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Summary: Fischer arylcarbene complexes of manganese 
bearing a Ti( I V )  substituent, (MeCp)(CO),MnC(Ar)- 
(OTiCp,CI) (Ar = Ph, p-tolyl), undergo benzannulation re- 
actions with 1-hexyne under mild photochemical condi- 
tions or in refluxing toluene to afford naphthoquinone 
products. The analogous manganese alkoxycarbene 
complexes are unreactive. Preliminary tests of the re- 
action mechanism are not consistent with the expected 
photolytic dissociation of CO ligand from manganese. 

The benzannulation reaction' is the most widely used 
of the transformations of Fischer carbene complexes for 
the purposes of organic synthesisq2 This chemistry has 
been almost entirely3 restricted to metals of group 6, 
primarily complexes of the pentacarbonylchromium 
moiety. Two related reactions of manganese have been 
described, involving the insertion of alkynes into manga- 
nese-carbenoid bonds: the condensation of an alkoxy- 
carbene complex with activated a,u-enynes at  120 "C to 
afford bicyclic cyclopropanes without CO insertion and the 
reaction of an acylmanganate anion with 1-hexyne in re- 
fluxing THF to provide a butenolide product incorporating 
a CO ligand? In addition, the insertion of aminoalkynes 

(1) Dotz, K. H. Angew. Chem., Int. Ed. Engl. 1975, 14, 644-645. 
(2) (a) Dotz, K. H.; Fischer, H.; Hofmann, P.; Kreissel, F. R.; Schubert, 

U.; Weiss, K. Transition Metal Carbene Complexes; Verlag Chemie: 
Deerfield Beach, FL, 1984. (b) Wulff, W. D.; Tang, P. C.; Chan, K. S.; 
McCallum, J. S.; Yang, D. C.; Gilbertson, S. R. Tetrahedron 1985,41, 
5813-5832. (c) Wulff, W. D. In Advances in Metal-Organic Chemistry; 
Liebeskind, L. S., Ed.; JAI Press: Greenwich, CT, 1989; Vol. 1. (d) Wulff, 
W. D. In Comprehensive Organic Synthesis; Trost, B. M., Fleming, I., 
Eds.; Pergamon Press: Oxford, U.K., 1991; Vol. 5. (e) Semmelhack, M. 
F.; Bozell, J. J.; Keller, L.; Sato, T.; Spiess, E. J.; Wulff, W.; Zask, A. 
Tetrahedron 1985. 41. 5803-5812. 

(3) Wulff, W. D.; Gkmtaon, S. R.; Springer, J. P. J. Am. Chem. SOC. 
1986,108, 520-522. 

into Mn-carbene bonds to give vinylcarbene complexes has 
been previously ~bse rved .~  We report here the first ex- 
amples of "standard" benzannulation reactions of man- 
ganese arylcarbene complexes with alkynes to produce 
quinone products, under both photochemical and thermal 
conditions. 

We have screened the reactivity of alkoxy arylcarbene 
complexes of manganese with alkynes to verify that these 
species do not engage in benzannulation reactions analo- 
gous to those of pentacarbonylchromiu, as suggested by 
the lack of such reports in the literature. Indeed, a typical 
alkoxy arylcarbene complex, ( T ~ - M ~ C ~ ) ( C O ) ~ M ~ C ( P ~ ) -  
(OMe) (l)?' failed to react with 10 equiv of 1-hexyne in 
refluxing THF or refluxing toluene (20 h, no disappearance 
of 1) or under photochemical conditions (450-W Hg lamp, 
Pyrex, THF or CH2C12, 8 h, decomposition of 1). 

In an attempt to activate the carbene system by re- 
placing the alkoxide moiety with an electron-withdrawing 
metaloxy fragment, we prepared the titanoxycarbene de- 
rivative (05-MeCp)(CO),MnC(Ph)(OTiCp2C1) (2a).'s8 

(4) Hoye, T. R.; Rehberg, G. M. Organometallics 1990,9,3014-3015. 
(5) Dotz, K. H.; Pruskil, I. J. Organomet. Chem. 1977,132,115-120. 

