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ABSTRACT 

A variety of substituted isoquinolines have been synthesized in good to 

excellent yields by the electrophilic ring closure of iminoalkynes in the presence of 

various external electrophiles. The best results were obtained with ·an excess of 

the electrophile, plus 3 equiv of sodium bicarbonate as a base when needed, at 

room temperature with either acetonitrile or methylene chloride as the solvent. This 

electrophilic ring closure is highly effective when an aryl- or alkenyl-substituted 

alkyne is utilized. Other acetylenes fail to undergo this ring closure. 

Mono-substituted isoquinolines have been prepared in good to· excellent 

yields by the silver-catalyzed cyclization of various iminoalkynes. The best results 

were obtained using 5 mol % silver nitrate at 50 °C in chloroform. Aryl-, vinylic-, 

and alkyl-substituted iminoalkynes undergo this. silver-catalyzed cyclization in 

excellent yields. 
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GENERAL INTRODUCTION 

In recent years, the isoquinoline ring system has received a lot of attention in 

organic synthesis. That interest arises from the fact that numerous natural products 

contain the isoquinoline ring system in their backbone. 1 

The Larock group has previously shown that disubstituted isoquinolines and 

pyridine heterocycles can be synthesized by the palladium-catalyzed annulation of 

the tert-butyl imines of o-iodobenzaldehyde and 3-halo-2-alkenals respectively 

onto internal alkynes.2 Also it has been shown by Larock and Roesch, that mono-

substituted isoquinolines and pyridines can be synthesized by the palladium-

catalyzed coupling of terminal acetylenes onto the tert-butyl imine of o-

iodobenzaldehyde and 3-halo-2-alkenals, followed by subsequent copper-

catalyzed cyclization. 3 

The synthesis of disubstituted isoquinolines has led us to investigate 

another method for their synthesis. This approach involves the electrophilic ring 

closure of iminoalkynes by various external electrophiles. Along with this method, 

a silver-catalyzed cyclization has also been investigated as a route to mono-

substituted isoquinoline derivatives. The author of this manuscript was the primary 

investigator and the aulhor of the paper reported in this thesis. 

Thesis Organization 

This thesis is composed of one main chapter. The chapter presented herein 

is written following the guidelines for a full paper in the Journal of Organic 
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Chemistry and is composed of an abstract, introduction, results and discussion, 

conclusion, experimental, acknowledgment, and references. 

The paper presents within it the synthesis of substituted isoquinolines by 

electrophilic ring closure reactions. The overall synthetic process involves the 

coupling of a terminal acetylene with o-bromobenzaldehyde by a palladium-

catalyzed coupling reaction4, followed by tert-butyl imine formation. An external 

electrophile or silver catalyst is then added to the iminoalkyne intermediate, which 

promotes ring closure to the desired isoquinolines. 

Finally, all of the 1H and 13C NMR spectra for the aldehyde and imine starting 

materials and the electrophilic and silver-catalyzed products have been compiled 

in the appendix following the conclusions for this thesis. 

References 

1. (a) Fitzgerald, J. J.; Micheal, F. E.; Olofson, R. A. Tetrahedron 1994, 49, 9191. 

(b) Bringmann, G.; Holenz, J.; Weirich, R.; Rubenacker, M.; Funke, C. 

Tetrahedron 1998, 54, 497. (c) Xu, X.; Qin, G.; Xu, R.; Zhu, X. Tetrahedron 

1998, 54, 14179. (d) Buske, A.; Busemann, S.; Muhlbacker, J.; Schmidt, J.; 

Porzel, A.; Bringmann, G.; Adam, G. Tetrahedron 1999, 55, 1079. (e) Bressi, 

A. Heterocycles 1988, 12, 2905. 

2. Roesch, K. R.; Larock, R. C. J. Org. Chem. 1998, 63, 5306. 

3. Roesch, K. R.; Larock, R. C., manuscript in preparation. 

4. Sonogashira, K.; Tohda, Y.; Hagihara, N. Tetrahedron Lett. 1975, 16, 4467. 
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SYNTHESIS OF ISOQUINOLINES BY _ ELECTROPHILIC RING 

CLOSURE OF IMINOALKYNES 

A paper to be submitted to the Journal of Organic Chemistry 

Jack A. Hunter, Kevin R. Roesch, Richard C. Larock· 

Department of Chemistry, Iowa State University, Ames, IA 50011 

Abstract 

A variety of substituted isoquinolines have been synthesized in good to 

excellent yields by two distinct methods. The tert-butylimines of 2-(1-

alkynyl)benzaldehydes have been cyclized by Br2 , 12, ArSCI, and ArSeCI to give the 

corresponding 3,4-disubstituted isoquinoline derivatives. This electrophilic ring 

closure chemistry works very well when aryl- and alkenyl-substituted alkynes are 

used. Other acetylenes fail to undergo this ring closure. Mono-substituted 

isoquinolines have been synthesized by a silver(l)-catalyzed ring closure of the 

tert-butylimines of 2-(1-alkynyl)benzaldehydes. This silver-catalyzed ring closure is 

highly effective in cyclizing aryl-, alkenyl-, and alkyl-substituted iminoalkynes. 

Introduction 

The synthesis of isoquinolines has received much .attention in the literature 

due to the fact that the isoquinoline backbone appears in numerous natural 

products.1 Substituted isoquinolines have been synthesized by utilii:ing palladium 
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methods2-5 and by more classical, but harsher conditions. 6 Widdowson has 

published a synthesis· of isoquinolines based on cyclopalladated N-tert-

butylarylaldimines (eq 1 ).2 This synthesis suffers from the use of stoichiometric 

amounts of palladium salts and a final pyrolysis step at 180-200 °C. 

