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dioxide and L,Pt° on photolysis.1¥” There are, however,
some very significant differences. On the basis of model
reactions (eqs 1 and 2),% it is clear that the thermody-

HOCH,CH,0H — 2HCHO + H,
AG® = +24.5 kecal /mol
HO,CCO,H — 2CO, + H,
AG° = -21.7 keal /mol

oy

(2)

namics of glycolate cycloreversion should be much less
favorable than for oxalate cycloreversion. In fact, glycolate
photoreversion may result in a significant net storage of
photochemical energy. In addition, alteration of the glycol
substituents provides a means to increase complex solu-
bility and to probe details of the reaction photochemistry,
options that are simply not possible with metal oxalates.
In the course of our trapping studies, we discovered that
dihydride monomer 3, which has been reported to readily
lose hydrogen to form the neutral dihydride dimer
(dppe)Pt(u-H);Pt(dppe)3*4 (eq 3), actually exists in facile,
nearly thermoneutral equilibrium with the dimer under
hydrogen: K., = 1.7 at 22 °C (*H NMR, THF-dy).

2(dppe)PtH, = (dppe)Pt(u-H),Pt(dppe) + H, (3)

The formation of these platinum hydrides suggests that
it might be possible to convert the observed oxidative
cleavage*! into a reductive cleavage. This could serve as
a basis for the development of a catalytic cycle for effecting
the hydrocracking of carbohydrate C-C bonds (eq 4). In
fact, no aldehyde or ketone hydrogenation products were
observed in photolyses of the platinum glycolate complexes
under hydrogen, even when substantial amounts of the
platinum hydrides were present. We therefore carried out
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(38) Although the model reactions do not accurately correspond to the
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the photolysis of carbohydrate model complex 1g in the
presence of the known aldehyde hydrogenation catalyst
(PPh;) ,RuH,*>* (0.15 equiv, THF, 1.5 atm of H,). The
sole organic product observed (Scheme II) was 1,2-iso-
propylideneglycerol (5; 84% by GC, identified by 'H NMR
spectroscopy and comparison of the GC~MS pattern with
that of an authentic sample).** Glycerol 5 is postulated
to originate from initial photolytic cleavage of the dioxa-
platinacycle 1g to give 2 equiv of 2,3-isopropylidene-
glyceraldehyde, which is subsequently hydrogenated by
the Ru catalyst. Studies are now being directed at the
chemistry of new metal glycolate systems, with the goal
of finding a single metal system capable of catalytically
effecting the complete net reaction shown in eq 4 under
thermal conditions.
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Summary: Pentacarbonylbenzylidenetungsten adds tri-
phenylketenimine to produce, after rearrangement, the
imine adduct of pentacarbonyl(diphenylvinylidenejtungsten,
which on thermolysis gives either an azetidinylidene com-
plex or/and pentacarbonyl(diphenylvinylidene)tungsten.

Electrophilic transition-metal carbene complexes react
with N=C double-bond systems (imines, carbodiimides,
diaza dienes) in different ways. On photolysis of (CO);M-
[C(R)R’] in the presence of imines §-lactams are formed.!?

0276-7333/91,/2310-0389802.50/0

Hegedus et al. proposed that the reaction is initiated by
a photoinduced CO/carbene ligand coupling. The re-
sulting ketene complex then reacts with imines to give the
B-lactams. In contrast, the thermal reaction of alkoxy-
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carbene complexes with imines leads to aminocarbene? and
(alkylideneamino)carbene complexes,® respectively. Non-
heteroatom-stabilized carbene complexes either add imines
to the carbene carbon to give ylide complexes*® or produce
imino complexes and metathesis products.*® The reactions
of (CO);M[C(R)R’] with carbodiimides also lead to dif-
ferent products: (1) imines and isocyanide complexes (R
= Ph, R’ = OMe),? (2) cyclic aminocarbene complexes (M
=Cr, R = OH, R’ = Me),” (3) carbene anhydride complexes
(M = Cr,R = OH, R’ = aryl),®® and (4) carbene—carbyne
complexes (M = W, R = OH, R’ = aryl, Me).?>!® We now
report the first formation of a vinylidene complex in the
reaction of (CO);W[C(Ph)H] (1)!! with triphenylketen-
imine.

