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I. Introduction

In our original proposal, we outlined a program of preparation and charac-
terization of reactive 1igand types I-IV (believed to represent important cata-

1yst bound intermediates in the Fischer-Tropsch process} on homogeneous metal
centers.
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Qur objectives were:

(A) to develop mild and general methodology for the generation of ligand types
I-IV, and insofar as stability permits, isolation of these species.

(B) to establish the general chemistry of each 1igand type (thermal reactions,
possible development of useful organic raactions),

(C) to explore the chemistry and interconvertability of these ligand typss when
reacted with H™ and H' sources,

(D) +o dofine the reactivity of eoch ligand type towarc ”2’ in an attempt to
model the CH4 formation process, and

(E) to examine the reactions of CO with each ligand type, in the event unantici-
pated chain extension modes may be discovered.
Complexes containing each of the 1igand types I-IV have heen prepared and

studied, as described in the following sections.

II. Anionic Metal-Formyl Complexes

We are concluding our work with anionic formyl complexes with some mechanis-
tic studies. We have examined the rate of decomposition of the formyl (C0)4Mn~
(COC6H5)(CHO)' (1) as a function of counter-ion and trialkylborane present, We
have also prepared the deutered formy!l (CO)QMn(COCGHS)(CDO)' and monitored its
decomposition by 2H NMR. The data obtained indicate that the formyl decomposes
by a disproportionative pathway as shown in Scheme 1 -- not by initial CO Toss,
as commonly noted for formyl complexes (publication B-2).
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We have shown c-elimination decomposition pathways previously demonstrated
with formyl complexes are also available to anionic acyl complexes. We thought
that many nucleophilic displacement reactions at metal carbonyl centers might
take place by initial attack at CO, followed by an a-elimination. Accordingly,
ve confirmed the intermediacy of the previously unsuspected intermediate 2 in the
substituticn reaction shown in ea i by isolation, rate studies, and deuterium
Tabeling {publication A-8).
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111, HNeutral Formyl Complexes

lle have continucd our studies of the electrophile induced disproportionation
of the reutral formyl (n-CSHS)Re(NO)(PPh3)(CH0) described in our previous report.
The preposed mechanism (publications A-6 and B-3) has been further supported by
the isolation of additional intermediates such as [(n-CSHS)Re(NO)(PPh3)(=CHOSi-
(CH3)3)-]+ X~ anc [(n—CSHs)Re(NO)(PPh3)(CH2)]+ PFG’ (3). The latter compound is
under intensive study (below).

IV. lethylidene Complexes

¥hen the reaction shown in eq ii is worked up at -20 °C, methylidene 3 can
be isolated in pure form. It is stable as a solid at room temperature. lle are

studying (among other types of derivatives) adducts of 3 with sulfur compounds,
two of which are shown in eq ii.
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Methylidene 3 decomposes by a mechanism which is second order in 3. This
and other observations have prompted us to propose the decomposition mechanism

shown in Scheme I1I.




Scheme 1I Proposed Pathway for the Decomposition of 3
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1H NMR data requires restricted rotation about the rhenium-methylidene bond.
To more precisely define the equilibrium geometry, we have prepared (by analogous
synthetic methods) the much more stable pentamethylcyclopentadienyl methylidenes
4 and 5. The CB(CH3)5 ligand provides enhanced stability whenever bimolecular
decomposition mechanisms are important. Both 4 and 5 are crystalline, but upon
X-ray deffraction analysis, 4 was found to bg disordered. An X-ray crystal struc-
ture of 5 is in progress.
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1V. Higher Alkylicdens Complexes

The methylidene cbmp]ex 3 is an excellent precursor to a variéty of rhenium
alkyls (eq iv). Unoptimized isolated yields are 60-80%.
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Alkyls 12-14 (eq iv) can be utilized to prepare additional alkylidene

complexes {eq v-vii). Importantly, when these reactions are monitored by NfR, the
alkylidene complex initially generated at -70 °C (kinetic or "k" isomers) converts

to a new alkylidene (thermodynamic or "t" isomers) compiex at 0-25 °C. Only in
the case of 16k does a detectable amount & 1%) remain at room temperature.
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In the above reactions, it is belieyved that restricted rotation about the
rhenium alkylidene bond gives rise to simple geometric isomers. As would be
expected, reaction of either 15k or 15t with the hydride nucleophile Li(C,Hg ) 5BH
affords 12. .