PhMe, Et3N, heat 

180-200 °c 00 R- N 
/, 

Pfeffer has reported the synthesis of disubstituted isoquinolines by using 

N,N-dimethylbenzylamine palladium complexes (eq 2).3 This synthesis is also 

disadvantageous due to the use of stoichiometric palladium salts. 

(1) 

Heck has reported the formation of 3,4-diphenylisoquinoline by the reaction 

of diphenylacetylene and a cyclopalladated N-tert-butylbenzaldimine 

tetrafluoroborate complex (eq 3).4 This Heck synthesis also utilizes stoichiometric 

palladium salts, which is not very practical in organic synthesis. 

MeN02, 100 °C 

22% 

~Ph 
(3) 
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In our own group, Roesch reported the formation of numerous 3,4-

disubstituted isoquinolines by the palladium-catalyzed annulation of internal 

alkynes (eq 4)5 and also 3-substituted isoquinoline derivatives by a copper(l)-

catalyzed ring closure (eq 5).7 One drawback to this synthesis of disubstituted 

isoquinolines is the need for a disubstituted. The copper-catalyzed synthesis uses 

a relatively high· temperature of 100 °C, which could lead to problems for thermally 

unstable substituents. 

0: ,...t-Bu 
N + 

I 

o:N_,.t-Bu 
+ 

I 
H--R 

cat. Pd(0) 

base 

1. 2% PdCl2(PPh3)z, 1 % Cul 

Et3N, 55 °C 

2. 10% Cul, DMF, 100 °C w 0 
R 

H 

Roesch has also discovered one reaction which utilizes an external 

electrophile, iodine, to ring close an iminoalkyne to give the 3,4-disubstituted 

isoquinoline in a modest yield (eq 6).8 

3 equiv 12 
3 equiv NaHCO3 

2 ml CH3CN 
RT, 24 h 

55% 

The classical methods for the synthesis of isoquinolines rely on much 

harsher reaction conditions.6 The Bischler-Napieralski,6a Pictet-Spengler,6b. and 

(4) 

(5) 

(6) 
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Pomeranz-Fritsch6c all require relatively strong acids to cyclize ~-phenethylamines 

to the nitrogen-containing ring system of the isoquinoline. Also, the Bischler-

Napieralski6a and the Pictet-Spengler6b reactions require the additional step of 

dehydrogenating a dihydro- and tetrahydroisoquinoline, respectively. 

It has been reported by Cacchi that iodine can be used to electrophilically 

close o~(2-alkynyl)phenols to 2,3-disubstituted benzofuran derivatives. (eq 7).9 We 

have found simultaneously that this type of electrophilic cyclization can be very 

useful for the synthesis of isoquinolines. 

MeCN, r. t. 

Results and Discussion 

Our research on the synthesis of disubstituted isoquinolines led us to 

investigate an electrophilic ring closure methodology involving the el~ctrophilic 

cyclization of the tert-butylimines of 2-(1-alkynyl)benzaldehydes (eq 8). Our 

preliminary results are summarized in Table 1. 

(7) 

(8) 

This methodology was begun by Dr. Kevin Roesch. He began by attempting 

to electrophilically close N-(2-phenylethynylbenzylidene)-tert-butyl amine using 

iodine as the electrophile to give 4-iodo-3-phenylisoquinoline (eq 9). 
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Table 1. 

entry 

1 

2 

3 

Electrophilic ring closure to 3,4-disubstituted isoquinolinesa 

imine 

-.;:-N_,,t-Bu 

.,--.,,_ 

1 

electrophile 

Brb 
2 

I b 
2 

0-SeCI 

time (h) 

24 

3 

24 

solvent product 

CH3CN ....,, 'f 11 "'1 
Br 

9 

CH3CN 

10 

CH2Cl2 

1 1 

% yield 

46 

80 

--..J 

7gc 
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Table 1. (continued) 

entry imine electrophile time (h) solvent product % yield 

~N,...t-Bu 

~SCI 4 '-..:;,....-~ 48 CH2Cl2 
.,,_,.... T II "1 sr _,,;;;. 

02 
~s 

_,,;;;. 
02 

1 2 

~w-t-Bu 

5 '-...:;/ I b 3 CH3CN ........... i II 'l 87 .............. 2 CX) 

2 1 3 

6 
USeCI 

24 CH 2Cl 2 use 89c 

14 
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Table 1. (continued) 

entry imine electrophile time (h) solvent product % yield 

~N".t-Bu µSCI 
7 -...;;,- 48 CH2Cl2 

-...;;,- T Yi 'l 33 
02 JY· 

02N 

1 5 

~N_..t-Bu 

8 "'-1/~ I b 12Qd CH3CN ...._,, 

' ' ' 0 2 c.o 

3 16 

9 
uSeCI 

12Qd CH2Cl2 0 

17 
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Table 1. (continued) 

entry_ imine 

"'N ...-t-Bu 

10 

1 1 

~N_,..t-Bu 

~oH· 

4 

N~t-Bu 

12 DH 

5 

electroQhile 

~SCI 

02N~ 

I b 
2 

I b 
2 

time (h) solvent 

12Qd CH2Cl2 

120d CH3CN 

120d CH3CN 

Qroduct 

~s 
02N~ 

1 8 

~OH 

I 

1 9 

~OH 
I 

20 

% yield 

0 

0 .....L 

0 

0 
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Table 1. (continued) 

entry imine 

13 
~

t-Bu 

Si(i-Prb 

6 

electro_12hile 

I b 
2 

time (h) solvent 

12Qd CH3CN 

_Qroduct 

~Si(i-Prb 
I 

21 

%yield 

0 

aAII reactions were run under the following conditions, unless otherwise specified: 0.25 mmol of the imine, 2 equiv of 

the electrophile, 7 ml of the solvent, 3 equiv of NaHCO3, run at room temperature. b6 Equiv of the electrophile were 

used. cNo base was added. dReactions were allowed to run for one week at which time they were stopped if no new 

products were observed by thin layer chromatographic analysis. 

