
AD-Ai68 291 THE FORMATION OF METRLLOCYCLOINIDES FROM THEDREACTION i/1
OF ISOCYANATES WITH. (U) HARVARD UNIV CAMBRIDGE MASS
DEPT OF CHEMISTRY P JERNAKOFF ET AL 25 APR 86 TR-3

UNCLASSIFIED N88814-83-K-8292 F/G 7/3 NL

somEEmol



-11118

IIII

WATIM&L NA OF S
*im Mah" TM

'C



OFFICE OF NAVAL RESEARCH

Contract NOOO14-83-K-0292

0 Task No. NR 634-840

TECHNICAL REPORT NO. 3
(a
U The Formation of Metallocycloimides from the

Reaction of Isocyanates with a Neutral

CTransition Metal Carbonyl

by

Peter Jernakoff and N. John Cooper

Prepared for Publication

in the

Journal of the American Chemical Society

Harvard University ,.ol E
Department of Chemistry

Cambridge, MA

April 25, 1986

Reproduction in whole or in part is permitted for

any purpose of the United States Government

Sc_. This document has been approved for public release
and sale; its distribution is unlimited

.U37,

V--



SILCuRITTCLASIICTO 0F THS PAGE ("aen Deis Entered)

REPOT DCUMNTATON AGEREAD INSTRUCTIONSREPOT DCUMNTATON AGEBEFORE COMPLETING FORM
I. REPORT NUMBER 2. 7 OVACCESSION NO. 3. RECIPItNT'S CATALOG NUMBER

4. TTLF and ubtile)5. TYPE OF REPORT & PERIOD COVERED

The Formation of Metallocycloilides from the
Reaction of Isocyanates with a Neutral Technical Report
Transition Metal Carbonyl S. PERFORMING ORG. REPORT NUMBER

7 AUTHOR(a, S. CONTRAC' OR GRANT NUMIEER(s)

Peter Jernakoff and N. John Cooper N00014-83-K-0292

9. PERFORMING ORGANIZATION NAME AND ADDRESS I. PROGRAM ELEMENT. PROJECT, TASK
AREA & WORK UNIT NUMBERS

N. John Cooper
Chemistry Department
Harvard University, Cambridge. MA 02138 Task No: NR 634-840

11. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE

Dr. Harold E. Guard 4/25/86
Office of Naval Research - Code 413 13. NUMBER OFPAGES

800 Not-unyS. nip-nV 9917 9
4. ONITOINGAGENCY NAE& ADDRESIIdnl~eaeIrom conitrollingd office) IS. SECURITY CLASS. (of this "Port)

Office of Naval Research Resident Representative,
Harvard Univ., Gordon McKay Laboratories
Room 113, Cambridge, MA 02138 I5a. j1O ASSIFICATIOW/DOWNCRADING

16. DISTRIBUTION STATEMENT (of this Report)

This document has been approved for public release and sale; its
distribution is unlimited.

17. DISTRIBUTION STATEMENT (of the abstract entered in Block 20, it diff.*wt from Report)

IS. SUPPLEMENTARY NOTES

Prepared for publication in J. Amer. Chem. Soc.
IS. KEY WORDS (Continue on reverse side iftneco.ar and identify by block nmber)

Metallocycle; Isocyanate; Transition Metal Carbonyl

20. ABSTRACT (Continue an rovers* aide ft necessary and Identify by block ntm her

(See over)

UDD IPS1473 EDITION OfI NOV 45 It OBSOLETE
S 0 02- LF. 0) 4- 660) SECURITY CLASSIFICATION OFr THIS PACE (M~en, Dolelfid



Abstract (for Chemical Abstracts).

-:henucleophilic carbonyl complex [W" ) 2 CJJ (1) reacts readily with the

isocyanates; OCNR (R = CIP', Ph) in pentane to give the-first reported

metal locycl oimi des (W(i CsI ){C(O)?N(CW~)C(O)1 (2) and (W(Vi-C9Ii )(C(O)N(Ph)C(O)j]

(3). It is suggested that the reaction involves initi&l4-C coordination of an

isocyanate to give a zwitterionic intermediate in which the ligands are simultaneously

activated in opposite senses, and that nucleophilic attack by the heteroallene on the

electrophilic carbonyl then gives a metallocycloiside. Complex 2 has been

structurally characterized by a single crystal X-ray diffraction std-mnclinic
r ~ tL7

space group P I a, with Z = 2; a= 7.6586 A, b = 8.6718 A, c =9.6557 A=l 10.45

uaic-.20u g/cc; R = 2.20 % and*' = 2.19 %) which establishes that the

metallocycloimide group is essentially planar. Both 2 and 3 are moderately water

sensitive, regenerating 1 at 55A and ambient temperatures respectively. Complex I

in toluene does not react with 1.7 atmospheres of CO at temperatures up to 85 C.
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We have recently reported that the activation of Oa by rw-C complexation to

