
‘1’
~~AD. AObO 776 PRINCETON UNIV N .1 DEPT OF CHEMISTRY F/S 7/3 TIREACTION SCHEMES FOR DINUCLEAR COMPOUNDS CONTAININS METAL—TO—$€——ETC(U)

FEB 76 M H CHIS4IOI.M N000s;—76—c—oea6
UNCLASSIFIED TR— 76—OS P4.

~~ozjIE

~~~~~~~~ Er~D
O A T E

4
:

78



• ~ -u-.--- • -- -—— • •.
~~~

- •---
~
-‘—— —

I’

OFFICE OF NAVAL RESEARCH
Contract N00014-76-C-0826

Task No. NR 056-625

TECHNICAL REPORT NO. 78-08

Reaction Schemes for Dinuclear Compounds Containing

Metal-to-Metal Triple Bonds Illustrated by

Recent Findings in the Chemistry of Molybdenum and Tungsten
by M. H. Chisholm

Department of Chemistry

Princeton University,

~~~~ Princeton, New Jersey 08540

Prepared for Publication

F in

/ • Advances in Chemistry Series
LL. An Americat~ Chemical Society Publication

~~~~ 
February 14, 1978

Reproduction in whole or in part is permitted for
any purpose of the United States Government

Approved for Public Release: Distribution Unlimited

D D C

4



SICUEIIV CLASS.~ ’ ICA1’ ION 3F THIS rA GE

REPORT DOCUMENTATION PAGE READ INSTRUCTIONS
___________________________________________________ 

BEFORE_COMPLETIN G_FORM
I. *E~o~T NUM•IP 3. $ EC IP IEMTS CATA L OG NUMSER

f 

k~~iL~ ~~~ —~~~Reaction Schemes for Diñuclea:
I~ 

GOVT ACCESSION 

L~~~~~ E or ~ tPO~~T b  PERIOD COVERED

Compounds Containing Metal-to-Metal Triple 
rTe~~~i1caI ~~~~~~~ 

1978
Bonds Illustrated by Recent Findings i~, th ~ ~~~~~~~~hemi s try of Molybdenum and Tungsten. l&.~~R_78_08~

~
‘
~~~ GMT IfLI? Ifl Sfl j~pJ 1IMSE~ (s)

H. /Chisholm
_ _ _ _ _ _ _ _ _ _ _ _ _ _  

NØg14-76~C-ø826J. —‘~
‘t

1

f1U~~~It1f ~~

_ I _ _ _ _

NR 056-625
( 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ NAM E AND ADD RESS t O. PROGRAM ELEMENt PROJECT . TASK

Department of Chemistry AREA & WO~~I( UNIT NUMSERI

princeton university / j• Princeton, N. J. 08540 _______________________
• II. CONTROLLING OPPICE NAME AND ADDRESS IS. REPORT DATE

Office of Naval Research February 14, 1978
Department of the Navy ~ NUMSER or PA

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

18
IA. MONI TORING AGEN CY NAME & AODACSS(il diU.r..u (row Canuollffi4 Office) IS. SECURITY CL ASS. (.1 tlua —

ISa. OECL ASSI FICA11ON/ 000NORADING
SCHEDULE

IS. DISTRISUTION STATEMENT (ol this R.por*)

Approved for public release; distribution unlimited

IT. DISTRISUTION STATEMENT (*1 th, abstract snt.r.d In Block 20. II dUI.rwtt Ire. Report)

IL SUPPLEMENTA RY NOTES

IS. KEY WO RDS (ContSn~. we ,.v.re. aid. II e.c.a•wy ed td ntily by block nuaeb.r)

Metal-to-Metal Multiple Bonds, Molybdenum , and Tungsten.

20. A ISTRACT (C.nhenv. we revivae aid. SI n.c. a..~ wed SdweI1~~’ by block fleweber)

A number of general modes of reaction are proposed for compounds
containing homonuclear metal-to-metal triple bonds. These are
discussed in the light of recent experimental observations.

DD ~~~~~ 1473 EDITION O~ I N3V 6$ IS OSSOLETI Unclassified
S/N 0t02.LF.014.6601 srcurnt~ CI.AUIPICATION or THIS PAGE (~~.we Data tnts ,.~~

~————- —-~9~ 
3C. .~ ~•



-~~~~~~~~~~- —.-—~~~-~~
~~~~~~~~~~~~ ~~~~~— —.• — 

