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Chapter 4 
Synthesis of Heterocycles by Intramolecular Oxidative 
Imination of Aliènes and Alkenes, and Cyclization of o-

Butadienylbenzyl Alcohols 

Abstract 

\ procedure is described to generate aromatic N-heterocycles from o-allylbenzaldimines by a 

M-mediated oxidative imination, as exemplified by the intramolecular annulation of 3-[(2-allyl-

3enzylidene)-amino]-propionitrile (4) leading to 3-methylisoquinoline (5). 2-Buta-l,2-dienyl-

lenzylalcohol (15) is shown to undergo intramolecular oxidative annulation to give a mixture of 

- and 7-membered oxygen-heterocycles (16-18). (2-Buta-2,3-dienyl-phenyl)-methanol (21) 

indergoes a Pd-catalyzed intramolecular oxidative amination to give isochromanes 22-26. Pd-

:atalyzed intramolecular oxidative imination of the corresponding allenylimine (2-buta-2,3-

iienyl-benzylidene)-terf-butyl-amine (29) gives a wide variety of iminium salts, which may 

react with Grignard reagents or may be reduced by NaBH4 to give tetrahydroisoquinolines SO-
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4.1 Introduction 

Hydroamination of carbon-carbon n-bonds, which constitutes the formal addition of a 

N-H bond across a carbon-carbon multiple bond (eq 1 and 2), is a transformation that would 

offer a very attractive route to organo-nitrogen compounds, such as alkylated amines, enamines 

or imines. 

R ,M 1 R H R NR2 
\ = + H-NR2 — — U - ) / or ) / (1) 

R2N H 

[M] R H R NR2 

+ H-NR2 — ! - J _ ^ y=? o r }=? (2) 
R2N H 

Direct attack of nucleophiles H-NR2 to alkenes can only be achieved if the alkene is 

sufficiently activated by strong electron-withdrawing groups like keto, ester, nitrile, sulfoxide, 

or nitro (Michael type addition). These additions usually lead to the anti-Markovnikov products 

(attack at the least substituted end of the alkene). On the other hand, olefins without an 

electron-withdrawing group are often aminated to give the Markovnikov product. In the past 

much work has been devoted to the activation of olefins by stoichiometric amounts of metal.[1] 

4.1.1 Oxidative amination of alkenes mediated by palladium 

As stated above, non activated alkenes are generally resistant toward nucleophilic attack 

of amines and other nucleophiles due to their electron-rich ir-orbitals. But upon complexation to 

an electrophilic transition metal such as Pd(II), an umpolung occurs[2] and even non 

functionalized olefins become susceptible toward nucleophiles.[3] Intermolecular catalytic 

oxidative amination reactions have been realized only in rare cases due to the problem of 

reoxidizing Pd(0) to Pd(II) in the presence of amines and enamines. In contrast to the difficult 

intermolecular reaction, the intramolecular aminopalladation[4] proceeds more easily. One of 

the pioneering groups in this area was that of Hegedus who reported the synthesis of indoles by 

palladium-catalyzed cyclization of o-vinylanilines or o-allylanilines in the presence of p-

benzoquinone or CuCl2 as reoxidant (eq 3).[2, 5, 6] 
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NHR' 

1-10 mol% PdCl2(MeCN)2 

100 mol% p-benzoquinone 
THF, reflux 

(3) 

R = H, 3-Me, 3-C02Et, 4-OMe, 5-OMe, 4-Br 
R' = H, Me, COMe, Ts 

In the case of substituted anilines, e.g., 3-bromo-2-vinylaniline and non-aromatic 

aminoolefins, the aminopalladation reaction is less successful due to polymerization and/or the 

strong coordinating properties of the amines toward Pd(II). A way to avoid these reactions is 

the use of less basic amines by acylation. One of the most frequently used methods is tosylation 

of the amine (eq 4).[7] 

ccr 
NHTs 

1-10 mol% PdCl2(MeCN)2 
• ' ! 

Na2COj, LiCl, p-benzoquinone 
THF, reflux 

\ 

N 
Ts 

85% 

(4) 

A catalytic intramolecular oxidative amination with tertiary amines was described by 

Pfeffer and coworkers (eq 5 and 6).[8] These reactions were found to proceed via a K-

ülylpalladium complex, as was seen in studies with stoichiometric Pd(OAc)2. 

NMe2 

1) 5 mol% Pd(OAc)2 

2 equiv p-benzoquinone 
AcOH, 100 °C 

» 
2) KPF6, MeOH 

1) 5 mol% Pd(OAc)2 

2 equiv p-benzoquinone 
AcOH, 100 °C 

» 
2) KPF6, MeOH 

(PF6)" (5) 

85% 

+ NMe2 

(PF6)-

(6) 

12% 
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They found that orffo-palladation could compete with the desired oxidative amination 

reaction when Pd(OAc)2 was used stoichiometrically with orf/ro-butenyl-N,N-

dimethylbenzylamine (eq 7). 

Pd(OAc)2 

benzene 

"^ 
(7) 

2/AcO-Pd—NMe2 

Reaction of or£/;o-alkenyl pyridines with PdCl2(MeCN)2 leads to stable coordination 

complexes, without formation of N-heterocyclic products (eq 8).[9] 

PdCl2(MeCN)2 

MeCN 
(8) 

R: 
R: 
R = 

H, x = 1 (93%) 
H, x = 2 (85%) 
Me, x = 2 (92%) 

R: 
R: 

H, x = 2 (30%) 
H, x = 3 (85%) 

Oxidative cyclization reactions of o-allylic phenols, catalyzed by Pd(dba)2 or Pd(OAc)2 in 

the presence of air, led to the synthesis of a wide variety of 2H-l-benzopyrans (eq 9). [10] The 

reaction was explained by either the formation of a rc-allylpalladium intermediate, or by 

oxypalladation followed by ß-elimination. In both possibilities the palladium is reoxidized b\ 

air-oxygen. 

.OH cci cat. Pd(dba)2 

KHC03 

DMSO / water / air 

^ " O (9) 

4.1.2 Oxidative amination and hydroamination of aliènes 

Compared to olefins, the amination of aliènes has received much less attention. Similai 

to activated alkenes, animations of aliènes substituted by electron-withdrawing group; 

proceeds directly without additional electrophilic metal complexes.[11, 12] Enamines art 
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obtained as products. In contrast, aliène and aryl- or alkyl substituted aliènes do not react 

directly with amines under mild conditions. Intramolecular amination of non activated aliènes 

to give pyrolidines and piperidines was performed in the presence of stoichiometric amounts of 

either HgCl, or AgNO., (eq 10).[13] Cyclization with 5-allenic alcohols mediated by a 

stoichiometric amount of AgNO., or Hg(OCOCF3) was described by Audin and coworkers (eq 2, 

Chapter 1)[14] and Gallagher.[15] 

1) AgN0 3 or 
HgCl2 ^ 

V^NHR L / N _ R (10) 

2) NaBH4 (in case of HgCl2) ^ ^ 

Catalytic versions of this type of reaction using silver salts were described as well.[16, 

17] Nitrones were produced by a similar Ag(I)-catalyzed cyclization of allenic oximes (eq 

1).[18,19] 

H F A Ag(I), CH2C12 
R H —•= FMLT" (ID 

N n = 1, 2, 3 
/ 

HO 

A few papers dealing with the cyclization of y-allenic alcohols and amines in the 

presence of a catalytic amount of a Pd source (with or without carbonylation) have 

appeared.[16, 20, 21] The palladium catalyst is either PdCl2 which is reoxidized by CuCl,[16] or 

'd(PPh3)4 in the presence of an electrophile RX (aryl halides or vinyl halides, Chapter 1, eq 

).[20, 21] Amidation of aliènes in the presence of a catalytic amount of a palladium source have 

•een described by Prasad and Liebeskind [22] (Chapter 1, Scheme 9) and Karstens and 

Tiemstra[23] (Chapter 1, eq 4). Jonasson and Bäckvall reported the palladium-catalyzed 1,2-

xidation of allenic acids in the presence of LiBr and reoxidation of Pd(0) by p-benzoquinone 

leading to y-lactones (Chapter 1, eq 9 and Scheme 10).[24] 

Palladium-catalyzed intermolecular hydroaminations on non-activated aliènes to 

produce allylic amines have been described only very recently. According to Cazes and 

:oworkers[25] the key to success is addition of triethylammonium iodide as cocatalyst. The 

ammonium salt is believed to generate a hydrido-palladium complex which adds to the aliène, 

ï'amamoto and coworkers described a similar type of system (Pd(dba)2, dppf, AcOH), which 

catalyzes the addition of free amines or sulfonamides to allenes (eq 12). [26] 
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cat. Pd(0)/dppf 
+ H-NR2 • R ^ ^ N R (12) 

AcOH, THF, 80 °C 

Our interest in the intermolecuiar iminoannulation reactions leading to pyridines and 

isoquinolines prompted us to investigate the possibility of a catalytic oxidative intramolecular 

imination on o-propenylbenzaldimines and o-buta-2,3-dienylbenzaldimines. 

4.2 Results 

4.2.1 Oxidative intramolecular imination reaction on o-allylbenzaldimines 

Protection of the alcohol group of o-iodobenzylalcohol by a reaction with 3,4-dihydro-

2H-pyran led to pyranyl ether 1. o-Allylbenzylalcohol (2) was prepared via the Grignard reagent 

from 1 and subsequent reaction with allyl bromide (eq 13). 

^ ^ O H (a) i ^ r ^ O T H P (b) rpY^0H 

^ N - ^ ^ (13) 

93% I 53% ^ 
1 2 

Reagents and conditions: (a) DHP (2.5 equiv), cat. HCl, rt; (b) Mg (2 equiv), THF, reflux, 1.5 h, then allyl 

bromide (1.1 equiv), reflux, 30 min, then satd aq NH4C1, then aq HCl/MeOH/THF, rt, 14 h 

Alcohol 2 was then oxidized with PCC and condensed with 3-aminopropionitrile to give 

imine 4 as an oil, which was used without further purification (eq 14). 

^ ^ O H (a) PCC [ f ^ V ^ O (b) ^ ^ ^ N ^ ^ C N 

2 3 4 

Reagents and conditions: (a) PCC (1.5 equiv), CH2C12 , rt, 14 h, then aq HCl; (b) H2NCH2CH2CN (2 equiv), 

cat. p-TsOH, THF, reflux, 14 h, then aq NaHCO,. 

