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The Passerini and the Ugi reactions certainly mrethe most
important applications of isocyanides in synthésampared to the
Ugi reaction, the use of the Passerini couplings been limited by
its 3-component nature together with a poorer iefficy. Indeed, the
instability of isocyanides under highly acidic cdiwhs and the
need for an efficient electrophilic activation éetcarbonyl moiety
often limits the synthetic scope of the Passeriaupting. In
comparison, the addition of isocyanides to the nib@®ic imines is
easily achieved under moderately acidic conditiomsthe Ugi
process. As a consequence most uses of isocyamd&CRs
mainly involve an Ugi reaction as the key step. ldogr, several
strategies involving transformation of the esterigtyoof Passerini
adducts have allowed to highlight the benefitshig toupling. This
is the case of the Passerini-amine deprotectioh-atgration

(PADAM) protocof or the reduction of various Passerini adducts p,—~

with zinc in ethanof as well as samarium iodidéwith this idea in
mind, we have recently disclosed a reductive TSugist
transformation of cinnamaldehyde derived Passemgiducts

(Scheme 15.
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Scheme 1. Tsuji-Trost reaction of Passerini adducts

Though the latter reductive transformation displthe first use
of a Passerini adduct in a Tsuji-Trost reacfighe synthetic scope
of the process was quite limited and we were etgeatevelop a
version of this reaction with carbon based nucléeptin order to
raise the diversity offered by the tandem (SchemeHgrein, we
wish to present our first results obtained with onalte derivatives
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as well as their extension to Tsuji-Trost/Michagdlidéion tandems.

Malonic esters certainly represent the most thdnbug
developed nucleophiles in Tsuji-Trost reactionsnpée methyl
malonate was thus first chosen to test the behasfidPasserini
adductla formed from cinnamaldehyde, acetic acid and cyetgh
isocyanide. Under treatment with a Pd(OARPh couple under
microwave conditions, the malonyl derivati2a was obtained in a
moderate 54% isolated yield. The following triaisder various
thermal and microwave conditions allowed us toerdiss yield up
to 77% working with Pd(Pj), in toluene at 50°C (Scheme 2).
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O)LMe MeO,C” COMe  MeO,C._CO.Me
NHCy 1 equiv Phj/\/\ﬂ/NHcy
o solvent (0.25 M), Pd cat 0
1a Cs,CO3 (1 equiv) 2a

Pd(OAc),, 5 mol%, PPh; 10 mol%
Toluene (130°C, vW, 15 min):
Pd(OAc),, 5 mol%, dppe 5 mol%
Toluene (130°C, vW, 15 min):
Pd(dba),, 5 mol%, dppe 5 mol%
Toluene (130°C, vW, 15 min):
Pd(PPh3)s, 5 mol%, Tol (50°C, 30 min): 77%
Pd(PPh3)4, 5 mol%, CH3;CN (50°C, 30 min): 45%
Pd(PPhgz)s, 5 mol%, DMF (50°C, 30 min):  45%
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Scheme 2. Optimisation towards Tsuji-Trost add&zt

The latter conditions were selected to evaluageréactivity of
Passerini adducts of variousp-unsaturated aldehydes in Tsuiji-
Trost reactions with malonic esters (Table 1). Passerini esters
1la-m were all obtained in moderate to good yields iagdhe three
components for one day at room temperature undeersofree
conditions. All the Passerini adducts formed redainder Tsuiji-
Trost conditions with dimethyl malonate to give tt@responding
a,B-unsaturated amideza-m in good to moderate yields. Thought
the regioselectivity of the malonyl attack is opip®go the one
obtained in the Tsuji-Trost reduction of Passefimimic esterd, it
corresponds to the usual behaviour of susbtitutiédicaesters
towards malonic derivatives. The choice of benzeicid as
carboxylic component of the Passerini step leads less efficient
Tsuji-Trost reaction (Table 1, entry 2). All othasserini adducts
were thus prepared with acetic acid. Starting fanmamaldehyde,
good yields were obtained for both steps of thedéam with a
variety of isocyanides (cyclohexyk-butyl, benzylic ...Table 1
entries 1-6). Cinnamaldehydes susbtituted by antretedonating
group at the 4 position (Table 1, entry 7) or acebnwithrawing
group at the 2 position (Table 1, entries 8,9)h# aryl ring gave
Passerini adducts in moderate yields but the laidraved well in
the following Tsuji step. The tandem is not linditeto
cinnamaldehyde derivatives as shown by the formatid the
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malonyl derivative2m obtained in moderate yield from Passerini