_._ 
_._ 
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3 equiv 12 
3 equiv NaHC03 

2 ml CH3CN 
RT, 24 h 

(9) 

55% 

Research was begun on optimization of this reaction and subsequent 

extension to other electrophiles and starting iminoalkynes. The first variation of the 

reaction shown in eq 9 was variation of the solvent (Table 2, entries 1-5). As can 

be seen, varying the solvent did indeed affect the reaction. When methylene 

chloride, tetrahydrofuran (THF), and N,N-dimethylformamide (DMF) were used as 

the solvent (Table 2, entries 3-5, respectively), the desired isoquinoline was not 

observed. However, acetonitrile afforded a 55% yield and methanol was almost as 

effective (51 %) (Table 2, entries 1 and 2). Next, the reaction temperature was 

examined (Table 2, entries 6-10). A slight elevation in temperature caused no 

increase in the yield and actually lowered it in the acetonitrile case (Table 2, entry 

6). The use of a base in the reaction was inspected to see if it was truly necessary. 

As seen in entries 11 and 12 of Table 2, the absence of a base resulted in no 
. -

observable reaction. Next, the amount of solvent was changed from 2 ml to 7 ml 

(Table 2, entry 13). A modest drop in yield was observed. With an increase in the 
-

amount of solvent, the amount of iodine was increased (Table 2, entry 14); An 

increase in the amount of iodine and the amount of solvent caused the reaction to 

proceed in 80% yield. The reaction was rerun and a yield of 78% was obtained 

(Table 2, entry 15). From this work, the standard reaction conditions for iodination 
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are as follows: 0.25 mmol of the imine, 6 equiv of 12 , 3 equiv of NaHC03 , 7 ml of 

CH3CN stirred at room temperature. 

Once the optimal conditions were obtained for iodination, we next examined 

other electrophiles. A bromine source was the next choice to see if it could be used 

to electrophilically ring close the iminoalkynes to the corresponding 

bromoisoquinolines. N-Bromosuccinimide (NBS) was chosen as the bromine 

source. Reactions were run in acetonitrile and methylene chloride with no reaction 

being observed (Table 3, entries 1-4). Next, bromine was utilized, since iodine had 

worked. It was found that bromine would effect the electrophilic ring closure, 

although the yield was much lower than that of iodine (Table 3, entries 6 and 7). 

Again the use of base was investigated to see if it was necessary (Table 3, entries 

2, 4, and 5). It was found that the optimal yield of the desired isoquinoline was 

obtained when the same reaction conditions used for the iodine-promoted 

cyclization were employed (Table 3, entries 6 and 7). 

Table 2. Optimization of the Iodine Reaction (eq 9)3 

entry 12 equiv solvent temperature NaHC03 equiv % yield 
(OC) 

1 3 2 ml CH3CN RT 3 55 

3 3 2 ml CH30H RT 3 51 

3 3 2 ml CH2Cl2 RT 3 0 

4 3 2 ml THF RT 3 0 
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Table 2. (continued) 

entry 12 equiv solvent temperature NaHCO3 equiv % yield 
(°C) 

5 3 2 ml DMF · RT 3 0 

6 3 2 ml CH3CN 35 3 30 

7 3 2 ml CH3OH 35 3 50 

8 3 2 ml CH2Cl2 _ 35 3 0 

9 3 2 ml THF 35 3 0 

10 3 2 nil DMF 35 3 0 

1 1 3 2 ml CH3CN RT 0 0 

12 3 2 ml CH3OH RT 0 0 

13 3 7 ml CH3CN RT 3 -49 

14 6 7 ml CH3CNb RT 3 80 

15 6 7 ml CH3CNb RT 3 78 

a All reactions were run under the following conditions, unless otherwise specified: 

0.25 mmol of the imine, 12, solvent, stirred for 24 hours at the reported temperature. 

b The reaction was complete in 3 hours. 

The next electrophile chosen was phenylselenyl chloride (PhSeCI). Very 

similar yields of aryl selenide product were obtained using one or two equivalents 

of PhSeCI (Table 4, entries 1 and 2) .. Upon using 2 equiv of the PhSeCI in 7 ml of 

methylene chloride, a 78 % yield of the desired isoquinoline was obtained (Table 
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Table 3. Brominationa 

entry Brominating equiv solvent temperature. NaHCO3 % yield 
agent (OC) equiv 

1 NBS 3 CH3CN RT 3 0 

2 NBS 3 CH 3CN RT 0 0 

3 NBS 3 CH 2Cl2 RT 3 0 

4 NBS 3 . CH 2Cl2 RT 0 0 

5 Br2 6 CH 3CN. RT 0 0 

6 Br2 6 CH3CN RT 3 41 

7 Br2 6 CH3CN RT 3 46 

a All reactions were run under the following conditions, unless otherwise specified: 

0.25 mmol of the imine, 6 equiv of the electrophile, 7 ml of the solvent, stirring at 

the indicated temperature for 24 hours. 

