R ν N O v al u es of 1 6 , 1 7 , a n d 2 0 w er e 5 - 1 0
c m - 1 l e ss t h a n t h os e of 7 , 6 , a n d 4 . Si mil arl y, t h e C d M 1 3 C
N M R si g n als s hift e d 9 - 1 7 p p m d o w n fi el d ( 2 8 8. 9, 2 9 1. 9, 2 7 3. 6),
w hil e t h e  R e C C si g n als s hift e d 1 6 - 2 0 p p m u p fi el d ( 1 6 7. 1,
1 5 5. 6, 1 8 3. 6; 2 J C P ) 1 - 3  H z gr e at er).  T h e r e m ai ni n g  R e C C C C
1 3 C si g n als f ell i nt o t w o r a n g es, 1 2 7. 6 - 1 1 6. 3 ( 2 s) a n d 8 8. 1 -
8 2. 4 ( 1 s) p p m.

I n a pr o c e d ur e a n al o g o us t o t h at e m pl o y e d f or t h e  C3

c o m pl e x es i n S c h e m e 3, t ol u e n e/ h e x a n e s ol uti o ns of t h e
p e nt a c hl or o c y cl o p e nt a di e n yl  C 5 O M e c o m pl e x 1 6 w er e tr e at e d
wit h e x c ess  B F 3 g a s.  A pr o d u ct pr e ci pit at e d.  As s h o w n i n
S c h e m e 5,  w or k u p g a v e t h e  C 5 c o m pl e x [( η 5 - C5 M e 5 )-
R e( N O)( P P h 3 )( C C C C C) M n( C O)2 (η 5 - C5 Cl 5 )]+ B F 4

- (2 1 ) as a
d ar k br o w n p o w d er of c a. 9 4 % p urit y i n 5 2 % yi el d.  A F A B
m ass s p e ctr u m s h o w e d a p ar e nt i o n f or t h e c ati o n.  H o w e v er,
s e v er al u n us u al pr o p erti es  w er e i m m e di at el y a p p ar e nt.  T h es e
h a v e, t o d at e, pr e cl u d e d f urt h er p urifi c ati o n.

F or e x a m pl e, 2 1 w as e xtr e m el y s e nsiti v e t o a m bi e nt r o o m
li g hti n g, b ot h i n s ol uti o n a n d i n t h e s oli d st at e.  A  C H2 Cl 2

s ol uti o n  w as > 6 0 % d e c o m p os e d aft er 0. 5 h a n d > 9 0 %
d e c o m p os e d aft er 1 h, as ass a y e d b y  U V - visi bl e s p e ctr os c o p y.
A c o ntr ol s ol uti o n t h at  w as k e pt i n t h e d ar k s h o w e d < 1 0 %
d e c o m p ositi o n aft er 1 5 h.  C o ns e q u e ntl y, all  m a ni p ul ati o ns  w er e

p erf or m e d i n s u b d u e d li g ht.  Als o,  m or e c o n c e ntr at e d s ol uti o ns
g a v e  m or e r a pi d t h er m al d e c o m p ositi o n ( e. g., > 8 0 % aft er 1 0
h).  Bl a c k pr e ci pit at es f or m e d t h at g a v e br o a d  N M R si g n als
a n d br o a d I R ν N O a n d ν C O b a n ds ( 1 7 2 6, 1 9 7 4, 2 0 4 3 c m - 1 ).  A
s e xt et  E S R si g n al  w as d et e ct e d ( g ) 2. 0 2), i n di c ati n g at l e ast
s m all a m o u nts of a  m o n or h e ni u m r a di c al ( I ) 5 /2 ).  T h e c o u pli n g
(A is o, R e ) 9 7  G) s h o w e d t h e s pi n t o b e  m u c h  m or e d el o c ali z e d
fr o m r h e ni u m t h a n i n t h e c ati o n r a di c al [(η 5 - C5 M e 5 ) R e-
( N O)( P P h3 )( C H3 )]• +P F 6

- ( 1 9 0- 1 9 5  G). 6 a, b

C ar b o n, h y dr o g e n, a n d c hl ori n e a n al ys es of t h e d e c o m p ositi o n
pr o d u cts ( 4 2. 7 1 - 4 2. 6 4, 3. 4 9 - 3. 5 4, a n d 1 2. 5 1 %, r es p e cti v el y)
r e m ai n e d cl os e t o t h e t h e or eti c al v al u es f or 2 1 ( 4 3. 3 3, 2. 7 3,
a n d 1 5. 9 9 %).  H o w e v er, F A B  m ass s p e ctr a di d n ot s h o w i o ns
of  m ass hi g h er t h a n [( η 5 - C5 M e 5 ) R e( N O)( P P h3 )]+ .  T h e p e n-
t a c hl or o c y cl o p e nt a di e n yl  C3 c o m pl e x 1 1 di d n ot e x hi bit a n al o-
g o us p h ot o c h e mi c al or t h er m al l a bilit y.  H e n c e, t h e c hl ori n e
s u bstit u e nts i n 2 1 ar e n ot a n i ntri nsi c s o ur c e of i nst a bilit y.
Si mil ar r e a cti o ns of 1 9 a n d 2 0 wit h  B F 3 w er e i n v esti g at e d b ut
g a v e  m u c h l ess st a bl e pr o d u cts.

T h e 1 3 C  N M R s p e ctr u m of 2 1 s h o w e d d o w nfi el d  R e C C
( 2 1 8. 4 p p m, 2 J C P ) 1 2. 5  H z) a n d C M n ( 2 9 6. 2 p p m) si g n als
t h at  w er e cl os e t o t h os e of t h e  C3 a n al o g u e 1 1 ( 2 2 1. 1 p p m, 2 J C P

) 1 1. 8  H z; 2 8 7. 8 p p m).  T h e r e m ai ni n g  C C C C C si g n als  w er e
cl ust er e d at 1 1 9. 1 - 1 0 7. 0 p p m ( 3 s).  T h e I R ν N O a n d ν C O v al u es
( 1 7 1 8 c m- 1 ; 2 0 4 5- 2 0 4 2 a n d 2 0 0 8 - 1 9 9 6 c m - 1 )  w er e ess e nti all y
i d e nti c al  wit h t h os e of 1 1 .  T h e str o n g ν C C C b a n d  w as s hift e d
fr o m t h at of 1 1 ( 1 9 5 3 vs 1 8 9 9 c m- 1 ).  T h es e d at a i n di c at e t h at
a c u m ul at e d + R e d C d C d C d C d C d M n r es o n a n c e f or m d o mi-
n at es.  A  U V - visi bl e s p e ctr u m of 2 1 ( Fi g ur e 4) s h o w e d a v er y
i nt e ns e a bs or pti o n at 4 8 0 n m,  wit h a s h o ul d er at 4 4 2 n m (
6 0 5 0 0 a n d 3 3 0 0 0  M - 1 c m - 1 ) a n d a  w e a k er, l o n g er  w a v el e n gt h
b a n d at 6 3 4 n m ( 4 8 0 0).  T h es e ar e r e d-s hift e d 6 5 - 8 0 n m
fr o m t h e c orr es p o n di n g a bs or pti o ns of 1 1 s a tr e n d t h at is
a n al y z e d b el o w.

Eff orts  w er e  m a d e t o pr e p ar e st a bl e d eri v ati v es of 2 1 .
H o w e v er, n o r e a cti o ns o c c urr e d  wit h  T C N E ( 1. 5 e q ui v),
et h yl e n e ( 1 at m), or di m et h yl s ulfi d e ( 5 e q ui v) i n  C H 2 Cl 2 at
a m bi e nt t e m p er at ur e. I n c o ntr ast, 2 1 a n d P M e 3 i m m e di at el y
r e a ct e d at - 8 0 ° C.  A n ali q u ot s h o w e d t w o br o a d ν N O b a n ds
( 1 6 8 9, 1 7 2 1 c m- 1 ) a n d f o ur str o n g b a n ds i n t h e ν C C C r e gi o n
( 1 9 0 0- 2 0 5 0 c m - 1 ).  W or k u p g a v e a bl a c k p o w d er, a n d a 3 1 P
N M R s p e ctr u m s h o w e d  m a n y p e a ks b et w e e n 2 0 a n d 3 0 p p m.
Att e m pts t o is ol at e a p ur e c o m p o u n d b y c hr o m at o gr a p h y or
cr yst alli z ati o n  w er e u ns u c c essf ul.

Dis c ussi o n

1 . S y nt h eti c  M et h o d ol o g y . Pr e p ar ati v e str at e gi es f or  C3
c o m pl e x es of t h e t y p e I c a n b e cl assifi e d b y r etr os y nt h eti c
a n al ysis, i n t h e s a m e  m a n n er as c o m m o nl y d o n e i n or g a ni c
n at ur al pr o d u ct s y nt h esis.  O nl y li mit e d p airi n gs of  L n M,  L n M C,
L n M C C, or  L n M C C C  m oi eti es  wit h c o m pl e m e nt ar y  C x M ′L ′n ′

m oi eti es, or t hr e e- c o m p o n e nt c o nstr u cts ( e. g.,  L n M C + C +
C M ′L ′n ′), ar e p ossi bl e.  O ur s y nt h es es ( S c h e m es 2 a n d 3) j oi n
t w o- c ar b o n a n d o n e- c ar b o n b uil di n g bl o c ks, i niti all y gi vi n g
bi m et alli c bri d gi n g  C 3 O M e c o m pl e x es.  Alt h o u g h s u c h c ar b o n -
c ar b o n b o n d-f or mi n g r e a cti o ns h a v e pr e c e d e nt i n  m o n o m et alli c
s yst e ms, 1 2 it  w as first n e c ess ar y t o d e v el o p t h e s y nt h esis a n d
c h e mistr y of t h e n u cl e o p hili c  R e C 2 Li c o m pl e x 2 .  N o w t h at
ot h er t y p es of  L n M C t C Li s p e ci es h a v e b e c o m e a v ail a bl e, 7 d, 3 6

t h e v ers atilit y of o ur a p pr o a c h is e n h a n c e d.

