
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Palladium-catalyzed C-H and C-N bond formation

van Laren, M.W.

Publication date
2004

Link to publication

Citation for published version (APA):
van Laren, M. W. (2004). Palladium-catalyzed C-H and C-N bond formation. [Thesis, fully
internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:26 May 2023

https://dare.uva.nl/personal/pure/en/publications/palladiumcatalyzed-ch-and-cn-bond-formation(2d6a5978-8ac9-4cdd-86e9-59b295ac0cd1).html


Chapterr  5 

Palladium-catalyzedd three-component reaction 

off  1,2-dienes, Iodobenzene and amines 

5.11 Introductio n 

Allylaminess are important synthetic targets which are found in many natural products, 

theyy often find application in products after subsequent transformations, e.g. amino 

acids,, alkaloids.3 Several stoichiometric and catalytic methods for the synthesis of a 

widee range of allylamines are known. In these cases two components are employed 

andd usually, substituents are introduced at the ally lie termini (positions 1 and 3). These 

cann be chosen relatively freely, but few methods allow introduction of substituents at 

positionn 2 (see Scheme 5.1 for numbering). In one instance, a zirconocene-imine 

2n3 3 Brr + HNFTR 
PdCI22 L2 

LL = P{o-tolyl)3 

NFTR R 2 D 3 3 

a1 1 
N ii m + HNR2R3 -I 

Pd(OAc)22 / PPh3 

Pd(dba)33 / dppf 

THF F 

.NR^R R 2o3 3 

.NR^R R 2o3 3 

33 1 

Schemee 5.1:Selected transition metal-catalysed C-N coupling reactions 

complexx was reacted with an alkyne to provide stereochemically pure products. This 

proceduree allows choice of substituents at all three positions of the allylic moiety, but a 

severee drawback is the stoichiometric use of the zirconium compound involved. Direct 

hydroaminationn of dienes and allenes would be a very attractive route to allylamines, but 

#.. Part of the work in this chapter has been published: van Laren, M.W.; Diederen, J.J.H.; Elsevier, C.J. 
Adv.Adv. Synth. Catal 2001, 343, 255. 
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thee selectivity is often very difficult to control and dimers or telomers are often 

obtained. . 

Insertionn of allenes into palladium-carbon bonds of aryl-Pd and acyl-Pd compounds 

proceedss readily and protocols based on this reaction involving intramolecular attack by 

N-nucleophiless on the incipient n-allylpalladium complex to give valuable heterocyclic 

compoundss are known. An elegant example is the trapping of an allylpalladium(II) 

complexx by internal N-nucleophiles in reactions of co-2,3-dienyl lactams with 

iodobenzenee to give tetrahydropyrrolizin-3-ones and tetrahydro-2H-indolizin-3- ones. 

Intermolecularr variants involving two components have also been established, these 

proceedd by intramolecular ring closure as the final step. 

5.22 Results &  Discussion 

Wee reasoned that, if the direct nucleophilic attack of the amine on the organic halide is 

sloww (which is known to be the case for aryl halides) as compared to the allene insertion, 

onee could envisage a /^ree-component tandem type reaction indicated in Scheme 5.2, 

leadingg to allylamines A and B (see Figure 5.1). Shimizu and Tsuji have reported such a 

.NFTFT T 

NR2R33 B 

Figuree 5.1: possible products of the three component reaction. 

three-componentt reaction, but it is limited to the use of non-volatile allenes and only 

thee very nucleophilic pyrrolidine has been employed as the amine. When low-boiling 

alleness or diethylamine were used, this method led to a disappointing (< 10%) yield. 

Hence,, we chose to use a closed vessel (Ace tube) to carry out the allylic aminations, 

whichh resulted in good yields for a broader range of substrates. Furthermore, the catalyst 

precursorr was varied (see below). 

Indeed,, reaction of iodobenzene with 3-methylbuta-l,2-diene and pyrrolidine or 

isopropylaminee in acetonitrile in the presence of a palladium-diphosphine catalyst, 
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obtainedd in situ from palladium acetate and l,2-bis(diphenylphosphino)ethane (dppe), 

att 100 °C in an Ace pressure tube for 3 hours cleanly provided the respective allylamines 

11 and 2 (Table 5.1, compare I0) in good yield. 

allylaminess A + B 

RR Ar 

W A r r 

l \ __ 2 3 
Pdd N—NR2R3 

L_// V|_ (+ regio- and 
stereoo isomers) 

R1R2NH2
+X~ ~ 

2HNR'R R 

Schemee 5.2: Anticipated reactions for a three-component intermolecular 

carbopalladation-aminationn of allenes to give allylamines. 