Even at -70 °C, the benzylidene complex 1 reacts
quickly with an equimolar amount of triphenylketenimine
(2) in dichloromethane. The dark red solution turns light
red, and a red precipitate forms. Addition of pentane,
followed by filtration and washing with pentane, gives the
red complex 4 in ca. 80% yield. The IR data!? and the
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Ackermann, K. J. Chem. Soc., Chem. Commun. 1984, 684.

(12) 4: veo (CH,Cl,, -35 °C) 2056, 1964, 1914, 1883 cm™!; 'H NMR
(CD,Cl,, =70 °C) 4 6.7-7.8 (m, 18 H), 8.05 (s, 1 H), 8.34 (d, J = 7.2 Hg,
2 H); 3C NMR (CD,Cl,, -55 °C) 6 154.7 (Jou = 174.0 Hz), 165.2 (Jywe =
94.6 Hz), 169.6, 198.9 (Jyc = 127.1 Hz, cis CO), 201.8 (Jyc = 131.0 Hz,
trans CO), and 16 signals between 119.1 and 146.4 (Ph); MS (EI) M* m/e
683 (1%W). Anal. Caled for C3,H, NOW: C, 56.24; H, 3.10; N, 2.05.
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poor solubility in nonpolar solvents are consistent with a
zwitterionic pseudooctahedral pentacarbonyl structure.
The 'H NMR spectrum shows a singlet at § 8.05 in ad-
dition to the phenyl resonances, in agreement with
structure 4 (Scheme I) rather than with 3. The structural
assignment as an imine adduct of pentacarbonyl(di-
phenylvinylidene)tungsten (5) is further supported by the
13C NMR spectrum. It shows three resonances in the
olefinic region: 3§ 169.6, 165.2 (Jwc = 94.6 Hz), and 154.7.
In the gated decoupling spectrum only the signal at § 154.7
splits into a doublet (Joy = 174.0 Hz). Therefore, the
carbon bonded to tungsten does not carry a hydrogen
atom. Thus, alternative structures such as 3 (diphenyl-
ketenimine adduct of 1) or a metallaazacyclobutane (re-
lated to the chromadiazacyclobutane formed from
(CO)sCr[C(OMe)Me] and cis-azobenzene)!® can be ex-
cluded.

The reaction of 1 with 2 is very likely initiated by a
nucleophilic attack of 2 at the carbene carbon of 1 followed
by rearrangement of 3 to 4. There is extensive precedent
for this type of “insertion” into a metal-carbene bond in
the reactions of 1 with ethoxyacetylene,!l (diethyl-
amino)propyne,' and diethylcyanamide'® and of (CO);W-
[C(OMe)Me] with, e.g., azobenzene.!®* The mode of for-
mation of 4 is unknown. Several different pathways are
conceivable, a mechanism involving a metallacyclic tran-
sition state being the most likely one. The rearrangement
of 3 to 4 is rapid. Attempts to detect the proposed in-
termediate 3 by monitoring the conversion of 1 with 2 to
4 by 'H NMR spectroscopy were unsuccessful. Even im-
mediately after equimolar amounts of 1 and 2 are mixed
in dichloromethane at —70 °C, no signals are present in the
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spectrum except those due to 4. The greater stability of
4 compared to that of 3 is easily explained by the better
delocalization of the positive charge at nitrogen in 4.

In CH,Cl, at room temperature 4 reacts within several
minutes to produce a mixture of the green diphenyl-
vinylidene complex 5,7 phenylbenzylideneamine (6), and
the yellow azetidinylidene complex 7.18 The formation
of 5 and 6 from 4 is reversible, as can be demonstrated by
'H NMR and visible spectroscopy. When compound 4 is
warmed in CD,Cl, from -70 °C to ambient temperature,
the red color of the solution changes to green due to the
formation of 5. Simultaneously, the C(C¢H;)H singlet of
4 at 6 8.05 disappears and a new singlet at 6 8.38 (C(C;H,) H
of 6) appears. Cooling the solution to —70 °C again restores
the red color of 4 and the singlet at 6 8.05. When solutions
of 4 (or of 5 and 6) are kept at ambient temperature for
prolonged time, the acetidinylidene complex 7 is the ex-
clusive product and is isolated after column chromatog-
raphy in more than 80% yield. However, protonation of
6 by 1 equiv of HBF+Et,0 or addition of BF;Et,0 to
solutions of 4 (before warmup) suppresses the readdition
of 6 to 5 (to produce 4). Then 5 is obtained from 4 after
chromatographic workup of the reaction mixture in yields
up to 90%. Thus, the main product can be predetermined
by the choice of reaction conditions.