( 3 5)  E ast m o n d,  R.; J o h ns o n,  T.  R.;  W alt o n,  D.  R.  M. J . Or g a n o m et .
C h e m . 1 9 7 3 , 5 0 , 8 7.

( 3 6) ( a)  G a m as a,  M. P.;  Gi m e n o, J.;  G o d efr o y, I.;  L astr a,  E.;  M arti n-
V a c a,  B.  M.;  G ar ci a- Gr a n d a, S.;  G uti err e z- R o dri g u e z,  A. J.  C h e m. S o c.,
D alt o n Tr a ns. 1 9 9 5 , 1 9 0 1. ( b)  K a w at a,  Y.; S at o,  M. Or g a n o m et alli cs 1 9 9 7 ,
1 6 , 1 0 9 3. ( c)  D a hl e n b ur g,  L.;  W eiss,  A.;  B o c k,  M.;  Z a hl,  A. J.  Or g a n o m et.
C h e m. 1 9 9 7 , 5 4 1 , 4 6 5.

S c h e m e 5. S y nt h esis of a  C 5 C o m pl e x

N e w  F or ms of  C o or di n at e d  C ar b o n J.  A m.  C h e m. S o c.,  V ol. 1 2 0,  N o. 4 3, 1 9 9 8 1 1 0 7 7



N o n et h el ess, ot h er str at e gi es als o h ol d pr o mis e. F or e x a m pl e,
C 3 O M e c o m pl e x es  mi g ht b e ass e m bl e d b y c o u pli n g a p-
pr o pri at el y  m at c h e d  L n M X pr e c urs ors a n d t hr e e- c ar b o n b uil di n g
bl o c ks  X ′C t C C( O M e) d M ′L ′n ′. Fis c h er h as r e c e ntl y e x pl or e d
s e v er al s u c h a p pr o a c h es i n v ol vi n g a mi n o c ar b e n e c o m pl e x es. 1 4

F urt h er m or e, a n y bri d gi n g  C x H ass e m bl y 3 7 i s o nl y a pr ot o n,
h y dri d e i o n, or h y dr o g e n at o m a bstr a cti o n r e m o v e d fr o m a  C x

c o m pl e x.  Alt h o u g h t h e l o n g er c h ai n i n  C 5 c o m pl e x es s h o ul d,
i n pri n ci pl e, all o w a n e x p a n d e d r a n g e of pr e p ar ati v e str at e gi es,
m ost ar e li k el y t o b e h o m ol o g u es of t h os e d e v el o p e d f or  C 3

c o m pl e x es.
T e m pl et o n h as r e p ort e d t h e o nl y ot h er  C 3 c o m pl e x es of t y p e

I k n o w n t o d at e. 5, 8 A s ill ustr at e d i n S c h e m e 6, h e first
c o n d e ns es t h e t w o- c ar b o n, a ni o ni c t u n gst e n vi n yli d e n e b uil di n g
bl o c k 2 2 , a n d t h e o n e- c ar b o n,  m ol y b d e n u m c hl or o c ar b y n e
b uil di n g bl o c k 2 3 .  T his yi el ds 2 4 ,  w hi c h h as a  Wt C C H 2 C t M o
li n k a g e.  R e a cti o n  wit h e x c ess b as e gi v es t h e di a ni o ni c  C3
c o m pl e x 2 5 ,  w hi c h h as a c u m ul at e d  Wd C d C d C d M o li n k a g e
a n d c a n b e c h ar a ct eri z e d i n s ol uti o n.  T h e 1 3 C  N M R s p e ctr u m
s h o ws si g n als at 2 3 8. 4, 1 5 3. 8, a n d 2 3 4. 4 p p m, a p att er n si mil ar
t o t h at of 9 ( 1 9 4. 9, 1 6 9. 9, a n d 2 8 6. 4 p p m).  O xi d ati o n gi v es
t h e is ol a bl e  C3 c o m pl e x 2 6 ,  w hi c h h as a n u ns y m m etri c al
W t C - C t C - M o v al e n c e str u ct ur e a n d t er mi ni  wit h disti n ctl y
diff er e nt o xi d ati o n st at es ( 1 3 C  N M R 2 4 6, 1 3 0, 1 2 0 p p m).
S e v er al r el at e d c o m p o u n ds  w er e als o c h ar a ct eri z e d. 5

A p art fr o m t h e iss u e of t ar g et st a bilit y ( b el o w), t h er e s h o ul d
b e n o i ntri nsi c u p p er li mit o n o ur str at e g y  wit h r e g ar d t o c h ai n
l e n gt h. F or e x a m pl e,  R e C6 Li a n d  R e C 8 Li c o m pl e x es a n al o g o us
t o 2 a n d 1 4 h a v e b e e n g e n er at e d a n d f u n cti o n ali z e d. 7 c T h e y
s h o ul d b e pr o gr essi v el y l ess b asi c a n d n u cl e o p hili c 3 5 a n d,
t h er e b y,  m or e pr o n e t o t h e t y p e of c o m pli c ati o n ill ustr at e d at
t h e b ott o m of S c h e m e 4.  N o n et h el ess, t h e y s h o ul d still c o n d e ns e
wit h s uffi ci e ntl y el e ctr o p hili c  m et al c ar b o n yl c o m pl e x es t o gi v e,
f oll o wi n g  m et h yl ati o n, is ol a bl e bri d gi n g  C7 O M e a n d  C 9 O M e
s p e ci es.

2 . El e ct r o ni c St r u ct u r e a n d  C h a r g e  T r a nsf e r .  T h e a b o v e
str u ct ur al a n d s p e ctr o s c o pi c d at a cl e arl y s h o w t h at t h e
gr o u n d st at es of t h e  C 3 a n d  C 5 c o m pl e x es 9 - 1 1 a n d 2 1 ar e
b e st d e s cri b e d b y t h e c u m ul at e d v al e n c e str u ct ur e s
+ R e d C d C d C d M n a n d + R e d C d C d C d C d C d M n.  H o w-
e v er, t h er e ar e hi nts t h at t h e r h e ni u m is l ess p ositi v el y c h ar g e d
i n 2 1 t h a n t h e  C3 h o m ol o g u e 1 1 .  T his is als o e vi d e nt  wit h t h e
C 5 O M e a n d  C 3 O M e c o m pl e x es, i n cl u di n g s yst e ms d es cri b e d
els e w h er e. 8 b M a n y s eri es of c o m p o u n ds ar e k n o w n i n  w hi c h
d o n ors a n d a c c e pt ors ar e li n k e d b y u ns at ur at e d bri d g es of

v ar yi n g l e n gt hs.  T h e eff e cts of bri d g e l e n gt hs u p o n el e ctr o ni c
i nt er a cti o ns ar e c urr e ntl y u n d er i nt e ns e i n v esti g ati o n.  D at a
g e n er all y i n di c at e a di mi n uti o n  wit h dist a n c e, as  w o ul d b e
i nt uiti v el y e x p e ct e d.3 8, 3 9 T h us, as t h e c ar b o n c h ai ns i n 1 1 a n d
2 1 ar e f urt h er e xt e n d e d, gr o u n d st at es s h o ul d a c q uir e  m or e  R e -
( Ct C) y - C t M n + c h ar a ct er.

All of t h e n e w c o m pl e x es e x hi bit  U V - visi bl e a bs or pti o ns
t h at h a v e n o c o u nt er p arts i n t h e c orr es p o n di n g  m o n o m et alli c
s p e ci es ( Fi g ur es 1 a n d 4). F or e x a m pl e, al k y n yl a n d b ut a di y n yl
c o m pl e x es of VI - M ex s h o w o nl y i nt e ns e P P h 3 - d eri v e d  U V b a n ds
t h at t ail i nt o t h e visi bl e.6 b As n ot e d a b o v e, a n al o g o us al k yli d e n e
a n d vi n yli d e n e c o m pl e x es gi v e u ni q u e a bs or pti o ns o nl y  wit h
ar yl-s u bstit ut e d t er mi ni ( 3 6 0 - 4 0 0 n m, 7 6 0 0 - 1 3 0 0 0  M - 1

c m - 1 ).1 9, 2 0 T h e c y cl o p e nt a di e n yl  m a n g a n es e al k yli d e n e c o m-
pl e x ( P h 2 C d ) M n( C O)2 (η 5 - C5 H 5 ) e x hi bits b a n ds n e ar 3 8 0 a n d
6 2 5 n m ( c a. 7 0 0 0 a n d 1 4 0  M - 1 c m - 1 ).4 0 T h e l att er is  w e a k
a n d of u n c ert ai n ori gi n, b ut t h e f or m er is b eli e v e d t o aris e fr o m
m et al-t o-li g a n d c h ar g e tr a nsf er ( m a n g a n es e d π t o c ar b e n e pπ ),
c o nsist e nt  wit h a  m o d er at e d e p e n d e n c e u p o n s ol v e nt p ol arit y
( 3 7 2 vs 3 8 3 n m, a c et o nitril e vs c y cl o h e x a n e).

W e  w er e c uri o us a b o ut t h e n at ur e of t h e o pti c al tr a nsiti o ns
of t h e n e w c o m pl e x es, p arti c ul arl y  wit h r e g ar d t o t h e p ossi bilit y
of  m et al-t o- m et al c h ar g e tr a nsf er. 4 1 T h e r h e ni u m/ m a n g a n es e
C 3 O M e c o m pl e x es 5 - 7 s h o w pr o gr essi v e r e d-s hifts of t h e t w o
l o n g est  w a v el e n gt h b a n ds ( 3 0 6, 3 1 0, 3 3 0, a n d 4 4 6, 4 6 2, 4 7 0
n m) as t h e n u m b er of c hl ori n e s u bstit u e nts o n t h e  m a n g a n es e
c y cl o p e nt a di e n yl li g a n d i n cr e as es.  T his  w o ul d b e c o nsist e nt
wit h c h ar g e tr a nsf er fr o m a r h e ni u m- b as e d or bit al. I m p ort a ntl y,
t h es e b a n ds  m o v e t o g 3 7 6 a n d 5 6 2 n m i n t h e  C 5 O M e c o m pl e x
1 6 . S u c h a  m ar k e d c h ai n l e n gt h eff e ct r e q uir es t h e i n v ol v e m e nt
of or bit als  wit h a p pr e ci a bl e  R e C x π or C x M n π * c h ar a ct er, as
o p p os e d t o j ust  m et al c h ar a ct er.  T h e  m o d est ( 4- n m d e p e n d e n c e
of t h es e b a n ds as t h e s ol v e nt is v ari e d fr o m h e x a n e t o  C H 2 Cl 2

a n d a c et o nitril e ( a b o v e) i n di c at es si mil ar gr o u n d- a n d e x cit e d-
st at e p ol ariti es.  T his  w o ul d b e c o nsist e nt  wit h a l ar g e c o ntri b u-
ti o n of t h e z witt eri o ni c r es o n a n c e f or m III b ( S c h e m e 1) t o t h e
gr o u n d st at e.