Regiospecificityy was obtained in both the arylation at C-2 and of the amination at C-l, 

i.e.i.e. the expected nucleophilic substitution by the amine at the unsubstituted terminal 

allenee carbon atom. Next, substrates with one substituent at the allenic terminus were 

selectedd to assess the regioselectivity for a more demanding substrate and in order to 

probee the stereoselectivity of the reaction. Thus, as shown in entries 3 - 6 of Table 1, 

reactingg 4,4-dimethylpenta-l,2-diene according to the same protocol with iodobenzene 

andd amines as in entries 1 and 2, led to good yields of the corresponding regiopure allyl 

aminess 3 -6 with high stereoselectivity for the (£")-isomer. No reaction was observed 

withh diisopropylamine or potassium diisopropylamide. However, diethylamine was a 

suitablee nucleophile and gave (£)-5 with complete regio- and stereoselectivity. 

Stereoselectivityy depends on the nucleophile; secondary, more basic amines give only 

thee (£)-isomer, whereas isopropylamine gives an 80/20 E/Z mixture. This may be due to 

lowerr nucleophilicity and less steric hindrance (as compared to pyrrolidine and 
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diethylamine),, hence less stereodifferentiation in the nucleophilic attack on the 

intermediatee syn- and a/ï/7'-(7i-allyl)palladium compounds. 

Tablee 5.1:Palladium-catalyzed three component synthesis of allylamines. 

Entryy 1,2-Diene Amine Product t Noo BZ Yield d 

(%)b b 

pyrrolidine e 
phh O 

11 n.a. 83 3 

isopropylamine e 
Ph h 

n.a. . 74 4 

pyrrolidine e 33 100/0 95 

isopropylamine e 
Ph h 

80/200 95 

diethylamine e 
Ph h 

55 100/0 90 

morpholinee /\ \ ^ 
11 Ph k ,0 

diisopropylaminee No reaction 

66 100/0 90 

0 0 

pyrrolidine e 77 70/30 T 

V V 

Ph h 

pyrrolidine e 

Ph h 

O O 
88 34/66 93 

10 0 ^ ^ 
isopropylaminee Ph 

Ph h 

50/500 95 

a)) Major isomer drawn, b) GC yields at 100% conversion; remainder is the allylic amine due to 
directt hydroamination (i.e. no oxidative addition of Phi), c) Remainder 20% hydroamination 
(R'-CH=CH-CH2-NR2R3)) and 6% ^-elimination (H2C=CH(Ph)-C(Me)=CH2). d) Conversion 
95%;; remainder 5% Phi and 5% hydroamination. e) Mel was used as the electrophile, number 
referss to isolated yield. 
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Phenylpropadienee as the substrate gave similar results regarding the regiochemistry but 

generallyy much lower and opposite stereocontrol was obtained, with a slight preference 

forr the (Z)-isomer. This may be explained by invoking the position of equilibrium 

betweenn syn- and awfr'-isomers of the intermediate jr-allyl-palladium complex (as 

comparedd to the situation for the products arising from 

4,4-dimethylpenta-l,2-diene)(Schemee 5.3) and the relative rate of attack of the 

N-nucleophilee on these species. 

H-- . H _ P h 

HH R 

Pd--
/ / 

"anti" " syn n 

HNRR' ' HNRR' ' 

NRR' ' 

Schemee 5.3: syn,anti-equilibrium of the intermediate p-allyl-palladium complex. 

NRR' ' 

Varyingg the organic halide to alkyl halides led to disappointing results. Reaction of 

methyll  iodide (entry 8) with 4,4-dimethylpenta-l,2-diene and pyrrolidine gave only 

veryy low yields of 7, whereas other alkyl iodides like n-butyl iodide gave irreproducible 

resultss and very low or no yield of the desired product at all. In these and other attempted 

casess we only obtained the alkylated amine (presumably via quaternisation of the amine) 

andd the hydroamination product arising from direct addition of the amine to the allene. 