[Fe(-CsHs)(CO)2]- results in facile oxygen exchange between coordinated C02 and

coordinated CO,' and we have suggested that these exchanges follow attack by a

nucleophilic oxygen of the CO2 ligand on a neighboring carbonyl ligand (Eq. 1). This

would give a transient metalloanhydride analogous to the metalloheterocycles which

Fehlhmmer has previously reported to be major or minor products of the reactions of

[Fe(V-CsHs ) (CO)2 ]- with carbodiimides,2 isothiocyanates,3 and ketenimines.4 The

lability of the metalloanhydrides in this anionic system may reflect the replacement

of two good 7r-acceptor ligands (CO and the -COa) with a poor 7-acceptor ligand, and

more stable metalloheterocycles might be anticipated from the addition of

heteroallenes to carbonyl complexes which are sufficently electron rich to activate

the heteroallenes but which do not carry a negative charge.s We now wish to report

the successful application of this approach to the synthesis of the first

metallocycloimide complexes by reaction of isocyanates with a neutral carbonyl

complex.

Fe S Fe-C - ~ Fe
OC * 0C 86O I (18)

0 e0 0

The facile oxidative addition of alkyl, allyl and acyl halides6 to

[W(lr-CsH5)2(CO)]7 (1) indicates that I is an exceptionally nucleophilic neutral

carbonyl complex and a promising substrate for the addition of heteroallenes. We

began by examining the reaction of 1 with isocyanates. Addition of methylisocyanate

(13.0 mL, 220 mmol) to an intensely green slurry of [W(-CsHs)2(CO)] (0.648 g, 1.90

mmol) in pentane (60 mL) led over I h to the formation of an orange solution and the

precipitation of a bright orange powder. The supernatent was decanted off and the

powder washed with pentane and vacuum dried to give 0.667 g (1.67 mmol = 87 %) of

spectroscopically pure [W(,-CsH5)2{C(O)N(CH3)C(O)}] (2). Analytically pure material

could be obtained as irregular needles (ca. 90 % recovery) by slow cooling of a

saturated acetone solution of the complex to -780C.s
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The metallocycloimide structure of 2 was established by a single crystal X-ray

diffraction study of the bright orange cubes obtained by cooling a saturated acetone

(reagent grade) solution of the material to OOC over a 4 h period.9 10 The molecular

structure of 2 is shown in Figure 1. The metallocycle core of the molecule is close

to what would be expected by comparison with the structures of typical cyclic

imides,1' and the metal atom, the ring carbon atoms, and the nitrogen atom are

essentially coplanar. The trigonal geometry of the nitrogen atom,12 together with the

short nitrogen-ring carbon bond lengths of 1.393 (4) A, indicates that the nitrogen

lone pair is delocalized over the two carbonyl carbons.

Formation of metallocycloimides from 1 is not restricted to the reaction with

methylisocyanate, and a slurry of 1 (0.284 g, 0.83 mmol) in pentane (30 mL) reacted

immediately with excess PhNCO (2.0 uL, 18.3 maol) to give an orange solution and a

pale orange powder. After 1 h the supernatent was decanted off and the precipitate

washed with pentane and vacuum dried to give 0.331 g (0.72 mmol SE 87 %) of

analytically pure [W(7-CsH )2{C(O)N(Ph)C(O)1] (3)13.

The most reasonable mechanism for the formation of 2 and 3 involves initial

*-C coordination of a Lewis acidic isocyanate to the basic metal center (Eq. 2). In

such a zwitterionic intermediate the heteroallene and the carbonyl ligand are

simultaneously activated in opposite senses: the heteroatoms are rendered

nucleophilic and the unsaturated carbonyl carbon electrophilic, leading to ring

closure to give a metalloheterocycle. The dominant factor dictating ring closure

through nitrogen rather than through oxygen is probably the thermodynamic preference

for forming C=O bonds rather than C=N bonds: the isomeric metalloisoimide contains one

C=O and one C=N bond in place of the two C=O bonds in 2 and 3.14

O=C=NR 4.-' C 45\ C,
w,- co ,,%C... R W , N R (2)

R : Me, Ph

Although the mechanism in Eq. 2 would suggest that metallocycloimides might
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be formed from many carbonyl substrates, we have discovered no other reports of

metalloheterocycle formation from the reaction of isocyanates, nor indeed of any

other heteroallene, with neutral carbonyl complexes. There is, however, an early

report of the formation of isocyanide complexes from the reaction of isocyanates with

carbonyls of the Group 6 and 8 metals,15 and a subsequent report of the use of this

reaction as the first step in the catalytic conversion of isocyanates to carbodiimides

and Co2 .28 It seems reasonable to assume that these reactions proceed through

metallocycloisoimides related to 2 and 3, and both these and metallocycloimides may be

more generally accessible than the existing literature would suggest.