T h e c orr es p o n di n g  C 3 c o m pl e x es 9 - 1 1 als o s h o w pr o gr essi v e
r e d s hifts of t h e  m ost i nt e ns e b a n ds ( 3 9 2, 3 9 6, 4 1 4 n m).  T h e
m a xi m a of t h e  w e a k er visi bl e a bs or pti o ns ar e n ot as  w ell d efi n e d
b ut a p p e ar t o f oll o w a n a n al o g o us tr e n d.  T h e  m ost i nt e ns e b a n d
m o v es t o 4 8 0 n m i n t h e  C 5 c o m pl e x 2 1 .  T h e c hl ori n e
s u bstit u e nt a n d c h ai n l e n gt h tr e n ds s u g g est t h at, si mil arl y t o
t h e  Cx O M e c o m pl e x es, c h ar g e tr a nsf er o c c urs fr o m a r h e ni u m-
or  R e C x - b as e d or bit al t o o n e  wit h a p pr e ci a bl e  m a n g a n es e or
C x M n π * c h ar a ct er.  T h e ( 4- n m s ol v e nt eff e ct ( C H 2 Cl 2 ,
a c et o n e, a c et o nitril e) a g ai n i n di c at es si mil ar gr o u n d- a n d e x cit e d-
st at e p ol ariti es.  O n e of s e v er al p ossi bl e e x cit e d-st at e  m o d els
w o ul d f e at ur e a r h e ni u m r a di c al c ati o n si n gl y b o n d e d t o a  C x M n
r a di c al ass e m bl y.  H o w e v er,  m or e s o p histi c at e d e x p eri m e nt al
pr o b es, s u c h as r es o n a n c e  R a m a n s p e ctr os c o p y, 4 1 will b e
n e c ess ar y t o f urt h er cl arif y t his p oi nt.

3 . St a bilit y  T r e n ds a n d  P r os p e cti v e .  T h e d e cr e as e i n
st a bilit y u p o n g oi n g fr o m  C 3 c o m pl e x 1 1 t o  C5 c o m pl e x 2 1 h as
p ar all els i n  m a n y ot h er s eri es of c u m ul at e d c o m p o u n ds. 4 2 A s
C x c h ai ns ar e l e n gt h e n e d,  H O M O/ L U M O g a ps di mi nis h,  U V -

( 3 7)  Xi a,  H. P.;  W u,  W. F.;  N g,  W. S.;  Willi a ms, I.  D.; Ji a,  G.
Or g a n o m et alli cs 1 9 9 7 , 1 6 , 2 9 4 0.

( 3 8) ( a)  B u blit z,  G.  U.;  Orti z,  R.;  M ar d er, S.  R.;  B o x er, S.  G. J.  A m.
C h e m. S o c. 1 9 9 7 , 1 1 9 , 3 3 6 5 a n d r ef er e n c es t h er ei n. ( b)  T ol b ert,  L.  M.;
Z h a o,  X. J.  A m.  C h e m. S o c. 1 9 9 7 , 1 1 9 , 3 2 5 3.

( 3 9)  Gr a h a m,  E.  M.;  Mis k o ws ki,  V.  M.; P err y, J.  W.;  C o ult er,  D.  R.;
Sti e g m a n,  A.  E.; S c h a ef er,  W. P.;  M ar c h,  R.  E. J.  A m.  C h e m. S o c. 1 9 8 9 ,
1 1 1 , 8 7 7 1.

( 4 0)  Wri g ht,  R.  E.;  V o gl er,  A. J.  Or g a n o m et.  C h e m. 1 9 7 8 , 1 6 0 , 1 9 7.
( 4 1)  W o ott o n, J.  L.;  Zi n k, J. I. J.  A m.  C h e m. S o c. 1 9 9 7 , 1 1 9 , 1 8 9 5 a n d

r ef er e n c es t h er ei n.
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visi bl e a bs or pti o ns s hift t o l o n g er  w a v el e n gt hs, a n d el e ctr o ni c
c o u pli n g b e c o m es l ess effi ci e nt.  All of t h es e e n h a n c e p ossi bili-
ti es f or t h er m al a n d p h ot o c h e mi c al d e c o m p ositi o n p at h w a ys.
F urt h er m or e, t h e c h ai ns b e c o m e st eri c all y l ess s hi el d e d a n d
a m e n a bl e t o e xt er n al att a c k or c o u pli n g pr o c ess es.  H e n c e,  w e
ar e p essi misti c t h at hi g h er h o m ol o g u es of 2 1 will b e a c c essi bl e
i n s p e ctr os c o pi c all y p ur e f or m.  H o w e v er, e n d gr o u p  m o difi c a-
ti o ns, s u c h as a  m or e el e ctr o n-r el e asi n g ar yl p h os p hi n e o n
r h e ni u m,  m a y gi v e i n cr e m e nt al i m pr o v e m e nts.

I nstr u cti v e e x a m pl es of t h e pr e c e di n g p oi nts i n cl u d e t h e
f oll o wi n g. First,  L a pi nt e h as s h o w n t h at a f or m all y c u m ul at e d
+ F e d C d C d C d C d F e + c o m pl e x is i n t h er m al e q uili bri u m  wit h
a p ar a m a g n eti c, dir a di c al +• F e C t C C t C F e • + v al e n c e f or m. 4 3

S e c o n d, i n cr e a si n g n u m b er s of p e nt at etr a e n yli d e n e c o m-
pl e x es,  L n M d C d C d C d C d C Y 2 , ar e b ei n g r e p ort e d.4 4 T h es e
f e at ur e t h e s a m e n u m b er of  Cd C li n k a g es as 2 1 b ut l a c k o n e
C d M t er mi n us.  All ar e l ess st a bl e t h a n l o w er h o m ol o g u es.
I n u n p u bli s h e d  w or k,  w e h a v e i s ol at e d l a bil e r h e ni u m
c o m pl e x es of t h e f or m ul a [( η 5 - C5 M e 5 ) R e( N O)( P P h3 )-
(d C d C d C d C d C Ar 2 )]+ X - .4 5 T h es e e x hi bit  m a n y  m or e  U V -
visi bl e a bs or pti o ns t h a n a n al o g o us al k yli d e n e a n d vi n yli d e n e
c o m pl e x es, or e v e n 2 1 ( n m, ( M- 1 c m - 1 ),  C H2 Cl 2 ,  C Ar2 )
2, 7- di br o m ofl u or e n yli d e n e: 3 5 0, 1 0 3 0 0; 4 1 2, 8 4 0 0; 4 4 2, 6 9 0 0;
5 6 4, 1 3 0 0 0; 6 1 4, 1 5 4 0 0).  H o w e v er, n o n e a p pr o a c h t h e
i nt e nsit y of t h e 4 8 0- n m b a n d of 2 1 . Fi n all y, att e m pts t o pr e p ar e
t h e  Wd C d C d C d C d C d C d C( N M e 2 )2 a n al o g u e of a n is ol a bl e
W d C d C d C d C d C( N M e 2 )2 s p e ci es g a v e o nl y tr a p pi n g pr o d-
u cts. 4 6

W e n o n et h el ess r e m ai n c a uti o usl y o pti misti c t h at it  will b e
p ossi bl e t o e xt e n d t h e c h ai n l e n gt hs i n ot h er s eri es of o d d- c ar b o n
c o m pl e x es b e y o n d t h os e d es cri b e d i n t his p a p er s as h as alr e a d y
b e e n a c c o m plis h e d  wit h e v e n- c ar b o n c o m pl e x es. S o m e n o v el
a p pr o a c h es t o e n h a n ci n g t h er m al st a biliti es of  C x c o m pl e x es
ar e c urr e ntl y b ei n g p urs u e d. 4 7 F urt h er m or e, as  will b e c o m-
m u ni c at e d s o o n,  w e h a v e d e v el o p e d f a cil e s y nt h es es of a
f u n d a m e nt all y n e w s eri es of c o m pl e x es t h at ar e b est d es cri b e d
b y p ol y al k y n yl v al e n c e str u ct ur es,  M t C - ( Ct C) y - M ′. F or t h e
m o m e nt, t his i n v esti g ati o n h as d e m o nstr at e d t h e r e a d y a c c es-
si bilit y, vi a a r ati o n al s y nt h eti c str at e g y t h at  w as d esi g n e d i n
a d v a n c e, of a s eri es of u n pr e c e d e nt e d  C 3 a n d  C 5 c o m pl e x es t h at
e x hi bit f as ci n ati n g str u ct ur al, s p e ctr os c o pi c, a n d el e ctr o ni c
pr o p erti es.  A d diti o n al st u di es of t h eir el e ctr o ni c a n d c h e mi c al
attri b ut es ar e i n pr o gr ess.

E x p e ri m e nt al S e cti o n

G e n e r al  D at a .  G e n er al pr o c e d ur es a n d i nstr u m e nt ati o n  w er e
i d e nti c al  wit h t h os e i n r e c e nt p a p ers.6 a, b S ol v e nts or r e a g e nts n ot list e d
e arli er  w er e us e d as r e c ei v e d fr o m c o m m er ci al s u p pli ers.