—--- ,--. — — 

—~~~

Reaction Schemes for Dinuclear Compounds containing

Metal-to-Metal Triple Bonds Illustrated by

Recent Findings in the Chemistry of Molybdenum and Tungsten

Malcolm H. Chisho].m

Department of Chemistry, Princeton university

Princeton, New Jersey 08540

JCCESS1°1~ 
for

~J~ te S CtIOII

~4T~S c
CCC 0
UNANNCJNC~

O

)usrtn CM~O~

Øist. p~A~L and ~

ft

~~~- _________



~, w ~~~~~~’~r rw’- -~~~~~ ~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ 

1

Introduction

The ability of transition metals to form multiple bonds

with themselves is now well recognized and over the past decade

a number of such compounds have received detailed examination

by a variety of spectroscopic and structural techniques.1 More

recently certain compounds containing M-M quadruple and triple

bonds have been the subject of theoretical treatments. 2 However,

the reactivity patterns of these compounds remains to be explored.

This should prove a rich and exciting new area of transition

metal chemistry. It is possible that organometallic reaction

schemes evolved3 for mononuclear transition metal complexes may
be applicable to dinuclear systems and, furthermore, that dinuclear

compounds could provide building blocks for the much desired
systematic syntheses of new polynuclear and cluster compounds.4

In this account a number of general modes of reaction are

proposed for compounds containing metal-to-metal triple bonds.

These are then discussed in the light of recent experimental

observations.
The notation M~M is used to represent any compound containing

a homonuclear metal-to-metal triple bond in which the metal atoms

are in very similar, if not equivalent environments: they have

the same number of valence shell electrons, the same coordination

number and the same formal oxidation state. Fitting these

requirements are two classes of molybdenum and tungsten compounds.

Class I are M2X6 and M2X6...~Y~ compounds, where Y=R(alkyl), ~~~ 2 ’

OR, O2CNR3, O2COR and halide.5 Class II are Cp2M2(CO)4 compounds
(M’Cr , Mo and W) in which the metal atoms are formally in the +1 oxi-

dation state and attain an 18-valence shell electronic configur-

ation by the formation of the metal-to-metal triple bond.6 In class I

the metals are formally trivalent (N3+) and, even after forming

-~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~~~~~~~~



_ _ _ _  _ _  _ _ _ __ _ __ _ __ _ __ _ __ _-

2

a metal-to-metal triple bond , do not attain an 18-valence shall
electronic configuration. Both oxidation state and valence
shell electronic configuration are expected to influence the
reactivity of the metal-to-metal triple bond.

The proposed reactions involve the symmetrical addition/

elimination of substrate molecules to M.M compounds : the products
are considered to have equivalent metal atoms .

Reactions which might lead to an odd number of electrons
in the products are not considered. This is not meant to imply
that such reactions cannot occur , nor to imply that odd electron
intermediates are not involved in some of the proposed reactions.
[Compounds containing M-M bonds of fractional order are well
documented? 3 However , thus far in our studies we have neither
obtained as products , nor detected as intermediates , odd electron
dinuclear species.

Addition of X: to M.M in reaction 1 represents a carbene-

like addition to a triple bond. The moiety X: could indeed be

1 M~M + X :*M ~SM

a carbene or an organic molecule capable of reacting with a

metal- to-metal triple bond in this way , e. g . ,  carbon monoxide
or an isonitrile. X: could also be an inorganic/organometallic
substrate such as Fe(CO)4 ,  Cp2 NbH , SnR 2 or a d8 square planar
transition metal complex. The requirement of X: is merely that

it is capable of expanding its coordination number and oxidation

state by two .
An interesting example of reaction 1 has just been discovered

in a study of the reaction between M0 2 COR) 6 compounds and carbon
monoxide.8 The compound Mo2(OBu t)6 reacts reversibly with carbon

L 
monoxide in hydrocarbon solvents at room temperature and 1 Atmos
to give a deep purple crystalline compound Mo2(OBu

t)6C0, 

-• - -~~~~~~~~ -—
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1
v(CO) ” 1670 ctu~~. The molecular structure deduced from X-ray
studies8 is shown in Figure 1. The molecule has virtual C2,
symmetry and the coordination polyhedron abou t each metal atom
is approximately a square pyramid with the bridging carbonyl
carbon at the common apex. The short metal-to-metal distance,

2.498( 1)A (c . f .  Mo~ to~MoeuIr2 .222( 1)A in Mo2(OR)6), the diamagnetic
nature of the compound and electron counting require the existance
of a metal-to-metal double bond.