Thee composition of the catalyst, notably the type of donor atoms and their spacing in the 

ligandd on palladium turned out to be an important parameter for the rate and 

stereoselectivityy of the reaction. The reaction was tested for the effect of the ligand using 

phenylallene,, iodobenzene and the most reactive nucleophile pyrolidine (Scheme 5.4). 

Thee bidentate phosphine ligands provide reactive catalysts for the reaction discussed, 

employingg a monodentate ligand such as triphenylphosphine, or the bidentate N-ligand 

Ar-biann didn't yield a reactive catalyst at all. In concert with earlier observations, 
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thee use of diphosphines is superior to monophosphines in these reactions, bidentate 

phosphinee ligands appeared to be the ligands of choice. The in situ prepared palladium 

compoundss combine excellent regio- and stereoselectivity to allylamines, as has been 

shownn above for bisdiphenylphosphinoethane (dppe). 

Ph h 
Pd d 

Ph-II + == +HN 1 
\\ \ ligand Ph' 

10 0 

Schemee 5.4: Reaction of iodobenzene, phenylallene and pyrolidine. 

Fromm Table 5.2 it can be seen that a catalyst derived from a bidentate mixed P,N-ligand 

iss more active (in terms of turnover frequency) but gives lower stereoselectivity and 

moree of the branched allylamine (10). However, higher activity and stereoselectivity 

(comparedd to dppe) were obtained for the catalysts derived from the bidentate 

diphosphiness dppf, (rac)-Binap and XanthphosJ,2J Although these give also small 

amountss of 10 as the byproduct (entries 2 - 4), no contamination with the direct 

hydroaminationn product (ll)(Scheme 5.5) was observed. 

p \\ / ^ 
^ = . ^^ + HN N 

\\ \ ligand N N 

11 1 

Schemee 5.5: Hydroamination reaction of phenylallene with pyrolidine. 

Finally,, the application of isolated, well-defined catalyst precursors Pd(Ph)I(diphos) 

obtainedd from oxidative addition of iodobenzene to a zerovalent Pd-precursor in the 

presencee of dppf or Binap gave similar or slightly better results in terms of selectivity 

andd yield, but catalysis was faster. 

Thee use of other nucleophiles, including ethanol, sodiumethanoate, ethylsulfide and 

aniliness did not yield any of the desired product (Scheme 5.6), only P-elimination 

productss arising from the Pd-allyl species were observed 
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Tablee 5.2: Reaction of iodobenzene, phenylallene and pyrolidine. 

Entry y Ligand d 7(%) ) EIZ EIZ 100 (%) t.o.f. 

11 Ph2P PPh2 
93 3 34/66 6 

< ^ ^ P P h 2 2 

PPh5 5 

97 7 18/82 2 20 0 

PPh, , PPh, , 

97 7 

97' ' 

19/81 1 

16/84 4 

31 1 

35 5 

Ph2PP N-f-Bu 

95 5 41/59 9 19 9 

a)) GC yields at 100% conversion; branched product, Ph-C(Me)=C(Ph)-N(C4Hg) (10), remainder is 

thee allylic amine, Ph-CH=CH-CH2-N(C4H8) (11) due to direct hydroamination . b) Turnover fre-

quencyy (mol product x mol catalyst"1 xh"1). c) Substrate PhCH=C=CH2 

/ / 
HN N 

Ar r 

Ph h 

Ph-II + 

HO' ' 

NaOEt t 

Pd d 

* -- / — 
ligand d 

HS' ' 

H N ^ P h h 

Schemee 5.6: Reaction iodobenzene and phenylallene with various nucleophiles. 
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5.33 Conclusion 

Inn conclusion, a highly regio- and stereoselective three-component palladium-catalysed 

synthesiss of allylamines has been achieved. Bidentate phosphines are the preferred 

ligands,, the composition and structure of which greatly influence the stereoselectivity 

andd rate of the reaction. 