(η 5 - C5 M e 5 ) R e( N O)( P P h3 )( Ct C C( O M e) d ) W( C O)5 ( 3). A S c hl e n k
t u b e  w as c h ar g e d  wit h (η 5 - C5 M e 5 ) R e( N O)( P P h3 )( Ct C H) ( 1 ,1 5 0. 0 4 4
g, 0. 0 6 9  m m ol) a n d  T H F ( 6  m L) a n d c o ol e d t o - 8 0 ° C ( a c et o n e/ C O 2 ).

T h e n n - B u Li ( 0. 0 5 4  m L, 2. 2  M i n h e x a n e)  w as a d d e d  wit h stirri n g.
Aft er 1 - 2 h, a s ol uti o n of  W( C O) 6 ( 0. 0 2 8 g, 0. 0 8 0  m m ol) i n  T H F ( 3
m L)  w as a d d e d b y c a n n ul a.  Aft er 1 h, t h e c ol d b at h  w as r e m o v e d.
Aft er 0. 5 h, t h e or a n g e s ol uti o n  w as tr a nsf err e d b y c a n n ul a t o a S c hl e n k
fl as k t h at h a d b e e n c h ar g e d  wit h  M e3 O + B F 4

- ( 0. 0 2 6 g, 0. 1 8  m m ol)
a n d c o ol e d t o - 8 0 ° C.  T h e  mi xt ur e  w as stirr e d f or 0. 8 h, a n d t h e c ol d
b at h  w as r e m o v e d.  Aft er 0. 3 h, t h e s a m pl e  w as c o n c e ntr at e d t o c a. 2
m L, a n d h e x a n e ( 1 0  m L)  w as a d d e d.  C hr o m at o gr a p h y ( N 2 , Fl orisil
w as h e d  wit h a q u e o us  N H 4 O H; h e x a n e f 1 0: 1 f 3: 1 v/ v h e x a n e/ T H F)
g a v e a bri g ht r e d b a n d. S ol v e nt  w as r e m o v e d b y oil p u m p v a c u u m t o
gi v e 3 as a n or a n g e-r e d p o w d er ( 0. 0 5 1 g, 0. 0 5 0  m m ol, 7 3 %), d e c pt >
1 5 5 ° C ( gr a d u al, n o  m elti n g).  A n al.  C al c d f or  C 3 7 H 3 3 N O 7 P R e W:  C,
4 4. 2 3;  H, 3. 3 1. F o u n d:  C, 4 4. 3 7;  H, 3. 5 5. I R ( c m - 1 , C H2 Cl 2 / K Br):
ν C O 2 0 5 8/ 2 0 5 9  m/s, 1 9 6 6/ 1 9 6 5  m, ν C O + ν C t C 1 9 1 3/ 1 9 1 2 vs- br, ν N O

1 6 7 0/ 1 6 6 3  m.  U V - vis ( 4. 1 × 1 0 - 5 M): 4 8 3 4 8 ( 1 2 1 0 0), 4 6 2 ( 2 2 8 0 0).
M S (t etr a gl y m e/ b e n z e n e): 4 9 1 0 0 5 ( M + , 7 0 %), 6 8 2 ( M+ - W( C O) 5 ,
1 0 0 %); n o ot h er p e a ks a b o v e 4 6 0 of > 5 0 %.

N M R ( C 6 D 6 ):5 0 1 H 7. 5 9 - 7. 3 9 ( m, 6 H of 3 C 6 H 5 ), 7. 1 1- 6. 8 2 ( m,
9 H of 3 C 6 H 5 ), 3. 2 1 (s,  O C H3 ), 1. 5 7 (s,  C5 ( C H3 )5 ); 1 3 C { 1 H } 2 5 3. 2 ( d,
J C P ) 3. 0, J C W ) 9 3. 2,  C d W), 2 0 5. 1 (s, J C W ) 1 2 7. 3,  C O tr a ns), 2 0 4. 9
( d, J C P ) 1 2. 3,  R e C C), 2 0 0. 4 (s, J C W ) 1 3 0. 6,  C O cis ), 1 5 7. 5 (s, J C W )
9. 9,  R e C C ), 1 3 3. 8 ( d, J C P ) 1 0. 8, o - P h), 1 3 0. 9 ( d, J C P ) 3. 0, p - P h),
1 2 8. 7 ( d, J C P ) 1 0. 3, m - P h), 1 0 3. 6 (s, C 5 ( C H3 )5 ), 6 2. 2 (s,  O C H3 ), 9. 9
(s,  C5 (C H 3 )5 ); 3 1 P { 1 H } 2 2. 0 (s).

(η 5 - C5 M e 5 ) R e( N O)( P P h3 )( Ct C C( O M e) d ) F e( C O)4 ( 4). C o m pl e x
1 ( 0. 0 6 4 g, 0. 1 0  m m ol),  T H F ( 5  m L), n - B u Li ( 0. 0 6 5  m L, 2. 4 6  M i n
h e x a n e), F e( C O) 5 ( 0. 0 1 8  m L, 0. 1 4  m m ol), a n d  M e3 O + B F 4

- ( 0. 0 3 8 g,
0. 2 6  m m ol)  w er e c o m bi n e d i n a pr o c e d ur e a n al o g o us t o t h at f or 3 .
S ol v e nt  w as r e m o v e d b y oil p u m p v a c u u m, a n d h e x a n e ( 1 0  m L)  w as
a d d e d.  C hr o m at o gr a p h y ( N 2 , Fl orisil  w as h e d  wit h a q u e o us  N H4 O H;
h e x a n e f 5: 1 v/ v h e x a n e/ T H F) g a v e a bri g ht r e d b a n d. S ol v e nt  w as
r e m o v e d b y oil p u m p v a c u u m, a n d t h e r esi d u e  w as e xtr a ct e d  wit h
h e x a n e ( 2 × 1 0  m L).  T h e e xtr a ct  w as p ass e d t hr o u g h a  m e di u m-frit
Kr a m er filt er, c o n c e ntr at e d t o c a. 1 0  m L, a n d k e pt at - 2 0 ° C f or 2 4 h.
D ar k r e d  mi cr o cr yst als  w er e c oll e ct e d b y filtr ati o n a n d dri e d b y oil
p u m p v a c u u m t o gi v e 4 ( 0. 0 5 7 g, 0. 0 6 7  m m ol, 6 7 %),  m p 1 6 6- 1 6 9 ° C
d e c.  A n al.  C al c d f or  C 3 6 H 3 3 F e N O 6 P R e:  C, 5 0. 9 5;  H, 3. 9 2. F o u n d:
C, 5 1. 3 5;  H, 4. 3 0. I R ( c m - 1 , h e x a n es/ K Br): ν C O 2 0 4 1/ 2 0 3 5  m, 1 9 6 5/ -
m, 1 9 4 9/ 1 9 3 1 vs/ vs- br, ν C t C 1 9 2 0/ - m, ν N O 1 6 7 1/ 1 6 7 4  m.  U V - vis
( 3. 1 × 1 0 - 5 M): 4 8 2 7 4 s h ( 2 0 2 0 0), 3 8 2 ( 1 0 7 0 0), 4 6 6 ( 9 3 0 0).  M S
(t etr a gl y m e/ b e n z e n e):4 9 8 4 9/ 8 5 0 ( M + / M+ + 1, 1 5/ 1 8 %), 7 3 7 ( M + -
4 C O, 1 0 0 %); n o ot h er p e a ks a b o v e 2 2 5 of > 2 5 %.

N M R ( C 6 D 6 ):5 0 1 H 7. 5 4 - 7. 4 9 ( m, 6 H of 3 C 6 H 5 ), 7. 0 7- 7. 0 1 ( m,
6 H of 3 C 6 H 5 ), 6. 9 6- 6. 9 3 ( m, 3 H of 3 C 6 H 5 ), 3. 2 6 (s,  O C H3 ), 1. 6 1 (s,
C 5 ( C H3 )5 ); 1 3 C { 1 H } 2 5 6. 6 (s,  C d F e), 2 1 8. 4 (s,  C O), 2 0 4. 0 ( d, J C P )
1 3. 3,  R e C C), 1 5 2. 0 (s,  R e C C ), 1 3 3. 8 ( d, J C P ) 1 1. 0, o - P h), 1 3 0. 8 ( d,
J C P ) 2. 4, p - P h), 1 2 8. 7 ( d, J C P ) 1 0. 3, m - P h), 1 0 3. 7 (s, C 5 ( C H3 )5 ),
6 3. 0 (s,  O C H 3 ), 9. 7 (s,  C5 (C H 3 )5 ); 3 1 P { 1 H } 2 2. 3 (s).