Reactions 2 and 3 represent oxidative addition and reductive
elimination sequences. Reactions 1, 2, and 3 all involve a

2 M5M + X-X ~± X-~~M-X

3 X-MuM-X ~± MIM + X-X

reversible addition/elimination of a substrate molecule which
contributes two electrons to a dinuclear center. However, since

the proposed reactions proceed with a change in M-M bond
order ,the number of metal valence shell electrons
is not increased . This contrasts with the reactions
of mononuclear transition metal complexes where the metals
change their number of valence shell electrons by two.

At present there are no well documented examples of reactions
2 and 3 though several known compounds could serve as excellent
models for these types of reactions. For example, the compounds

M2Me2 ( O 2CNR 2 ) 4 when heated to >150°C in vacuo eliminate ethane
yielding residues which , by elemental analyses, may be f ormulated
as M 2 ( O 2CNR 2 ) 4 compounds. Both Mo2(CH,SiMe3)6 and Mo2(OPr

i)s
have been found to reac t with acetic acid to yield , upon vacuum
sublimation (200° C , i0~~ cmHg ) , Mo 2 (OAc) 4 . Here a M-M triple to -

•

quadruple bond transformation is achieved , reaction 3, but the
detailed reaction pathway and the nature of the eliminated organic

compounds are not known.
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The simple oxidative addition of X-X across a M-M triple
bond to yield an unbridged M-M double bond has yet to be
structurally established, although there are a number of reactions
in which this might occur, e.g.,7 Cp2M2(CO)4 + 12 -. Cp2M 2(C0) 4 I2.
There are, however, known examples of where an X-X addition to

a compound containing a multiple bond occurs with the formation
of metal-ligand bridges. The reaction of Mo 2 (OPr~ ) 5 to give
Mo 2 (OPr~) 8, which is discussed later , is representative of this
type of M-M triple to double bond transformation since in the
product , Mo 2 (OPri) s, there are bridging alkoxy ligands . The
addition of X 2 (X=I or Br) to Mo 2 (S 2COEt) 4 ,  which contains a
M-M quadruple bond , yields Mo2X2(S2COEt)4 compounds having Mo-Mo
single bonds (Mo-to-Mo=2. 72A) as a result of a surprising
rearrangement in the bonding mode of the xanthate ligand. 9 (See

later) .
Clearly the reactivity of compounds containing M-M multiple

bonds towards oxidative addition/reductive elimination reactions

is going to be as complex and even less predictable than analogous

reactions involving mononuclear transition metal complexes.’°
There are several examples of Lewis base association

reactions of type 4.

4 M~M + 21..: ~ L-M.M-L
Here four electrons are donated to the M 3 center with retention
of the M-M triple bond. Lewis base association should be

applicable only to metal-to-metal triple bonded compounds in
which the metal atoms have 16 or less valence shell elec tronic
configurations. This is the case for Mo2(OR)6 compounds and

these react reversibly with amines to give adducts Mo2(OR)6(amine)2.”

A view of the central core of the Mo2(OSiMe 3)6(HNMe2)6 molecule

is shown in Figure 2. The Mo-to-Mo distance is 2.242(1)A.

- .- ~~~~~~~~ ~~_- ~~~~~- -



Other examples in which metal atoms in M.M
compounds expand their coordination number and number of
valence shell electrons are seen in the reactions of Mo2(OR)6,12

W3Me 2(NE t 2 ) 4 13 and W2(NMe2)613 compounds with CO2. The
products Mo 2(OR) 4 (O 2COR) 2 , W2Me 3(O 2CNEt 2 ) 4 and W2(O2CNMe2)6
provide examples of compounds containing metal-to-metal triple
bonds between metal atoms that are coordinated to four , five
and six ligand atoms , respectively .

In contrast Lewis base association to a M.M compound in
which the metal atoms have an 18-valence shell electronic con-
figuration will proceed with reduction in M-M bond order as
shown in 5. The reversible reaction between Cp2Mo 2(CO) 4 ( Mo-Mo—2.401)

5 M~M + 2 L :~~~ L-M-M-L

and CO which gives Cp2 Mo 2(CO) 6 (Mo -Mo’.’3.271) provides a good
example of ~~~6

The compounds Cp2M2(CO)4 have also been found to be reactive

towards a number of unsaturated molecules, Un, giving simple

addition products Cp2M 2 (CO) 4 (un) . The compounds where M—Mo
and un—PhCNCPh, EtCiCEt, HCiCH,’4”5 CH2”C CH216 and Me 2NCN’7

have been structurally characterized. In all cases the unsaturated
organic molecule spans the Mo 2 bond (see Figure 3) which increases
in length from 2.40 1 in Cp2 Mo 2(CO) 4 to 2.974 , 3.015 and 3. 1171
where UII=HCiCH, Me 2NCN and CH2—C—CH2, respectively. The organic
molecules act as four electron donors to the M 2 group and may
be considered as further examples of products formed in reactions
of type 5. The compound Cp2 Mo 2 (C0) 4(allene) has C 2 symmetry
and thus equivalent molybdenum atoms. However, the compounds

Cp2Mo 2(CO) 4(RC 2R.) and Cp2Mo 2 (CO) 4 (NCNMe 2 ) adopt