5.44 Experimental Section 

GeneralGeneral Procedure.To 10 ml of acetonitrile (distilled from CaH2) in an Ace pressure tube (35 

mL)) was added, under stirring, 14 mg (62 umol; 2.5 mol%) of Pd(OAc);, 37 mg (93 umol) of 

dppe,, 0.28 ml (0.51 g; 2.5 mmol)of iodobenzene,2.75 mmol(l.l eq) of the appropriate 1,2-di-

enee and 1 ml of the appropriate amine (ca. 4-5 eq.) under a nitrogen atmosphere. The pressure 

tubee was closed and heated to 100 °C in an oil bath. Samples were taken at regular intervals, by 

coolingg the tube to 20 °C before opening the tube. Samples were passed over a short silica col-

umnn and the composition was determined by use of GC-MS. The composition of the reaction 

mixturee was determined by the use of GC-MS, 'H and l3C NMR. The crude product could be 

purifiedd by use of flash chromatography, using silica gel as column material and mixtures of 

hexanes/etherr as eluens. Yields of the pure products were about 25% lower than the GC-yields 

indicatedd in Table 1. 

2-methyl-3-phenyl-4-(N-pyrolidino)-2-butenee (1) 

*HH NMR: Ö 7.38-7.13 (m, ArH, 5H), 3.39 (s, H2CN, 2H), 2.60 (m, NCH2 pyr, 4H), 1.79 

(m,NCH2CH2,4H),, 1.74, 1.71 (CH3).
 13CNMR:Ö 142.9, 138.2 (Cq) 127.4, 123.8, 123.1 (CAr), 

117.77 (Cq), 54.1 (CH2-N), 53.4 (N-CH2pyr), 26.1, 23.6, 23.4 (CH3). 

2-methyl-3-phenyl-4-(N-isopropylamino)-2-butenee (2) 
]HH  NMR: 5 7.36- 7.12 (m, ArH, 5H), 3.49 (s, H2CN, 2H), 2.84 (sept, HC,-.Pr, 1H, 3JHH = 6.3 

Hz),, 1.76, 1.72, 1.66 (CH3).
 13C NMR: 5 143.2, (Cq), 138.5 (Cq) 127.3, 126.1, 123.6 (CAr) 

117.88 (Cq), 48.7 (CH,_Pr), 46.4 (CH2-N) 26.2, 23.8 (CH3). 

(£)-2,2-dimethyl-4-phenyl-5-(N-pyrolidino)-3-pentene(3) ) 

]HH NMR: 5 7.42-7.11 (m, ArH, 5H), 5.68 (s, HCaikene, 1H), 3.52 (s, H2CN, 2H), 2.54 (m, 

N-CH2pyr,, 4H), 1.77 (m,NCH2CH2, 4H), 0.88 (t, CH3 eth ,, 6H, 3JHH = 7.2 Hz). 13C NMR: 5 
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142.99 (Cq), 141.4 (CHalkene), 138.0 (Cq), 128.3 (CAr), 127.1 (CAr), 126.4 (CAr), 52.6 (CH2-N), 

49.99 (CH2), 33.7 (Cq,_Bu), 31.1 (CH3 r-Bu), 24.7 (CH3). 

(E)-2,2-dimethyl-4-phenyl-5-(N-isopropylamino)-3-pentene(4) ) 

'HH NMR: 5 7.44-7.09 (m, ArH, 5H), 5.77 (s, HCalkene, 1H), 3.79 (s, H2CN, 2H), 2.80 (sept, 

HC„Pnn 1H, 3JHH = 6-3 Hz), 1.27 (s, CH3 ,_Bu), 1.03 (d, HgC p̂ 6H, 3JHH = 6.3 Hz). 13C NMR: 

55 143.8 (Cq), 142.0 (CHalkene), 138.5 (Cq), 128.6 (C^), 127.0 (C^), 126.9 (CAr), 48.9 (CH,,Pr), 

46.11 (CH2-N), 33.3 (Cq,_Bu), 31.8 (CH3 t-Bu), 23.2 (CH3). 