Extrapolating from the probable structure of the methylidene 3, orientaiions
I and LI are the most 1ikely candidates for these geometric isomers. Space
fi1ling models indicate I to be considerably more congested than II. Furthermore,

extended Hiickel MO calculations by Hoffman and co-workers indicate II to be of

“lower energy. Recently, we completed an X-ray crystal structure of 15t; the
ORTEP plot in Figure 1 shows that the benzylidephenyl eclipses the NO Tigand.

Hence, the k and t isomers..can be confidently assigned structures II and ;;;,

respectively.
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The uniform generation of only one alkylidene isomer from 12, 13. and 14
at =70 °C (eq v-vii) suggested to us that Ph3C+ PFG” abstracts only one of the two

available diasterotopic protons:
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To test this hijthesis, an isctopically labeled alkyl was required. Thus,
we reacted 15t with Li(C,Hg),BD to generate 12-a-d,, 2 compound with two chiral
centers {eq viii, step a). Much to our surprise, the 1H NMR spectrum of this
material indicated one of the two diastereotopic hydrogens normally present in
12 to be completely absent. This result shows that D" attacks specifically one
face of the‘benzylidene ligand (sea II). '
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Figure 1.‘ ORTEP plot of the Beniy'lidene Complex 13%
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11.

When the above ]2-a-d; vas reacted with PhyC’ PR, 15k-d; and then 15t-d;
were formed exclusively {eq viii, step b}, Ph3CH was isolated and contained
Ph3CD at natural abundance level. This result (subject to the control step d
below) indicates that on]y one of the two diastereotopic a—hydr1des of 12 is prone
to abstraction by Ph3C PF6 .
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When 15t~ d was reacted with Li(C HS)BBH 12-a-d 1 vas again obtained, but
with the absolute configuration opposite the isomer described above (eq viii,
step c¢). When 15k (undeuterated kinetic isomer) was prepared in situ and treated
with L1(C2H5)3BD this diastereomer was also the predominant one formed (92:8ratio).
Thus 15¢ and 13k undergo preferred nucleophilic attack on the same benzy11dene face.

When the 12-a-d| prepared in step ¢ (eq v111) was treated with Ph3C PF6 s
a ca. 94:6 ratio of 15t-d, to 15t-dy was genorated (eq viii, step d). The slight
breakdown of stereospecificity in the final step is probably due to a kinetic
jsotope effect which partially counteracts the intrinsic stereospecificity.




These observations indicate an impressive degree of control by a chiral metal
center upon the development of ligand based stereochemistry. UWe have observed
related stereospecificity with other nucleophiles, as shown in eq ix. Thus

important extensions of this work into asymmeiric synthesis are anticipated
(publications A-8, B-5).
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V. Hydroxvalkyl Compnlexes

In very recent work, we have developed a novel and unprecedented "ortho-
metalation® route to the rhenium c-hydroxyalkyl complex 18 (eq x).

Step a
(eq x) proceeds in 68% yield and constructs all key bonds.

Subsequent aqueous
protodesilylation affords a-hydroxyalkyl 18. We beljeve that 18 is stabilized
by chelation, and are just starting to examine its properties.

It undergoes
facile dimerization to an ether, (step c).



