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Abstract: The synthetic utility of a 5-membered lactam-derived vinyl triflate has been evaluated. This
vinyl triflate was used in several types of Pd(0)-mediated coupling reactions like Stille type couplings
and CO-insertion reactions. Copyright © 1996 Elsevier Science Ltd

The synthetic potential of vinyl triflates derived from aldehydes and ketones has been well established
over the last decade.! Such vinyl triflates have shown to be suitable substrates in various types of coupling
reactions e.g. Stille couplings,2 Heck reactions,3 cuprate additions, and Nozaki-Hiyama couplings.5 In
contrast with the numerous examples of reactions with simple vinyl triflates, there are only limited examples
of similar reactions with lactone-derived vinyl triflates.5 Recently, (non-aromatic) 6- and 7-membered lactam-
derived vinyl triflates were also employed in various Pd-catalyzed coupling reactions.” As an extension of our
earlier work on synthetic applications of pyrrolidinone systems,® we became interested in methods involving
vinyl triflate chemistry since the remaining double bond allows further functionalization of the S-membered
heterocyclic ring. In this letter we disclose some preliminary results on Stille type couplings and CO-insertion
reactions of the butyrolactam-derived vinyl triflate 3.

The tosylated o-ethoxypyrrolidinone 2 was chosen as a precursor for vinyl triflate chemistry because it
is readily available from succinimide and aiso because the presence of the ethoxy and the N-tosyl function
renders the corresponding triflate more stable.? Moreover, after formation of the vinyl triflate and coupling
with an appropriate side chain, the pyrroline ring can either be further functionalized via N-acyliminium ion
type chemistry,® or via reaction of the double bond that remains after vinyl triflate coupling. Last but not least,
the possibility of using enantiopure ethoxy lactams could also be invoked.82 The synthesis of vinyl triflate 3
commenced with the known ethoxy lactam 1 (eq 1),8 which was tosylated upon treatment with »-BuLi and
TsCl to afford 2 in 75% yield.

1.2 equiv of BulLi, 1.1 equiv of KHMDS, )
THF, -20 °C, 30 min, Q THF,-78°C, 1 h, /Q\

Eto/q/\\O ———————— BT N0 ————— EO7 N7 0Tt (eq1)
H then 1.2 equiv of TsCl, Ts then 1.1 equiv of Tf,0, Ts
1 -20 °C > 1,3h 2 (75%) 78 °C > 1t 3 (60%)

Deprotonation of lactam 2 with KHMDS at low temperature followed by trapping of the enolate with triflic
anhydride led to the desired vinyl triflate 3 in 60% yield.19 Use of different triflating agents like N-
phenyltriflimide! ! or N-(5-chioro-2-pyridyl)triflimide!2 gave significantly lower yields. The vinyl triflate 3
was obtained as a colorless oil after aqueous work-up and further purification by column chromatography.
Although the triflate was prone to decomposition if minor impurities were present, the pure compound could
be stored at -20 °C for a week.
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The vinyl triflate 3 was first subjected to Stille type coupling reactions. Treatment of 3 with
vinyltributyltin under typical Stille conditions (Pd(PPh3)4, DMF, heat)? led only to decomposition of starting
material (see Table 1). Therefore mild conditions were sought that would lead to the desired product at room
temperature. Moderate yields of the desired coupling product 4 were found upon addition of LiCl (1.1 equiv),
which is known to enhance reactions of vinyl triflates via displacement of the triflate in the intermediate Pd-
complex.13v14 It is noteworthy that when a slight excess of LiCl was added (1.1 equiv), a mixture of diene 4
(29%) and chloride 515 (34%) was obtained, while an excess of LiCl (10 equiv) exclusively led to 5. A similar
result was observed when triflate 3 and LiCl (10 equiv) were stirred in DMF in the absence of any catalyst,
which demonstrates that palladium plays no role in this transformation.16 Treatment of triflate 3 with KBr in
DMEF solely led to the corresponding vinyl bromide (isolated in 28% yield due to its instability), while Lil
gave a complex product mixture.

Table 1 ] 1.2 equiv of ) 1
> SnBu
Eto/[l}\OTf - . Eto/[;)\/ + Eto/<_N>\X
Ts PdL,, MX Ts "ll's
solvent, rt
3 4 5
PdL.;, (mol%) MX (equiv) Solvent 4(%)2 5(%)2
Pd(PPh3)4 (5) DMF - -
Pd(PPh3)4 (5) LiCl (1.1) DMF 29 34(X=Cl
Pd(PPh3)4 (5) LiCl (10) DMF - 60
none LiCl (10) DMF - 97 (X=CD
none KBr DMF - 28 (X =Br)
Pd(PPh3)4 (5) Cul (0.1) DMF 56 -
Pd(AsPh3)4 (4)P DMF 50 -
Pd(AsPh3)4 (4)b NMP 77 -

ajsolated yields; P prepared in situ from Pdy(dba)3 and AsPhs.