structures in which the molybdenum atoms are inequivaL~it. In

Cp2Mo2(CO)4(RC’CR) compounds the asymmetry is associated with

-

~

—-

~

-- - - . -

~
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the carbonyl bonding and presumably arises from internal crowding.

In Cp 2Mo 2(C0) 4 (NCNMe 2 ) the bridging Me 2NCN group donate s a
nitrogen lone pair to one molybdenum atom and a CN ri-electron
pair to the other. 13C nmr studies indicate that Cp2Mo2(CO)4(PhC 2Ph)

and Cp2Mo2(CO)4(NCNMe2) compounds adopt structures in solution

akin to those found in the solid state and that low energy processes
cause the two metal centers to become equivalent on the nmr time
scale above -40°C.

In reaction 6 the metal-to-metal triple bond is cleaved
and replaced by a metal-to-ligand triple bond.

6 M~M + 2 X : -. 2M X
There is , therefore , no overall change in the number of metal
valence shell electrons. Although not many substrates meet

the requirement of being carbyne-like , the reactions between
nitric oxide and a metal-to-metal triple bond may be viewed as
examples of 6.

Cp2M 2(CO) 4 compounds react readily with NO(2 equiv) to
give the mononuclear complexes CpMo(C0)2(NO).

18 Similarly,

Mo2(OR)6 compounds react with NO(2 equiv) to give [Mo(OR)3(NO)J2

compounds. 19 Here there are a pair of bridg ing alkoxide ligands ,
which leads to a fourteen valence shell electronic configuration
for molybdenum. The Mo-to-Mo distance is 3.3251 which precludes
any direct metal-to-metal bond. The dimer may be cleaved by
the addition of a donor ligand such as pyridine and a mononuclear

compound W(OBut)s(NO)(py) has recently been structurally character-

ized. 19b The structure of [Mo(OPr ~ ) 3NO J 2  is shown in Figure 4.
In W(OBut ) a (NO) (py) there is also a linear M-N-O moiety in an
axial position of a trigonal bipyramid; the pyridine ligand is
in the other axial position.’9b The value of the NO stretching

frequency , 1555 cm~~ , is the lowest known for a linear M-N-O
group2° which indicates very extensive W-to-NOTr~ bonding and the
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significance of the resonance form MaN-O: (The two other resonance
structures for a linear M-N0 group are M—N—d and M-NaO:].

A potential source of an X substrate is , of course,
an Xix type of molecule. Reaction 6 would then simply represent
a metathesis reac tion . Since transition metal carbyne complexes
are well known it is not inconceivable the reaction 7 could occur.
Alternatively an Xix or 2X~ substrate could react to form a

7 M e M + R C i C R~ t 2 M ~CR

planar M2X2 moiety of the type shown below

M M

Compounds containing bridging carbyne ligands , e.g.,

[ (Me 3SiCH2 ) 2M(~ -CSiMe 3) 12 where M=Nb , Ta 21 and W 2 2 , contain planar

M2 C 2 moieties of this type.
Another mode of reaction for a 3 electron donor substrate

is shown in 8. This is closely related to the simple

8 N.M + 2 ~~ ~ M~.—

oxidative-addition reaction shown in 2 and may be expected to
occur whenever the X moiety has one or more lone pairs of electrons ,
providing tha t the formation of the two M-X-M bridges
does not require rupture of the M-.M double bond as in 5.
Alternatively the addition of 2X~ or X-X across a M-M triple
bond may occur as indicated in 2 and one of the other ligands
may then take up a bridging position.

The formation of Mo 2 (OPr i) s in the reaction between Mo2(OPri)s,
AgPF6 (2 equiv) and proton sponge (2 equiv) in isopropanol may be 
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viewed as an example of 8. 23 The structure of Mo2(OPr~ l is
shown in Figure 4, where a simple comparison is made with the
related compound Mo 2 (OPr~ ) 6(N O) 2 . ’~ In both compounds there
is essentially trigonal bipyramidal coordination about each

imolybdenum atom and there is a pair of Pr 0 bridging ligands
which form alternately long (axial) and short (equatorial)
Mo-O bonds . The most striking differences between the two
structures are Ci) the Mo-to-Mo distances , which are 3.335(2)

and 2.525(1)1 for Mo 2(OPr i) 6(NO ) 2 and Mo 2(OPr~ ) 8, respectively ,
and (ii) the angles of the Mo 2 (p. -O) 2 moiety . These differences
are readily accounted for by simple ligand field considerations.
A trigonal bipyramidal field splits the metal d orbitals into
three sets e~ (d 2 2,d ) , e~~~(d , d ) and a ’(d 2 ) with thex - y  xy xz yz z
degenerate pair d , d lying lowest in energy. In

i xz yz
Mo2(OPr )6(NO)2 each molybdenum atom may be assumed , formall y,
to have four 4d electrons after the formation of o!-bonds to

each of the five Ligands. This form of electron counting uses

the conventional , though purely formal description of the linear
Mo-N-O group as M .-NOt These four electrons then occupy the
e
~~~