(η 5 - C5 M e 5 ) R e( N O)( P P h3 )( Ct C C( O M e) d ) M n( C O)2 (η 5 - C5 H 5 ) ( 5).
C o m pl e x 1 ( 0. 0 6 4 g, 0. 1 0  m m ol),  T H F ( 5  m L), n - B u Li ( 0. 0 6 0  m L,
2. 4 6  M i n h e x a n e),  M n( C O) 3 (η 5 - C5 H 5 ) ( 0. 0 2 8 g, 0. 1 4  m m ol; i n 3  m L
T H F; 3- h i nt er v al aft er c ol d b at h r e m o v al), a n d  M e 3 O + B F 4

- ( 0. 0 6 8 g,
0. 4 6  m m ol)  w er e c o m bi n e d i n a pr o c e d ur e a n al o g o us t o t h at f or 3 .
T h e s a m pl e  w as c o n c e ntr at e d t o c a. 0. 5  m L, a n d h e x a n e ( 1 0  m L)  w as
a d d e d.  C hr o m at o gr a p h y ( N 2 , Fl orisil  w as h e d  wit h a q u e o us  N H4 O H;
h e x a n e f 4: 1 v/ v h e x a n e/ T H F) g a v e a r e d- or a n g e b a n d. S ol v e nt  w as
r e m o v e d b y oil p u m p v a c u u m t o gi v e 5 as a r e d- or a n g e p o w d er ( 0. 0 6 2
g, 0. 0 7 2  m m ol, 7 2 %),  m p 8 1 - 8 4 ° C d e c.  A n al.  C al c d f or  C 3 9 H 3 8 -
M n N O 4 P R e:  C, 5 4. 6 7;  H, 4. 4 7. F o u n d:  C, 5 4. 7 7;  H, 4. 6 3. I R ( c m - 1 ,
C H 2 Cl 2 / K Br): ν C O 1 9 6 8/ 1 9 6 9  m, 1 9 2 1/ 1 9 2 0 vs, ν C t C 1 8 6 2/ 1 8 6 2 s, ν N O

1 6 5 3/ 1 6 4 8 s.  U V - vis ( 3. 9 × 1 0 - 5 M): 4 8 2 7 4 s h ( 1 4 1 0 0), 2 8 8 s h
( 1 2 0 0 0), 3 0 6 ( 1 0 5 0 0), 4 4 6 ( 9 7 0 0).  M S (t etr a gl y m e/ b e n z e n e): 4 9 8 5 7
( M+ , 6 5 %), 8 2 6 ( M+ - O M e, 4 3 %), 8 0 1 ( M + - 2 C O, 1 0 0 %), 6 9 8
( M+ - M n( C O)( C)( C 5 H 5 ), 5 0 %), 6 8 2 ( M+ - M n( C O) 2 ( C5 H 5 ), 3 4 %);
n o ot h er p e a ks a b o v e 2 2 5 of > 3 2 %.

( 4 2) ( a)  Br u n e a u,  C.;  Di x n e uf, P.  H. I n C o m pr e h e nsi V e  Or g a ni c
F u n cti o n al  Gr o u p Tr a nsf or m ati o ns ;  K atrit z k y,  A.  R.,  M et h- C o h n,  O.,  R e es,
C.  W.,  E ds.-i n- C hi ef;  R o b erts, S.  M.,  V ol u m e  E d; P er g a m o n:  N e w  Y or k,
1 9 9 5;  C h a pt er 1. 2 0 a n d r e vi e ws cit e d t h er ei n. ( b)  Bil dst ei n,  B.; S c h w ei g er,
M.;  K o p a c k a,  H.;  O n g a ni a,  K.- H.;  W urst,  K. Or g a n o m et alli cs 1 9 9 8 , 1 7 ,
2 4 1 4.

( 4 3) ( a)  L e  N ar v or,  N.;  T o u p et,  L.;  L a pi nt e,  C. J . A m . C h e m . S o c . 1 9 9 5 ,
1 1 7 , 7 1 2 9. ( b)  L e  N ar v or,  N.;  L a pi nt e,  C. C.  R.  A c a d. S ci.  P aris, S er. II c ,
i n pr ess.

( 4 4) ( a)  T o u c h ar d,  D.;  H a q u ett e, P.;  D ari d or,  A.;  T o u p et,  L.;  Di x n e uf,
P.  H. J.  A m.  C h e m. S o c. 1 9 9 4 , 1 1 6 , 1 1 1 5 7. ( b)  K o v a ci k, I.;  L a u b e n d er,  M.;
W er n er,  H. Or g a n o m et alli cs 1 9 9 7 , 1 6 , 5 6 0 7 a n d r ef er e n c es t h er ei n. ( c)  R ot h,
G.; Fis c h er,  H. Or g a n o m et alli cs 1 9 9 6 , 1 5 , 1 1 3 9.

( 4 5) S z af ert, S.;  H a q u ett e, P.  U n p u blis h e d d at a,  U ni v ersit y of  Ut a h.
( 4 6)  R ot h,  G.; Fis c h er,  H. Or g a n o m et alli cs 1 9 9 6 , 1 5 , 5 7 6 6.
( 4 7) P et ers,  T.;  B o hli n g, J.;  M arti n- Al v ar e z, J.  M.  U n p u blis h e d d at a,

U ni v ersit y of  Ut a h.

( 4 8)  T h e  U V- visi bl e s p e ctr a  w er e r e c or d e d i n  C H 2 Cl 2 u nl ess n ot e d, a n d
a bs or b a n c es ar e i n n m ( , M- 1 c m - 1 ).

( 4 9) P ositi v e F A B, m /z f or  m ost i nt e ns e p e a k of is ot o p e e n v el o p e; r el ati v e
i nt e nsiti es ar e f or t h e s p e cifi e d  m ass r a n g e.

( 5 0)  T h e 1 H, 1 3 C, a n d 3 1 P  N M R c h e mi c al s hifts ar e i n δ , p p m, a n d p p m,
r es p e cti v el y, a n d J v al u es ar e i n  H z. I n s o m e c as es, t h e i- P h 1 3 C si g n als ar e
n ot o bs er v e d.

N e w  F or ms of  C o or di n at e d  C ar b o n J.  A m.  C h e m. S o c.,  V ol. 1 2 0,  N o. 4 3, 1 9 9 8 1 1 0 7 9



NMR (C6D6):50 1H 7.69-7.62 (m, 6H of 3C6H5), 7.13-6.96 (m,
9H of 3C6H5), 4.67 (s, C5H5), 3.51 (s, OCH3), 1.67 (s, C5(CH3)5);
13C{1H} 283.9 (s, CdMn), 235.6 (s, CO), 235.5 (s, CO), 166.8 (d, JCP
) 13.8, ReCC), 146.2 (s, ReCC), 134.7 (d, JCP ) 52.7, i-Ph), 134.2 (d,
JCP ) 10.8, o-Ph), 130.4 (s, p-Ph), 128.5 (d, JCP ) 10.1, m-Ph), 102.2
(s, C5(CH3)5), 86.5 (s, C5H5) 61.0 (s, OCH3), 10.1 (s, C5(CH3)5); 31P{1H}
22.2 (s).
( 5-C5Me5)Re(NO)(PPh3)(CtCC(OMe)d)Mn(CO)2( 5-

C5H4Cl) (6). Complex 1 (0.064 g, 0.10 mmol), THF (5 mL), n-BuLi
(0.060 mL, 2.46 M in hexane), Mn(CO)3( 5-C5H4Cl) (0.024 g, 0.10
mmol;16 in 3 mL THF; 4 h interval after cold bath removal), and
Me3O+BF4- (0.068 g, 0.46 mmol) were combined in a procedure
analogous to that for 3. The mixture was stirred for 0.5 h, and the
cold bath was removed. After 0.3 h, Florisil (2 g) was added, and the
solvent was removed by oil pump vacuum. The dry powder was placed
at the top of a Florisil column. Chromatography (N2, hexane to elute
a light yellow Mn(CO)3( 5-C5H4Cl) band, then 1:1 v/v hexane/ether)
gave a red band. Solvent was removed by oil pump vacuum to give
6 as red powder (0.036 g, 0.041 mmol, 41%), mp 110-113 °C dec.
Anal. Calcd for C39H37ClMnNO4PRe: C, 52.55; H, 4.18. Found: C,
51.80; H, 4.11. IR (cm-1, CH2Cl2): CO 1967 m, 1926 vs, CtC 1871
s, NO 1653 s. UV-vis (6.7 10-5 M):48 268 sh (14 500), 310
(10 100), 462 (7400). MS (3-NBA/benzene):49 891 (M+, 18%), 835
(M+ - 2CO, 65%), 614 ((C5Me5)Re(NO)(PPh3)+, 100%); no other
peaks above 300 of >25%.
NMR (C6D6):50 1H 7.79-7.54 (m, 6H of 3C6H5), 7.22-6.87 (m,

9H of 3C6H5), 4.78 (br d, JHH ) 18.0, 2H of C5H4Cl), 4.45 (br s, 2H
of C5H4Cl), 3.48 (s, OCH3), 1.65 (s, C5(CH3)5); 13C{1H} 282.1 (s, Cd
Mn), 234.2 (s, CO), 234.1 (s, CO), 171.3 (d, JCP ) 13.5, ReCC), 146.8
(s, ReCC), 134.1 (d, JCP ) 10.7, o-Ph), 130.5 (s, p-Ph), 128.6 (d, JCP
) 9.9, m-Ph), 102.3 (s, C5(CH3)5), 85.7, 85.6, 85.5, 85.2 (4 s, 4 CH of
C5H4Cl),51 58.3 (s, OCH3), 10.1 (s, C5(CH3)5); 31P{1H} 24.3 (s).
( 5-C5Me5)Re(NO)(PPh3)(CtCC(OMe)d)Mn(CO)2( 5-C5Cl5) (7).

Complex 1 (0.064 g, 0.10 mmol), THF (5 mL), n-BuLi (0.060 mL,
2.46 M in hexane), Mn(CO)3( 5-C5Cl5) (0.038 g, 0.10 mmol;17 in 3
mL of THF; 4 and 0.25 h before and after cold bath removal), and
Me3O+BF4- (0.068 g, 0.46 mmol) were combined in a procedure
analogous to that for 3. The mixture was stirred for 0.5 h, and the
cold bath was removed. After 0.3 h, Florisil (2 g) was added, and the
solvent was removed by oil pump vacuum. The dry powder was placed
at the top of a Florisil column. Chromatography (N2, hexane to elute
a yellow Mn(CO)3( 5-C5Cl5) band, then 4:1 v/v hexane/THF) gave an
orange band. Solvent was removed by oil pump vacuum to give crude
7 as an orange-brown oil (0.059 g, 0.057 mmol, 57%). Hexane (15
mL) was added. The mixture was filtered through a Celite pad (2 cm)
and kept at -100 °C. After 24 h, the orange-red powder was collected
by filtration at -80 °C and dried by oil pump vacuum to give 7 (0.034
g, 0.041 mmol, 41%), mp 104-106 °C dec. IR (cm-1, THF): CO
1972 vs, 1934 s, CtC 1904 s, NO 1661 vs UV-vis (3.1 10-5 M):48
270 sh (14 300), 330 (9500), 470 (13 000).
NMR (C6D6):50 1H 7.35-7.05 (m, 3C6H5), 3.47 (s, OCH3), 1.57 (s,