(x) (CO)sReCHZCGH5 + (C6H5)2P

H
|

{C0) ,Re—C-—0
4, 2
(CgHe) P

huiierous witempts to prea

have been unsuccessful.

parce the hydrosyal

13,

L
(a)° _951 —+—

—ir (C0)4Re—CLH

- |
(CGHS)ZP




VII,
(A)

(8)

14,

Cumulative List of Publications Arising from this Project

In Print:

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

"a-SiTyloxy and o-Hydroxy Manganese Alkyls; Generation Via a New Five-
Membered Metallocycle," J,A, Gladysz, J.C. Selover, and C.E. Strouse,
d. Am. Chem. Soc., 100, 6766 (1978). '

"Neutral Metal Formyl Complexes: Generation, Reactivity, and Models
for Fischer-Tropsch Catalyst Intermediates," W. Tam, Y.K. Wong, and
J.A. Gladysz, J. Am. Chem. Soc., 101, 1583 (1979).
“Trialkylborohydrides: Applications in Organometaliic Synthese," J.A.
Gladysz, Aldrichimica Acta, 12, 13 (1979).

"Simplified in situ Syntheses of Anhydrous Hin(C0)z", J.A. Gladysz,

W. Tam, G.M. Williams, D.L. Johnson, D.U. Parker, Inorg. Chem., 18,

1163 (1979).

"Molecular Structure and Chemical Transformations of the Neutral Metal
Formyl (n-CSHS)Re(PPh3)(HO)(CHO)," W.-K tWong, ¥W. Tam, C.E. Strouse,

and J.A. Gladysz, J. Chem. Soc., Chem. Commun,, 530 (1979).
"flectrophile Induced Disproportionation of the Neutral Formyl (n-Cer)-
Re(PPh3)(NO)(CH0) Generation of Cationic Rhenium Carbenes of the for-
wula [ CSFS’R"(P%3)”m\!cm)ﬁ (¥ =u, nr*u , OH), W. K. Wong, W. Tam,
and J.A. Gladysz, J. Am. Chem. Soc., 101, 5440 (1979).

"Reactions of Benzaldehyde with Trialkylsilyl Hetal Carbonyl Complexes,”
D,L. Johnson and J.A. Gladysz, J. Am. Chem. Soc., 101, 6433 (1979).
“Substitution Mechanisms at Metal Carbonyl Centers; Conversion of
Ph3P(CO)4ReBr to nh3P(CO)4ReCH3 via an Anionic Acyl InterTﬂd1aue," D.Y.
Parker, M.M. Marsi, and J.A. Gladysz, J. Organomet. Chem., 134, C1-C4
(1980).

"Unprecedented Regiospecificity and Stercospecificity in Reactions of
Ph3C+PF6' with Rhenium Alkyls of the Formula (n—C5H5)Re(HO)(PPh3)(CH2R),"
H.A. Kiel, G.-Y, Lin, and J.A, Gladysz, J. Amer. Chem. Soc., 102,3299-
3301 (1980).

In Press:

(1)

"Stereospacific and Chemospecific Interconvorsions of the Rhenium Alkyl-
jdene {(n~C5H5)Pe(N0)(PPh3)(CHC 1 PF and the Rhenium Alkyl (n-CSHS)-
Re (NO) (PPh;) (CH{OCH 3)CeHs)." A.G. Constable and J.A. Gladysz, J. Organo-
met, ngm,, in press.



15.

(2) “Mononuclear Anionic Formyl Complexes; Synthesis and Properties," J.C.
Selover, M. Marsi, D.W. Parker, and J.A. Gladysz, J. Organomet. Chem.,
in press.

(3) “Electrophile Induced Disproportionation of the Neutral Formyl (n-CgHg-
Re(NO)(PPh Y(CHO): Iso]at1on ‘and Properiies of the Rhenium Methylidene

[(n-C Hs)Re(ND)(PPh3)(CH2)] PFg ," J,A. Gladysz, W.A. Kiel, G.-Y, Lin,
W.~K Wong, and W. Tam, ACS Adv. Chem. Ser., in press. :

{C) Submitted:

(1) “Isolation and Decomposition Chemistry of the Electrophilic Methylidene
Complex [(n-Cs'rls)Re(NO)(PPh3)(CH2)]+ PFB'," G.-Y. Lin, W.A. Kiel, and
J.A. Gladysz, submitted to J. Organomet. Chem.