(d
~~

, d
~~

) orbitals where they can very effectively participate
in Mo-to-No i~~~ back bonding, thus explaining the very low value
(1632 cxn ’) of v(NO) in Mo2(OPr~)6(NO)2. The bonding in the

dimeric compound Cr2(OPr~)6(NO)2(v(NO)=172O cm ’) and the mono-
nuclear compound W(OBut)s(NO)(pyridine)(v(NO)=1555 cm ’) must be
essentially the same. In all of these compounds there is

extensive metal e’~~to_NOrr* bonding which, based on the values

of v(NO), follows the order W>Mo>Cr.

In the compound Mo2(OPr
i)s, the formal oxidation state of

molybdenum is 44 and each molybdenum atom has two 4d electrons.
It is thus possible to envision the formation of the metal-to-
metal double bond as the result of d -d and d -d interactions.xz xz yz yz

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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It should be noted that the compounds M2(OR)6(NO)2,

M(OR)3(NO)L, Mo2(OPr1)8 and Mo2(OBu
t)6CO provide a new

class of Group VI transition metal complexes in which the
metal atoms are five coordinate having fourteen valence shell

electronic configurations.

The factors which lead to the formation of dinuclear

compounds containing M-M bonds of multiple order n rather than

to the formation of polynuclear or cluster compounds in which

the metal atoms form n a-bonds with each other are not well

understood. The size of the ligands is one important factor
and in principle a reversible association reaction, represented

by 9 below, is to be expected for certain metal-ligand combinations.

The possible geometries for the N4 moiety are many and include

9 2M.M !M4

tetrahedral, square planar and open chain structures. We are

not presently in a position to make predictions concerning the
preferred geometries of N4 compounds formed in 9 but we do note
that this type of oligomerization is found in the chemistry of

trivalent molybdenum and tungsten alkoxides. For molybdenum ,
the neopentoxide exists in both dinuclear and polynuclear forms. 24

The ethoxide is tetrameric and diamagnetic in benzene and shows
Mo4 (OEt) 12

+, Mo 3(OEt) g+ and Mo 2 (OEt) 6
+ ion s in the mass spectro-

meter. 24 For tungsten only the very bulky triethylsiloxy and
tertiarybutoxy ligands give dinuclear compounds. The less

bulky isopropoxy and neopentoxy groups give tetranuclear complexes.
A black crystalline tetranuclear compound W4(OPr i) 12 (HOPr i) 2
has been structurally characterized (see Fig. 5) and is believed
to have one of the two PriCH ligands coordinated at each terminal

tungsten . 25 Formation of W4 (OPr i) 12(HOPr i) 2 may be viewed as

the first step in a polymerization of W 2 (OPr L ) s (an MiM compound) 

- -_--- —. —- -— - _-“ —_ _
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which is halted in this instance by the coordination of the
PriOH ligands .

Conclusions

(1) The reactions of symmetrica]. M~M compounds with
symmetrical substrates are e~cpected to yield

products in which the metal atoms are in equivalent
environments. Whenever an exception is found low energies path-

ways will readily interconvert the two ends of the dinuclear
compound.

(2) Reactions leading to stepwise changes in M-M bond order
are possible and may or may not be accompanied by a formal valence
change of the metal atoms . Predictions with regard to M-M bond
order changes are presently not possible because of uncertainties
regarding metal-ligand rearrangements.

(3) The potential for carrying out dinuclear hydrocarbon
catalysis should be recognized. One catalytic sequence leading

to selective hydrogenation is already suggested by the abili ty
of Cp2M2(CO)4 compounds to coordinate unsaturated molecules that

are four- but not two-electron donors:

Cp2M2(CO)4 +un -, Cp2M2(CO)4(un);

Cp2M2(CO)4(un) + H2 -. Cp2M2(CO)4 + un H2.

(4) The general reactions proposed herein for MEM compounds

with symmetrical substrates are not exhaustive but merely pertinent
to some recent experimental observations. The reaction schemes

involving unsytmnetrical substrates and heteronuclear N-N’ multiple
bonded compounds are vir tually unlimi ted, all of which indicates
the growth potential of this area of transition metal chemistry. 