Isocyanides undergo similar reactions: Treichel, P. M.; Wagner, K. P. J. 
Organomet. Chem. 1975,88, 199-206. 

(6) For the Cd-IH, analogue, see: Fischer, E. 0.; MaaSMl, A. Chem. Ber. 

(7) All complexes were prepared under an inert atmosphere from the 
corresponding lithium acylate, synthesized in the manner of ref 6. Ti- 
tanoxycarbene compounds were prepard in quantitative yield by meta- 
lation with Cp2TiClz in the manner of: Raubenheimer, H. G.; Fischer, 
E. 0. J. Organomet. Chem. 1975,91, C23426. Complex 1 was prepared 
by alkylation with MeS02F or Me30BF4 and purified by column chro- 
matography under nitrogen. All manganese carbene complexes decom- 
pose in minutes in the presence of air. Complex 1: 'H NMR (CDCl,, 300 
MHz, 6) 7.28 (m, 3 H), 6.92 (m, 2 H), 4.45 (s, 3 H), 4.41 (d, 4 H), 1.93 (8, 

122.4, 103.4, 88.0, 87.0, 63.2, 13.6; IR (CH2C12, cm-') 1952, 1884; UV-vis 
(THF, A,, (nm), log c) 224 (4.3), 272 (3.8), 354 (3.7). 

1967, 100, 2445-2456. 

3 H); 13C NMR (CDCl3, 75.3 MHz, 6) 333.2, 232.6, 155.7, 127.2, 126.7, 

0 1992 American Chemical Society 

D
ow

nl
oa

de
d 

by
 N

A
T

 L
IB

 U
K

R
A

IN
E

 o
n 

Se
pt

em
be

r 
3,

 2
00

9 
| h

ttp
://

pu
bs

.a
cs

.o
rg

 
 P

ub
lic

at
io

n 
D

at
e:

 M
ay

 1
, 1

99
2 

| d
oi

: 1
0.

10
21

/o
m

00
04

1a
00

1



1760 Organometallics, Vol. 11, No. 5, 1992 Communications 

Table I. Bond Distances (A) for 
(MeCp)(CO)zMnC(OTiCpzC1)(Ph) (2a) and 

Cp(CO)zMnC(OEt)(Ph) (6IL8 
bond 2a 6 

Mn-Cl 1.882 (8) 1.865 (14) 
c1-01 1.322 (8) 1.356 (17) 
Cl--CP(Ph) 1.49 (1) 1.536 (19) 
Mn-CO 1.75 ( l ) ,  1.745 (9) 1.795 (14), 1.805 (15) 
MnC=O 1.17 ( l ) ,  1.18 (1) 1.143 (18), 1.159 (18) 

Complex 2a was found to be an active benzannulation 
reagent under photochemical conditions (450-W Hg lamp, 
Pyrex, THF, 20 "C, 5 h), affording a 30% yield of naph- 
thoquinone 3a,9 in the presence of 10 equiv of 1-hexyne 
followed by oxidative workup, as shown in eq 1. In ad- 

1. I-hexyne(l0equiv.) 
hv, THF, pyrex, 2 0 T  &'g b 2. Ce". dil. HNO3 

- 
k 

1 M' = CH,; R=H (no reaction) 
,& M = TiCpEl; R=H (30% yield of 

M = T  1Cpg1; R=CH3 (28% yield of a 
R 

0 fJ+&3 O R  

n-C,H, 4 

3.a R = H  a R=CH, 

dition, the diarylglyoxal (benzil) 4 derived from coupling 
of two arylcarbene fragments is produced in small amounts 
(5-10% with respect to starting carbene complex).1° 
When it is refluxed in THF under room light, the titano- 
xycarbene complex undergoes only decomposition and no 
benzannulation in the presence of 10 equiv of 1-hexyne. 
However, heating to 110 "C in toluene for 1 h gives rise 
to complete disappearance of 2a and the isolation of 3a 
in 18% yield. Although the yields of quinone are low, no 
other products frequently isolated from reactions of 
Fischer carbene complexes with alkynes2 are formed, such 
as indenoid or cyclobutenone compounds." Thus, an 
electron-deficient metal center (TiN) is apparently required 
to activated these systems for benzannulation. 