C5(CH3)5); 13C{1H} 273.5 (s, CdMn), 230.1 (s, 2CO), 186.8 (d, JCP )
11.6, ReCC), 150.2 (s, ReCC), 133.9 (d, JCP ) 10.4, o-Ph), 130.7 (s,
p-Ph), 128.7 (d, JCP ) 10.6, m-Ph), 102.9 (s, C5(CH3)5), 95.5 (s, C5Cl5),
63.3 (s, OCH3), 9.9 (s, C5(CH3)5); 31P{1H} 22.1 (s).
[( 5-C5Me5)Re(NO)(PPh3)(CCC)Mn(CO)2( 5-C5H5)]+ BF4

- (9).
A Schlenk tube was charged with 5 (0.086 g, 0.10 mmol), toluene (10
mL), and hexane (5 mL) and cooled to -45 °C (CH3CN/CO2). For 2
min, BF3 gas was bubbled through the solution. A dark red solid
precipitated. Solvent was removed by syringe. The solid was washed
with hexane (2 5 mL), dried by oil pump vacuum, and dissolved in
a minimum of CH2Cl2 (1 mL). The solution was passed through a
medium frit into rapidly stirred ether (15 mL). The red-brown powder
was collected by filtration, washed with ether (2 2 mL), and dried
by oil pump vacuum to give 9 (0.087 g, 0.095 mmol, 95%), mp 182-
187 °C, slow dec. Anal. Calcd for C38H35BF4MnNO3PRe: C, 50.01;

H, 3.87. Found: C, 49.81; H, 3.98. IR (cm-1, CH2Cl2/KBr): CO 2037/
2033 m, 1987/1980 m, CCC 1889/1881 vs, NO 1701/1684 m. UV-
vis (3.0 10-5 M):48 268 (19 200), 286 sh (16 500), 328 sh (17100),
392 (55 800), 484 (3700). MS (3-NBA/CH2Cl2):49 826 (M+, 18%),
770 (M+ - 2CO, 33%), 614 ((C5Me5)Re(NO)(PPh3)+, 100%); no other
peaks above 320 of >15%.
NMR (CD2Cl2):50 1H 7.61-7.42 (m, 3C6H5), 5.13 (s, C5H5), 1.90

(s, C5(CH3)5); 13C{1H} 286.4 (s, CdMn), 221.8 (s, 2CO), 221.6 (s,
CO), 194.9 (d, JCP ) 12.3, ReCC), 169.4 (s, ReCC), 133.7 (d, JCP )
11.0, o-Ph), 132.2 (s, p-Ph), 131.1 (d, JCP ) 56.9, i-Ph), 129.4 (d, JCP
) 11.1, m-Ph), 106.5 (s, C5(CH3)5), 90.2 (s, C5H5), 10.0 (s, C5(CH3)5);
31P{1H} 18.9 (s).
[( 5-C5Me5)Re(NO)(PPh3)(CCC)Mn(CO)2( 5-C5H4Cl)]+BF4- (10).

Complex 6 (0.089 g, 0.10 mmol), toluene (10 mL), hexane (10 mL),
and BF3 gas (5 min) were combined in a procedure analogous to that
for 9. A dark brown oil precipitated. Solvent was removed by syringe.
The residue was extracted with CH2Cl2 (3 mL). The extract was added
to ether (30 mL). Solvent was removed from the oily precipitate by
syringe, which was washed with ether (10 mL) to give 10 as a dark
brown oil that solidified over the course of 24 h under oil pump vacuum
(0.050 g, 0.053 mmol, 53%). IR (cm-1, CH2Cl2): CO 2039 m, 1991
m, CCC 1892 vs, NO 1711 m. UV-vis (4.0 10-5 M):48 270 sh
(32 100), 326 sh (22 700), 396 (50 900), 490 (6500). MS (3-NBA/
benzene):49 861 (M+, 100%), 805 (M+ - 2CO, 41%), 614 ((C5Me5)-
Re(NO)(PPh3)+, 68%); no other peaks above 400 of >45%.
NMR (CD2Cl2):50 1H 7.65-7.35 (m, 3C6H5), 5.28-5.22 (m, 2H of

C5H4Cl), 5.10-5.05 (m, 2H of C5H4Cl) 1.90 (s, C5(CH3)5); 13C{1H}
287.4 (s, CdMn), 221.2 (s, CO), 221.1 (s, CO), 201.0 (d, JCP ) 11.2,
ReCC), 169.4 (s, ReCC), 133.9 (d, JCP ) 11.1, o-Ph) 132.5 (s, p-Ph),
130.0 (d, JCP ) 56.7, i-Ph), 129.7 (d, JCP ) 10.9, m-Ph), 107.0 (s,
C5(CH3)5), 89.6, 87.9, 87.7 (3 s, 2:1:1, 4 CH of C5H4Cl),51 10.3 (s,
C5(CH3)5); 31P{1H} 18.9 (s).
[( 5-C5Me5)Re(NO)(PPh3)(CCC)Mn(CO)2( 5-C5Cl5)]+ BF4- (11).

Complex 7 (0.051 g, 0.050 mmol), toluene (10 mL), hexane (10 mL),
and BF3 gas (5 min) were combined in a procedure analogous to that
for 9. A dark brown solid precipitated. Solvent was removed by
syringe. The residue was extracted with CH2Cl2 (3 mL). The extract
was filtered through a Celite pad (2 cm). Solvent was removed from
the filtrate by oil pump vacuum to give an oily solid, which was
dissolved in ether (3 mL). Hexane (30 mL) was added, and the mixture
was kept at -100 °C. After 24 h, the yellow-brown powder was
collected by filtration and dried by oil pump vacuum to give 11 (0.031
g, 0.029 mmol, 58%), mp 101-106 °C dec. IR (cm-1, CH2Cl2): CO
2047 m, 2007 w, CCC 1899 vs, NO 1717 m. UV-vis (2.3 10-5

M):48 266 sh (16 800), 334 sh (16 200), 414 (49 100), 554 sh (2700).
MS (3-NBA/benzene):49 998 (M+, 100%); no other peaks above 200
of >25%.
NMR (CD2Cl2):50 1H 7.57-7.46 (m, 3C6H5), 1.93 (s, C5(CH3)5);

13C{1H} 287.8 (s, CdMn), 221.1 (d, JCP ) 11.8, ReCC), 218.2 (s, CO),
218.0 (s, CO), 168.9 (s, ReCC), 133.5 (d, JCP ) 11.3, o-Ph), 132.6 (s,
p-Ph), 129.7 (d, JCP ) 11.1, m-Ph), 108.0 (s, C5(CH3)5) 100.1 (s, C5Cl5),
10.1 (s, C5(CH3)5); 31P{1H} 19.7 (s).
[( 5-C5Me5)Re(NO)(PPh3)(CCC)Fe(CO)4]+BF4

- (12). Complex
4 (0.052 g, 0.061 mmol), toluene (5 mL), hexane (5 mL), and BF3 gas
were combined in a procedure analogous to that for 9 (-80 °C). A
dark red-brown solid precipitated. Solvent was removed via syringe.
The solid was washed with hexane (2 5 mL), dried by oil pump
vacuum, and dissolved in a minimum of CH2Cl2 (1 mL). The solution
was passed through a medium frit into rapidly stirred ether (10 mL).
The blue-gray precipitate was collected by filtration, washed with ether
(2 2 mL), and dried by oil pump vacuum to give 12 (0.045 g, 0.050
mmol, 81%), mp 128-134 °C slow dec. IR (cm-1, CH2Cl2/KBr): CO
2105/2106 s, 2043/2054 vs/s sh, 2029/2035 s/vs, CCC 1877/1871 s,
NO 1715/1699 s. UV-vis (3.4 10-5 M):48 270 sh (21 500), 296 sh
(17 800), 364 (32 900), 468 sh (8500), 560 sh (3000). MS (3-NBA/
CH2Cl2):49 818 (M+, 100%), 706 (M+ - 4CO, 40%), 614 ((C5Me5)-
Re(NO)(PPh3)+, 30%); no other peaks above 400 of >25%.
NMR (CD2Cl2):50 1H 7.75-7.50 (m, 9H of 3C6H5), 7.50-7.35 (m,

6H of 3C6H5), 1.94 (br s, C5(CH3)5); 13C{1H} (-30 °C) 254.5 (d, JCP
) 13.4, ReCC), 251.9 (s, CdFe), 204.6 (s, CO), 172.2 (s, ReCC), 133.1

(51) The rhenium stereocenter renders all 5-C5H4Cl carbons inequivalent,
and the weak CCl signal could not confidently be assigned. For comparison,
the 13C NMR spectrum of Mn(CO)3( 5-C5H4Cl),16 which has not been
previously reported, was independently determined (CDCl3/CD2Cl2): 224.0/
224.7 (s, CO), 103.5/103.7 (s, CCl), 81.7/82.4, 80.6/81.3 (2 s, CH).
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( d, J C P ) 1 0. 1, o - P h), 1 3 2. 3 (s, p - P h), 1 2 9. 4 ( d, J C P ) 1 1. 5, m - P h),
1 0 8. 7 (s, C 5 ( C H3 )5 ), 9. 8 (s,  C5 (C H 3 )5 ); 3 1 P { 1 H } 2 0. 5 ( br s).

A S c hl e n k fl as k  w as c h ar g e d  wit h 1 2 ( 0. 0 1 6 g, 0. 0 1 8  m m ol),
N a + S b F 6

- ( 0. 0 4 7 g, 0. 1 8  m m ol), a n d  T H F ( 1 0  m L).  T h e  mi xt ur e  w as
stirr e d ( 0. 5 h), a n d t h e s ol v e nt  w as r e m o v e d b y oil p u m p v a c u u m.  T h e
r esi d u e  w as e xtr a ct e d  wit h  C H2 Cl 2 .  T h e e xtr a ct  w as filt er e d a n d
c o n c e ntr at e d ( 1  m L).  T h e n et h er ( 1 0  m L)  w as a d d e d. S ol v e nt  w as
r e m o v e d b y oil p u m p v a c u u m t o gi v e t h e S b F6

- s alt of 1 2 as a bl u e
p o w d er ( 0. 0 1 5 g, 0. 0 1 4  m m ol, 8 2 %),  m p 1 2 7 - 1 3 0 ° C d e c. I R ( c m - 1 ,
C H 2 Cl 2 ) ν C O 2 1 0 5 s, 2 0 4 1 vs, 2 0 2 8 s, ν C C C 1 8 7 5 s, ν N O 1 7 1 3 vs.

