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Alkyl-substituted chromium Fischer carbene complexes were found to react with various N-tosylimines to give #-methoxy allylic amine derivatives
under thermal conditions. This result is essentially distinct from the photochemical outcome in which f-lactam derivatives are obtained.

From their first synthesis by E. O. Fischer and A. Maagho

The Fischer carbene complexes thus have been established

Fischer carbene complexes of group six metals have attractedis useful tools for organic synthesis.

the interest of organic chemists, as well as of organometallic  Qur interest in the reaction of the carbene complexes with
chemists. Due to their unique reactivities, a large number of imines resulted in the development of novel {8 2]

carbon-earbon bond-forming reactions have been devefped
and have been applied to total synthesis of natural products
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We further investigated reactions of Fischer carbene
complexes with imines and have recently found that alkyl-
substituted carbene complexes of chromium react with imines
to give -methoxy allylic amine derivatives.

At first, we examined reaction of methyl carbene complex
1 with N-benzylideneanilin@a (Scheme 1); complek was

Scheme 1
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treated with 1.2 equiv ofa in THF, and the solvent was
refluxed under a nitrogen atmosphere. After confirmation
that the starting complex had disappeared by TLC analysis,
the reaction mixture was filtered through a small pad of silica
gel. Purification of the crude product by preparative TLC
showed thats-methoxy allylic amine derivative8a was
generated, albeit in 11% vyiefd.

We next examinedN-substituents and solvents (Table 1).
Use of an N-tosylimine 4a increased the vyield of the

Table 1. Examination ofN-Substituent and Solvent

OCH N(H)X
(O0)Cr =< 3 . j\lX _ solveﬁt o )\%
CHa Ph eflux, Time
OCH3
1.2 equiv.
X yield
entry (imine) solvent, time (product)
1 Ph (2a) THF, 5 h 11% (3a)
2 Ts2 (4a) THF, 6.5 h 32% (5a)
3 CeHa(p-OMe) (6a) THF,9h -
4 Ts (4a) CH3CH2CN, 0.5 h -
5 Ts (4a) 1,4-dioxane, 1 h 44% (5a)
6 Ts (4a) toluene, 1 h 60% (5a)
7 Ts (4a) CICH2CH:CI, 4 h 73% (5a)

aTs = p-toluenesulfonyl.

corresponding allylic amine derivativiea (32%, entry 2),
although use of amN-(p-methoxyphenyl)iminéa gave no
identifiable products (entry 3). Among the solvents examined,
1,2-dichloroethane gave the best resuhose yield reached
up to 73% (entry 7§.

This reaction was found to be significantly affected by a

Scheme 2
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1 and iminedawas carried out under 5 atm of CO pressure,
the starting iminelawas recovered in 89% yieRiThis fact
strongly suggests that dissociation of carbonyl ligand is
essential?

Taking this result into consideration, we now suppose that
the reaction proceeds as follows (Scheme 3): thermal
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dissociation of carbonyl ligand from the starting complex
gives coordinatively unsaturated specfesSpecies forms
o-complex 8 and/orzz-complex 9 with imine 4a'* which
undergo(es) [2+ 2] cyclization to give azachromacyclo-
butane intermediat&0. Intermediatd 0 undergoeg-hydride
elimination followed by reductive elimination to give the
product5a 1?13

CO atmosphere (Scheme 2). When the reaction of complex

(6) No identifiable products besid&a were isolated.

(7) N-Benzylideneaniline gave unsatisfactory results even in 1,2-dichloro-
ethane solvent. Reaction of compl&and imine2ain 1,2-dichloroethane
took as much as 32 h to complete, and the yield of the pra8aetas less
than 10%.

(8) In all of the cases listed in Table 1, the starting complekad
disappeared completely. No identifiable products other than the allylic amine
products were isolated.
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(9) We were unable to recover the starting complex

(10) Reaction of the tungsten complex correspondingy with 4a also
resulted in failure, i.e., no conversion of the starting complex (TLC analysis).
This result also suggests that carbonyl dissociation is necessary for the
reaction. The bond energy of MCO is 179 kJ/mol for W(CQ)but only
107 kJ/mol for Cr(CQy.