Reaction of imine 4 with a stoichiometric amount of Pd(OAc)2 and base in MeCN led to 

the synthesis of 3-methylisoquinoline (5, eq 15). 
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C N Pd(OAc)2/NaOAc 

80% 

(15) 

Reagents and conditions: Pd(OAc)2 (1 equiv), NaOAc (2.5 equiv), MeCN, rt, 2 h. 

This interesting synthesis of a 3-substituted isoquinoline was tried with a catalytic 

amount of Pd(OAc), under different reaction conditions to reoxidize the palladium(O) (10% 

Pd(OAc),, 1 equiv p-benzoquinone, AcOH or DMSO and 10% Pd(OAc),, 2.5 equiv Cu(OAc)2, 

AcOH or DMSO). In all cases only a stoichiometric quantity of product could be obtained 

together with hydrolyzed imine after work up. 

As there are no other examples of intramolecular oxidative imination reactions of 

alkenes we tried to make other 2-allyl aryl or vinyl aldehydes to broaden the scope of the latter 

eaction. The aldehyde in l-bromo-3,4-dihydronaphthalene-2-carboxaldehyde (Chapter 3) was 

first protected with ethylene glycol to the corresponding dioxolane 6. Further, the 

orresponding Grignard reagent was prepared and reaction with allyl bromide did not lead to 

he desired product. Only the hydrolyzed Grignard reagent could be obtained. Also reaction of 

j with n-BuLi and quenching with allyl bromide did not lead to the desired product but to the 

hydrolyzed lithium compound. 

HO OH 
(16) 

cat. p-TsOH \ ^ \ < ^ \ ^ 0 
^ r ß benzene, reflux, 4h ^ ^ 

6 

We have tried several conditions for a Stille coupling between aryl and vinyl halides 

and allyltributyltin, catalyzed by Pd(PPh,)4. It was difficult to convert the aryl or vinyl halides to 

the desired product completely and a large amount of catalyst was needed but more 

importantly, it was impossible to remove the stannane side products during work-up. 

Because it was impossible to introduce an allyl group at the vinylic position and there 

were no other literature examples, we tried to make 3-allyl-naphthalene-2-carbaldehyde from 3-

imino-2-naphthoic acid. In the first step a Sandmeyer reaction and subsequent iodination led to 

iodide 7, which was reduced to the corresponding alcohol 8 by DIBAL (eq 17). Protection of the 

alcohol with 3,4-dihydro-2H-pyran under acidic conditions led to the pyranyl ether 9. 
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C02H (a) 

NH2 92% 

CH2OR 

(17) 

8 1 % ( C ^ 9 : R Î ? H P 

Reagents and conditions: (a) cone. H2S04/ reflux, 2 h, then NaN02 (1.7 equiv), 10 °C, then KI (10 equiv), 

water, 0 °C, then reflux, 3 h; (b) DIBAL-H (4 equiv), THF, rt, 3 h, then aq HCl; (c) DHP (6 equiv), cat. HCl, 

rt. 

Attempts to functionalize compound 9 with an allyl group on the 2-position were 

unsuccessful. Both the Grignard and the lithium compound of 9 did not react with allyl 

bromide to the desired product, not even at elevated temperatures. Only the protonated 

compounds could be obtained. 

4.2.2 Intramolecular oxidative annulation reactions of o-allenyl(methyl)benzyl-

alcohol and o-butadienylbenzylalcohol 

After the disappointing results on the introduction of an allyl group at a vinylic or arylic 

position we turned our attention again to aliènes. Starting from compound 1, a Sonogashira 

reaction[27] with trimethylsilylacetylene was performed to give, after deprotection of the TMS 

group, acetylene 10 (eq 18). 

C C 0 T H P 
68% 

TMS n ^ ^ O T H P 

— ^ ^ (18) 

10 

Reagents and conditions: Trimethylsilylacetylide (1.2 equiv), PdCl2(PPh3)2 (5 mol%), Cul (2.5 mol%), Et3N, 

rt, 2 h, then TBAF, THF, rt, 2 h 

Acetylene 10 was further homologated via a Crabbé reaction[28, 29] but unfortunately 

the Mannich base 11 could not be transformed into desired aliène 12 under mild conditions and 

an unseparable mixture of the aliène and (most probably) the isomeric acetylene 13 was 

obtained, together with an uncharacterized product, after a long reaction time (eq 19). 
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Cluipter '. 

(19) 

OTHP 

Reagents and conditions: (a) (CH20)n, Cul (0.5 equiv), (f-Pr)2NH (2 equiv), dioxane, reflux, 4 h; (b) cat. p-

TsOH, dioxane, reflux, 4 d 

Coupling of allenyllithium and 1 to obtain 12 catalyzed by Pd(PPh3), in THF as described 

for analogous systems[30], failed as no reaction was observed and only 1 could be isolated. We 

also tried to make in situ the cuprate of 1 via the Grignard reagent and a stoichiometric amount 

of CuBr, and subsequent coupling with propargyl tosylate, similar to the synthesis of 

phenylallene (Chapter 2), but this route was unsuccessful as well. Because all efforts to make 

aliène 12 failed, we synthesized aliène 14 with success (eq 20). Deprotection of the 

etrahydropyran ring afforded aliène 15. 

OTHP 

(a) 

OTs r j ^ Y ^ O T H P (b) -u^ -
J 

95% 
14 

Reagents and conditions: (a) Mg (3.5 equiv), THF, reflux, 1.5 h, then ZnCI2 (1 equiv), -50 °C, 15 m, then, 

Pd(PPh3)4 (5 mol%) and 2-methyl-propargyl tosylate (1 equiv), -50 °C -> rt, 1 night; (b) aq 1 M 

4Cl/THF/MeOH (1:1:1), rt, 14 h, then aq NaHCO,. 

The latter compound was subjected to a Pd-catalyzed cyclization, under similar 

:onditions as described for the annulation of y-hydroxyallenes by Walkup and coworkers.[20] 

To our surprise, a mixture of regioisomers was obtained (eq 21), together with two 

stereoisomers for the 5-membered ring product. It was however not possible to obtain a clean 

C-NMR spectrum for this mixture. Three methyl signals could be observed (15.5, 15.4 and 14.6 

5pm) for the three isomers. 
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CC 0 H 
15 

'k 
(21) 

16 (E) 18 
17 (Z) 

ratio 16+17:18 = 12:10 

Reagents and conditions: Phi (2 equiv), TBAC1 (1 equiv), Na2C03 (2 equiv), Pd(PPh3)4, DMF, reflux, 6 h. 

As a result of the complicated mixture of products obtained with aliène 15, we did not 

investigate further oxypalladation or the corresponding iminoannulation reactions. 

The difficulties in synthesizing o-allenyl benzyl alcohols and the complex mixtures of 

isomers obtained with the corresponding 1,3-disubstituted aliènes, as described above, 

prompted us to investigate annulation reactions with o-allenylmethyl benzyl alchohols and o-

allenylmethyl benzaldimines, in which there is an extra methylene group between the aryl and 

allenyl moiety. This would in principle lead to 6-membered rings and therefore less 

complicated reaction products. According to a literature protocol[31], 1,2-benzene-

dimethanol[32] was converted to 2-(bromomethyl)-benzyl alcohol by reaction with a 48% 

aqueous solution of HBr (N.B. HBr/AcOH led to the doubly substituted product). Protection of 

the alcohol to the tetrahydropyranyl ether 19, reaction with in situ prepared allenyllithium[33], 

and deprotection of the pyranyl ether 20, afforded aliène 21 (eq 22). 

Br 
OH 

(a) 

100% 

Br J ^ _ 

° T H P 64% OH 
(22) 

19 1 0 0 % ( c ) [ ^ 0 : R -
OH 

Reagents and conditions: (a) DHP (3 equiv), THF, rt, 12 h, then aq NaHC03; (b) aliène, THF, jî-BuLi, -78 °C, 

1 h, then 19, HMPA, -78 °C, 2 h, -78 °C -> rt, 14 h, then aq NaHC03; (c) aq HCl/MeOH/THF (1:1:1), rt, 14 

h. 
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Palladium-catalyzed annulation of allene 21 under the same conditions as in eq 21 gave 

clean formation of 2-alkenyltetrahydropyrans 22-25, which indicated that the corresponding 

iminoannulations might be successful as well (eq 23). 

l ^ l ^ O H 

21 

\\ / / 

2 Na2C03 / TBAC1 
5% Pd(OAc)2 / PPh3 

MeCN, 100 °C 22 (R = H) 68% 
23 (R = Me) 41% 
24 (R = OMe) 18% 
25 (R = N02) 53% 

(23) 

When o-iodotoluene was used as the electrophile, only a low yield of heterocyclic 

products was obtained. Besides the expected product 26, aldehyde 27 could be isolated (eq 24). 

l ^ l ^ O H 

21 

0-
2 Na2C03, TBAC1 
5% Pd(OAc)2 / PPh3 

MeCN, 100 °C 

(24) 

26 27 
26+27 : 14% 

4.2.3 Intramolecular oxidative imination reactions of o-butadienylbenzaldimine 

The successful Pd-catalyzed reactions of allenic alcohol 21 with various aryl halides 

towards 2-alkenyltetrahydropyrans, as described above, prompted us to investigate the 

possibility of intramolecular oxidative imination. We therefore oxidized allenic alcohol 21 to 

allenic aldehyde 28 with PCC. Condensation of 28 with ferf-butyl amine gave allenic imine 29 

(eq25). 
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^ ^ O H 

21 

PCC 

(a) 
90% 

NH? 

.0 

28 
(b) 
84% 

(25) 

29 K 
Reagents and conditions: (a) PCC (3 equiv), CHjClj, rt, 16 h; (b) iert-butyl amine (5 equiv), cat. p-TsOH, 

THF, reflux, 1 h. 

Pd-catalyzed imination of aliène 29 with various electrophiles under the same reaction 

conditions as to produce 2-alkenyltetrahydropyrans, gave in all cases almost quantitatively the 

corresponding iminium salt in short reaction times. As an example, reaction of aliène 29 with 

iodobenzene led to 2-ferf-butyl-3-(l-phenyl-vinyl)-3,4-dihydroisoquinolinium iodide (eq 26). 

The latter compound showed a characteristic iminium proton at 10.73 ppm in the 'H-NMR 

spectrum (see experimental section). This chemical shift at low field is in agreement with earlier 

found iminium salts (Chapter 3, compounds 42-44). 

U ^ N . 
29 

Phi 

5% Pd(OAc)2 / PPh3 

TBAC1 
MeCN 100 °C, 2 h 

(26) 

In principle these iminium salts cannot be purified by column chromatography but have 

to be converted into neutral compounds instead. Grignard reagents reacted at the carbon atom 

next to the iminium nitrogen, leading to 2-alkenyl-l-methyl-tetrahydroisoquinolines 30-33 (eq 

27). 