N M R ( C D 2 Cl 2 ):5 0 1 H 7. 6 3 - 7. 5 0 ( m, 6 H of 3 C 6 H 5 ), 7. 4 4- 7. 2 6 ( m,
9 H of 3 C 6 H 5 ), 1. 9 6 (s,  C5 ( C H3 )5 ); 3 1 P { 1 H } 2 0. 4 (s).

(η 5 - C5 M e 5 ) R e( N O)( P P h3 )( Ct C C t C C( O M e) d ) M n( C O)2 (η 5 -
C 5 Cl 5 ) ( 1 6). A S c hl e n k t u b e  w as c h ar g e d  wit h ( η 5 - C5 M e 5 ) R e( N O)-
( P P h3 )( Ct C C t C H) ( 1 3 ;6 b 0. 0 4 8 g, 0. 0 7 2  m m ol) a n d  T H F ( 5  m L) a n d
c o ol e d t o - 8 0 ° C.  T h e n n - B u Li ( 0. 0 3 6  m L, 2. 3  M i n h e x a n e)  w as
a d d e d  wit h stirri n g.  Aft er 1 h, a s ol uti o n of  M n( C O) 3 (η 5 - C5 Cl 5 ) ( 0. 0 2 8
g, 0. 0 7 5  m m ol) i n  T H F ( 3  m L)  w as a d d e d b y c a n n ul a.  Aft er 1 h, t h e
c ol d b at h  w as r e m o v e d.  Aft er 1 h, t h e r e d- or a n g e s ol uti o n  w as
tr a nsf err e d b y c a n n ul a t o a S c hl e n k fl as k t h at h a d b e e n c h ar g e d  wit h
M e 3 O + B F 4

- ( 0. 0 5 0 g, 0. 3 2  m m ol) a n d c o ol e d t o - 8 0 ° C.  T h e  mi xt ur e
w as stirr e d f or 0. 5 h, a n d t h e c ol d b at h  w as r e m o v e d.  Aft er 0. 5 h, t h e
s a m pl e  w as c o n c e ntr at e d t o c a. 2  m L, a n d h e x a n e ( 1 0  m L)  w as a d d e d.
C hr o m at o gr a p h y ( N 2 , Fl orisil  w as h e d  wit h a q u e o us  N H4 O H; h e x a n e
f 3: 1 v/ v h e x a n e/ T H F) g a v e a d e e p p ur pl e b a n d. S ol v e nt  w as r e m o v e d
b y oil p u m p v a c u u m t o gi v e 1 6 as a d ar k p ur pl e p o w d er ( 0. 0 5 9 g,
0. 0 5 6  m m ol, 7 7 %),  m p 1 1 4 - 1 1 6 ° C.  A n al.  C al c d f or  C 4 1 H 3 3 Cl 5 -
M n N O 4 P R e:  C, 4 6. 7 6;  H, 3. 1 6. F o u n d:  C, 4 6. 3 6;  H, 3. 6 7. I R ( c m - 1 ,
C H 2 Cl 2 / K Br): ν C t C 2 0 5 7/ 2 0 5 4  m, 2 0 4 6/ 2 0 4 4  m s h, ν C O 1 9 6 5/ 1 9 6 2 vs,
1 9 2 5/ 1 9 2 2  m, ν N O 1 6 5 5/ 1 6 5 7 s.  U V - vis ( 3. 9 × 1 0 - 5 M): 4 8 2 6 4 s h
( 2 9 0 0 0), 3 1 8 ( 1 8 7 0 0), 3 7 6 ( 1 3 3 0 0), 5 0 2 s h ( 1 4 6 0 0) 5 6 2 ( 2 1 3 0 0).
M S ( 3- N B A/ b e n z e n e): 4 9 1 0 5 3 ( M + , 3 %), 6 9 0 (( C5 M e 5 ) R e( N O)-
( P P h3 )( C5 O) + , 1 0 0 %), 6 1 4 (( C5 M e 5 ) R e( N O)( P P h3 )+ , 7 8 %); n o ot h er
p e a ks a b o v e 3 2 0 of > 2 0 %.

N M R ( C 6 D 6 ):5 0 1 H 7. 6 5 - 7. 5 5 ( m, 6 H of 3 C 6 H 5 ), 7. 1 2- 6. 9 5 ( m,
9 H of 3 C 6 H 5 ), 3. 5 3 (s,  O C H3 ), 1. 5 5 (s,  C5 ( C H3 )5 ); 1 3 C { 1 H } 2 8 8. 9 (s,
C d M n), 2 2 8. 2 (s,  C O), 2 2 8. 1 (s,  C O), 1 6 7. 1 ( d, J C P ) 1 4. 8,  R e C C),
1 3 4. 2 ( d, J C P ) 5 2. 4, i- P h), 1 3 4. 0 ( d, J C P ) 1 0. 8, o - P h), 1 3 0. 7 (s, p - P h),
1 2 8. 6 ( d, J C P ) 1 0. 3, m - P h), 1 2 7. 4, 1 1 6. 3, 8 2. 4 ( 3 s,  R e CC C C ), 1 0 2. 1
(s, C 5 ( C H3 )5 ), 9 7. 0 (s,  C5 Cl 5 ), 6 3. 3 (s,  O C H3 ), 9. 9 (s,  C5 (C H 3 )5 ); 3 1 P { 1 H }
2 0. 6 (s).

(η 5 - C5 M e 5 ) R e( N O)( P P h3 )( Ct C C t C C( O M e) d ) M n( C O)2 (η 5 -
C 5 H 4 Cl) ( 1 7). C o m pl e x 1 3 ( 0. 0 6 6 g, 0. 1 0  m m ol),  T H F ( 5  m L), n - B u Li
( 0. 0 5 5  m L, 2. 3  M i n h e x a n e),  M n( C O)3 (η 5 - C5 H 4 Cl) ( 0. 0 3 0 g, 0. 1 2 5
m m ol; i n 3  m L  T H F), a n d  M e 3 O + B F 4

- ( 0. 0 4 4 g, 0. 3 0  m m ol)  w er e
c o m bi n e d i n a pr o c e d ur e a n al o g o us t o t h at f or 1 6 .  A n i d e nti c al  w or k u p
g a v e a d ar k sti c k y r esi d u e,  w hi c h s oli difi e d o v er t h e c o urs e of 2 4 h
u n d er oil p u m p v a c u u m ( 0. 0 5 9 g).  A 3 1 P  N M R s p e ctr u m s h o w e d a
c a. 6 0: 4 0  mi xt ur e of 1 7 ( 3 9 %) a n d (η 5 - C5 M e 5 ) R e( N O)( P P h3 )-
( Ct C C t C M e). 6 b I R ( c m- 1 , C H2 Cl 2 / K Br): ν C t C 2 0 6 4/ 2 0 5 8  m, ν C O

1 9 5 0/ 1 9 4 7 vs, 1 8 9 6/ 1 8 9 5  m, ν N O 1 6 4 8/ 1 6 4 7 s.
N M R ( C 6 D 6 ):5 0 1 H 7. 8 1 - 7. 5 9 ( m, 6 H of 3 C 6 H 5 ), 7. 1 0- 6. 9 5 ( m,

9 H of 3 C 6 H 5 ), 3. 5 9 (s,  O C H3 ), 1. 5 6 (s,  C5 ( C H3 )5 ); 1 3 C { 1 H } ( p arti al)
2 9 1. 9 (s,  C d M n), 2 3 2. 5 (s, 2 C O), 1 5 5. 6 ( d, J C P ) 1 5. 3  H z,  R e C C),
1 3 4. 5 ( d, J C P ) 1 1. 1  H z, o - P h), 1 3 1. 0 (s, p - P h), 1 1 8. 3 (s, o n e of
R e C C C C ), 1 0 2. 1 (s, C 5 ( C H3 )5 ), 8 8. 3, 8 8. 2, 8 8. 0 ( 3 s, 2: 1: 1, 4  C H of
C 5 H 4 Cl), 5 1 6 2. 5 (s,  O C H 3 ), 1 0. 4 (s,  C5 (C H 3 )5 ); 3 1 P { 1 H } 2 1. 2 (s).

(η 5 - C5 M e 5 ) R e( N O)( P P h3 )( Ct C C t C C( O M e) d ) F e( C O)4 ( 2 0).
C o m pl e x 1 3 ( 0. 0 6 4 g, 0. 0 9 6  m m ol),  T H F ( 5  m L), n - B u Li ( 0. 0 5 6  m L,
2. 3 5  M i n h e x a n e), F e( C O) 5 ( 2 0  m L, 0. 1 5  m m ol), a n d  M e3 O + B F 4

-

( 0. 0 3 8 g, 0. 3 1  m m ol)  w er e c o m bi n e d i n a pr o c e d ur e a n al o g o us t o t h at
f or 1 6 .  T h e  mi xt ur e  w as stirr e d f or 3 0  mi n, a n d t h e c ol d b at h  w as
r e m o v e d.  Aft er 1 0  mi n, a d ar k bl u e- p ur pl e s ol uti o n h a d f or m e d.
S ol v e nt  w as r e m o v e d b y oil p u m p v a c u u m, a n d h e x a n e ( 1 0  m L)  w as
a d d e d.  C hr o m at o gr a p h y ( N 2 , Fl orisil; h e x a n e f 1: 1 v/ v h e x a n e/ T H F)
g a v e a bl u e- p ur pl e b a n d. S ol v e nt  w as r e m o v e d b y oil p u m p v a c u u m

t o gi v e 2 0 as a d ar k bl u e p o w d er ( 0. 0 6 5 g, 0. 0 7 4  m m ol, 7 7 %),  m p
> 1 5 0 ° C d e c. I R ( c m - 1 , C H2 Cl 2 / K Br): ν C O 2 0 6 2/ 2 0 6 0  m/s, 1 9 6 5/
1 9 6 2 vs/ vs-s h, 1 9 4 5/ 1 9 4 0 s, ν C t C 2 0 1 8/ 2 0 1 4 vs, ν N O 1 6 6 4/ 1 6 6 2 s.