Complex 7 very likely is formed from 4 by an intramo-
lecular cyclization and from 5 via fast readdition of 6 to
give 4 followed by slow cyclization (Scheme I). The dis-
sociation of 6 from 4 is reversible, whereas the formation
of 7 is irreversible. Therefore, the ultimate reaction
product is 7, provided that the imine 6 is not removed from
the reaction mixture by protonation or adduct formation
with BF;. This reaction scheme is supported by crossover
experiments. When a solution of 4 in CD,Cl, is warmed
to ambient temperature for 20 min in the presence of 3
equiv of (CgH;)N=C{C;H,OCH;-p)H (8a) and then re-
cooled to =70 °C, the 'H NMR spectrum shows singlets
for OCHj; groups at & 3.96 (9a) and 3.56 (10a) and a singlet
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at 6 8.44 ((C¢H;)CH of 6) in addition to the singlets of 8a

(17) 5: vpp (pentane) 2096 m, 2006 s, 1991 s, 1977 vs cm™!; 'H NMR
(CDCl;, -5 °C) 6 7.41 (m, 2 H), 7.28 (m, 3 H); *C NMR (CDCl,, -23 °C)
6127.2,128.3, 128.6, 129.0 (Ph), 131.9 (Jwc = 20.8 Hz, 8-C), 192.6 (Jwc
= 126.0 He, cis CO), 208.9 (Jywc = 96.8 Hz, trans CO), 375.1 (Jyc = 118.2
Hz, «-C); MS (EI) M* m/e 502 (**W). Anal. Calcd for C,yH,;0,W: C,
45.45; H, 2.01. Found: C, 45.52; H, 2.03.

(18) 7: vcg (pentane) 2066 m, 1980 w, 1942 s, 1936 vs cm™; 13C NMR
(CDCly, -10 °C) 6§ 73.0, 83.0, 16 signals between 124.4 and 140.1 (Ph),
197.1 (Jwc = 127.6 Hz, cis CO), 201.9 (trans CO), 277.3 (carbene C). Anal.
Calcd for Cp3Hy NO;W:1/,C:H,y: C, 57.60; H, 3.78; N, 1.94. Found: C,
57.42; H, 3.84; N, 2.00.
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at § 3.83 (OCHj;) and 8.36 ((C;H,OCH;)CH). In the course
of several hours at 20 °C the intensity of the OCHj singlet
at 6 3.96 (9a) decreases and that at § 3.56 (10a) increases.
From the reaction mixture the azetidinylidene complexes
7 and 10a'® are isolated (ratio ca. 1:2). Analogously, ad-
dition of 8a to solutions of the pure diphenylvinylidene
complex 5 affords adduct 9a,%° which converts to 10a
within hours at room temperature.

Results similar to those with the system 4/8a are ob-
tained on thermolysis of 4 in the presence of H;CN=
C(OCH,;)CHj; (8b), which affords a mixture of 6, 7, 9b,2!
and 10b.2?
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These findings are consistent with the proposed reaction
scheme, but they do not completely rule out direct anta-
rafacial addition of the imines 6 and 8a,b to the C=C bond
of 5 as an alternative (or additional) mechanism. The
formation of azetidinylidene complexes (percursors of
B-lactams) from cationic iron vinylidene complexes and
imines is well-known.”? A stepwise path was proposed by
Barrett et al. and confirmed by the isolation of the in-
termediate {Cp[(MeO);P](CO)FeC[=CMe,][N(Me)=C-
(PhyH){*CF4SO,™. Similarly, the 8-lactam formation in the
reaction of diphenylketene with benzalaniline was sug-
gested to proceed via a zwitterion.?* A vinylidene complex,
(CO);Cr=C=CH,, was also proposed as an intermediate
in the reaction of (CO);Cr==C(OH)Me with dicyclo-
hexylcarbodiimide.?®

The formation of 5 and 6 from 1 and 2 constitutes a
novel route for the synthesis of vinylidene complexes. This
method, which corresponds to a M=C/N=C metathesis,
should be useful especially in the preparation of vinylidene
complexes not accessible by other routes (as e.g. 5).
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