MeMgCI 
* 

THF, rt, 2 h 

30: R = H (95%, 1:1) 
31: R = 4-Me (77%, 1:1) 
32: R = 4-OMe (0%) 
33:R = 2-Me(31%,l:l) 

(27) 
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Reduction with NaBH4 led to 2-alkenyl-tetrahydroisoquinolines 34-35 (eq 28). 

NaBH4 

-T-R 
EtOH, rt, 1 hr 

Chapter 4 

(28) 

34: R = H (40%) 
35: R = 4-OMe (0%) 

Reaction of 29 with p-nitrobenzene, catalyzed by palladium and subsequent reduction of 

the reaction mixture with NaBH4 led to 36, in which the nitro group was reduced (eq 29). 

NaBH4 

EtOH, rt, 1 hr 
N02 34% 

(29) 

4.3 D i scuss ion 

4.3.1 Oxidative intramolecular imination reaction on o-allylbenzaldimines 

The protection of o-iodobenzylalcohol, conversion to the Grignard reagent, reaction with 

allyl bromide and subsequent deprotection is straightforward and leads to o-allylbenzylalcohol 

2) in a 49% overall yield. Alcohol 2 was oxidized with PCC to aldehyde 3 and condensed with 

3-aminopropionitrile to imine 4 in a 84% overall yield (eq 14). Imine 4 reacted with Pd(OAc)2 to 

3-methylisoquinoline. We were not able to make this interesting reaction catalytic in palladium 

oecause the Pd(0) formed, could not be oxidized to a suitable Pd(II) salt, a problem which has 

been encountered frequently in the past by other groups. In all cases only a stoichiometric 

imount of product could be obtained. Furthermore it was disappointing that we were unable to 

•xtend the scope of this reaction. All efforts to functionalize vinyl bromide 6 and aryl imine 7 

with an allyl group failed. Nucleophilic attack of n-BuLi at the vinylic or arylic carbon atom or 

nsertion of Mg into the vinylic or arylic carbon atom proceeds, as is seen by the products 

ibtained after work-up. For some reason these organometallic intermediates do not react with 

allyl bromide. It is possible that the formation of allyl magnesium bromide (or iodide) and allyl 
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lithium bromide (or iodide) is thermodynamically more favorable than nucleophilic attack of 

the arylic or vinylic organometallic compound on allyl bromide leading to the desired products. 

We also tried to perform a Stille coupling on these substrates but we were unable to remove the 

stannane products, not even with literature procedures. [34, 35] 

As our attempts to introduce an allyl group on vinylic or arylic positions failed, we 

turned our attention again to aliènes. Firstly, we wanted to introduce an allenyl group ortho 

with respect to the nucleophilic alcohol or imine. Tetrahydropyranyl ether 1 was converted to 

the corresponding acetylide in 68% yield, by a Sonogashira reaction. The homologous aliène 

was envisaged to arise from the acetylide by a Crabbé reaction.[28, 29] Unfortunately, it was not 

possible to perform a clean reaction to the desired aliène because the rearrangement of the 

Mannich base 11 was difficult and a substantive amount of the isomeric acetylene was found 

(eq 19). It is possible that the rearrangement, which is catalyzed by Cul, is difficult because of 

the sterically demanding tetrahydropyranyl ether. Similar reactions on propargyllactams 

performed by Karstens[36] were successful because the Mannich bases produced, were less 

sterically hindered by bulky groups (eq 30). 

(CH20)n 

i-Pr2NH 

0.5 equiv Cul 
100 °C, 1,4-dioxane 

NH * ( 3 0 ) 

Coupling of in situ produced allenyllithium and 1 to form 12, catalyzed by palladium, as 

described for analogous systems[30], was unsuccessful as well. Cuprate chemistry did not work 

either on this substrate: conversion of 1 to the Grignard reagent, reaction with CuBr to form the 

cuprate and subsequent reaction with propargyl tosylate was not successful. A palladium 

catalyzed conversion of in situ formed zincate of 1 to the desired product in the presence of 

propargyl tosylate did not work either, as was described by Elsevier et al.[37] However, the 

latter procedure worked with 2-methyl-propargyl tosylate to form 14 and subsequent 

deprotection of the alcohol led to aliène 15 in a 93% overall yield (eq 20). We do no have a clear 

explanation for the different behavior of the two propargyl tosylates, i.e. propargyl tosylate and 

2-methyl-propargyl tosylate. 

Cyclization of 15 under Walkup conditions [20] led to the formation of a mixture of 5-

membered and 7-membered ring products (eq 21). This result is different from Walkup, who 

only found 5-membered products. This outcome may be explained by the methyl group, which 

stabilizes a positive charge on the attached carbon atom of the allyl moiety in the K-
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allylpalladium complex, which stimulates nucleophilic attack at this position. Normally 5-

membered ring formation is favored over 7-membered ring formation, as was found in 

unsubstituted aliènes in intramolecular annulations of amines and alcohols.[15,17, 20, 21] 

As the synthesis of the aliènes turned out to be difficult and the intramolecular 

cyclization on the aliène separated by a three-carbon tether (15) gave difficult reaction mixtures 

(eq 21), aliènes with an alcohol or imine functional group separated by a four-carbon tether 

were investigated. Phthalic alcohol was converted to 2-(bromomethyl)-benzyl alcohol, 

protection of the alcohol to give 19, reaction with allenyl lithium and subsequent deprotection 

led to aliène 21 in a 64% overall yield (eq 22). This aliène was subjected to cyclization under 

Walkup conditions to give isochromanes 22-25 in reasonable to moderate yields. In all cases the 

strongly favored 6-membered ring products were formed. From eq 23 it can be seen that 

electron withdrawing substrates (iodobenzene and l-iodo-4-nitrobenzene) gave higher yields 

than the electron releasing p-iodotoluene and p-iodoanisole. This may be explained by the 

difficult oxidative addition of the latter by palladium, which is probably the rate determining 

step in the catalytic cycle. 

o-Iodotoluene gave even a less satisfying yield and this may be explained by the steric 

interaction of the o-methyl group with the nucleophilic alcohol (Scheme 1). Besides the expected 

isochromane 26, the ß-eliminated 27 was obtained, clearly showing that intramolecular 

riucleophilic attack of the alcohol on the 7t-allyl palladium complex is a difficult process. The 

intermediate A formed from ß-elimination undergoes oxidation of the alcohol towards 27, 

probably catalyzed by the palladium hydride species, formed after ß-elimination. It could also 

involve a Pd(0) species that inserts into the O-H bond forming a palladium hydride complex 

;hat after ß-elimination forms a palladium dihydride species. This species could reduce some 

unsaturated substrate present in the reaction mixture or release molecular hydrogen to produce 

back the catalytic species. 
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a-
OH 

21 

2 Na2C03, TBAC1 
5% Pd(OAc)2 / PPh3 

MeCN, 100 °C 

OH ÇdLn 

26 27 

Scheme 1 

4.3.2 Intramolecular oxidative imination reactions of o-allenyl(methyl)benzaldimines 

Oxidation of alcohol 21 by PCC and subsequent condensation with ferr-butyl amine led 

to imine 29 in 76% overall yield. Cyclization under Walkup conditions led exclusively to 6-

membered iminium salts with high reaction rates (1-2 hr) and these conversions were in most 

cases quantitative. A methyl group could be introduced at the carbon next to the iminium 

nitrogen by reaction of these salts with MeMgCl leading to 30-33 (eq 27). Upon exposure of 

these salts to NaBH4 in ethanol, the reduced amines 34, 35 and 36 were formed. The iminium 

salt derived from the reaction of imine 29 and p-iodoanisole, did not give the desired products 

after reaction with NaBH, or MeMgCl. We do not have a clear explanation for this outcome. 
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4.4 Experimental Section 

Dioxane was dried from Na/benzophenone and distilled, feri-butylamine was dried from CaH2 

and distilled. Catalytic reactions were performed in 15 cm sealed tubes, obtained from Aldrich. 

Abbreviations: dba = dibenzylidene acetone, pec = pyridinium chlorochromate, p-TsOH = para 

toluene sulfonic acid, TBAC1 = tetrabutyl ammonium chloride, HMPA = hexamethyl 

phosphoric triamide. 

2-(2-Iodo-benzyloxy)-tetrahydro-pyran (1) According to a procedure 

O^ ^ o ^ described by Kirmse and Kund[38], 5 drops of concentrated 

hydrochlorid acid were added to a stirred mixture of freshly distilled 
10 

3,4-dihydro-2H-pyran (10.31 g, 123 mmol) and 2-iodo-benzylalcohol 

(11.70 g, 50 mmol) in a 100 mL round-bottom flask. When the exothermic reaction had subsided, 

more 2-iodo-benzylalcohol (11.70 g, 50 mmol) was added. The mixture was stirred for 14 h at 

room temperature, diluted with ether and neutralized with saturated aqueous NaHC0 3 (50 

mL). The organic layer was separated, washed with brine (2 x 10 mL), dried (MgS04) and 

concentrated in vacuo. After flash chromatography (EtOAc/hexanes 1:9), 1 (29.62 g, 93 mmol, 

93%) was obtained as a clear oil. H-NMR (300 MHz): 7.81 (d, 1 H, J = 7.8 Hz), 7.46 (d, 1 H, J = 7.1 

Hz), 7.33 (t, 1 H, J = 7.5 Hz), 6.95 (t, 1 H, J = 7.6 Hz), 4.76 (t, 1 H, Js-12 = 6.4 Hz, Hg), 4.75 (d, 1 H, 

J7-7' = 13.1 Hz, H7), 4.46 (d, 1 H, J7.7' = 13.1 Hz, H7'), 3.91 (t, 1 H, J9.10 = 8.0 Hz, H9), 3.57 (t, 1 H, 

Î9-10 = 8.0 Hz, H9 '), 2.0-1.2 (m, 6 H). 13C-NMR (75 MHz): 140.6, 138.9, 128.8, 128.5, 128.0, 98.2 

(OCHO), 97.6, 72.8, 62.0, 30.4, 25.3,19.2. HRMS calcd. 318.0117, found 318.0133. 