N M R ( C 6 D 6 ):5 0 1 H 7. 5 8 - 7. 5 0 ( m, 6 H of 3 C 6 H 5 ), 7. 0 7- 6. 9 2 ( m,
9 H of 3 C 6 H 5 ), 3. 3 6 (s,  O C H3 ), 1. 5 1 (s,  C5 ( C H3 )5 ); 1 3 C { 1 H } 2 7 3. 6 (s,
C d F e), 2 1 7. 1 (s,  C O), 1 8 3. 6 ( d, J C P ) 1 4. 1,  R e C C), 1 3 3. 9 ( d, J C P )
1 0. 9, o - P h), 1 3 3. 6 ( d, J C P ) 5 3. 1, i- P h), 1 3 0. 9 (s, p - P h), 1 2 8. 7 ( d, J C P

) 1 1. 0, m - P h), 1 2 7. 4, 1 1 9. 6, 8 8. 1 ( 3 s,  R e CC C C ), 1 0 2. 8 (s, C 5 ( C H3 )5 ),
6 4. 2 (s,  O C H 3 ), 9. 8 (s,  C5 (C H 3 )5 ); 3 1 P { 1 H } 2 1. 0 (s).

(η 5 - C5 M e 5 ) R e( N O)( P P h3 )( C C C C C) M n( C O)2 (η 5 - C5 Cl 5 )]+ B F 4
- ( 2 1).

T his pr o c e d ur e  w as c arri e d o ut i n t h e d ar k.  A S c hl e n k t u b e  w as c h ar g e d
wit h 1 6 ( 0. 0 9 4 g, 0. 0 8 9  m m ol), t ol u e n e ( 1 0  m L), a n d h e x a n e ( 8  m L)
a n d c o ol e d t o - 6 0 ° C. F or 1  mi n,  B F 3 g as  w as b u b bl e d t hr o u g h t h e
s ol uti o n.  A d ar k s oli d pr e ci pit at e d.  T h e s ol v e nt  w as r e m o v e d vi a
s yri n g e.  T h e s oli d  w as  w as h e d  wit h h e x a n e ( 3 × 5  m L), dri e d b y oil
p u m p v a c u u m, a n d e xtr a ct e d  wit h  C H 2 Cl 2 ( 2 × 2  m L).  T h e e xtr a ct
w as filt er e d t hr o u g h a  C elit e p a d ( 1 c m), a n d h e x a n e ( 1 0  m L)  w as
a d d e d.  T h e d ar k br o w n pr e ci pit at e  w as c oll e ct e d b y filtr ati o n,  w as h e d
wit h h e x a n e ( 2 × 2  m L), a n d dri e d b y oil p u m p v a c u u m t o gi v e 2 1
( 0. 0 5 1 g, 0. 0 4 6  m m ol, 5 2 %). I R ( c m- 1 , C H2 Cl 2 / K Br): ν C O 2 0 4 5/ 2 0 4 2
s, 2 0 0 8/ 1 9 9 6  m, ν C C C C C 1 9 5 3/ 1 9 4 8 vs, ν N O 1 7 1 8/ 1 7 0 5 s.  U V - vis ( 2. 4
× 1 0 - 5 M): 4 8 2 6 2 s h ( 1 9 0 0 0), 3 7 0 ( 1 2 5 0 0), 4 4 2 s h ( 3 3 0 0 0), 4 8 0
( 6 0 5 0 0), 6 3 4 ( 4 8 0 0).  M S ( 3- N B A/ C H2 Cl 2 ):4 9 1 0 2 2 ( M + , 4 %), 6 9 0
(( C5 M e 5 ) R e( N O)( P P h3 )( C5 O) + , 1 2 %), 6 1 4 (( C5 M e 5 ) R e( N O)( P P h3 )+ ,
1 0 0 %); n o ot h er p e a ks a b o v e 4 2 5 of > 1 2 %.

N M R ( C D 2 Cl 2 ):5 0 1 H 7. 6 4 - 7. 4 9 ( m, 9 H of 3 C 6 H 5 ), 7. 4 8- 7. 3 6 ( m,
6 H of 3 C 6 H 5 ), 1. 9 5 (s,  C5 ( C H3 )5 ); 1 3 C { 1 H } (- 2 0 ° C) 2 9 6. 2 (s,  C d
M n), 2 2 0. 8 (s,  C O), 2 2 0. 2 (s,  C O), 2 1 8. 4 ( d, J C P ) 1 2. 5,  R e C C), 1 3 3. 2
( d, J C P ) 1 0. 9, o - P h), 1 3 2. 4 (s, p - P h), 1 2 9. 5 ( d, J C P ) 1 0. 6, m - P h),
1 1 9. 1, 1 1 0. 6, 1 0 7. 0 ( 3 s,  C C C C C), 1 0 8. 5 (s, C 5 ( C H3 )5 ), 1 0 0. 4 (s,  C5 Cl 5 ),
1 0. 0 (s,  C 5 (C H 3 )5 ); 3 1 P { 1 H } 2 0. 5 (s).

C r yst all o g r a p h y .  A h e x a n e/ C H2 Cl 2 s ol uti o n of 3 w as sl o wl y
c o n c e ntr at e d b y e v a p or ati o n.  A c o n c e ntr at e d  C H 2 Cl 2 s ol uti o n of 9 w as
l a y er e d  wit h h e x a n e.  D ar k r e d pris ms of 3 a n d 9 ‚( C H2 Cl 2 )0. 5 f or m e d.
D at a  w er e c oll e ct e d o n a  C A D 4 diffr a ct o m et er as o utli n e d i n  T a bl e 1.
C ell c o nst a nts  w er e o bt ai n e d fr o m 2 5 r efl e cti o ns  wit h 3 0 ° < 2 θ < 4 0 °
a n d 1 0 ° < 2 θ < 3 0 ° , r es p e cti v el y.  T h e s p a c e gr o u ps  w er e d et er mi n e d
fr o m s yst e m ati c a bs e n c es ( n o n e) a n d s u bs e q u e nt l e ast-s q u ar es r efi n e-
m e nt.  L or e nt z, p ol ari z ati o n, a n d e m piri c al a bs or pti o n ( Ψ s c a ns)
c orr e cti o ns  w er e a p pli e d.  T h e str u ct ur es  w er e s ol v e d b y st a n d ar d
h e a v y- at o m t e c h ni q u es  wit h t h e S D P/ V A X p a c k a g e. 5 2 N o n- h y dr o g e n
at o ms  w er e r efi n e d  wit h a nis otr o pi c t h er m al p ar a m et ers.  H y dr o g e n
at o m p ositi o ns f or 3 w er e c al c ul at e d a n d a d d e d t o t h e str u ct ur e f a ct or
c al c ul ati o ns b ut  w er e n ot r efi n e d.  H y dr o g e n at o m p ositi o ns  w er e n ot
c al c ul at e d f or 9 . S c att eri n g f a ct ors, a n d ∆ f ′ a n d ∆ f′′ v al u es,  w er e t a k e n
fr o m t h e lit er at ur e.5 3 Ot h er d at a ar e gi v e n i n t h e S u p p orti n g I nf or m ati o n
(- 1 2 5 ° C str u ct ur e of 9 ‚( C H2 Cl 2 )0. 5 ) a n d t h at of a c o m m u ni c ati o n ( 1 6
° C str u ct ur es of 3 a n d 9 ‚( C H2 Cl 2 )0. 5 ).4 a

A c k n o wl e d g m e nt. W e t h a n k t h e  D O E a n d  N S F f or s u p p ort
of t his r es e ar c h.

S u p p o rti n g I nf o r m ati o n  A v ail a bl e: E x p eri m e nt al d et ails
f or 8 a n d 1 9 a n d t a bl es of at o mi c c o or di n at es a n d a nis otr o pi c
t h er m al p ar a m et ers (- 1 2 5 ° C) f or 9 ‚( C H2 Cl 2 )0. 5 ( 7 p a g es, pri nt/
P D F). S e e a n y c urr e nt  m ast h e a d p a g e f or or d eri n g i nf or m ati o n
a n d  W e b a c c ess i nstr u cti o ns.

J A 9 8 1 9 2 7 Q

( 5 2) Fr e n z,  B.  A.  T h e  E nr af- N o ni us  C A D 4 S D Ps A  R e al-ti m e S yst e m
f or  C o n c urr e nt  X-r a y  D at a  C oll e cti o n a n d  Cr yst al Str u ct ur e  D et er mi n ati o n.
I n C o m p uti n g a n d  Cr yst all o gr a p h y ; S c h e n k,  H.,  Olt h of- H a z el k a m p,  R., v a n
K o ni gs v el d,  H.,  B assi,  G.  C.,  E ds.;  D elft  U ni v ersit y Pr ess:  D elft,  H oll a n d,
1 9 7 8; p p 6 4 - 7 1.

( 5 3)  Cr o m er,  D.  T.;  W a b er, J.  T. I n I nt er n ati o n al T a bl es f or  X-r a y
Cr yst all o gr a p h y ; I b ers, J.  A.,  H a milt o n,  W.  C.,  E ds.;  K y n o c h:  Bir mi n g h a m,
E n gl a n d, 1 9 7 4;  V ol. I V, p p 7 2 - 9 8, 1 4 9 - 1 5 0,  T a bl es 2. 2 B a n d 2. 3. 1.

N e w  F or ms of  C o or di n at e d  C ar b o n J.  A m.  C h e m. S o c.,  V ol. 1 2 0,  N o. 4 3, 1 9 9 8 1 1 0 8 1