1 , entry 2). The concentration of the reaction also seems to play little role in this 

reaction. A more concentrated reaction gave a slightly lower yield (Table 4, entry 

3). Also, the choice of the selenium. electrophile is critical. As can be seen in Table 

4, entry 4, when diphenyl diselenide is used, no product was obtained. 

The use of p-nitrobenzenesulfinyl chloride as the electrophile has also been 

examined using the reaction conditions found optimal for PhSeCI. The· desired 

isoquinoline was obtained although in a somewhat lower yield (Table 1, entry 4). 

Upon obtaining the desired isoquinolines with the phenyl-substituted 
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iminoalkyne, we next employed other iminoalkynes to see how general these 

reactions were. The cyclohexenyl-substituted iminoalkyne was used and the 

desired disubstituted isoquinolines were obtained (Table 1, entries 5-7). The 

yields for the cyclohexenyl-substituted iminoalkyne are consistant with those 

obtained with the phenyl-substituted iminoalkyne. Both the iodine and PhSeCI ring 

Table 4. Optimization of the PhSeCI Reactiona 

entry 

1 

2 

3 

4 

PhSeCI equiv temperature 

RT 

RT 

RT 

RT 

% yield 

74 

77 

70 

0 

a All reactions were run under the following conditions, unless otherwise specified: 

0.25 mmol of the imine, 7 ml of CH2Cl2, stirring for 24 hours. b 2 ml of CH2Cl2 was 

used. c 2 Equiv of PhSeSePh were used as the electrophile. 

closures proceed in relatively high yields (Table 1, entries 5 and·6), while the p-

nitrobenzenesulfinyl chloride reaction again goes in a lower yield (Table 1, entry 

7). 

Next, we looked at reactions with alkyl- and silyl-substituted iminoalkynes. 

In these cases, the reaction did not occur (Table 1, entries 8-13). The reason for 

this, we believe, lies in the mechanism of the reaction. 
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The mechanism we propose is electrophilic addition onto the triple bond to 

give a cyclopropenyl type intermediate; which can go to either a vinylic cation or 

directly to the isoquinolinium salt, Scheme-1. At this stage, loss of a proton and 

isobut~ne gives the desired isoquinoline. The reason the alkyl- and silyl-

substituted iminoalkynes fail is probably due to the inability of the alkyl or silyl 

groups to stabilize the neighboring vinylic cation. This likely intermediate is 

stabilized through resonance by the phenyl- and cyclohexenyl-substituted 

iminoalkynes, but in the case of the silyl- and alkyl-substituted reactions this 

stabilization cannot occur. 

Scheme 1 

N.,..t-Bu 

-------

R 

+ 

E 

After obtaining the desired isoquinoline products with the above 

electrophiles, we next turned our attention to nitrogen and carbon electrophiles. 

Attempts at nitrogen electrophiles were challenging do to the fact that we felt we 
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needed to utilize a nitrogen bearing a positive charge. In our attempts we have 

tried nitrosonium tetrafluoroborate and a diazonium tetrafluoroborate salt (Table 5). 

As can be seen, we were unable to form disubstituted isoquino!ines using these 

two electrophiles. 

The use of carbon electrophiles was a simpler task than that of the nitrog~n 

electrophiles, but no more successful. Carbon electrophiles can be generated in 

situ by the treatment of carbonyl compounds with a Lewis acid (Table 6, entries 1-

13), or halogen-containing or oxygenated compounds and a Lewis Acid or a silver 

salt (Table 6, entries 14-32), or by adding an appropriate carbon-containing salt 

directly to the reaction mixture (Table 6, entries 33-37). 

Table 5. Nitrogen electrophiles examineda 

entry imine electrophile solvent temperature % yield 
(OC) 

1 RT 0 

2 50° 0 

3 RT 0 

4 50 0 
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Table 5. (continued) 

entry imine electrophile solvent temperature % yield 
(OC) 

..._ N.,...t-Bu 

~N2BF4 
5 CH3CN RT 0 

02 

6 50 0 

7 RT 0 

8 50 0 

a All reactions were run under the following conditions: 0.25 mmol of the imine, 2 

equiv of the electrophile, 7 ml of solvent, at the· temperature noted-for 1 week. 

In attempting to obtain the desired isoquinoline from t-Bul (Table 6, entry 21 ), 

a slight variation gave an unexpected product. The solvent was changed from 

methylene chloride to chloroform· and the reaction was run at 50 °C, instead of at 

room temperature. Silver nitrate was the salt used to remove the iodide 

from the carbon electrophile as in the previous table (Table 6, entries 21 and 22). 