The reaction rate is dependent upon the light intensity: 
a 450-W Hg lamp provides complete consumption of 2a 
in 4-6 h, in contrast to 12-18 h with a 150-W Xe arc source. 
The reaction is also quite sensitive to solvent: photolysis 
with either lamp in CH2C12 affords no loss of starting 
material 2a. 

~~~~ ~~ 

(8) Complex 28: lH NMR (CDC13, 300 MH; 6) 7.26-7.28 (m, 3 H), 
7.09 (d, 2 H), 6.47 (8, 10 H), 4.44 (d, 4 H), 1.88 (e, 3 H); 13C NMR (CDC13, 
75.3 MHz, 6) 339.1 (carbene), 233.2, 153.7, 128.2, 127.0, 123.8, 118.0 
(TiCp,), 102.2, 86.0, 85.4, 13.9; IR (CH2C12, cm-') 1927, 1858; IR (THF, 
cm-') 1925,1858; UV-vis (THF, A, (nm), log e) 218 (4.5), 248 (4.4), 282 
(4.2), 406 (4.0); UV-vis (hexane, A,, (nm)) 212, 246, 282, 400. Anal. 
Calcd for CBHBO3C1MnTi: C, 59.02; H, 4.36. Found C, 58.48; H, 4.28. 

(9) (a) 3a: 'H NMR (CDCI,, 300 MHz, 6) 8.06 (m, 2 H), 7.77 (m, 2 H), 
6.78 (8, 1 H), 2.57 (t, 2 H), 1.56 (dd, 2 H), 1.43 (dt, 2 H), 0.95 (t, 3 H); 13C 
NMR (CDCI,, 75.3 MHz, 6) 185.1, 151.9, 134.6, 133.5, 132.3, 132.0, 126.5, 
125.9, 30.1, 29.2, 22.4, 13.8; IR (CDCl,, cm-I) 1664 (s), 1620 (m), 1597 (m). 
(b) For the corresponding Cr(CO),-bound hydroquinone methyl ether, 
see: DBtz, K. H.; Dietz, R. Chem. Eer. 1977,110, 1555-1563. 

(10) We have found diarylglyoxals to be products of the decompition 
of related chromium titanoxycarbene complexes as well. 

(11) Intramolecular benzannulation reactions of titanoxycarbene com- 
plexes of chromium under investigation in our laboratory do provide such 
products 

C i 6  - 

c 4 3  ci 1 

C42 

c 1. 

c25 

CE 

Figure 1. 
(OTiCp,Cl) (2a) with numbering scheme. 

ORTEP structure of ( T ~ - M ~ C ~ ) ( C O ) ~ M ~ C ( P ~ ) -  

When a p-tolyl substituent is employed at  the carbene 
carbon (complex 2b),12 a single isomer of the quinone (3b) 
is isolated in 28% yield (eq 1; 150-W Xe arc lamp, Pyrex, 
20 "C, 12-18 h).1°J3 Quinone 3b is identical (lH, 13C NMR; 
capillary GLC)14 with the naphthoquinone produced from 
the reaction of the chromium alkoxycarbene analogue 
(CO)5CrC(OMe)(4-C6H4Me)15 (5) and 1-hexyne. Thus, the 
selectivity "rule" for unsymmetrical alkynes2bJ6 is appar- 
ently preserved for manganese: alkyne insertion proceeds 
in a manner consistent with the placement of the larger 
alkyne substituent on the side of the carbene-bearing 
metal. 

The X-ray crystal structure of complex 2a is shown in 
Figure 1'' and can be compared to the structure of the 
analogous (unreactive) alkoxycarbene complex (Cp)- 
(CO),Mn=C(OEt)(Ph) (6) reported by Schubert (Table 
1).l8 In both structures, the carbene plane bisects the 

(12) 2 b  lH NMR (CDCl,, 300 MHz, 6; a minor species (2-20%) is 
present in inverse proportion to concentration; asterisks mark the major 
resonances) 7.26 (br s, 4 H), 7.06* (br s, 4 H), 6.66* (s, 10 H), 6.47 (s, 10 
H), 5.32 (s, CH2C1, or crystallization), 4.43* (d, 4 H), 4.22 (s,4 H), 2.32* 