adductlm as well as furyl derivatived and2k. CO.Me
MeO,C._COMe MeO,C 1
H Cs,CO3 (0.5 equiv) 2 R
Table 1.Scope of Passerini/Tsuji-Trost tandem with dimethylmalonate RSN Nopa T N-R*
Y ) 100°C, 30 min Y 3
CONHR* b
R3CO,H CONHF;“ R 2 sgiedy N\ f base
OHC\[RZ —-R4NC RSOCO)\[R Y MeO,C gil— MeO,C_CO,Me Me0Z0 C0Me
R! neat 25°C R Eg(z%h%:esriovl)ﬁ’ R’ 2d  3d (70%) 2 2 H base ] |
2CO;3 (1 equi CO,Me 2e 3 (38%) S N. — R H
1 Tol, 50°C, 30 min 2 29 39 (64%) R' R* N.
2j 3j (53%) 0 R
2m - 0
1 2 1 22
Bory R R R R (Yield %) (vield %) )
Scheme 4. Lactams3 from Tsuji-Trost adduct2
1 Ph H Me cy la(94) 2a(77)
2 Ph H Ph Cy 19 In order to gain more opportunities to expresseteetrophilic
3 Ph H Me tBu T (73 2c(87) properties of ther,B-unsaturated amide moiety f we decided to
4 Ph H Me C,g 1d(90)  2d (69) extent the study to the use of bis-nucleophiledéTsuji-Trost step.
N According to the length of the tether between the hucleophilic
5 Ph H Me . A 1e(87) 2e(78) . .
b sites, this approach could offer a fast assemblgyafopentanes,
6 Ph H Me ODN 1 (76)  2((72) cyclohexanes or even larger rings. To prove thecept the bis-
Me .
/©/\;‘ malonyl ester4 was prepared from dimethyl malonate and
7 4(MeOGH,  H Me y 19(65)  29(75) diiodomethan&. When4 was added to N-Butyl Passerini adducts
8  2-(NO)CeHs H Me g 1h(65) 2h (67) 1c and 1n under the Tsuji-Trost conditions settled previgusie
N ) were delighted to observe the direct formation obsdituted
o 2(NO)GH. H Me  eo” . uEn 20 cyclopentanessc and 5n through a Tsuji-Trost/Michael addition
10 2-furyl H Me C,g 1j (62) 2§ (37) cascade (Scheme 5). The assumed trans configuiattiimand5n
1 2-furyl H Me cy K @6) 2k (74) was consistent with a 13 Hz cpupllng consta_nt @ tivo trans
@Aﬁ cyclopentyl hydrogen together with a Noesy corietabetween the
12 Ph Me Me y u@s) 2@ latter and hydrogens of the aryl moiety. Due to khew flexibility
13 n-Pr H Me ﬁ 1m (71) 2m (43) of cyclopentyl rings, these elements however wartesnfficient to

ascertain the trans relation between the aryl amdeamoieties.

&for R°=H, all alkenes2 have a trans configuratiori¢q around 15Hz). The
configuration of2l has not been determined.

OAc MeO,C CO,Me
Beyond the intgrest of a one step preparation  ofalsigi R1/\)\”/NHt—Bu MeO,C  COMe 4 Nl\llgz)ozzcci(><cOZNIe
precursors for Tsuji-Trost couplings, this stratelgads to an 5 _ R17~ COMe
L ; ; ; 1 Pd(PPhg)4 5 mol% B
efficient .synthe5|s of ambldent. species prone td? laath as 0520033(14'2 equiv) “~ CONHF-Bu
nucleophiles (through deprotonation) and electiegh(via thea,3- Tol, 50°C, 30 min . 5
unsaturated amide moiety) under suitable activa@®cheme 3). 1 Suiel) - Rd cat %/ Michael
Besides the C-H malonyl bond, we envisioned thaeddimg on the 1c¢  5c (78%) ! Megzg %%zl\l\/’lle
nature of the Rgroup, the allylic C-H bond could be also actidate ™ 1 (53%) MeOz 2ve
. o 1n, 5n: R'= 4-(MeOCgH,), R!
under basic conditions. |
CONHt-Bu
Base — H CO;Me Scheme 5. Tsuji-Trost/Michael cascade towards cyclopentdnes
1 Y—CO,Me
R
N = H (—= Base A further confirmation was obtained working withet less
o) sterically hindered Passerini amidg. In the latter case, a more
NHRE 2 complex cascade involving all functionalities oé tRasserini adduct