Hydrolysis of the metallocycloimides provides an interesting contrast with the

hydrolysis of cyclic organic imides,17 and does not require basic or acidic

catalysis. Treatment of a THF solution of 3 with a large excess of water results in

essentially complete regeneration of [W(v-CsHh)2(CO)] in one day. The N-phenyl

complex 3 is more water sensitive than the N-methyl complex 2 (presumably, as in the

case of organic analogues, as a result of conjugation of the N lone pair with the

phenyl ring 17), and no 1 was formed when the methyl complex 2 was treated for 1

day with excess water in acetone at ambient temperatures. Complex 2 was, however,

essentially quantitatively converted to I when the mixture was heated to 550C for

20 h.

Hydrolysis of cyclic organic imides typically gives amidic acids,17 and tungstena

analogues of such species (A) are reasonable intermediates in the hydrolysis of 2 and

3 (Scheme I). The details of the conversion of A to I are, however, unclear at this

point. Argument by analogy with detailed studies of the hydrolysis of phthalmic

acid1 s suggests the intermediacy of the metalloanhydride 3 and argues against direct

hydrolysis of A to the metallodicarboxylic acid C, but 3 may still be converted to I

through C rather than by direct loss of C02 .19

The metallocycloimides 2 and 3 are the closest analogues of a metalloanhydride

isolated to date, but attempts to extend the reaction of I with heteroallenes to the

preparation of B itself have so far been unsucessful. Complex I in toluene solution



was inert to 1.7 atmospheres of C02 (65 equiv) at temperatures up to 850C, and

evidence against the possibility that B is a kinetically accessible but unstable

intermediate came from an experiment in which a toluene solution of 1 was heated at

650C for 3 h under 6.5 equivalents of 1 3COz at a pressure of ca. 0.14 atmospheres.

The recovered 1 contained none of the 1 3CO (mass and IR spectroscopy) which would be

anticipated if B formed transiently and then collapsed back to 1 and free C02, and we

conclude that the exceptional stability of CO precludes in this system a sequence

involving C02 analogous to that in Eq. 2.
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Figue 1. Molecular structure of [W(7r-CsHS)2{C(O)N(CH3)C(O))] (50% probability

ellipsoids). Primed atoms are symmetry generated by the plane through the W and N

atoms perpendicuar to the metallocycloimide plane. Selected bond lengths (A) and

angles (deg): W-C(l) = 2.195 (3), C(l)-O(l) = 1.213 (5), C(l)-N(1) = 1.393 (4),

N(l)-C(2) = 1.451 (7); C(1)-W-C(l') = 60.3 (2), W-C(1)-N(l) = 97.4 (2),

C(1)-N(1)-C(l') = 104.7 (4), C(l)-N(l)-C(2) = 127.5 (2), W-C(l)-O(1) = 139.4 (3).

Scheme 1. Possible mechanisms for the solvolysis of the metallocycloimides 2 and 3 to

the carbonyl complex 1.

9

.% %



q 

7-

TO

z



0 0Z 00

0. 0

U C,

u +1
IS

0 00Z
0

- 00 -

40 3

4

0

I 0L

:%U



0./413/83/01
GEN/413-2

TECHNICAL REPORT DISTRIBUTION LIST, GEN

No. No.
Copies Copies

Office of Naval Research 2 Dr. David Young
Attn: Code 413 Code 334
800 N. Quincy Street NORDA
Arlington, Virginia 22217 NSTL, Mississippi 39529

Dr. Bernard Daida 1 Naval Weapons Center
Naval Weapons Support Center Attn: Dr. Ron Atkins
Code 5042 Chemistry Division
Crane, Indiana 47522 China Lake, California 93555

Commander, Naval Air Systems 1 Scientific Advisor
Command Commandant of the Marine Corps

Attn: Code 310C (H. Rosenwasser) Code RD-i
Washington, D.C. 20360 Washington, D.C. 20380

Naval Civil Engineering Laboratory I U.S. Army Research OfficeAttn: Dr. R. W. Drisko Attn: CRD-AA-IP
Port Hueneme, California 93401 P.O. Box 12211

Research Triangle Park, NC 27709

Defense Technical Information Center 12 Mr. John Boyle
Building 5, Cameron Station Materials Branch
Alexandria, Virginia 22314 Naval Ship Engineering Center

Philadelphia, Pennsylvania 19112

DTNSRDC 1 Naval Ocean Systems Center
Attn: Dr. G. Bosmajian Attn: Dr. S. Yamamoto
Applied Chemistry Division Marine Sciences Division
Annapolis, Maryland 21401 San Diego, California 91232

Dr. William Tolles
Superintendent 1
Chemistry Division, Code 6100
Naval Research Laboratory
Washington, D.C. 20375

a

-%



A

.4

a-
F

1

v'.. WZ

j