^ ^ - ^ v ^ 2-allyl-benzylalcohol (2) According to a procedure described by Semmelhack 

i i ^ ^ I ^ O H and Zask[39], a solution of 1 (29.50 g, 92 mmol) in THF (50 mL) was added 

dropwise over 15 min to a stirred mixture of magnesium turnings (5.0 g, 207 

mmol) which were activated by a reaction with 1,2-dibromoethane (4.70 g, 25 mmol) at room 

temperature in a 500 mL 3-necked flask equipped with a reflux condenser. The mixture was 

heated to reflux for 1.5 h and then cooled to room temperature. Consequently a solution of 

allylbromide (12.10 g, 100 mmol) in THF (50 mL) was added dropwise over 30 min. After the 

addition was complete, the reaction mixture was heated to reflux for 30 min and then cooled to 

room temperature. After 4 h saturated aqueous NH4C1 (100 mL) was added portionwise. 

Filtration through a plug of Celite to remove the salts and rotary evaporation gave an oil which 

was combined with a 1 M aqueous hydrochlorid acid:methanol:THF (1:1:1) solution. After 14 h 

the mixture was neutralized with solid NaHC03 and diluted with ether after evaporation of the 

methanol and THF. The organic layer was separated, washed with water (3 x) and dried over 
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MgS04 and concentrated in vacuo to give the crude product as an oil. After distillation of the 

crude product (95 °C, 2.5 mbar) 2 was obtained as a colorless oil (7.23 g, 49 mmol, 53%). 'H-

NMR (300 MHz): 7.3-7.4 (ma, 2 H), 7.2-7.3 (m, 2 H), 6.03 (dtt, 1 H, PhCH2CH=CHH), 5.08 (d, 1 

H, J = 10.3 Hz, PhCH ;CH=CHH), 5.01 (d, 1 H, J = 17.0 Hz, PhCH2CH=CHH), 4.53 (s, 2 H, 

PhCH2OH), 3.49 (d, 2 H, J = 6.3 Hz, PhCH2CH=CHH). "C-NMR (75 MHz): 

HRMS calc. 148.0888; found 148.0885. 

^ - ^ / \ ^ - 2-allyl-benzaldehyde (3) According to a procedure described by Larock and 

U ^ ^ L ^ O Doty,[40] a mixture of 2 (3.36 g, 23 mmol) and PCC (7.64 g, 35 mmol) in CH2C12 

(50 mL) was vigorously stirred at room temperature for 14 h in a 100 mL 

round-bottom flask. The reaction mixture was filtered through a plug of Celite, washed with 5% 

aqueous hydrochlorid acid (3 x 50 mL) and dried (MgS04). The organic phase was rotary 

evaporated and the remaining brown solid was dissolved in EtOAc. The solution was filtered 

through silica gel to give 3 as a colorless oil (3.12 g, 21 mmol, 94%). 'H-NMR (300 MHz): 10.26 

(s, 1 H, CHO), 7.85 (d, 1 H, J = 7.4 Hz), 7.54 (t, 1 H, J = 6.9 Hz), 7.40 (t, 1 H, J = 6.9 Hz), 7.31 (d, 1 

H, J = 7.4 Hz), 6.06 (ddt, 1H, PhCH2CH=CHH), 5.10 (d, 1 H, J = 10.2 Hz, PhCH2CH=CHH), 4.99 

(d, 1 H, J = 17.8 Hz, PhCH2CH=CHH), 3.83 (d, 2 H, J = 6.3 Hz, PhCH2CH=CHH). 13C-NMR: 192.6 

(CHO), 142.5, 137.2, 134.2, 134.1, 131.8, 131.3, 127.2, 116.7 (CH=CHH), 36.8 (PhCH2CH=CHH). 

HRMS calc. For C10H,0O (-OH) 129.0704; found 129.0697. 

3-[(2-AUyl-benzylidene)-amino]-propionitrile (4) According to a 

N ^ / \ P M procedure described by Horvâth[41], a solution of 3 (0.69 g, 4.7 mmol) in 

THF (5 mL) was added to a 25 mL Schlenk equipped with 4Â molecular 

sieves and a reflux condenser containing a catalytic amount of p-TsOH and freshly prepared 3-

amino-propionitrile (0.65 g, 9.3 mmol) in THF (10 mL). The reaction mixture was heated to 

reflux for 14 h and cooled to room temperature. The reaction mixture was neutralized quickly 

with saturated aqueous NaHCO, (5 mL) and extracted with ether (3 x50 mL). The organic 

solvents were separated and dried (MgSO,), to give 4 as a clear oil (0.83 g, 4.2 mmol, 89%). 'H-

NMR (300 MHz): 8.59 (s, 1 H, PhCH=N), 7.88 (d, 1 H, J = 7.5 Hz), 7.35 (t, 1 H, J = 6.9 Hz), 7.26 (t, 

1 H, J =6.9 Hz), 7.18 (d, 1 H, J = 7.5 Hz), 5.98 (dtt, 1 H, J = 16.3 Hz, J = 10.2 Hz, J = 5.7 Hz, 

PhCH2CH=CHH), 5.06 (dd, 1 H, J = 10.2 Hz, J = 0.9 Hz, PhCH2CHCHH), 4.92 (dd, 1 H, J = 16.3 

Hz, J = 0.9 Hz, PhCH2CH=CHH), 3.80 (t, 2 H, J = 6.3 Hz, CH=NCH2CH2C(N), 3.61 (d, 2 H, J = 5.7 

Hz, PhCH2CH=CHH), 2.73 (t, 2 H, J =6.6 Hz, CH=NCH2CH2CN). I3C-NMR (75 MHz): 162.4 

(PhCH=N), 139.8, 137.2, 133.6, 131.3, 130.7, 128.1, 127.0, 118.6 (C(N), 116.5 (CH=CH2), 56.8, 37.1, 

19.8. HRMS calc. for C,3H14N2198.1157; found 198.1147. 
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3-methyl-isoquinoline (5) A solution of 4 (118.0 mg, 0.60 mmol) was added to 

j " a 10 mL Schlenk flask containing a stoichiometric amount of Pd(OAc)2 (143.6 

mg, 0.63 mmol) and 2.5 equiv NaOAc (70 mg, 0.85 mmol) in MeCN (5 mL) and 

the mixture was stirred for 1 h and Pd black was formed. The mixture was filtered through a 

o lug of Celite and the organic solvents were removed in vacuo. The crude reaction mixture was 

subsequently chromatographed on silica gel (EtOAc/hexanes 1:3) to give 5 (69.1 mg, 0.48 mmol, 

80%) as a white solid. 'H-NMR (300 MHz): 9.16 (s, 1 H, PhCHN), 7.90 (d, 1 H, J = 8.1 Hz), 7.70 

d, 1 H, J = 8.1 Hz), 7.61 (t, 1 H, J = 8.1 Hz), 7.49 (t, 1 H, J = 8.1 Hz), 7.45 (s, 1 H, PhCHCCH,), 2.68 

s, 3 H, CH3).
 nC-NMR (75 MHz): 152.2, 151.9, 137.8, 130.5, 127.7, 127.1, 126.5, 126.1, 118.6, 24.4. 

HRMS calc. 143.0735, found 143.0736. 

2-(l-Bromo-3,4-dihydro-naphthalen-2-yl)-[l/3]dioxalane (6) According to 

, 0 a procedure described by Kampmeier et al.[42], ethylene glycol (0.63 g, 10.1 

gr r j^y mmol) was added to a mixture of l-bromo-3,4-dihydronaphtalene-2-

carboxaldehyde[43] (1.96 g, 8.3 mmol), and a catalytic amount of p-TsOH 

n dry benzene (100 mL) in a 100 mL Dean-Stark apparatus. Heating for 4 h at reflux, with a 

ontinuous removal of the condensed benzene/water mixture and addition of dry benzene, 

fforded a mixture containing 7% starting material (determined by using GC-MS), additional 

leafing at reflux for 14 h, afforded the same mixture, which was neutralized quickly with 

aturated aqueous NaHC03 . The organic layer was separated, dried over MgS04 and rotary 

evaporation of the solvent gave a yellowish oil. After flash chromatography 

GtjN/ethylacetate/hexane 2:10:88), 6 (1.84 g, 6.5 mmol, 78%). was obtained as a yellowish oil. 

H-NMR (300 MHz): 7.65 (d, 1 H. J = 7.0 Hz), 7.2-7.3 (m, 2 H), 7.09 (d, 1 H, J = 6.7 Hz), 5.96 (s, 1 

1, OCHO), 3.9-4.1 (m, 4 H, OCH2CH20), 2.80 (t, 2 H, J = 7.4 Hz), 2.41 (t, 2 H, J = 7.5 Hz). 

X02H 3-iodo-2-naphtoic acid (7) According a procedure described by Rewcastle et 

al, a suspension of (80 %) 3-amino-2-naphtoic acid (10.12 g, 43 mmol) in 

water (100 mL) and concentrated H2S04 (20 mL) was heated at reflux for 2 h 

i a 500 mL 3-necked flask equipped with a reflux condenser. After cooling to 10 °C, NaN02 

5.07 g, 73 mmol) in water (10 mL) was added. The resulting mixture was added to a vigorously 

stirred solution of KI (25 g, 151 mmol) in water (100 mL) at 0 °C (note the heavy development of 

as). The resulting mixture was heated to reflux for 3 h, allowed to cool down and neutralized 

\ith solid NaHC03 . The mixture was extracted into CH2C12, the organic layer separated, 

.ashed with water (2 x 50 mL), brine (50 mL) and dried (MgS04). After rotary evaporation of 

the solvent crude 7 was collected as a red-brown solid (11.87 g, 40 mmol, 92%). 'H-NMR (300 
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MHz): 8.58 (s, 1 H), 8.55 (s, 1 H), 7.90 (d, 1 H, J = 7.8 Hz), 7.76 (d, 1 H, J = 7.8 Hz), 7.5-7.7 (m, 2 

H). HRMS calc. for CnH7IO, 297.9491; found 297.9483. 

•-QI_I 3-iodo-2-methanol naphthalene (8) A solution of Dibal-H (1 M in hexanes, 

80 mL, 80 mmol, 4 equiv) was added dropwise to a solution of 7 (5.99 g, 20 

mmol) in THF (100 mL) in a 250 mL 3-necked flask at room temperature. 

The mixture was stirred for 3 h, 1 M aqueous hydrochlorid acid was added and the mixture was 

extracted into ether. The organic layer was separated, washed with water (2 x 25 mL), brine (25 

mL) and dried (MgS04). The product was obtained after flash chromatography (EtOAc/hexane 

1:3) to give 8 (1.49 g, 5.2 mmol, 26%) as a beige, crystalline solid. 'H-NMR (300 MHz): 8.36 (s, 

1H, CHCI), 7.88 (s, 1 H, CHCCH2), 7.80 (d, 1 H, J = 8.1 Hz), 7.71 (d, 1 H, J = 7.5 Hz), 7.5-7.4 (m, 2 

H), 4.81 (d, 2 H, J = 6.3 Hz, CH2OH), 2.06 (t, 1 H, J = 6.3 Hz, CH2OH). 13C-NMR (75 MHz): 139.0, 

138.9, 134.5, 133.1, 128.1, 127.2, 127.0, 126.9, 126.7, 94.8 (CI), 69.5 (CH2OH). HRMS calc. for 

CuH9IO 283.9698; found 283.9707. 