--- —- ,- -—-~~~-— -
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Captions to Figures

!ik.. ! A view of the coordination geometry of Mo 2(OBut) 9CO
showing the main internuclear distances. Each atom
is represented by its thermal ellipsoid of vibration ,
scaled to enclose 4O~ of the electron density. The
tertiary butyL groups are omitted for clarity.

Fig. 2 An ORTEP view of the Mo2(OSi)6(NC 2)2 portion of the

Mo2(OSiMe 3)6(HNMe 2)2 molecule looking directly down
the Mo-Mo bond with Mo(1) eclipsed by Mo(2) . Atoms
labelled in smaller print are bonded to No(l) . All
atoms are represented by 5O~ probability ellipsoids.
Some important interatomic distances and angles are :
Mo-Mo—2.242( 1)A , Mo-O(av)= 1.951, Mo-N =2.28 1,
Mo-Mo-0(av)= 102° , Mo-No-N(av)=95° .

Fig. 3 Schematic Representations for the molecular structures
of Cp2No 2(CO) 4 (un ) compounds (a) un=RC’CR (b) un=CH2=C—CH2
and Cc) un—Me2NCN.

Fig. 4 Coordination Geometries of (A) Mo 2(OPr i) 8 and
(B) Mo2(OPr

i)s(NO)2 showing some pertinent bond distances.

Distances shown for B are averaged over two independent
molecules. In both A and B the molecules possess rigorous
C~ and virtual C2h symmetry.

Fig. 5 An ORTEP view of the W4 (OPr i) ,2 (HOPri)2 molecule showing
only the W40,4 skeleton. The molecule has Ci symmetry.

Some important parameters are : W (1 )-W (2)— 2. 461;
W(1)-W( 1) ‘— 3. 301; W(2)-W(1) -W(1) ‘angle 6— 140°.



1.21(2)

CI

~~~~~~~~~~~~~~~~~~~ 
2.498(I)

c
~o ‘/1

02

Mo206(CO) Ske leton of

Mo2(O-t-Bu) 6(CO)

fiG.!

~

- . . -



_________ 

I

C22~-~~
,~~~~~~021

S

1~~~~~~~~~~Mo2
M o I ~~

\Si4 OI
~~~~~~O5 

C19

~~~~I SI5
Si I’

~~ 4~~~1

_ _ _ _ _ _ _ _ _ _ _ _  _  _ _  - -~~ -~~~~~~-



— - 
—

oc C

OC ~~~~

R~C ~ C4R ~~~~1)~
o (a~

Mo ~Mo

Cp

H~ M0
H~Y~(j~~

( )
Mo HA Mo Mo

CoCp

C Me
M M e P

Mo

M~~ 
(C) 

C4
0 

~~cO

,,,
Moç Mo Mo

Cp

I
*

- ---- —-~~~~~~~~~~~~~~~~~~~~~~~ - 

-—— ---~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ j



I 4 1 !
f a~

C..’
N —

p..• • it,
0 

~~~~~~~ 
y~~~~~~oN 

_
0

I.’
~1db “ C

S —o
w 0 —

2 -

=N



~~~~~~

- 

w ••
~~~

—-  -
~~~

----

~~~~
- .—-

~ 

-- — -—  -. —- - ---— ---- — -—- -

~~

-- --

‘S

c’J

o
I’)

— 0

o 0 ,

It,

£0
0



- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~ 

4

~~~~~~~~~

. .

. 
- 

•
. 

.
.

.
• 

•
• 

.
TECHNICAL REPORT DISTRISUTION LIST -

No. Cod es

Office of Naval Research Osfer~se Ooc~ .ntation Cu tter
ArHugton. VirginIa 22217 BuildIng 5, Ca~sron Statf on
At~~: Cod. 4fl 2 Alesandrf a, Vi rginia 22314 12

O??lce of Naval Resairth U.S. Ar~t Research Office
Arlington, VirgInia 22217 P.O. Box 12211
At~~: Cods 1~~XP 1. 6 Research Triangle Park, II.C. 27709

Atto: C~ -M-IP
~IR Branch Office
535 5, Clark Street Naval Ocean Syst~~ Canter
Chicago, !11l;ols 60605 San Diego, California 92152
A~~: bp. 4err~,’ ~~1th 1 Attn: Mr. lee McCarthey

UIR Branch Office
715 Broa~vay
~e. York, Me. York 10003 Naval Weapons Cutter
At~i: Scientific Dept. 1 China Lzke~ California 93555

At~t: Head, Chenistry DivisiOn 
- I

GNR Brandi Office
1030 East Green Street Naval Clvii Engineering Laboratory
Pasadena, Callfortrta 91106 Port Huenene, CalIfornia 93041
Atto: Dr. L J. Mar~s5 1 Attn: Mr. W. S.-Haynes

ONR Branch Office - Professor 0. HeInz
San Francisco Area Office Departt~nt of Physice & Chen istry
One HaUidie Plaza Naval Postgraduate School
Sgn Francisco , Calif. 94]!02 1 Monterey, CalIfornia 93940
At tn : Dr. PhiLLip-- A .- Mill er
CM Branch Offi ce - Dr. A. L. Slafkcsky
495 St~~~r Street Scieittlfi c Advisor
Bas~~ t, Massaclwsette ~ 210 Cx~~ndant of the Marine Corps (Code Rn-i)
Atto: Or. I.. H. Peebles I Washington , D.C. 20380

Director, Naval Research Uberatoiy Office of Naval Research
Washington, D.C. 20390 ArlIngton, VirginIa 22217
Atto: Cods 6100 1 Atto: Or. Richard S. Miller

Ths Asst. Secretary of the Navy (R&D)
Depa4-Uiant of the Navy
Reen 4V36, Pe~~~on
Washington, D.C. 20350 1

4~II1tandsr, Naval Air Syst~~ Co”m~ndOspar~ unt of the Navy
Washington, D.C. 20360
Aton : Cods 31CC (H. Rosonwasser) 1

• 

- 