(11) We suppose that tHé-sulfonyl group promotes this coordination
step because an electron-withdrawing group makes back-donation from
metal to imine more facile.
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This reaction could be applied to variobktosylimines
(Table 2) Both aromatic and aliphatic imines afforded the
corresponding products in good yiels.

Table 2. Reaction of Various Imines with Methyl Carbene
Complex1

core OCH;g NTS  CICH,CHCl NH)Ts
+ —_—
(OC)s r=<CH R) Reflux, Time R
3 OCH3
1 4 1.2 equiv. 5
entry R (4) time yield of 5
1 Ph (4a) 4h 73% (5a)
2 1-Naphthyl (4b) 6 h 80% (5b)
3 CsHa(p-Cl) (4c) 4h 76% (5¢)
4 CsHa(p-CN) (4d) 5h 72% (5d)
5 p-Tolyl (4e) 7h 69% (5e)
6 n-Bu (4f) 12h 73% (5f)
7 i-Pr (49) 9h 81% (59)
8 c-Hex (4h) 11h 63% (5h)

We could also obtain @-substituted allylic amine deriva-
tive by using butyl carbene compléxd (Scheme 4). When

Scheme 4
N(H)Ts
00C :<OCH3 . NTS _CICH,CH,Cl
5Cr S 5> Ph Z nPr
—Bu Ph Reflux, 17 h OMe
11 4a 1.2 equiv. 12 46%, dr = 58:42

11 was treated withta under the same conditions as those
for complex 1, the corresponding allylic amine derivative

to proceed via ketene—chromium complexes. On the other
hand, as described above, the carbene complexes thermally
undergo carbonyl dissociation to give coordinatively unsatu-
rated species, which react with imines to gj§anethoxy
allylic amine derivatives. That is, it is revealed that distinct
reactive species were generated according to the reaction
conditionst’

In contrast to photochemical reactions, thermal reaction
of the carbene complexes with imines has not been fully
established. The reaction described in this manuscript is,
indeed, a novel example of thermal reaction of the chromium
carbene complexes.

In conclusion, we could develop a novel synthesis of
p-methoxy allylic amine derivatives utilizing thermal reaction
of chromium carbene complexes wikh+tosylimines.
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(12) We cannot exclude the following alternative mechanisi
undergoes reductive elimination to give an aziridine intermediate. The
aziridine intermediate affords thfemethoxy allylic amine product by ring-
opening reaction.

(13) H. -U. Reissig and his co-worker described the same kind of
mechanism for their insertion reaction of a carbene ligand into an olefinic
C—H bond. See: Wienand, A.; Reissig, H.-Ahgew. ChemInt. Ed. Engl.
1990, 29, 1129.

(14) Typical Procedure: A 1,2-dichloroethane solution (2 mL) contain-
ing the carbene compleX(25 mg, 0.10 mmol) and iminéa (31 mg, 0.12
mmol) was refluxed for 4 h. After confirmation that compldxwas
consumed completely by TLC analysis, the reaction mixture was filtered
through a small pad of silica gel using dichloromethane as an eluent. The
filtrate was concentrated and purified by preparative TLC (silica gel, 30:
1:3 toluene/AcOEt/NE) to afford thef-methoxy allylic amine produd&a
(23 mg, 73%).

(15) We suppose that the products are stable under the reaction conditions.
For example, wheip-tolylimine 4e was heated with complek for 24 h,

12 was obtained in 46% vyield as a 58:42 diastereomeric the allylic amine derivativése was obtained in 68% yield.

mixture 16

(16) Geometry of the carbercarbon double bond was not determined.
(17) It is supposed that irradiation of carbene complexes causes metal-

It is well-established that Fischer carbene complexes of to-ligand charge transfer, which promotes formation of ketesfgomium

chromium react with imines to givg-lactam derivatives
under photochemical conditio”" This reaction is supposed
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complexes (See ref 2h). On the other hand, we suppose that thermal
dissociation of the carbonyl ligand takes place when the carbene complex
is heated.
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