Upon using a catalytic amount of Cul (0.1 equiv) as co-catalyst,!” however, the diene 4 was obtained in 56%
yield. After these attempts we turned to conditions reported by Farina et al. 18 (4 mol% of Pd(AsPhs)q (formed
in situ from Pda(dba); and AsPh3) in DMF or N-methylpyrrolidinone (NMP)) that provided the desired
coupling product 4 in a satisfactory 77% yield.19

Reactions with other stannanes are shown in eq 2. Unfortunately, the aforementioned reaction
conditions did not give satisfactory results in these cases, so that further searching for suitable reaction
conditions was needed. Thus, coupling of vinyl triflate 3 with (1-ethoxyvinyl)tributyltin was best achieved
when PdCl(PPhs); was used as the catalyst in DMF at 40 °C,20 after which acid-mediated hydrolysis led to
the o, B-unsaturated ketone 6 in 51% overall yield.

1) 5 mol% of PdCly(PPha),,

\ 1.5 equiv of OEt ﬂ 5 mol%lof Pd,(dba)s, A
EtO N SnBus EtO N oti 1-2equiv of CgH5SnBu,, EtO” N Ph (eq2)
1 1 h
Ts O DMF, 40 °C, 18 h Ts MeCN, i, 40 h Ts
6 (51%) 2)THF/HCI(1N)1:2,rt,1h 3 7 (56%)

Cross-coupling of vinyl triflate 3 with phenyltributyltin was shown to proceed in an acceptable yield when
"ligandless" conditions were applied i.e. Pdy(dba)3 in MeCN at room temperature (56% yield).2!

Following reactions with stannanes, a coupling of vinyl triflate 3 with an acetylene was studied (eq
3).72 Thus, reaction of triflate 3 with Piv-protected propargylamine in the presence of Pd(AsPh3)4 and K2CO3
in NMP at 40 °C afforded enyne 8 in 50% isolated yield. Use of organic bases was less successful, as EtsN
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gave no reaction and the use of Et;NH quickly led to the corresponding pyrrole, which did not couple to the
propargylamine under these reaction conditions.

5 mol% of Pd(AsPhy),,
A 20 mol% of Cul,
EtO oTf 1.2 equiv of

N _° EtO (eq 3)

A =

Ts NHCOC(Me)s K
10 equiv of K,C O,

3 NMP, 40 °C, 16 h 8 (50%)

Examples that involve insertion of CO are depicted in eq 4. Treatment of vinyl triflate 3 with
Pd(AsPh3)4 in DMF under a CO-atmosphere in the presence of methanol and triethylamine at room
temperature, rapidly produced the corresponding o,B-unsaturated ester 9 in 79% yield.22 When similar
conditions were applied using diisopropylamine instead of methanol, amide formation indeed took place
(according to TLC), but was followed immediately by loss of ethanol to give the corresponding pyrrole in
58% yield.

5 mol% of Pd(AsPhg)s, 5 mol% of Pd(PPh
EtOQCO Me CO, MeOH E(th s 1.2 equiv of nEBuag)r:H EtOD\CHO + EtO/O\

oo BT
Ts DMF, 45 min CO, THF, it, 1 h

9 (79%) 1o (56%) 11 (42%)

H (eq4)

Conversion of the triflate into an aldehyde functionality was achieved by using Pd(PPh3)4 and n-Bu3SnH as a
hydride donor in THF (eq 4).23 In this case, CO-insertion was accompanied by coordination of #n-BusSnH to
the intermediate Pd-complex, so that a mixture of aldehyde 10 and pyrroline 11 was obtained. Changing to
CH;Cl; as the solvent resulted in exclusive formation of the pyrroline 11. The starting material was recovered
unchanged when tris(trimethylsilyl)silane or triethylsilane was used as hydride donor under identical
conditions (Pd(PPh3)4, CO, THF).

In summary, a novel butyrolactam-derived vinyl triflate has been shown to be a synthetically useful
intermediate in various types of coupling reactions. While relatively harsh conditions have to be avoided due
to the tendency of the system to form pyrroles, moderate to good yields are obtained of pyrroline systems that
can be further functionalized in several ways. Other types of coupling reactions and synthetic applications of
this and other 5-membered lactam-derived vinyl triflates are currently under investigation.
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