(s, 3 H), 2.22 (8 ,  3 H), 1.86* (8 ,  3 H), 1.83 (s, 3 H); 13C NMR (CDCI,, 75.3 
MHz, 6; only one set of peaks visible) 339.1 (carbene), 233.0, 151.0, 138.6, 

cm-') 1924, 1856; UV-vis (THF, A, (nm), log e )  218 (4.7), 244 (4.5), 282 
(4.4, 398 (4.0). Anal. (when precipitated from cold CH,Cl,, 1 mol of 
solvent is retained) Calcd for C,,H,03CIMnTi.CH2C12: C, 53.37; H, 4.31. 
Found: C, 52.89; H, 4.20. 

(13) When the reaction is performed with a 450-W Hg lamp, 3b is 
isnlated in 17% vield. 

127.6, 124.8, 118.4, 102.6, 53.8 (CHZClz), 86.3, 84.1, 21.8, 14.4; IR (THF, 

~- . - .~~ - 
(14) 3 b  lH'NMR-(CDCl,, 300 MHz, 6) 7.94 (d, 1 H), 7.88 (9, 1 H), 7.53 

(d, 1 H), 6.75 (s, 1 H), 2.56 (t, 2 H), 2.49 (s, 3 H), 1.56 (dd, 2 H), 1.43 (dt, 
2 H), 0.95 (t, 3 H); 13C NMR (CDCln, 75.3 MHz, 6 )  185.5, 185.1, 151.7, 
144.6, 134.7, 134.3, 132.2, 129.9, 126.9, 126.2, 30.1, 29.2, 22.4, 21.8, 13.8; 
IR (CDCl,, cm-') 1661 (s), 1618 (m), 1603 (m); GLC (DB1701,30 m X 0.32 
mm; temperature program 100 OC for 2 min, ramp 20 OC min-l to 240 "C) 
10.5 min. 

(15) Fischer, E. 0.; Kreiter, C. G.; Kallmeier, H. J.; Muller, J.; Fischer, 
R. D. J. Organomet. Chem. 1971,28, 237-258. 

(16) (a) McCallum, J. S.; Kunng, F.-A.; Gilbertson, S. R.; Wulff, W. 
D. Organometallics 1988, 7, 2346-2360. (b) For reaction of terminal 
alkynes with 4, see: Dotz, K. H.; Sturm, W. J .  Organomet. Chem. 1985, 
285, 205-211. 

(17) Crystals obtained from 1:l Et20/CH2C12 at -30 "C. Crystallo- 
graphic data: C26H22CIMn03Ti, M, = 508.74; monoclinic, space roup 
E 1 / n  (No. 14); a = 8.482 (3) A, b = 18.142 (7) A, c = 14.783 (6) 1; @ = 
103.05 (3)'; V = 2216 (3) A3; Z = 4; ddd = 1.53 g cm',. The structure 
was solved by direct methods using TEXSAN 5.0. Full-matrix least-squares 
refinement gave the final R(F)  = 0.053 and RJF)  = 0.063 for 1999 ab- 
sorption-corrected reflections with I > 3o(n measured up to 28 = 50° on 
a Rigaku AFC6S diffractometer (Mo Ka radiation, X = 0.71069 A; T = 
-120 "C). 

D
ow

nl
oa

de
d 

by
 N

A
T

 L
IB

 U
K

R
A

IN
E

 o
n 

Se
pt

em
be

r 
3,

 2
00

9 
| h

ttp
://

pu
bs

.a
cs

.o
rg

 
 P

ub
lic

at
io

n 
D

at
e:

 M
ay

 1
, 1

99
2 

| d
oi

: 1
0.

10
21

/o
m

00
04

1a
00

1



Organometallics 1992, 11, 1761-1763 1761 

OC-Mn-CO angle, consistent with molecular orbital cal- 
cu1ati0ns.l~ The phenyl ring is perpendicular to the 
carbene plane in both but is found anti to the MeCp ligand 
in 2a and syn to the Cp ligand in 6. The large C1-01-Ti 
bond angle of 2a (160.8 (5) vs 119.9O for Cl-Ol-C(Et) of 
6) and shortened C1-01 distance (1.322 (8) A for 2a vs 
1.356 (17) A for 6) are characteristic of titanoxycarbene 
structures20 and suggest sp hybridization at  01, allowing 
*-donation from 01 to both C1 and the *-acidic TirV 
center.20 This gives rise to a red shift in the low-energy 