2-(3-Iodo-naphthalen-2-ylmethoxy)-tetrahydro-pyran (9) According 

to the procedure described for 1, starting from 3,4-dihydro-2H-pyran 

(2.4 g, 29 mmol) and 8 (1.49 g, 5.2 mmol) gave after flash 

chromatography (Et3N/EtOAc/hexane 2:10:88 ) 9 (1.55 g, 4.2 mmol, 

81%), as a beige oil. 'H-NMR (300 MHz): 8.36 (s, 1 H, CHCI), 7.89 (s, 1 H, CHCCH2), 7.80 (d, 1 H, 

J = 7.5 Hz), 7.69 (d, 1 H, J = 7.8 Hz), 7.5-7.4 (m, 2 H), 4.89 (d, 1 H, J = 13.2 Hz, PhCHHO), 4.85 (t, 1 

H, J = 3.7 Hz, PhCHHOCH), 4.61 (d, 1 H, J = 13.2 Hz, PhCHH), 3.97 (m, 1 H, J = 9.9 Hz, 

PhCHHOCHOCHH), 3.60 (m, 1 H, J = 9.9 Hz, PhCHHOCHOCHH), 1.5-2.0 (m, 6 H). "C-NMR 

(75 MHz): 138.8, 137.0, 134.4, 132.9, 128.1, 127.5, 126.9,126.8,126.7, 98.7 (OCHO), 95.3 (CI), 73.1, 

62.5, 25.7, 22.9,19.6. HRMS calc. for ClfiH17I02 368.0273; found 368.0264. 

2-(2-Ethynyl-benzyloxy)-tetrahydro-pyran (10) A mix tu re of 

timethylsilylacetylide (1.18 g, 12 mmol), 1 (3.18 g, 10 mmol), 
0 ^ 0 \ | 9 PdCl2(PPh3)3 (140 mg, 0.2 mmol, 5 mol%) and Cul (10 mg, 0.1 mmol, 2.5 

1 2 \ / 1 0 mol%) in triethylamine (40 mL) was stirred at room temperature for 2 

hours. The excess triethylamine was removed in vacuo and the resulting 

mixture was dissolved in THF (50 mL). To the mixture was added TBAF (6.3 g, 20 mmol, I 

equiv) and it was allowed to stir at room temperature for 2 hours. The solvent was removed 

under reduced pressure and the mixture was poured into Et20 (50 mL) and washed (1 M 

Na2C03, 1 x 50 mL), dried (MgS04) and filtered. The solvent was removed under reduced 

pressure, and 10 (1.46 g, 6.75 mmol, 68%) was obtained as a colorless oil. iH-NMR (300 MHz) 
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7.48 (t, 2 H, J = 7.8 Hz), 7.34 (t, 1 H, J = 7.6 Hz), 7.20 (d, 1 H, J = 7.4 Hz), 4.91 (d, 1 H, J7.7' = 13.1 

Hz, H7), 4.75 (t, 1 H, J8-12 = 6.7 Hz, Hs), 3.92 (t, 1 H, J9-IO = 10.0 Hz, H9), 3.52 (m, 1 H), 3.26 (s, 1 

H, ArCCH), 1.93-1.51 (m, 6 H). 13C-NMR (75 MHz): 141.4, 133.0, 129.3, 128.8, 127.5, 98.9, 98.8, 

82.2, 82.0, 67.6, 62.5, 30.9, 25.9,19.7. 

Diisopropyl-{3-[2-tetrahydro-pyran-2-yloxymethyl)-phenyl]-prop-2-

ynyl}-amine (11) A solution of 10 (2.16 g, 10 mmol), Cul (0.95 g, 5 

mmol), paraformaldehyde (0.75 g) and (i-Pr)2NH (2.8 mL, 2 mmol) in 

dioxane (15 mL) was heated to reflux for 4 hours. The mixture was 

poured into Et20 (50 mL) and washed (1 M Na2CC>3, 3 x 50 mL), dried 

(MgS04) and filtered. The solvent was removed under reduced 

pressure, and 11 (2.70 g, 8.2 mmol, 82%) was obtained as a colorless oil. 

iH-NMR (300 MHz): 7.45 (d, 1 H, J = 7.7 Hz), 7.36 (d, 1 H, J = 7.6 Hz), 7.26 (t, 1 H, J = 7.4 Hz), 

7.17 (t, 1 H, J = 7.4 Hz), 4.88 (d, 1 H, J = 13.1 Hz, PhCHHO), 4.72 (t, 1 H, J = 3.3 Hz, OCHO), 4.67 

(d, 1 H, J = 13.1 Hz, PhCHHO), 3.91 (t, 1 H, J = 8.4 Hz, OCHHCH2), 3.50 (m, 1 H, OCHHCH2), 

3.24 (sept, 2 H, J = 6.5 Hz, CH(CH3)2), 1.90-1.50 (m, 6 H), 1.15 (d, 12 H, J = 6.5 Hz, CH(CH3)2). 

o;x 
12 O Ov 13 CL „O 

2-(2-Propa-l,2-dienyl-benzyloxy)-tetrahydro-pyran 

(12) + 2-(2-Prop-2-ynyl-benzyloxy)-tetrahydro-pyran 

(13) A mixture of 3 and p-TsOH in dioxane was 

heated to reflux for 4 days. The resulting mixture was 

poured into Et20 (50 mL) and washed (1 M Na2CC>3, 

3 x 50 mL), dried (MgSC>4) and filtered. The solvent was removed under reduced pressure, and 

a mixture of 12 and 13 was obtained. iH-NMR (300 MHz): 7.37-7.32 (2 H, m), 7.26 (d, 1 H, J = 6.0 

Hz), 7.25-7.15 (m, 4 H), 7.08 (m, 1 H), 6.50 (t, 1 H, J = 6.9 Hz, PhCH=C), 5.11 (d, 2 H, J = 6.8 Hz, 

PhCH=C=CH2), 5.0-4.5 (m, 6 H), 3.93 (m, 2 H), 3.53 (m, 2 H), 3.28 (s, 1 H, ArCCH), 2.50 (m, 2 H), 

1.9-1.5 (m, 12 H). 

14 0 

' ^ 

0 . 

2-(2-Buta-l,2-dienyl-benzyloxy)-tetrahydro-pyran (14) To a suspension of 

Mg (0.097 g, 4.0 mmol) in THF (15 mL) was added a few drops of 1,2-

dibromoethane. After the exothermic reaction had subsided a mixture of 1 

(0.382 g, 1.2 mmol) in THF (15 mL) was added dropwise to maintain slow 

reflux. The mixture was stirred at reflux temperature for an additional 1.5 

h. The solution was cooled to rt and ZnCl, (0.164 g, 1.2 mmol) was added, and the solution was 

stirred for 15 minutes. The solution was cooled to -50 °C and Pd(PPh3)4 (0.029 g, 0.025 mmol, 5 

nol%) and toluene-4-sulfonic acid l-methyl-prop-2-ynyl-ester[44] (0.224 g, 1.2 mmol) was 
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added. The mixture was stirred and allowed to warm to rt overnight. The product was 

extracted in pentane (3 x50 mL) and the combined organic layers were washed with sat. aq 

NaHCOj (1 x 50 mL). The solvent was removed in vacuo and 14 was obtained after flash 

chromatography (Et20 / Et3N /hexanes 5:1:96) as a light yellow solid (80 mg, 0.338 mmol, 68%). 

"OH 2-Buta-l,2-dienyl-benzylalcohol (15) To 14 (2.74 g, 11 mmol) was added a 1 M 

aqueous hydrochlorid acid :methanol:THF (1:1:1) solution. After stirring for 14 

h the mixture was neutralized with solid NaHCO-, and diluted with ether after 

evaporation of the organic solvents. The organic layer was separated, washed 

with water (3 x), dried (MgSOJ and concentrated in vacuo to give 15 (1.68 g, 

10.5 mmol, 95%) after flash chromatography (Et20/hexane 1:3). 'H-NMR (300 MHz): 7.3-7.4 (m, 

2 H), 7.2-7.3 (m, 2 H), 6.37 (sext, 1 H, J = 3.3 Hz, PhCH=C=CHCH3), 5.52 (p, 1 H, J = 6.9 Hz, 

PhCH=C=CHCH3), 4.73 (s, 2 H, CH2OH), 1.78 (dd, 3 H, J = 6.9 Hz, J = 3.3 Hz, PhCH=C=CHCH3). 
13C-NMR (75 MHz): 207.2 (CH=C=CH), 137.4, 133.4, 128.9, 128.3, 128.2, 127.1, 91.0, 89.0, 63.7 

(CH2OH), 14.3 (CH3). 

E-l-(l-Phenyl-propenyl)-l,3-

dihydro-isobenzofuran (16) + Z-l-
%Ph (l-phenyl-propenyl)-l,3-dihydro-

18 isobenzofuran (17) + 3-methyl-4 

phenyl-l,3-dihydro-benzo[c]oxepine (18). According to a procedure described by Walkup e 

al.[20], a solution of 21 (90.2 mg, 0.56 mmol), in DMF (2 mL) was added to a mixture of 2 equh 

iodobenzene (0.21 g, 0.89 mmol), 2 equiv Na2C03 (0.13 mg, 0.12 mmol) and 10% Pd(PPh3)4 (6; 

mg, 0.054 mmol) in DMF (3 mL) in a 10 mL Schlenk. The mixture was heated at reflux for 6 h 

extracted into ether, washed with water (2 ( 10 mL), brine (10 mL), dried (MgS04) and filtered 

The solvent was removed in vacuo and an inseparable mixture of 16,17 and 18 (36 mg, 31% 

was obtained after flash chromatography (EtOAc/hexanes 1:19). 'H-NMR (300 MHz): 16 / 17 

7.0-7.4 (m, 11 H), 6.54 (s, 1 H, OCH), 6.43 (s, 1 H, OCH), 5.21 (q, 1 H, J = 5.1 Hz, CHCH3), 5.05 (c 

1 H, CHCH3), 4.98 (d, 1 H, PhCHHO), 4.94 (d, 1 H, PhCHHO), 4.87 (d, 1 H, J = 3.3 Hz 

PhCHHO), 4.83 (d, 1 H, J = 3.3 Hz, PhCHHO), 1.97 (d, 3 H, J = 7.2 Hz, CHCH3), 1.22(d, 3 H, 6. 