The product was not the expected 4-tert-butyl-3-phenylisoquinoline but 3-

phenylisoquinoline in a modest yield of 43% (Table 7, ·entry 1 ). Next, we set out to 

optimize this unexpected product and see if we could extend this reaction to other 
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Table 6 .. Carbon electrophiles examineda 

entry imine electrophile Lewis solvent tempera tu re %. 
· - · acid . (OC) yield 

"N.,..t-Bu 0 
1 P~CI AICl3 CH2Cl2 RT 0 

' 2 RT 0 

3 RT 0 

4 RT 0 

5 RT 0 

6 RT 0 

7 . RT 0 

8 RT 0 

9 RT 0 

10 50 0 
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Table 6. (continued) 

entry imine electrophile Lewis solvent temperature % 
acid (OC) yield 

"N_.,,t-Bu 

1 1 Ac2O BF3 •OEt2 CH 3CN 50 0 

12 50 0 

13 RT 0 

14 RT 0 

15 RT 0 

16 RT 0 

17 RT 0 

18 RT 0 

19 RT 0 

20 RT 0 
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Table 6. (continued) 

entry imine electrophile Lewis. solvent temperature % 
acid (OC) yield 

--.: N.,,t-Bu 

21 (CH 3) 3CCI AgN03 CH2Cl2 RT 0 

22 PhCH(OMe)2 RT 0 

23 RT 0 

24 RT 0 

25 50 0 

26 50 0 

27 RT 0 

28 RT 0 

29 RT 0 

30 50 0 
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Table 6 .. (continued) 

entry imine 

31 

32 

33 

34 

35 

36 

electrophile 

H + Me >=N: r 
H· Me 

23 

Lewis 
acid. 

solvent temperature 
(OC) 

50 

RT 

RT 

RT 

50 

50 

% 
yield 

0 

0 

0 

0 

0 

0 

a All reactions were run under the following conditions, unless otherwise noted: 

0.25 mmol of the imine, 2 eq_uiv of the electrophile, 2 equiv of the Lewis acid, 7 ml 

of solvent, stirred at the specified temperature for 1 week. 

iminoalkyne derivatives. The first thing investigated was the source of the 

hydrogen, which ended up in the four position of the isoquinoline. In an effort to 

find this out, a number of reactions were run to see if the source could be narrowed 

down (Table 7, entri~s 2 and 3). After running these reactions, we came to the 
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conclusion that the hydrogen was coming from the ten-butyl group of the imine 

starting material. If the hydrogen were coming from the solvent, the use of 

deuterated chloroform (Table 7, entry 3) would have resulted in the deuterated 

product. This was not the case as indicated by 1H NMR spectroscopy. It can also 

be observed that the t-Bul is not the source of the hydrogen (Table 7, entry 2). The 

reaction proceeds much better once the t-Bul is removed from the reaction. Once 

the proton source was narrowed down, we then turned our attention to seeing if we 

could possibly make this process catalytic in the silver salt (Table 7, entries 4-7). 

The silver catalyst used was also looked at and there appears to be no difference 

(Table 7, entries 9, 11, and 14). Both silver nitrate and silver acetate give 

approximately the same yields for this ring closure. After optimization of the 

conditions, we chose the following as our standard conditions for future 

experiments: 0.25 mmol of the imine, 5 mol % silver salt, 7 ml of chloroform, stirred 

at 50 ° C for the specified time. Our preliminary results are summarized in Table 7. 

The mechanism we propose is quite similar to our other electrophilic ring 

closure mechanism, Scheme 2: First, the silver salt electrophilically adds to the 

triple bond to give a metalacyclopropenyl cation; this then can either go to the 

vinylic cation or directly to the isoquinolinium salt. At this step, loss of a proton and 

isobutene gives the isoquinoline with a silver substituent in the 4-position. Next, 

we propose that the silver is removed by the acid that is produced during removal 

of the ten-butyl group. This gives the desired 3-substituted isoquinoline and the 

silver salt reenters the catalytic cycle. 



www.manaraa.com

Table 7. Silver-catalyzed ring closure to mono-substituted isoquinolinesa 

entry_ imine silver salt time (h2 solvent 12_roduct 

"'N,...t-Bu 

1 2 AgNO} 24 CHCl3 

1 22 

2 2 AgNQ3 24 CHCl3 

3 2 AgNQ3 24 CDCl3 

4 0.1 AgNO3 24 CHCl3 

% yield 

43 

90 

69 

80 

I\) 
0, 
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Table 7. (continued) 

entry imine silver salt 

"'N_,.t-Bu 

5 0.5 AgNO3 

6 0.02 AgNO3 

7 0.01 AgNO3 

8 0.05 AgOAc 

time (h) solvent 

24 CHCl3 

24 CHCl3 

24 CHCl3 

24 CHCl3 

product % yield 

82 

oc 

oc 

80 

I\) 
(J) 
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Table 7. (continued) 

entry imine silver salt 

"'N.,.t-Bu 

9 0.05 AgNO3 

2 

10 0.05 AgOAc 

"'N .,.t-Bu 

11 0.05 AgNO3 

3 

o:::t-Bu 
12 0.05 AgNO3 

CH2CH20THP 

7 

time (h) solvent 

24 CHCl3 

24 CHCl3 

24 CHCl3 

24 CHCl3 

_12_roduct 

23 

24 

ro CH2CH20THP 

25 

% yield 

79 

78 

75 

62 

I\) 
-....J 
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Table 7. (continued) 

entry imine silver salt time (h) solvent product % yield 

o:::1·8U ro 13 0.05 AgOAc 24 CHCl3 CH2CH2OTHP 56 
CH2CH2OTHP 

<X,:N'I-Bu 0 < 11 J J 56 
14 0 0.05 AgNO3 24 CHCl3 

0 

26 I\) 
O'.) 

8 

O:::" OH 
15 OH 0.05 AgNO3 120d CHCl 3 0 

4 27 

16 0.05 AgOAc 120d CHCl3 0 
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Table 7. (continued) 

entry imine silver salt 

~N,..,t-Bu 

17 "-.:1/~ 
OH 0.05 AgNO3 

5 

18 0.05 AgOAc 

19 
~

t-Bu 

Si(i-Prb 
0.05 AgNO3 

6 

time (h) solvent 

120d CHCl3 

120d CHCl3 

120d CHCl3 

product 

OH 

28 

~t:J 
~Si(i-Prb 

29 

% yield 

0 

.o 

0 

aAII reactions were run under the following conditions unless otherwise specified: 0.25 mmol of the imine, 7 ml of the 

solvent, run at 50°C. b2 Equiv of tert-butyl iodide were used. 0After 24 hours, there was only a-min,imal amount of the 
. . 

desired product present by thin-layer chromatography. dReactions were allowed to run for one week at which time 

they were stopped if no new products were observed by thin layer chromatographic analysis. 

