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Abstract  ZnCly, Pd (PP3), and Pt(P@3), were found to be effective catalysts for tne

condensation of sodium dimethyl malonate with 2-cyano A3p1per1de1ne 1 a-d

The key step 1n a number of projects 1in progress 1mn our laboratoryb directed towards
the synthesis of alkaloids 2 jnvolves the condensation of a 2-cyano A3 piperideine with a
1,3-dicarbonyl anion which leads to the regirospecific formation of the C-4 substituted
enamine 3, or when desired, to the aminonitrile 4 (by treatment of 3, with aqueous KCN)
(scheme 1, for R" = OCH3). We have found that highly reproducible results are obtained in
this reaction when the leaving group capacity of the cyano group 1s enhanced through its
complexation with Ag* 1on (AgBF4)3 Mechanistically an elimination-addition process 1s
felt to occur wherein the dihydropyridinium salt 2 generated progressively from a silver(I)

complex of 1 reacts 1n a conjugate or Michael fashion with the stabilized enolate

anion.
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Scheme 1

The necessary use of stoichiometric amounts of Ag+ to complex 1 becomes an undesirable
feature of this reaction, however, when conducting experiments on a large scale (>25 mmol)
In an effort to circumvent this problem we have directed our attention towards examinilng
reagents which might effect the transformation 1 +3 catalytically. We have now found that
the condensation of sodium dimethylmalonate with the aminonitriles la-d may be efficiently
performed using catalytic amounts of anhydrous ZnCly or catalytic amounts of the zero
valent organometallic complexes Pd (P@3)s; and Pt (P@3)4. A summary of our results and
experimental procedure 1s presented 1a Table 1

The choice of ZnCly as catalyst was made 1in the anticipation that Zn2*  would not be
precipitated like Ag* from the reaction medium on reaction with aminonitriles la-d It was
found that a reasonable rate of condensation could be achieved using a 10 mol Z propor-
tion of this reagent. The reaction of dimethylmalonate anion with aminonitriles la-d in
the presence of ZnCly also led uniquely to the formation of the enamines 3a-d 4 1In thas

instance however reintroduction of the cyano group to give products 4a-d directly was pre-
vented due to the insolubility of the NaCN produced in the reaction medium 3.
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TABLE 1 EXPERIMENTAL RESULTS

i Catalyst a,d oc Time %4 6,e
hrs -
a R = CHg A 60° 24 72
R' = H " " 70
c " 8 75
b R = CHy A 60° 48 89 b
R' = CyHy B " " 8o b
1 c " 16 76
|
. ¢ R = CHyCgHs A 60° 24 75
1 R' = H ¢ 16 77
:
: d R = CHyCgHs A 60° 48 (70 )bsc
R'= CyHs " " 67P

a) A = 5% Pd(PP3)y , B = 5% Pt (PP3)4 , C = 10% ZnCl,

b) Compound 4 was 1solated as an™v8 2 mixture of isomers.

c) reaction incomplete, % yield determined by integration of the 1y wMr spectrum.

d) 1 (1 mmol), sodium dimethylmalonate (1 5-1.7 mmol), catalyst, #3P(30mg) (for catalysts A
and B only) reacted in THF (8ml) at 60° under an atmosphere of argon.

e) purified by column chromatography on alumina (1 x 12cm) eluting with CHyCly hexane-

miXture

Although longer reaction times and higher temperaturss were required for cowmplete

reactlon than were necessary using stoichiometric amounts of AgBF4 (15-60 min.) no signifi-
cant change in the yields of the 1solated products 4a-d 5 was observed In fact the crude
products obtained from these reactions were found to the remarkably free of contaminants.
The analogous product mixtures obtained from the Agt promoted reactions were contamined
with unidentified highly coloured polar materials which rendered purification more dif-
ficult.