Hz, CHCHj). 18: 7.0-7.4 (m, 9 H), 5.94 (q, 1 H, J = 6.9 Hz, CHCH3), 5.89 (s, 2 H, PhCH=C), 4.99 (.-

1 H, PhCHHO), 4.75 (d, 1 H, J = 2.7 Hz, PhCHHO), 1.59 (d, 3 H, J = 6.9 Hz, CHCH3). 

Br 2-(2-Bromomethyl-benzyloxy)-tetrahydro-pyran (19) To a mixture of 2 

0 „ , 0 . (bromomethyl)-benzyl alcohol (prepared by a literature procedureßl]) (5. 

I l g, 25 mmol) and 3,4-dihydro-2H-pyran (10.1 g, 120 mmol) in THF (10 mL 
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were added 5 drops of concentrated HCl. After the exothermic reaction was stopped, more 2-

(bromomethyl)-benzyl alcohol (5.0 g, 25 mmol) was added and the mixture was allowed to stir 

at room temperature for 12 hours. The solution was concentrated and poured into Et20 (250 

mL). The organic layer was washed (saturated NaHCOß (3 x50 mL), dried (MgSÜ4) and 

concentrated in vacuo, affording a light yellow oil (16.59 g, 58 mmol, 116%) which was used 

without further purification. ÏH-NMR (300 MHz): 7.33-7.23 (m, 4 H), 4.90 (d, 1 H, J = 12.2 Hz, 

PhCHHO), 4.70 (t, 1 H, J = 3.4 hz, OCHO), 4.62-4.59 (m, 3 H), 3.89 (m, 1 H, OCHHCH2), 3.54 (m, 

1 H, OCHHCH2), 1.85-1.64 (m, 6 H). 13C-NMR (75 MHz): 137.2, 136.6,131.0, 130.1,129.2, 128.7, 

98.4 (OCHO), 66.1, 63.3, 30.4, 30.0, 26.4, 20.2. 

2-(2-Buta-2,3-dienyl-benzyloxy)-tetrahydro-pyran (20) THF (250 mL) is 

cooled to -78 °C in a 500 mL three-necked flask. Aliène is trapped (20 

mL) under a stream of nitrogen and rc-BuLi (37.5 mL, 1.6 M in hexanes, 

\ ^ \ 60 mmol, 2 equiv) is added dropwise to the solution. After stirring at -78 

L ^ J °C for 1 hour, 19 (13.7 g, 48 mmol) in HMPA (25 mL) was added 

dropwise. After stirring for 2 hours at -78 °C the solution was allowed 

to warm to room temperature during one night. The mixture was concentrated and poured into 

Et20 (200 mL). The organic layer was washed (saturated NaHC03, 3 x 100 mL), brine (3 x 100 

mL) dried (MgS04) and filtered. The solvent was removed in vacuo and 20 was obtained after 

flash chromatography (EtOAc / hexanes 5:95) as a light yellow oil (6.80 g, 27.9 mmol, 64%). 1 H -

MMR (300 MHz): 7.28-7.10 (m, 4 H), 5.23 (m, 1 H, CH2CH=C=CH2), 4.82 (d, 1 H, J = 6.0 Hz, 

PhCHHO), 4.72 (m, 5 H, OCHO + PhCH2C=C + PhCH20), 4.60 (d, 1 H, J = 6.0 Hz, PhCHHO), 

3.90 (m, 1 H, OCHHCH2), 3.55 (m, 1 H, OCHHCH2), 3.47 (m, 2 H, C=C=CH2), 2.0-1.5 (m, 6 H). 
i3C-NMR (75 MHz): 209.1 (C=C=C), 138.9, 136.3, 129.7, 129.3, 128.2, 126.7, 98.2 (OCHO), 89.6 

CH=C=CH2), 75.5 (C=C=CH2), 67.2, 62.4, 32.2, 30.9, 25.8,19.6. 

(2-Buta-2,3-dienyl-phenyl)-methanol (21) A solution of 20 (2.44 g, 10 mmol) 

in a THF/MeOH/1 N HCl mixture (120 mL, ratio 1:1:1) was stirred at room 

temperature for 1 night. The THF was removed in vacuo and the remaining 

solution was washed with EljO (3 x 50 mL). The combined organic layers 

were washed with brine (1 x 50 mL), dried (MgSÛ4) and filtered. The solvent 

vas removed and 21 (1.72 g, quantitative) was obtained as a light yellow oil without further 

purification. XH-NMR (300 MHz): 7.38 (m, 1 H), 7.25 (m, 3 H), 5.27 (p, 1 H, J = 6.9 Hz, CH2-

; H = C = C H 2 ) , 4.71 (dt, 2 H, J = 6.9 Hz, J = 3.0 Hz, PhCH2CH=C), 4.67 (s, 2 H, PhCH2OH), 3.40 

dt, 2 H, J = 7.2 Hz, J = 3.0 Hz, CH=C=CH2), 2.26 (s, 1 H, OH). 13C-NMR (75 MHz): 209.0 
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(C=C=C), 138.9, 138.3, 129.8, 128.4, 128.2, 127.0, 89.8 (CH=C=CH2), 75.7 (CH=C=CH2), 63.3 

(PhCH2OH), 32.1 (PhCH2CH). 

3-(l-Phenyl-vinyl)-isochroman (22) A sealed tube (15 mL) was charged 

'Ph with 21 (80.1 mg, 0.5 mmol), iodobenzene (510 mg, 2.5 mmol, 5 equiv), 

. 0 Pd(OAc)2 (5.6 mg, 0.025 mmol, 5 mol%), PPh3 (6.6 mg, 0.025 mmol, 5 

mol%), TBAC1 (150 mg, 0.53 mmol, 1.1 equiv) and Na2CC>3 (106 mg, 1.0 

mmol) in DMF (5 mL). The tube was flushed with nitrogen and heated to 100 °C for 16 hours. 

The reaction mixture was then cooled to room temperature, diluted with Et 2 0 (30 mL), washed 

(saturated NH4CI, 45 mL), dried (MgS04) and filtered. The solvent was removed in vacuo and 

22 was obtained after flash chromatography (Et20 / hexanes 10:90) as a light yellow solid (80 

mg, 0.338 mmol, 68%). ipi-NMR (300 MHz): 7.48-7.20 (m, 9 H), 5.51 (d, 1 H, J = 1.5 Hz, C=CHH), 

5.45 (d, 1 H, J = 1.5 Hz, C=CHH), 5.00 (s, 2 H, PhCH20), 4.70 (dd, 1 H, J = 9.9 Hz, J = 3.9 Hz, 

OCH), 2.87 (m, 2 H, PhCH2CH). 13C-NMR (75 MHz): 149.3, 140.0, 134.7, 133.7, 129.1, 128.7, 

128.0, 127.1, 126.7, 127.4, 124.4, 113.4 (C=CH2), 76.1 (OCH), 68.8 PhCH20), 34.0 (PhCH2CH). ). 

HRMS calcd. for C i 7 H i 6 0 236.1201, found 236.1207. 

3-(l-p-Tolyl-vinyl)-isochroman (23) A sealed tube (15 mL) was charged 

>Tol w i t h Pd(OAc)2 (5.6 mg, 0.025 mmol, 5 mol%), PPh3 (6.6 mg, 0.025 mmol, 

' ° 5 mol%), 21 (80.1 mg, 0.5 mmol), p-iodotoluene (218 mg, 1 mmol, 2 equiv), 

TBAC1 (150 mg, 0.53 mmol, 1.1 equiv) and Na2CÛ3 (106 mg, 1.0 mmol) in 

MeCN (5 mL) and the tube was flushed with nitrogen. The tube was heated to 100 °C for 16 

hours. The solvent was removed in vacuo and 23 was obtained after flash chromatography (Et20 

/ hexanes 1:99 - 2.5:97.5) as a white solid (51 mg, 0.203 mmol, 41%). ÏH-NMR (300 MHz): 7.35 

(d, 2 H, J = 8.1 Hz), 7.17 (m, 4 H), 7.05 (m, 2 H), 5.47 (s, 1 H, C=CHH), 5.42 (s, 1 H, C=CHH), 4.99 

(s, 2 H, PhCH20), 4.69 (dd, 1 H, J = 4.2 Hz, J = 9.6 Hz, OCH), 2.86 (m, 2 H, PhCH2CH), 2.37 (s, 3 

H, PhCH3). " c - N M R (75 MHz): 149.1, 137.7, 137.0, 134.7,133.8, 129.4,129.0, 126.9, 126.7, 126.3. 

124.4, 112.6 (C=CH2), 76.1 (OCH), 68.8 (PhCH20), 34.1 (PhCH2CH), 21.4 (PhCH3). ). HRMS 

calcd. for CigHisO 250.1358, found 250.1347. 

3-[l-(4-Methoxy-phenyl)-vinyl]-isochroman (24) According to th( 

V-An procedure for 23, starting from p-iodoanisole (234 mg, 1 mmol, 2 equiv), 

•O 24 was obtained after flash chromatography (Et 20 / hexanes 1:99 -

2.5:97.5) as a white solid (24.4 mg, 0.091 mmol, 18%). iH-NMR (300 MHz): 

7.38 (d, 2 H, J = 9.0 Hz), 7.16 (m, 2 H), 7.04 (m, 2 H), 6.87 (d, 2 H, J = 9.0 Hz), 5.40 (s, 1 H 

C=CHH), 5.36 (s, 1 H, C=CHH), 4.65 (dd, 1 H, ] = 9.9 Hz, J = 3.9 Hz, PhCH2CH), 3.81 (s, 3 H 
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PhOCH3), 2.84 (m, 2 H, PhCH2CH). 13C-NMR (75 MHz): 159.5, 148.6, 134.7, 133.8, 132.3, 129.0, 

128.2, 126.7, 126.3, 124.4, 114.0 (C=CH2), 76.2 (PhCH2CH), 68.8 (PhCH20), 55.4 (PhOCH3), 34.0 

(PhCH2CH). HRMS calcd. for Ci8Hi 8 0 2 266.1307, found 266.1297. 