I\) 
(0 I 
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Scheme 2 

,,,.t-Bu 
AgN03 

----~ 

R 

AgN03 + 

30 

,,,.t-Bu 

--=---

N03- +Ai(' R 

HN03 
+ 

Ag 

N03--· 
+ ..,.t-Bu 

R 

Ag 

t-Bu 
N03-

R 

The reason for the unprotected alcohol iminoalkynes (Table 7, entries 16-

19) failing to give the desired isoquinolines is unclear. It may be due to the alcohol 

coordinating the silver salt more readily than the triple bond. By doing this, the 

silver is not available for the reaction with the alkyne as needed, thus killing the 

reaction. 

The silver-catalyzed ring closure reported above ·is similar to the copper-

catalyzed synthesis of 3-substituted isoquinolines found previously in the Larock 

group.7 There are advantages of the silver over the copper-catalyzed reactions. 

The major advantage is the use of a much lower reaction temperature. Roesch 
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used 100 °C in his copper reactions, while the silver-catalyzed reactions proceed 

quite nicely at only 50 °C. Also, the use of 5 mol % of the silver catalyst over 10 mol 

% of the copper salt is favorable. The major disadvantage of the silver promoted 

ring cl<?sure is the use of a chlorinated solvent, CHCl3 • 

As for the types of iminoalkynes that undergo cyclization; it seems that what 

works for the copper reactions· also works for the _silver reactions. _ Also, the 

iminoalkynes which fail to produce the desired isoquinolines by the copper-

catalyzed ring closure also fail in the silver,.catalyzed methodology. There is no 

case where the silver works and the copper fails and vice-versa. 

This type of silver-catalyzed ring closure is not new in organic synthesis. It 

has previously been shown that ·silver will cyclize allenic amines to the 

corresponding pyrrolidines (eq 10).10 

X= Me, CO2Me, CH2OH, 
CONHMe, CH2NHMe 

cat AgBF4 or 

Also, furan, 11 tetrahydrofuran,12 and lactone12 derivatives have been 

synthesized utilizing analogous silver-catalyzed cyclizations of alkynes (eqs 11 

and 12, respectively). 

cat AgNOsfsilica 

hexane 
r. t. 

(10) 

(11) 
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cat Ag1 

(12) 

Besides these silver-catalyzed cyclizations, other metals have been found to 

facilitate this type of ring closure. Mercury has been utilized for the intramolecular 

cyclization of carboxylic acids and alcohols onto alkynes (eq 13).12' 13 Palladium 

has been used catalytically to electrophilically form pyrrolidine derivatives from 

allenic amines (eq 14).10, 14 

X = Me, C02Me, CH20H 
CONHMe, CH2NHMe 

cat Hg 11 

cat Pd(II) 

CO,MeOH 

G_uCl2 

~Oyx 
4-l)n (13) 

(14) 

In attempts to further our own electrophilic ring closure to disubstituted 

isoquinolines, these two metals, mercury (eq 15) and palladium (eq 16), have been 

looked at to see if they would allow us to form the desired isoquinolines. The 

results are summarized in Tables 8 and 9. 

1 .. Hg(II) 

2. sat. NaCl HgCI 
(15) 
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Pd(II) 

(16) 

0 OEt 

The mercury and palladium electrophiles were unsuccessful in cyclizing the 

iminoalkyne (Tables 8 and 9). In the mercury case, the reactions were quenched 

with 25 ml of saturated sodium chloride solution after the 24 hour reaction time. A 

1 H NMR spectrum was taken of the crude product after extraction with ether and 

none of the desired isoquinoline was observed. The palladium reactions were also 

quenched with 25 ml of saturated sodium chloride solution after the 24 hour 

reaction time and again a 1 H NMR spectrum was taken of the crude product after 

extraction with ether. Again, none of the desired isoquinoline was observed. 

Table 8. Mercury salts examineda 

entry mercury salt solvent % yield 

1 Hg(OAc)/ CH 3CN 0 

2 Hg(OAc)2 CH 3CN 0 

3 Hg(OAc)2 CH2Cl2 0 

4 Hg(OAc)2 HOAc 0 

5 Hg(O2CCF3)/ CH2Cl2 0 

6 Hg(O2CCF 3) 2 CH2Cl2 0 

7 Hg(O2CCF 3) 2 HOAc 0 

8 HgCl2 HOAc 0 
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Table 8. (continued) 

entry mercury salt solvent % yield 

9 HgCl2 CH 2Cl2 0 

19 HgBr2 HOAc 0 

1 1 HgBr2 CH 2Cl2 0 

12 Hgl2 HOAc 0 

13 Hgl2 · CH2Cl2 0 

a All reactions were run under the following conditions, unless otherwise specified: 

0.25 mmol of the imine N-(2-phenylethynylbenzylidene)-tet1-butyl amine, 2 equivs 

of the mercury salt, 7 ml of the solvent at room temperature for 24 hours. b 1 Equiv 

of the mercury salt was used. 