band in the electronic spectrum from 354 nm (log t 3.7) 
in 1 to 406 nm (log E 4.0) for 2a and 398 nm (log t 4.0) for 
2b, as has been noted for related complexes of chromium.20 
The low-energy band may be tentatively assigned to a 
metal-to-carbene charge-transfer transition by virtue of its 
solvent dependence (406 nm in THF vs 400 nm in hexaneY 
and a similar assignment for chromium and tungsten 
alkoxy Fischer carbene complexes.21 

A comparison of bond distances (Table I) and carbonyl 
stretching frequencies in the IR spectra (1927,1858 cm-l 
for 2a vs 1952, 1884 cm-' for the MeCp alkoxycarbene 
analogue 1) shows that Mn engages in increased *-donation 
to the CO ligands upon Ti'" substitution and, therefore, 
perhaps less *-donation to the carbene center. It is in- 
teresting to note that the C1-phenyl bond is shortened in 
the titanoxycarbene complex (Table I), even though T-  

overlap is not possible due to the perpendicular orientation 
of the carbene and phenyl planes. The data suggest that 
the enhanced reactivity of the bimetallic structure may be 
due to increased electrophilicity a t  the carbene carbon or 
changes in the nature of the MLCT excited state. 

The first step in the benzannulation reactions of chro- 
mium alkoxycarbene complexes is generally presumed to 
be loss of C0.2c,22 However, Xe arc lamp irradiation of 
2b in THF in the presence of 10 equiv of 1-hexyne gives 

(18) Schubert, U. Organometallics 1982,1, 1085-1088. 
(19) (a) Kostic. N. M.: Fenske. R. F. J. Am. Chem. SOC. 1982. 104. 

3879-3884. (b) Schilling,'B. E. R.; Hoffman, R.; Lichtenberger, D.'L. J :  
Am. Chem. SOC. 1979, 101, 585-591. 

(20) Sabat, M.; Gross, M. F.; Finn, M. G. Organometallics 1992,11, 
745-75 1. 

(21) (a) Foley, H. C.; Stubinger, L. M.; Targos, T. S.; Geoffroy, G. L. 
J. Am. Chem. SOC. 1983,105,3064-3073. (b) Hafner, A,; Hegedus, L. S.; 
deWeck, G.; Hawkins, B.; Dotz, K. H. J. Am. Chem. SOC. 1988, 110, 

(22) (a) Fischer, H.; Miihlemeier, J.; Miirkl, R.; Dotz, K. H. Chem. Ber. 
1982,115,1355-1362. (b) Hofmann, P.; Hiimmerle, M. Angew. Chem., 
Int. Ed. Engl. 1989, 28, 908-909. 

84 13-842 1. 

rise to two new carbonyl bands of equal intensity in the 
IR spectrum at  lower energy than those of 2b, which 
disappear together as the reaction proceeds.23 Irradiation 
in the absence of 1-hexyne produces a new pair of bands 
at  higher energy than those of 2b, which appear and dis- 
appear a t  a rate comparable to that of the benzannulation 
e ~ p e r i m e n t . ~ ~  At  no point is a single CO stretching band 
observed, suggesting that intermediates bearing two ter- 
minal CO ligands are produced upon photolysis. In con- 
trast, treatment of a THF solution of 2b with W(CO),(T- 
HF) at ambient temperature induces decarbonylation of 
2b over 10 h, indicated by the formation of W(CO)6 and 
a species with a single CO stretch at 1919 cm-l. No ben- 