(£)-2,2-dimethyI-4-phenyl-5-(N-diethylamino)-3-pentene(5) ) 

'HH  NMR: 5 7.39-7.09 (m, ArH, 5H), 5.67 (s, HCalkene, 1H), 3.55 (s, H2CN, 2H), 2.40 (q, 

CH2H3,4H,, 3JHH = 7-2 Hz), 1.20 (s, CH3 ,.Bu), 0.88 (t, CH3 ethyl, 6H, 3JHH = 7.2 Hz). 13C NMR: 

88 143.8 (Cq), 142.0 (CHalkene), 138.5 (Cq), 128.6 (CAr), 127.0 (CAr), 126.9 (CAr), 52.1 

(CH2-N),, 44.9 (N-CH2pyr), 33.6 (Cq ,_Bu), 31.3 (CH3 f-Bu), 13.7 (CH3). 

(Zi)-2,2-dimethyl-4-phenyl-5-(N-morpholino)-3-pentene(6) ) 

]HH NMR: 8 7.44-7.12 (m, ArH, 5H), 5.63 (s, HCalkene, 1H), 3.71 (m, NCH2CH20,4H), 3.54 (s, 

H2CN,, 2H), 2.44 (m, NCH2CH20,4H). 13C NMR: 5 143.6 (Cq), 141.2 (CHa[kene), 138.2 (Cq), 

128.22 (CAr), 126.6 (CAr), 126.4 (CAr), 67.1 (CH20), 53.2 (CH2Nmorph), 46.5 (CH2-N). 

(F)-2,2-dimethyl-4-phenyl-5-(N-pyrolidino)-3-pentene(7) ) 

'HH NMR: 8 5.57 (s, HCalkene, 1H), 3.45 (s, H2CN, 2H), 2.40 (q, CH2H3, 4H, 3JHH = 7.2 Hz), 

1.788 (m,NCH2CH2, 4H), 1.12 (s, CH3 ,_Bu).
 13C NMR: 8 143.9 (Cq ), 141.4 (CHalkene), 138.0 

(Cq),, 128.3 (CAr), 127.1 (CAr), 126.4 (CAr), 52.6 (CH2-N), 49.9 (CH2), 33.7 (Cq ,_Bu), 31.1 

(CH33 r-Bu), 24.7 (CH3). 

(E)-(E)- and (Z)-l,2-diphenyl-3-(N-pyrolidino)-l-propen e (8) 

(Z)-isomer:: 'HNMR: 8 7.65 - 7.20 (m, ArH, 10H), 6.93 (s, HCalkene, 1H), 3.70 (s, H2CN, 2H), 
2.455 (m, NCH2 pyp 4H), 1.75 (m,NCH2CH2, 4H). 13C NMR: 8 141.9 (Cq ), 140.7 (Cq), 137.8 
(Cq),, 130.5 (CA,), 129.2 (CAr), 128.9 (CAr), 128.3 (CAr), 127.8 (CAr), 127.3 (CAr), 126.8 
(CAr),, 48.9 (CH,,Pr), 46.4 (CH2-N), 23.1 (CH3). 
(F)-isomer:: ]H NMR: 8 7.63 - 7.21 (m, ArH, 10H), 6.72 (s, HCalkene, 1H), 3.52 (s, H2CN, 2H), 

2.655 (m, NCH2 4H), 1.83 (m,NCH2CH2, 4H). 
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(E)~(E)~ and (Z)-l,2-diphenyl-3-(N-isopropylamino)-l-propene (9) 

(Z)-isomer:: ]H NMR: 8 7.63 - 7.25 (m, ArH, 10H), 6.89 (s, HCalkene, 1H), 3.85 (s, H2CN, 2H), 

2.800 (sept, HC,.Pr, 1H, 3JHH = 6.3 Hz), LOO (d, f^q.p,, 6H, 3JHH = 6.3 Hz). 13C NMR: 8 141.9 

(Cqq ), 140.7 (Cq), 137.8 (Cq), 130.5 (CAr), 129.2 (CAr), 128.9 (CAr), 128.3 (CAr), 127.8 (CAr), 

127.33 (CAr), 126.8 (CAr), 48.9 (CH,-_Pr), 46.4 (CH2-N), 23.1 (CH3). 

(£)-isomer:: *H NMR: 8 7.62 - 7.21 (m, ArH, 10H), 6.77 (s, HCallcene, 1H), 3.74 (s, H2CN, 2H), 

3.100 (sept, HC,.Pr, 1H, 3JHH = 6.3 Hz), 1.14 (d, H3Ci.Pr, 6H, 3JHH = 6.3 Hz). 
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