- 

~~~~ ~iU’8~ co’~

-- - — -
--——— - -- — -—

_ _ _  



TECHNICAL REPORT DISTRIBUTION US?
I .  Conies No. Conies

Or. L A. El -Sayed Dr. G. B. Schustar -

University of California University 0f Illinois
Osper~~ it of C~~ 1stry chemistry Depar~ ent
Lee Angeles, CalIfornia 90024 1 Urbana, IllInois 61801

D r . L L W lndeor Dr. L M. Eyrlng
Washington State University University of Utah
Oepsr~~M of Chemistry Depar~ mtt of Chemistry
Pullman, WashIngton 99163 - 1 Silt Lake.CIty, Utah

• Dr.E. R Bernsteln Dr. A. M~~ an
Colorado State Universi ty University of Southern California
Depsr~~nt of Chemistry ospur~ sit of aemlstry
Fort Colliá, Colorado 80521 1 Los Angeles, California 90007

Or. C. A. Neller Or. N. S. Wrighton
Naval Weapons Center Massachusetts Institute of Technology
Code 6059 Dspar~~ nt of Chemistry
China Lake, California 93555 1 C~~rl4ge, Massachusetts 02139

B .  L II. ~ahnu i~~~~ Dr. N. Rauhut
TvL~..t~u UuV i,~r Ity Aserican Cyaneald C~*,any
~~I. ~~ i.ii.t wi Chcwti~r1 Chemical Research Division
ft1n~~tsn , f lai ’ Jaru~r 8854t 1 Bound Brook, Nay Jersey 08805

Dr. 3. R. Mac0onald -

Naval Research Laboratory -

Chemlstl7 Oivistoii
Code 6110
WuMngt~t , D.C. 20375 1

- 

COPN 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 



p -
~~~~~

— - 
~~~~~~~~~~~ —

- 

-

~~

- 

TECHNICAL REPORT OISTRIBUTtON LIST

•
‘

. te No. Conies - 
-

• Dr.D.A. Yr~~ 
- Dr. R. W.Yaughan

Z*T 
California Institute of Technology

P.O. Box 80817 - Division of Chemistry & Chemi cal
San Diego, CalifornIa 92138 1 EngineerIng 

____Pssadeta, CalifornIa 91125
Or. S. A. 5omar1a6
University of California Dr. K ith N. Johnson
Dspar~~~it of Chemistry Massachusetts Institute of T.clmo logy
Berkeley, CalifornIa 94720 1 Dspar~~nt of Metallurgy and Materials

Science
Or. L. N. Jarrts C~~rldge, Massachusetts 02139
Surface Chemistry Division
4555 OverlOok Avenue, S.W. Dr. N. S. Wri ghton
Washington, 9.C. 20375 1 Massachusetts Institute of Technology

Departent of Chemi stry
Dr. W. N. Risen, Jr. Cambri dge, Massachusetts 02139
Br~~ _Universi ty
Dspa5-U~snt of Chemistry Or. 3. E. Demith
Providence, Rhode Island 02912 1 IBM Carp.

