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Abstract: A catalytic version of the intramolecular Ni-promoted tandem cyclization-cyanation
process is described. Generally, the reaction leads to mixtures of cyclic and open chain adducts
in moderate to good yields. The presence of external bidendate nitrogen ligands, although not
essential for the reaction outcome, provides stability to the catalytic system.
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As a result from our previous studies on stoichiometric intramolecular nickel promoted tandem
cyclization-quenching of tethered viny! bromides and alkenes,! we found trimethylsilylcyanide (TMSCN) to be
an efficient quencher for the synthesis of carbo- and heterocyclic cyanomethyl derivatives. Due to the versatility
and synthetic potential of this transformation, we focused our interest on the development of a catalytic version
of the above process (Scheme 1). We describe herein our preliminary results along this line.
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For exploratory purposes, bromodiene 1a was selected as a model substrate in order to optimize the
reaction parameters (see Figure 1). Thus, treatment of 1a with 10-15% Ni(COD),, 1 mol/equiv of a ligand and
[.2 equiv of trimethylsilyl cyanide (TMSCN) or triethylsilyl cyanide (TESCN)2 in dry CH3CN at room
temperature,? cleanly afforded a mixture of the desired cycloadduct 3a* and the open chain nitrile 2aS in good to
excellent overall yield as the only isolable products.® Interestingly, neither cyclic 1,4-dienes arising from
B-hydride elimination from the presumed cycloalkylmethylnickel intermediate (see Scheme 2) nor isocyanide
insertion adducts?-8 were observed in our catalytic system. As a general trend, nitrogen ligands gave rise to
higher conversion rates (between 70-100% after 0.5-3 h), whereas phosphorus ligands afforded better ratios of
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cyclic vs. linear adducts, albeit in low conversion even after prolonged reaction times.? Interestingly, the
reaction took place even in the absence of external ligands, since total conversion of 1a into a 1:1 mixture of 2a
and 3a was observed after 30 min.

0% conversion m% 3a

100- Ligands:

904 L1: 2,2'-bipyridine;

80+ L2: 1,10-phenanthroline; L3: pyridine;
70+ L4: 2-methyl-2-oxazoline; L5: Ph3P;

:g: L6: (MeO)3P; L7: (PhO)aP; L8: no ligand

R3SiCN:
A: TMSCN
B: TESCN

FIGURE 1

From a mechanistic standpoint, the overall process can be interpreted as the replacement of bromide
by cyanide with or without olefin insertion, as depicted in Scheme 2. Oxidative addition of a nickel complex into
the vinyl-Br bond would give a vinyl nickel intermediate that can cyclize either prior or after exchange of the
bromo ligand by cyanide. Reductive elimination of alkenyl- or cycloalkylmethyl cyanonickel intermediates!®
would lead to open chain or cyclic nitriles respectively. This mechanistic proposal would reflect a competition
between the rates of cyclization, bromo-cyano exchange, and reductive elimination.
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Since the rate of exchange of bromide by cyanide can be controlled, in part, by the nature of the
alkyl groups on the silyl cyanide, different trialkylsilylcyanides were evaluated starting from bromodiene 1a in
the presence of 2,2"-bipyridine as a ligand. As a general trend, bulky cyanides (Pr3SiCN, iPrMe,SiCN and
BuMeSiCN)? gave rise to sluggish or uncomplete reactions where the open chain adduct 2a was predominant.
Among the cyanides tested, TMSCN and TESCN were chosen for further studies due to their efficiency in terms
of reaction rates, overall substrate conversion, and product distribution. As above, the presence of an external
ligand did not improve the overall efficiency of the catalytic process.” However, since the stability of the
catalytic system was consistently higher in the presence of external ligands, we chose Ni(COD)y/bipy (1:1.
[5% mol) and TESCN (1.25 equiv) as standard catalytic system for further development.!!

Several substrates were subjected to our standard catalytic tandem cyclization-cyanation system, as
indicated in Table 1.

TABLE 1
E g Eg‘ E% R~z Eq g RN o
E E E \ K’rx E CN Hie
CN
X=Br, R=CF5CO, 1e
R s Regreo g
X=CN, R=Bn, 2f E=COOEt
~ Ratio yield
Entry Substrate Products(1) 2/3 (%)2
1 1a 2a 3a 40: 60(3 98
2 1b 2b 3b 30: 70 77
3 1c 2c 3¢ ' 55: 45 100
4 1d 2d --- 100: 0 47 @
5 le 2e 3e 25: 75 75
6 1f ---  3f 0: 100 385

(1) For a general reaction procedure, see ref. 11

(2) overall isolated yield

(3) Experiments with Ni(COD)2/2,2"-bipyridine (50%mol and 100% mol), improved the ratio 2a/3a
to 20:80 and 15:85, respectively

(4) 50 % recovered starting material

(5) Together with a mixture of unidentified products

The olefin insertion step was shown to be dependent upon the substitution patterns on the starting
olefinic moiety, as indicated by 1d (entry 4), where only the open chain adduct 2d was observed. However, it
is worth noting that bromodiene 1c¢ (entry 3) afforded cyclised adduct 3¢ with total diastereoselectivity.!2
Surprisingly, amino-tethered bromodiene 1f showed sluggish reactivity in comparison with that of the
corresponding malonate analogue 1a (compare entry 6 with 1), As indirect evidence of the low tolerance of this
catalytic system towards amines as substrates, trifluoroacetamide le (entry S) afforded a reaction mixture
comparable to that of 1a, although in somewhat lower overall yield.
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