3-[l-(4-Nitro-phenyl)-vinyl]-isochroman (25) The synthesis was 

p-NCVPh carried out according to the procedure for 23, with l-iodo-4-

\ ^ ^ — ' ° nitrobenzene (249 mg, 1 mmol, 2 equiv) as electrophile. The solvent 

was removed and the excess l-iodo-4-nitrobenzene was removed 

from the crude product by sublimation. The crude product was dissolved in a little amount of 

CH2C12 and purified by column chromatography on silica gel (EtOAc / hexanes 2.5:97.5) to 

give 25 (75 mg, 0.265 mmol, 53%). ÏH-NMR (300 MHz): 8.20 (d, 2 H, J = 8.7 Hz), 7.61 (d, 2 H, J = 

8.7 Hz), 7.17 (m, 2 H), 7.06 (m, 2 H), 5.64 (s, 1 H, C=CHH), 5.56 (s, 1 H, C=CHH), 4.95 (s, 2 H, 

PhCH20), 4.67 (dd, 1 H, J = 10.5 Hz, J = 3.6 Hz, OCH), 2.89 (m, 2 H, PhCH2CH). 13C-NMR (75 

MHz): 147.5,146.5, 134.3, 133.0, 129.0, 128.6,128.0, 126.9,126.6,124.5,123.9, 117.2 (C=CH2), 75.7 

(PhCH2CH), 68.7 (PhCH20), 33.5 (PhCH2CH). HRMS calcd. for C17H16NO3 282.1130, found 

282.1116. 

<>To1 3-(l-o-Tolyl-vinyl)-isochroman (26) + 2-0-0-

VTol . / ^ ^ ^ ^ ^ Tolyl-buta-l ,3-dienyl)-benzaldehyde (27) 

l[ ^ L _ 0 According to the procedure for 23, starting from 

27 o-iodotoluene (218 mg, 1 mmol, 2 equiv), 26 and 

28 were obtained as an unseparable mixture after 

flash chromatography (Et20 / hexanes 1:99 - 2.5:97.5) (20 mg, 0.070 mmol, 14%). ÏH-NMR (300 

MHz): 10.1 (s, 1 H, CHO, 28), 7.78 (dd, 1 H, J = 6.9 Hz, J = 1.2 Hz), 7.58 (d, 1 H, J = 7.2 Hz), 7.53 

(dt, 1 H, J = 7.1 Hz, 0.9 Hz), 7.36 (t, 1 H, J = 7.2 Hz), 7.26-7.09 (m, 8 H), 7.01 (m, 2 H), 6.94 (d, 1 H, 

J = 15.9 Hz, CH=CH, 28), 6.80 (d, 1 H, J = 15.9 Hz, CH=CH, 28), 5.64 (d, 1 H, J = 1.5 Hz, C=CHH), 

5.56 (d, 1 H, J = 1.5 Hz, C=CHH), 5.21 (d, 1 H, J = 1.5 Hz, C=CHH), 5.09 (d, 1 H, J = 1.5 Hz, 

C=CHH), 5.00 (d, 1 H, J = 15.0 Hz, PhCHHO, 26), 4.91 (d, 1 H, J = 15.0 Hz, PhCHHO), 4.38 (dd, 1 

H, J = 11.1 Hz, J = 3.3 Hz, PhCH2CH), 2.78 (m, 2 H, PhCH2CH), 2.34 (s, 3 H, PhCH3), 2.27 (s, 3 

H, PhCH3). 13C-NMR (75 MHz): 192.0 (PhCHO), 149.7, 148.4, 140.5, 139.5, 136.5, 136.1, 135.8, 

134.7, 133.9, 133.7, 133.1, 130.7, 130.4, 130.3, 129.7, 129.3, 129.0, 127.9, 127.85, 127.80, 127.52, 

127.50, 126.6, 126.3, 125.9, 125.6, 124.3, 120.4, 114.3 (C=CH2), 110.4, 77.1 (PhCH2CH), 68.9 

PhCH20), 33.7 (PhCH2CH), 19.9 (PhCH3). HRMS calcd. for CigHigO (26) 250.1358, found 

250.1362.. HRMS calcd. for C igH^O (28) 248.1201, found 248.1219. 
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^ 2-Buta-2,3-dienyl-benzaldehyde (28) To a solution of PCC (8.33 g, 38.6 mmol, 

3 equiv) in CH2CI2 (50 mL) was added 21 (2.06 g, 12.9 mmol). The solution 

was stirred at room temperature for 1 night. The resulting solution was 

_Q filtered through Celite, washed (5% HCl , 5 x 50 mL), dried (MgSC>4) and 

filtered. The solvent was removed and the resulting oil was dissolved in 

EtOAc and filtered through silica gel. The filtrate was concentrated and purified by flash 

chromatography (EtOAc / hexanes 10:90) to give 28 (1.84 g, 11.7 mmol, 90%). ÏH-NMR (300 

MHz): 10.25 (s, 1 H, CHO), 7.83 (d, 1 H, J = 7.8 Hz), 7.51 (dt, 1 H, J = 7.2 Hz, J = 1.2 Hz), 7.38 (t, 1 

H, J = 7.5 Hz), 7.31 (d, 1 H, J = 7.5 Hz), 5.35 (p, 1 H, J = 6.8 Hz, CH2CH=C=CH2), 4.65 (dt, 2 H, J 

= 3.3 Hz, J = 6.6 Hz, PhCH2CH=C), 3.74 (dt, 2 H, J = 3.3 Hz, J = 6.6 Hz, C=C=CH2). 13C-NMR 

(75 MHz): 209.1 (C=C=C), 192.6 (CHO), 142.6, 134.1, 131.6, 131.1, 127.3, 90.0 (CH=C=CH2), 76.3 

(CH=C=CH2), 32.0 (PhCH2). 

(2-Buta-2,3-dienyl-benzylidene)-ierf-butyl-amine (29) A mixture of 28 

(0.86 g, 5.4 mmol), ferf-butylamine (1.99 g, 27.2 mmol, 5 equiv) and a 

catalytic amount of p-TsOH in THF (50 mL) were heated to reflux for 1 

hour. The excess amine and solvent were removed in vacuo and the crude 

product was dissolved in E t 2 0 (50 mL) and washed (1 M Na 2 C0 3 , 50 mL). 

The solution was dried (MgSC>4), and filtered. The solvent was removed and 29 (0.97 g, 4.6 

mmol, 84%) was obtained as an orange oil. iH-NMR (300 MHz): 8.60 (s, 1 H, CH=N), 7.88 (dd, 1 

H, J = 6.8 Hz, J = 1.5 Hz), 7.33-7.19 (m, 3 H), 5.30 (p, 1 H, J = 6.8 Hz, CH=C=CH2), 4.68 (dt, J = 6.6 

Hz, J = 3.2 Hz, PhCH2CH=C), 3.59 (dt, 2 H, J = 6.9 Hz, J = 3.2 Hz, CH=C=CH2), 1.32 (s, 9 H, 

C(CH3)3). !3C-NMR (75 MHz): 208.7 (C=C=C), 153.8 (CHN), 139.1, 135.2, 129.83, 129.79, 127.5, 

126.9, 90.0 (CH=C=CH2), 75.6 (CH=C=CH2), 57.5 (C(CH3)3), 32.4 (PhCH2CH), 29.7 (C(CH3)3). 

2-rerf-Butyl-l-methyl-3-(l-phenyl-vinyl)-l,2,3,4-tetrahydro-isoquinoline 

"Ph (30) ) A sealed tube (15 mL) was charged with Pd(OAc)2 (5.6 mg, 0.025 

mmol, 5 mol%), PPh3 (6.6 mg, 0.025 mmol, 5 mol%),29 (107 mg, 0.5 mmol), 

iodobenzene (510 mg, 2.5 mmol, 5 equiv), and TBAC1 (150 mg, 0.53 mmol, 

1.1 equiv) in MeCN (5 mL) and the tube was flushed with nitrogen. The tube was heated to 100 

°C for 2 hours. The solvent was removed in vacuo and 2-f£,rf-butyl-3-(l-phenyl-vinyl)-3,4-

dihydroisoquinolinium iodide was obtained quantitatively. 'H-NMR (300 MHz): 10.73 (s, 1 H 

CHN), 8.75 (d, 1 H, J = 7.8 Hz), 7.65-7.02 (m, 9 H), 5.63 (d, 2 H, J = 6.9 Hz, PhCH2CH), 5.28 (s, 1 

H, C=CHH), 4.93 (s, 1 H, C=CHH), 3.52 (dd, 1 H, J = 17.4 Hz, J = 7.2 Hz, PhCHHCH), 2.97 (d, 1 

H, J = 17.1 Hz, PhCHHCH). "C-NMR spectrum could not be interpreted safely because of toe 

many impurities. 2-terf-butyl-3-(l-phenyl-vinyl)-3,4-dihydroisoquinolinium iodide (0.25 mmol) 
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was suspended in THF (20 mL) and MeMgCl (0.16 mL 3 M, 0.5 mmol, 2 equiv) was added 

dropwise to the solution. The solution was stirred for 2 hours. Water (10 mL) was added 

dropwise to the solution and the solvent was removed in vacuo. The remaining solution was 

washed with Et2Û (2 x 50 mL) and the combined organic layers were dried (MgS04) and 

filtered. The solvents were removed in vacuo and 30 was obtained after flash chromatography 

(EtOAc/Et3N/hexanes 1:1:98) as a light yellow oil (72.3 mg, 0.237 mmol, 95%, diastereomeric 

ratio 1:1). 'H-NMR (300 MHz): 7.37 (m, 10 H), 7.14 (m, 6 H), 6.88 (d, 2 H, J = 7.2 Hz), 4.94 (s, 2 H, 

C=CHH), 4.92 (s, 2 H, C=CHH), 4.65 (q, 2 H, J = 6.3 Hz, PhCHCH3), 4.56 (br, 2 H, PhCH2CH), 

3.17 (d, 1 H, J = 5.9 Hz, PhCHHCH), 3.12 (d, 1 H, J = 5.9 Hz, PhCHHCH), 2.63 (d, 1 H, J = 3.0 

Hz, PhCHHCH), 2.58 (d, 1 H, J = 3.0 Hz, PhCHHCH), 1.40 (d, 6 H, J = 6.6 Hz, PhCHCH3), 1.32 

(s, 18 H, C(CH3)3). "C-NMR (75 MHz): 153.8, 144.5, 142.2, 137.7, 134.4, 130.5,128.5, 126.9, 126.3, 

126.1, 125.4, 114.8 (C=CH2), 55.9, 55.7, 54.5, 33.7, 29.9, 25.4.. HRMS calcd. for C22H27N 305.4665, 

found 305.2143. 