zannulation products are isolated when this solution is 
treated with 1-hexyne and allowed to stand at  room tem- 
perature for 24 h, followed by heating to reflux for 2 h. 
These data suggest that CO loss may not be required for 
photochemical benzannulation reactions of manganese 
titanoxycarbene complexes. The possible formation of 
ring-slipped cyclopentadienyl intermediates is under in- 
vestigation. 

These results demonstrate that manganese Fischer 
carbene complexes, readily accessible from the relatively 
inexpensive (MeCp)Mn(CO&, can be activated toward 
photochemical and thermal benzannulation reactions by 
electron-deficient metal substitution. 
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Chemical Society, to the Thomas F. and Kate Miller 
Jeffress Memorial Trust, and to the University of Virginia 
for the support of this research. 
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Supplementary Material Available: Text giving experi- 
mental details, complete tables of experimental parameters, 
positional parameters, bond distances and angles, and thermal 
parameters, and a figure showing disorder in the MeCp ring for 
the X-ray structural determination of 2a (10 pages). Ordering 
information is given on any current masthead page. 

OM920084N 

(23) IR resonances ( ~ 0 ) :  2b, 1924 and 1856 cm-'; irradiation in 
presence of 1-hexyne, new bands at 1896 and 1827 cm-'; irradiation in the 
absence of 1-hexyne, new bands at 1952 and 1891 cm-'. 

The First Platinum q3-Azatrimethylenemethanes and Platinapyrazolines 
Formed from Regioseiective Addition of Amine or Hydrazine to a 

a-Allenyl Complex of Platinum( I I )  
Jwu-Ting Chen,* Tsang-Mia0 Huang, Ming-Chu Cheng, Ying-Chih Lin, and Yu Wang 

Department of Chemistty, National Taiwan University, Taipei, Taiwan 10764, Republic of China 
Received January 29, 1992 

Summay: Regioselective addition of an amine or hydra- 
zine to the &carbon of the a-allenyl group in trans-Pt- 
(Cl-PC=CH2)(Br)(PPh3)2 exclusively yields novel platinum 
q3azatrimethylenemethane and platinapyrazoline deriva- 
tives, respectively. 

The chemistry of u-allenyl complexes continues to de- 
velop at  a rapid pace, owing to interesting structures and 

0276-7333/92/2311-1761$03.00/0 

reactivity patterns of such complexes.' Particularly sig- 
nificant is the fact that novel metallacycles may be ac- 

(1) (a) Jacobs, T. L. The Chemistry of Allenes; Landor, S. R., Ed.; 
Academic Press: London, 1982; Volume 2, Chapter 4.3. (b) Wojcicki, A. 
Ado. Organomet. Chem. 1974,12, 31. (c) Casey, C. P.; Austin, E. A. J.  
Am. Chem. SOC. 1988,110, 7106. (d) Young, G. H.; Wojcicki, A.; Calli- 
garis, M.; Nardin, G.; Bresciani Pahor, N. J. Am. Chem. SOC. 1989,111, 
6890. (e) Wojcicki, A,; Shuchart, C. E. Coord. Chem. Rev. 1990, 105,35. 
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