is observed during the Tsuji-Trost step (Scheme Téle fused
cyclopentanopiperidinedione5g was obtained via a final
condensation of the intermediate cyclopentyl N-lyeamide with a
vicinal ester moiety. In contrast with the previaily cyclopentane
derivatives, the cyclic diimidebg gave crystals in methanol
solutions and its structure could be confirmed byayX

Scheme 3. Reactivity pattern of Tsjui-Trost adduzt

This acidic property of the allylic C-H position sabest
pictured by the conversion @l into lactam3d under microwave

heating with CgCO; at 100°C in methanol (Scheme 4). Under thesgrystallography (Scheme %)', . ) .
protic conditions, a set of equilibria are probabéttled leading to If these new cascades significantly extent thefsyit potential

the migration of the double bonds towards the malanoiety. of the Passerini reaction, the interest of theystsghot limited to the

These equilibria are finally shifted by a Michaelddion towards field O_f isocyanide based mu_Itlcgmpone_nt rea(?nolmsiegd,.the
lactams 3. The reaction is quite sensitive to the naturethuf formation of cyclopentane derivatives using a hisleophile in a

nitrogen substituent, with \butyl or cyclohexyl group tethered on Tsup-Trqst reac'Flon has on_Iy been Q(_)cumented vpl_tbpaorgyllc
the nitrogen amide, no reaction occurred. The s@&mebserved esters with reaction mechanisms specific to thgnaiimoiety:

when the aryl Rgroup is replaced by an aliphatic group making the
position less acidic.
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MeO,C CO,Me
4(1 equiv) COMMe
O NH —————
Pd(PPhy)s 5mol% ~ MeO H N
N Cs,CO; (1.2 equiv)
OAc  Tol, 50°C, 30 min 5
M
e0 1g 67% 59

X-Ray structure of 5g:

Scheme 6. Tsuji-Trost/Michael cascade towards diimbte

This strategy may be easily extended to other famibf bis-
nucleophiles such as the malonitrile derivaté/€Scheme 7). The
latter, easily formed under condensation of acetophe with
malonitrile, reacts with Passerini addudd to form the
cyanosubstituted cyclopentefe in a 62% isolated yield.

onc |, NC_ Ph Ph
PR N Ar NG Me 6 b&é’;
- .
° PA(PPhs), 5 mal% UG
1d (Ar= 4-CICgH,) Cs,CO5 (1.2 equiv) CONHCHAr
Tol, 50°C, 30 min o2 79
Ph
CN Cs,C03 Ph
6 (0.3 equiv) CN
1c CN - CN
Pd(PPhy); 5 mol% P 7 Tol, 120°C,  pp?”
Cs,CO3 (1 equiv) 8c CONHt-BU MW, 30 min 7 7c
Tol, 50°C, 30 min 59% rBurNod  62%

Scheme 7. Tsuji-Trost/Michael cascade towards cyclopentahes

The direct formation of the cyclopentane ring untter Tsuiji-
Trost condition is not as general as observed Her kis-malonyl
derivative 4. If 7d is directly obtained fronld, when the same
conditions are applied tbc as starting material, the intermedi&te
is reluctant to cyclize at 50°C and could be isalare59% yield. It
could however be transformed to cyclopentare at higher
temperature.

In conclusion, we have disclosed
transformations of Passerini adducts derived fapfrunsaturated
aldehydes. This preliminary report opens the wahéouse of many
different carbon based nucleophiles leading to gnificant
extension of the structural diversity offered bye thiPasserini
coupling. The synthetic power of this approactuigtfer highlighted
by the use of bis-nucleophiles in the Tsuji-Trostps allowing
further reaction of the intermediatef unsaturated amides. New
Tsuji-Trost/Michael addition cascades lead then do very
straightforward access to cyclopentane derivativaé& will further
explore the extension of such approaches to thendion of
cyclohexane derivatives through proper choice o this-
nucleophile as well as extensions to other multjponent reactions
of cinnamaldehydes .