Table 9. Attempted synthesis of isoquinolines by palladium addition 

followed by a subsequent Heck reaction. a 

entry Pd salt phosphine base TBAC solvent % yield 

1 Pd(OAc)2 NaHCO3 1 equiv DMF 0 

2 Pd(OAc)2 NaHCO3 1 equiv CH 3CN 0 

3 Pd(OAc)2 NaHCO3 1 equiv DMF 0 

4 Pd(OAc)2 NaHCO3 1 equiv DMFb 0 

5 Pd(OAc)2 (o-tol)3P NaHCO3 1 equiv DMF 0 

6 Pd(OAc)2 ( o-tol)3P NaHCO3 1 equiv CH 3CN 0 
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Table 9. (continued) 

entry Pd salt phosphine base TBAC solvent % yield 

7 Pd(OAc)2 (o-tol)3P 1 equiv CH3CN 0 

8 Pd(OAc)2 (o-tol)3P 1 equiv DMF 0 

9 Pd(OAc)2 1 equiv 'CH 3CN 0 

10 Pd(OAc)2 1 equiv DMF 0 

1 1 Pd(OAc)2 DMFb 0 

12 Pd(OAc)2 CH3CN 0 

a All reactions were run under the following conditions, unless otherwise specified: 

0.25 mmol of the imine N-(2-phenylethynylbenzylidene)-tert-butyl amine, 1 equiv of 

Pd(OAch, 1 equiv of ethyl acrylate, 3 equivs of sodium bicarbonate, 1 equiv of 

TBAC, 1 equiv of P( o-tol)3, in 7 ml of solvent at room temperature for 24 hours. b 

100 °C was the reaction temperature. 

Conclusions 

Herein we have reported the synthesis of isoquinolines, both di- and mono-

substituted derivatives. The reaction conditions are extremely mild and utilize 

readily available starting materials. The reactions which work best seem to employ 

a soft electrophile to effect ring closure. In the silver-catalyzed ring closure 

reactions, it seems the methodology is only limited by the use of unprotected 

alcohols and is quite mild. 
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Experimental Section 

General. 1H and 13C NMR spectra were recorded at300 and 75.5 MHz 

respectively. Thin-layer chromatography was performed using commercially 

prepared 60-mesh silica get plates (Whatman K6F), and visualization was effected 

with short wavelength UV light (254 nm) and basic KMnO4 solution [3 g of KMnO4 + 

20 g of K2CO3 + 5 ml of NaOH (5%) + 300 ml of H2O]. All melting points are 

uncorrected. Low resolution mass spectra were recorded on a Finnigan TSQ700 

triple quadrupole mass spectrometer (Finnigan MAT, San Jose, CA). High 

resolution mass spectra were recorded on a Kratos MS50TC double focusing 

magnetic sector mass spectrometer using El 70 eV. 

Reagents. All reagents were used directly as obtained commercially 

unless otherwise noted. Anhydrous forms of. DMF, THF, methanol, chloroform, 

DMSO, methylene chloride, acetonitrile, acetic acid, ethyl ether, hexanes, ethyl 

acetate, sodium bicarbonate, iodine, bromine, benzoyl chloride, acetic anhydride, 

aluminum chloride, silver nitrate, silver acetate, mercuric acetate, mercuric chloride, 

mercuric bromide, mercuric iodide, and mercuric trifluoroacetate were purchased 

from Fisher Scientific Co. Pd(OAc)2 and.PdCl2 were donated by Johnson Matthey 

Inc. and Kawaken Fine Chemicals Co. Ltd. PPh3 was donated by Kawaken Fine 

Chemicals Co. Ltd. 2-Bromobenzaldehyde, phenylacetylene, propargyl alcohol, 2-

methyl-3-butyn-2-ol, 2-(3-butynyloxy)tetrahydro-2H -pyran, 1-ethynylcyclohexene, 

(trimethylsilyl)acetylene, tert-butylamine, cupric iodide, tert-butyl iodide, trityl 

chloride, benzaldehyde dimethyl acetal, Eschenmoser's salt, 4-
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nitrobenzenediazonium tetrafluoroborate, phenylselenyl chloride, 4-

nitrobenzenesulfenyl chloride, ethyl acrylate, allyl chloride, boron trifluoride-

diethyletherate, methyl chloroformate, chloroacetaldehyde dimethyl acetal, 

bromoacetaldehyde dimethyl acetal, nitrosonium tetrafluoroborate, N-

bromosuccinimide, triphenylmethyl tetrafluoroborate, and Et3N were purchased 

from Aldrich Chemical Co., Inc. Cyclohexylacetylene was purchased from Farchan 

Chemical Co. The following starting materials were prepared as indicated. 