(2) “Reactions of (CD)SMn51(CH3)3 with Organic Carbonyl Compounds,“ D.L.
Johnson and J.A. Gladysz, submitted to J. Amer. Chem. Soc.

VIII. Staffing
In addition to the principal inve§tigator, the Tollowing co-workers were

affiliated (in whole or in part) with this project during the past budget period.
(a) post-dnctaral

1. Dr. Gong~Yu Lin
2. Dr. Anthony Constable

(b) pre-doctoral

1. Mr. Dennis Johnson -
. Mr. George Vaughn

. Mr. William Kiel

. Mr. Alan Patton

. Ms. Marianne Marsi

o W N

IX. Other Accomplishments

(a) Student Dissertations
"Generation, Isolation, and Chemistry of Anionic and Neutral Transi-
tion Metal Forimyl Complexes," by Wilson Tam; submitted September 1979
for the Ph.D. in Chemistry.



(v)

10.

-]].

12,

13..

16.

Public Lectures Prescnted on this Research

University of California, Irvine, California, "Rhenium Formyl and
Catbene Cosplexes: Some Maw and Unprecedented Oroancmetallic Reactions,
October 1, 1979,

frgonne Haticnal Lehoratories, Argenne, I1linois, “Rhenium Formyl and
Cartene Conpisxes: Smne G3w and Uapre cec«eru Crﬁc ometallic Reactions,”
Cctober 23, 1279,

Dnjversily of I1lianis, Urbana, I1lincis, “Rhenium Forinyl end Carbene
Comnlexes: Scme zw end Unprecelantad (rgangmetellic Rerc tions,"
Gotaber 24, 19279. -

Ohio State University, Coluzbus, Dhio, "Rhanium Formyl and Cerdene
Conplexes: Scme Kew and Unpre c=uen-LJ Crgerometallic Rzactions,”

Cztober 25, 1%79.

Unicn Carbide Corporztion, Scuth Charles rginia, "Rhenium

bl d Cartene Couplexes: Sone New apted Orgenomat i
Formyl end Card Conpl S N ted Orgenom=tallic
Reactions”, October 26, 1979. .

University o7 Celifernia, Los Anpseles, C=1]f~rnia, "Ahe
Carbens Complexes: Soma few end Uﬂarecpd=n ted Orgencmet
Ravember R,.1470,

ivm Formyl &nd
111c Reactiicns,”

N =

Sh211 Develonmenl Company, Houston, Texas, “Rheniua Formyl and Cerbene
Complexes: Scome hew ?14 Unprecru-nued Organcmztellic Reections,”
Jenuery 29, 1220.

"zhenium Formyl and Carbene Complexes:

Rice Universilty, Hou s
o anomatallic Resctions,” Jdanuary 39, 1S20.

Same hew and Unprec

.Uﬂinr<1L) of Southern Californis, Lcs Angeles, Celifornia, "Rhenium

Fermyl and Cerse ni2 Complzxes: Souz MNew and Unprecedesnted Grgannﬁaua111c
Reactions," Februvery 23, 1980. .

Fobil Research end Developm.ut Lzboratories, Edison, Kew Jersey, “todel
Fischer-Trepzch Cn—**s;r,, sosie now and Un,r“ccuen»ed Transtormations
of Metal-Forayl and Metzl-Alkylidenz Complexes", Harch 3, 1920.

Massachusetlis

Institutre of Technolegy, ra'bridga, ‘zssachusetts, "Rhenium
Formyl znd Carbene Complexes: Some New end Unprecedsnied Orgznometallic
Reactions," Pi'c 5, 1980. :
State Uaiversity of New York, Buffelo, Rew York, "Rhenium Formyl and
Carbene Complexes: Some lew and an"ecccgn"d Organometallic Reactions,”

‘erch 6, 1980,

Kllied Chemice =pany, v
Comnlexas: Some Kew end Unpr
7, 1883.