ChemComm

Experimental Section

Typical procedure given foRa, 59: To a 0.25 M solution of
Passerini adducta (1.0 equiv.) in toluene were added dimethyl
malonate (1.0 equiv), @80; (1.0 equiv) and Pd(PR) (5 mol %).
The resulting mixture was stirred at 50°C during @nutes.
Removal of the solvent and purification by flash arhatography
with Et,O/Petroleum Ether (20/80 to 80/20 gradient) asreglgave
the desired product (190 mg, 77%) as an yellowds@CM Rf
(80/20 E$O/EP) = 0.20 Mp: 151 — 152°C !H-NMR (8, ppm)
(CDCl;, 400 MHz) 7.33 (m, 2H), 7.29 (d, J=5.2Hz, 1H),5 (@n,
2H), 6.93 (1H, dd, J=14.8, 8.0Hz, 1H), 5.78 (d,22Hz, 1H), 5.33
(d, J=8.0Hz, 1H), 4.25 (t, J=11.2Hz, 1H), 3.92 Jd11.2Hz, 1H),
3.82 (m, 1H), 3.77 (s, 3H), 3.50 (s, 3H), 1.92 §), 1.72 (m, 2H),
1.63 (m, 2H), 1.35 (m, 2H), 1.15 (m, 2H}*C-NMR (3, ppm)
(CDCl;, 100.6 MHz) 168.0 (Cqg), 167.5 (Cqg), 164.1 (Cq), 142
(CH), 138.5 (Cq), 128.9 (2CH), 128.2 (2CH), 127.6 (CH)5.9
(CH), 56.9 (CH), 52.8 (Ch), 52.6 (CH), 48.3 (CH), 48.0 (CH),
33.1 (2CH), 25.5 (CH), 24.8 (2CH); IR (v, cm?) 3274, 2930,
2853, 1737, 1667, 1626, 1541, 1452, 1434, 12552 1FBRMS
(El) Calcd. for G;H,7,NOs : 373.1889 found : 373.1887.

The same procedure usidg, CsCO; (1.2 equiv) and the bis-
malonyl 4 gave the diimidég (159 mg, white crystals, 67%) after
purification by flash chromatography with AcCOEt/Ré¢um Ether
(from 10/90 to 50/50) as eluanECM Rf (50/50 AcOE/EP)
0.37 ;Mp 134 — 136°C 'H-NMR (8, ppm) (CDCls, 400 MHz)
7.27 (s, 4H), 7.10 (d, J=8.8Hz, 2H), 7.07 (d, J48z8 2H), 5.01 (d,
J=14.4Hz, AB system, 1H), 4.92 (d, J=14.4Hz, AB systdH),
3.82 (d, J=12.8 Hz, 1H), 3.77 (s, 3H), 3.73 (s, ,3BY0 (s, 3H),
3.51 (d, dz=14.8 Hz, 1H), 3.17 (dd=14.8 Hz, 1H), 3.14 (s, 3H),
3.09 (dd, J=12.0, 5.6 Hz, 1H), 2.86 (dd , J=18.4,Hz, AB system,
1H), 2.54 (dd, J=18.4, 6.4 Hz, AB system, 1HYC-NMR (5,
ppm) (CDCl;, 100.6 MHz) 171.6 (Cq), 170.0 (2Cq), 169.9 (Cq).
169.4 (Cq), 159.3 (Cq), 135.1 (Cq), 133.3 (Cq), @32CH), 129.9
(2CH), 128.5 (2CH), 127.4 (Cq), 114.0 (2CH), 63.0 (G®.5 (Cq),
55.3 (CH), 53.6 (CH), 53.5 (CH), 53.3 (CH), 52.6 (Ck), 43.2
(CHy), 42.3 (CH), 40.8 (CH), 31.1 (CH) ; IR (v, cm}) 3002, 2953,
2840, 1726, 1677, 1610, 1514, 1433, 108RMS (El) Calcd. for
CogH3,CINO, g : 589.1715 found : 589.1721
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The Passerini reaction of a,B-unsaturated aldehydes affords suitable substrates for
Tsuji-Trost reaction with various carbon based-nucleophiles. The resulting a,3 -
unsaturated amides may be cyclized to lactams or converted into cyclopentane
derivatives if bis-nucleophiles are used in the Tsuji-Trost step.