2-ferf-Butyl-l-methyl-3-(l-p-tolyl-vinyl)-l,2,3,4-tetrahydro-

isoquinoline (31) According to a procedure described for 30, a 

mixture of 5 % Pd(OAc)2 (5.6 mg, 0.025 mmol), PPh3 (6.6 mg, 0.025 

mmol), 5 equiv 4-iodo-toluene (545 mg, 2.5 mmol), 1 equiv TBAC1 

(150 mg, 0.5 mmol) and a solution of (2-buta-2,3-dienyl-benzylidene)-

ferf-butyl-amine (107 mg, 0.5 mmol) in MeCN (3 mL) in a 10 mL sealed tube was heated to 

reflux for 2 h and allowed to cool down to room temperature. After rotary evaporation of the 

solvents the mixture was dried in vacuo. The crude mixture was not purified. 'H-NMR (300 

MHz) was only measured to confirm the complete consumption of the 1,2-diene reagent and to 

show that the desired dihydroisoquinolinium salt was formed: PhCH=N~ singlet (10.65 ppm). 2-

fer£-Butyl-3-(l-p-tolyl-vinyl)-3,4-dihydro-isoquinolinium iodide 0.25 mmol) was suspended in 

THF (0.83 mL) and MeMgCl (0.16 mL 3 M, 0.5 mmol, 2 equiv) was added dropwise to the 

solution. The solution was stirred for 1 hour. Water (10 mL) was added dropwise to the solution 

and the solvent was removed in vacuo. The remaining solution was washed with Et20 (2 x 50 

mL) and the combined organic layers were dried (MgSOJ and filtered. The solvents were 

removed in vacuo and 31 was obtained after flash chromatography (EtOAc/Et3N/hexanes 

1:1:98) as a colorless oil (61.5 mg, 0.19 mmol, 77%, ratio 1:1). 'H-NMR (300 MHz): 7.23 (d, 2 H, J 

= 7.5 Hz), 7.1-7.2 (ma, 5 H), 6.88 (d, 1H, J = 7.2 Hz), 4.93 (d, 1 H, J = 2.1 Hz, C=CHH), 4.88 (dd, 1 

H, J = 2.1 Hz, J = 1.5 Hz, C=CHH), 4.64 (q, 1 H, J = 6.4 Hz, PhCHCH,), 4.54 (sb, 1 H, PhCHHCH), 

3.15 (dd, 1 H, J = 14.7 Hz, J = 5.4 Hz, PhCHHCH), 2.62 (dd, 1 H , J = 14.7 Hz, J = 3.0 Hz, 

PhCHHCH), 2.38 (s, 3 H, PhCH3), 1.40 (d, 3 H , J = 6.4 Hz, (PhCHCH,), 1.32 (s, 9 H, NC(CH3)3. 
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,3C-NMR (75 MHz): 153.6, 144.5, 143.1, 139.2, 136.9, 134.5, 129.2, 128.5, 126.3, 126.1, 125.4, 114.1 

(C=CHH), 55.7, 54.4, 33.7, 29.9, 25.4, 21.3. HRMS calc. 319.2300; found 319.2318. 

2-rert-Butyl-3-[l-(4-methoxy-phenyl)-vinyl]-l,2,3,4-

tetrahydroisoquinole (32) According to the procedure earlier 

\)Me described for the synthesis of 30 starting from 5 % Pd(OAc)2/ 

PPh, (5.6 mg, 0.025 mmol / 6.6 mg, 0.025 mmol), 5 equiv 4-iodo-

anisole (293 mg, 1.25 mmol), 1 equiv TBAC1 (150 mg, 1.0 mmol) and (2-buta-2,3-dienyl-

benzylidene)-ter/-butyl-amine (107 mg, 0.5 mmol), 2-ferf-butyl-3-[l-(4-methoxy-phenyl)-vinyl]-

3,4-dihydroisoquinolmiumiodide was obtained. 'H-NMR (300 MHz) was measured to confirm 

the complete consumption of the 1,2-diene reagent and to give the chemical shift (5) of the 

characteristic PhCH=N* singlet (10.50 ppm). The conversion to the tetrahydroisoquinoline, as 

described for 30 and 31, was not successful and no products could be identified. 

2-fert-butyl-l-methyl-3-(l-o-tolyl-vinyl)-l,2,3,4-tetrahydro-

isoquinoline (33) According to the procedure earlier described for the 

synthesis of 30, starting from 5 % Pd(OAc)2 / PPh3 (5.6 mg, 0.025 mmol 

/ 6.6 mg, 0.025 mmol), 5 equiv 2-iodo-toluene (273 mg, 1.25 mmol), 1 

equiv TBAC1 (150 mg, 1.0 mmol) and (2-buta-2,3-dienyl-benzylidene)-tert-butyl-amine (107 mg, 

0.5 mmol), 26 was afforded. 'H-NMR (300 MHz) was measured to confirm the complete 

consumption of the 1,2-diene reagent. To the crude mixture was added a solution of 2 equiv 

MeMgCl (0.17 mL of a 3 M solution in THF, 0.5 mmol) in THF (0.83 mL) and 2-tert-butyl-3-(l-o-

tolyl-vinyl)-3,4-dihydro-isoquinoliniumiodide (0.25 mmol) in THF (5 mL) to afford 33 as a white 

oil (25.0 mg, 31 %). 'H-NMR (300 MHz): "C-NMR (75 MHz): 151.8, 144.8, 142.0, 136.0, 134.3, 

130.8, 128.7, 127.8, 126.6, 126.4, 125.9, 125.4, 125.1, 117.3 (C=CHH), 55.8, 55.5, 54.4, 33.3, 29.9, 

26.0, 20.8. 

2-rert-Butyl-3-(l-phenyl-vinyl)-l,2,3,4-tetrahydroisoquinoline (34) 2-tert-

(f^^Y^^f^ Ph butyl-3-(l-phenyl-vinyl)-3,4-dihydro-isoquinolinium iodide (0.025 mmol) 

S ^ ^ ^ x ^ N ^ ^ was suspended in EtOH (10 mL) and NaBH4 (100 mg 2.5 mmol, 5 equiv) 

was added. The solution was stirred for 1 hour and washed subsequently 

with Et2Ü (2 x 50 mL). The combined organic layers were washed with water (1 x 50 mL), dried 

(MgSC>4) and filtered. The solvent was removed in vacuo and 34 was obtained after flash 

chromatography (EtOAc/Et3N/hexanes 1:1:98) as a light yellow oil (29.3 mg, 0.101 mmol, 40%). 
TH-NMR (300 MHz): 7.34-7.26 (m, 5 H), 7.12 (m, 3 H), 6.90 (d, 1 H, J = 7.2 Hz), 5.19 (dd, 1 H, J = 

2.7 Hz, J = 1.5 Hz, C=Ctf H), 5.02 (dd, 1 H, J = 2.7 Hz, J = 0.6 Hz, C=CHH), 4.35 (t, 1 H, J = 4.7 hz, 
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PhCH2CHN), 3.97 (d, 1 H, J = 13.5 Hz, PhCHHN), 3.84 (d, 1 H, J = 13.5 hz, PhCHHN), 1.19 (s, 9 

H, C(CH3)3). 13C-NMR (75 MHz): 153.3,142.4,139.1,136.3,128.4,127.4,127.2,127.0,126.4,126.1, 

125.9, 115.5 (C=CH2), 55.7, 55.4, 46.0, 33.6, 27.6 (C(CH3)3). HRMS calcd. for C21H25N 291.4299, 

found 291.1987. 

2-rert-Butyl-3-(4-anisyl-vinyl)-l,2,3,4-tetrahydroisoquinoline 

(35) Attempts to react 2-£erf-butyl-3-(l-phenyl-vinyl)-3,4-dihydro-

OMe isoquinoliniumiodide with NaBh4, as described for 34 failed and 

no reaction products could be identified. 

4-[l-(2-rert-butyl-l,2,3,4-tetrahydro-isoquinolin-3-yl)-vinyl]-

phenylamine (36) According to the procedure earlier described for 

the synthesis of 30, starting from 5 % Pd(OAc)2 / PPh3 (5.6 mg, 

0.025 mmol / 6.6 mg, 0.025 mmol), 2 equiv sublimed 4-iodo-

nitrobenzene (320 mg, 1.28 mmol), 1 equiv TBAC1 (150 mg, 1.0 mmol) and (2-buta-2,3-dienyl-

benzylidene)-terf-butyl-amine (107 mg, 0.5 mmol), 2-tert-butyl-3-[l-(4-nitro-phenyl)-vinyl]-3,4-

dihydro-isoquinoliniumiodide was obtained. 'H-NMR (300 MHz) was measured to confirm the 

complete consumption of the 1,2-diene reagent and to give the chemical shift (S) of the 

characteristic PhCH=N* singlet (10.64 ppm). To a stirred solution of the isoquinolinium salt, 

which was concentrated in vacuo and dissolved in EtOH (10 mL), 5 equiv NaBH4 (50 mg, 1.25 

mmol) was added. After the addition of water, the mixture was extracted into ether, washed 

with 1 M aqueous HCl (2 x 10 mL), water (2 x 10 mL) and brine (10 mL) and dried over MgS04. 

After rotary evaporation of the solvent, the residue was chromatographed on silica gel; elution 

with EtjN-EtOAc-hexane (10:2:88 v/v) gave 25 (25.7 mg, 8.4 mmol, 34 %) as a colorless oil. 'H-

NMR (300 MHz): 7.1-7.2 (m", 5 H), 6.89 (d, 1 H), 6.64 (d, 2 H, J = 8.4 Hz), 5.04 (dd, 1 H, J = 3.0 Hz, 

J = 1.2 Hz, C=CHH), 4.93 (dd, 1 H, J = 3.0 Hz, J = 0.9 Hz, C=CHH), 4.25 (tb, 1 H, J = 3.9 Hz, 

PhCHHCHN), 3.93 (d, 1 H, J = 13.6 Hz, PhCHHN), 3.81 (d, 1 H, J = 13.6 Hz, PhCHHN), 3.64 (sb, 

2 H, PhNH2), 2.78 (dd, 1 H, J = 14.4 Hz, J = 6.0 Hz, PhCHHCHN), 2.58 (dd, 1 H, J = 14.4 Hz, J = 

3.6 Hz, PhCHHCHN), 1.15 (s, 9 H, NC(CH,)3).
 ,3C-NMR (75 MHz): 152.8, 145.6, 139.3, 136.5, 

132.6, 127.8, 127.4, 126.3, 125.9, 125.8, 115.1, 113.3 (C=CHH), 55.6, 55.2, 46.0, 33.8, 27.6. HRMS 

calc. 306.2096; found 306.2096. 
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