Thomas J. Watson Research Canter
“ - 3-. N. 11. ~~~~~ 

P.O. Box 218
-f -eaten Uni~reMitY Yorktown Heights, New York 10598

~ amis1r~ Depa:~~~t
Ppin~eten , flew Jarsey ~ S40 1 Dr. C. P. F1~iin

University of Illinois
Dr. J. B. Hudson Departent of Physics
Rensselaer Pelytechnic Institute Urbana, IllinoIs 61801
Materials Division
Troy , New York 12181 • 1 Or. W. Kahn

University of California (San Diego)
Dr. John T. Yates Oepar~~nt 0f Physics
National Bureau of Standards La Jolla, California 92037
OeparUasnt of Ccewerca
Surface Chemistry Section Dr. R. L Park
Washington, D.C. 20234 1 DI rector, Center of Materials Research

Uni versity of Maryland
Or. Theodore E. Madey College Park , Mryland 20742

Ospa -~~flt of C~iwariJ
NatIcnhl Bureau of Stindards
Surface Ch istI7 Section
Washington, D.C. 20234 1

Or. J. N. Whi te
~~1versfty of Texas
OS~Ir ~~~flt of Chemistry
Austin, Texas 78112 1

8~S1 A~Mth8a U1~N



- TECHNICAL REPORT OISTRI3UTtON LIST

• Ro. Cool

Dr. W. 1. Perla Dr. Leonard Wharton
Electrical Engineering Departaent J~~s Franck Institute
University of Minnesota Departwnt of Chemistry
itimespolls, Minnesota 55455 1 5640 EllIs Avenue

Chicago, Illinois 60631
Dr. Narkis Tznar
City_University of Mew York Or. N. S._Legally
Convent Avenue at 138th Street Dspai t iint of Metallurgical
New York, Mew York 10031 1 and Mini ng Engineering

University of Wisconsin
Dr. Chi a-wei Woo Madi son, Wisconsin 53106
Merttm.estarn University - 

-

DsparUiunt of Physics Dr. Robert Goner
Evanston, IllInois 60201 1 James Franck Institute

- 
Depar~ ent of Chemistry

Dr. D. C. Plattis - S64O Ellfs Avenue
Yeshiva University Chicago , Illinois 60637
Physics Depar~ ent
~~terd Avenue & 185th Street Dr. R. F. Wallis
Mew York, New York 10033 1 UniversIty of California (Irvi ne)

Depar~ ent of Physics
Or. Robert N. Hexter Irvi ne, California 92654
University of Minnesota
Depart~ant øf Chemistry
MinneapolIs, Mi nnesota 55455 1

- M

2 

- -~~~~~~~~~~~~~~ - 

— — —-- —



- - ~~~~~~~~~~~~~~~ -~~~~ ---- - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
_ _ _ _ _ _ _ _ _ _

TEC~IIXCAL REPORT DISTRIBUTION US?
. .~~~ - No. Coples No. Cooies

Or. R. N. Grimes - Dr. W. Hatfield
University of Virginia ‘—thvlversity of North Carolina
Deper~~ vt of Chemistry Depar~ unt of Chemistry
CharlottwrIlle, Virginia ~ 901 I Chapel Hill , North Carolina 27514
Or. N. Tsutsui 

- Dr. 0. Ssyferth 
____Texas MM University - 

• Massichusetts Institots of T c1molo~’Oepar~~~t of Chemls~~ Oepar~~nt of C2~~1stry
Coflege Station, Texas 17843 1 Clih-ldge, Massachusetts 02139
or. C. Quicksall DI~ . 4. II. Cfi t.1~l..
~~rget~~v University • —Prinastan Un1vere1t~r 

-

Oepar~~~vt of Chemistry Dip & - te.. ,t wf C~~ l..t..-, 
-37th & 0 Streets Pk ~~~~~ ~~~ J1 -~~~ C&40

Washington, D%C. 20007 1 
- 

-

- - Dr.B. Fo3~ an
Or. N. F. Hawthorne Brandeis_University
Universi ty of Cali~ornla Depai~~~nt of Chemistry
DeparU nt of Chemistry Waltham, Massachusetts 02154
Los Angeles, CalifornIa 90024 1

Or. 1. Marks
Dr. 0. 8. Brown • Northwestern University
University of Vermont Cepartaent of C2~~istry
Oepar~~ent of Chemistry - Evanston , IllInoi s 60201 1 

-Burl ington , Vermont 05401 1
Dr. 6. Geoffrey

Dv’. W. 8. Fox Pennsylvania State University
Naval Rassarch Laboratory Oepartsent of Ch istry
CJ~~1stry Division • University Park, Pennsylvania 16802 1 -

Code 6130
Washington, D.C. 20375 1 Dr. 4. Zuckar~~n

University of Oklahoma
Dr. 4. Adcock - Department of Chemistry
University of Tennessee Norman , Oklahoma 13019
Oepar~~&nt of ChemistryICnoxvllle, Tennessee 37916 1 -

Or. A. Cowley
University of Texas
Depsr-tIa~it of Chemistry
Austin, Texas 78112 1

- BFSVAVAIIABIE COPY

- -

~

- - .

:~