It was not unexpected that a long reaction time (48 hrs) would be necessary for the
preparation of compound 4d from the hindered substrate 1ld (compared with results for 2d).
The lower yield (67%) obtained in this case may simply reflect the sensitivity of enamine
3d to prolonged heating in the presence of the acidic catalyst

Zero valent Pd and Pt complexes were studied as catalysts based upon the recognition
that the 2-cyano A3 piperidelne molecule contains an allylic moiety wherein the CN reacts
as a leaving groups through participation of the lone pair of electrons on nitrogen. This
system thus a priori contains the essential features necessary for the formation of a
T —-allyl metal complex The subsequent reaction of such complexes with malonate anions 1s
well documented 7.

I1deed an efficient condensation reaction was observed when 5 mol % of Pd (P@#3), was
added to the mixture of 1 and dimethylmalonate anion 8. Reaction times ? ranged between
24-48 hrs at 60° depending upon the substrate (except for the hindered substrate 1d where
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reaction did not go to completion before catalyst activity was lost) Again NaCN
precipitated from the reaction medium and the C-4 substituted enamines 3a-d were produced
1n essentially pure form On 1solation of the corresponding amincnitriles 4a-c the yields
were found to be comparable with those obtained using ZnCljp

In keeping with the generally accepted mechanism for Pd° (and Pt°) catalyzed
alkylation reactions 7d, the first step in the condensation probably involves reaction of
amiao nitrile 1 with Pd (P@3)9 resulting in elimination of CN and formation of am-allyl

palladium complex 5a (for which the aiminium species 5b may be a contributing mesomeric
form) (scheme 2). Tnis complex may then react either directly with sodium
dimethylmalonate giving 3 or undergo prior elimination of Pd (P@3)y to give the dihydro-

pyridinium salt 2 followed by conjugate addition of malonate anion
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- Scheme 2

At present we do not have definite proof for the formatiom of the m-allyl complex 5,
or for the mechanism of 1ts electrophilic reaction. However, 1§ MR evidence has been
accumulated which shows that on reaction of lb with Pd° a new entity 1s formed which exhi-
bits a spectrum different than that observed for the dihydropyridinium salt 2 3 It was at
least clear from this study that the Pd° and Lewis acid catalyzed reaction did not follow
the same 1nitial course.

In conclusion, 1t has been found that the desired sequeace 1 > 3 can be performed 11
good yields using either ZnCly or zero valent organometallic complexes as catalysts. Both
these catalyst systems have the advantage over the use of Ag salts 1in that the reactions
are cleaner The use of ZnCly also provides a distinct economic advantage over the use of
AgBF, when conducting large scale experiments
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(Minor isomer lH NMR (CDCl3) O 86 (t, J = 6Hz, CH3), 2 31 (s, NCH3), 3.78 (br.s, H-2),
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3 747 3.76 (2s, 6H, OCH3), 3.83 (m, 1H, H-2) , 13C NMR (CDCl3) & 29.0, 32.1, 32.6, 48 9,
51 6, 52 4 (2), 56.3, 60.1, 115.9, 127.6, 128.6, 128.9, 136.8, 168.1 (2) , MS m/e (rel.
intensity) 330 (60%, M%), 329 (100%), 299 (20%), 271 (10%), 252 (30%), 239 (70%), 172
(80%).

4d (colourless o1l) an 8 2 mixture of isomers , Major 1somer 1y NMR (400 MHz,
CcDC13) § 0.83 (t, J = 6Hz, 3H, CH3), 3.67 (AB quartet, J = 12Hz, 2H, CH®¥), 3.70 (4,
J = 4Hz, 1H, CH), 3 75 (s, 6H, OCH3), 3 90 (d, J = 3Hz, 14, H-2) , 13c NMR (CDCl3) 6 10.8
22 2, 27.4, 38 6, 42 0, 49.0, 51.8, 52.5 (2), 56 &4, 60.4, 115.2, 169 0 (2) , Minor Isomer

13¢ mMr (cDCl3)  11.0, 24 1, 25 3, 35.4, 40.8, 46.4, 52.8 (2), 118.0, 169.0 (2)
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