York, "Rhenium Formyl end Carbenz
d Organcnetallic Reactions,” March

LL -
r‘J

rr m
DA




14.

15.
16.
1?.
| 18,
19.
20.
21,

22.

17.

California Institute of Technology, Pasadena, California; "Rhenium Carbene
and Formy] Complexes: Unprecedented New Reactions with Applications 1in
Asymmetric Synthesis”, May 8, 1930. »

Raychem Corporation, Menlo Park, California, "Rhenium Formyl and Carbene

Complexes: Some New and Unprecedented Organometallic Reactions," May 29,
1930. ) :

Unjversity of California, Berkeley, California, “Rhenium Formy1 and

Carbene Complexes: Some New and Unprecedented Organometallic Reactions,"
May 30, 1980.

Jccidental Reseerch Corporation, Irvine, California, “Reactions of
Rhenium Formyl and Carbene Compliexes: Model Reactions for the Fischer
Tropsch Process,” June 15, 1980.

University of Pernsylvania, Philadelphia, Pennsylvania, "Rhenium Carbene
and Formyl Complexes: Unprecedented New Rezctions with Applications in
Asymmetric Synthesis," September 8, 1980. :

Rohm & Haas Corporation, Spring House, Pennsylvania, "Modal Fischer-Tropsch
Chemistry; some New and Unprecedented Transformations of Hetal-Forwyl and
Metal-Alkylidene Complexes," Septembar 9, 1980.

Union Carbide Corporation, Bound Brook, Mew dersey, "Model Fischer-Tropsch
Chemistry; some New and Unprecedented Transformations of Metal-Formyl end
Metal-Alkylidene Complexes," September 10, 1020,

University of Rochester, Rachester, New York, “"Rhenium Carbene and Formyl
Complexes: Unprecedented lew Reactions with Applications in Asymmetric
Synthesis," September 12, 1980.

Cornell University, Ithaca, Hew York, "Rhenium Carbene and Formyl Complexes:

Unprecedented New Rea ions with fpplications in Asymmetric Synthesis,"
September 15, 1980.



is.gov

1-888-584-8332 or (703)605-6050

info@nt

P E-ma

if we have made an error in filling your order.
 p>Phone

ive or

Please contact us for a replacement within 30 days if the item you receive
defect

NTIS strives to provide quality products, reliable service, and fast delivery.

SATISFACTION GUARANTEED

IS

Reproduced by NI'T

National Technical Informatioh ‘Service
Springfield, VA 22161

This report was printed specifically for your order
from nearly 3 million titles available in our collection.

For economy and efficiency, NTIS does not maintain stock of its
vast collection of technical reports. Rather, most documents are
custom reproduced for each order. Documents that are not in
electronic format are reproduced from master archival copies
and are the best possible reproductions available.

Occasionally, older master materials may reproduce portions of
documents that are not fully legible. If you have questions

- concerning this document or any order you have placed with
NTIS, please call our Customer Service Department at (703)
605-6050. '

About NTIS

NTIS collects scientific, technical, engineering, and related
business information — then organizes, maintains, and
disseminates that information in a variety of formats — including
electronic download, online access, CD-ROM, magnetic tape,
diskette, multimedia, microfiche and paper.

The NTIS collection of nearly 3 million titles includes reports
describing research conducted or sponsored by federal
agencies and their contractors; statistical and business
information; U.S. military publications; multimedia training
products; computer software and electronic databases
developed by federal agencies; and technical reports prepared
by research organizations worldwide.

For more information about NTIS, visit our Web site at
http://www.ntis.gov.

Ensuring Permanent, Easy Access to
U.S. Government Information Assets




9“ OF
g %
Y
*%b <
Shares oF f’
U.S. DEPARTMENT OF COMMERCE
Technology Administration

National Technica) Information Service
Springfield, VA 22161  (703) 605-6000