Aldehydes Prepared 

2-(2-Phenylethynyl)benzaldehyde. To a solution of 2-

bromobenzaldehyde (1.85 g, 1O.0 mmol) and phenylacetylene (1.23 g, 12.0 mmol) 

in Et3N (40 ml) was added PdCliPPh3) 2 (0.140 g, 2 mol %). The mixture was 

stirred for 5 min and Cul (0.020 g, 1 mol %) was added. The resulting mixture was 

then heated under an argon atmosphere at 50 °C for 6 hours. The reaction was 

monitored by TLC to establish completion. The reaction mixture was allowed to 

cool to room temperature, and the ammonium satt was removed by filtration. The 

solvent was removed under reduced pressure and the resulting residue was 

purified by column chr6matography on silica gel using 20:1 hexanes:EtOAc to 

afford 1.90 g (92%) of the compound as a yellow oil. All spectral data matched 

those previously reported. 12 

2-(2-Cyclohex-1-enylethynyl)benzaldehyde. The aldehyde was 

prepared by the same manner used above, but employing 2-bromobenzaldehyde 

and 1-ethynylcyclohexene (1.27 g, 12.0 mmol) for 4 hours. Column 
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chromatography using 25:1 hexanes/EtOAc afforded 1.8 g (86%) of the compound 

as a yellow oil. All spectral data matched those previously reported. 12 

2-(2-Cyclohexylethynyl)benzaldehyde. The aldehyde was prepared 

by the same manner used above, but employing 2-bromobenzaldehyde and 

cyclohexyl acetylene (1.29 g, 12.0 mmol) for 4 hours. Column chromatography 

using 25:1 hexanes/EtOAc afforded 2 g (94%) of the compound as a yellow oil. All 

spectral data matched those previously reported. 12 

2-[ 4-(Tetrahydropyran-2-yloxy)but-1-ynyl]benzaldehyde. The 

aldehyde was prepared by the same manner used above, but employing 2-

bromobenzaldehyde and 2-(3-butynyloxy)tetrahydro-2H-pyran (1_.85 g, 12.0 mmol) 

for 4 hours. Column chromatography using 10:1 hexanes/EtOAc afforded 1.9 g 

(74%) of the compound as a yellow oil. All spectral data matched those previously 

reported. 12 

2-(3-Hydroxyprop-1-ynyl)benzaldehyde. The aldehyde was prepared 

by the same manner used above, but employing 2-bromobenzaldehyde and 

propargyl alcohol (0.67 g, 12.0 mmol) for 6 hours. Column chromatography using 

1 :1 hexanes/EtOAc afforded 1.5 g (94%) of the compound as a yellow oil. All 

spectral data matched those previously reported. 12 

2-(3-Hydroxy-3-methylbut-1-ynyl)benzaldehyde. The aldehyde was 

prepared by the same manner used above, but employing 2-bromobenzaldehyde 

and 2-methyl-3-butyn-2-ol (1.01 g, 12.0 mmol) for 4 hours. Column 

chromatography using 1 :1 hexanes/EtOAc afforded 1.6 g (84%) of the compound 

as a yellow oil. All spectral data matched those previously reported. 12 
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2-(2-Triisopropylsilylethynyl)benzaldehyde. The aldehyde was 

prepared by the same manner used above, but employing 2-bromobenzaldehyde 

and (triisopropylsilyl)acetylene (2.19 g, 12.0 mmol) for 4 hours. Column 

chromatography using 35:1 hexanes/EtOAc afforded 2.7 g (95%) of the compound 

as a yellow oil. All spectral data matched those previously reported. 12 

4,5-Methylenedioxy-2-(2-phenylethynyl)benzaldehyde. The 

aldehyde was prepared by the same manner used above, but employing 2-bromo-

4,5-( methylenedioxy)benzaldehyde (2.29 g, 10 mmol) and phenylacetylene (1.23 

g, 12.0 mmol) for 6 hours. Column chromatography using 35: 1 hexanes/EtOAc 

afforded 2.0 g (80%) of the compound as a yellow solid: mp 98-101 °C; 1H NMR 

(CDCl3) 8 6.09 (s, 1 H), 7.03 (s, 1 H), 7.26 (s, 1 H), 7.37-7.39 (m, 3H), 7.53-7.55 (m, 

2H), 10.49 (s, 1 H); 13C NMR (CDCl3) 8 85.0, 95.4, 102.6, 106.3, 112.2, 122.5, 123.9, 

128.8, 129.2, 131.8, 132.4, 148.9, 152.6, 190.3. 

!mines Prepared 

N-(2-Phenylethynylbenzylidene)-tert-butylamine (1 ). To a mixture 

of 2-(2-phenylethynyl)benzaldehyde (1.90 g, 9.2 mmol) and H20 (0.25 mUmmol) 

was added tert-butylamine (2.0 g, 3 equiv). The mixture was then stirred under an 

argon atmosphere at room temperature for 12 hours. The excess tert-butylamine 

was removed under reduced pressure and the resulting mixture was extracted with 

ether. The combined organic layers were dried (Na2S04) and filtered. Removal of 
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the solvent produced 2.3 g (95%) of the imine as a yellow oil, which solidified upon 

cooling. All spectral data matched those previously reported. 12 

N-(2-Cyclohex-1-enylethynylbenzylidene)-tert-butylamine (2). 

The imine was prepared by the same method used for 1, but employing 2-(2-

cyclohex-1-enylethynyl)benzaldehyde (1.7 g, 8.1 mmol). Removal of the solvent 

afforded 2 g (95%) of the imine as a yellow oil. All spectral data matched those 

previously reported.12 

N-(2-Cyclohexylethynylbenzylidene)-tert-butylamine (3). The 

imine was prepared by the same method used for 1, but employing 2-(2-

cyclohexylethynyl)benzaldehyde (1.9 g, 9.0 mmol). Removal of the solvent 

afforded 2.3 g (96%) of the imine as a yellow oil. All spectral data matched those 

previously reported.12 

N-[2-(3-Hydroxyprop-1-ynyl)benzylidene]-tert-butylamine (4). 

The imine was prepared by the same method used for 1, but employing 2-(3-

hydroxyprop-1-ynyl)benzaldehyde (1.4 g, 9 mmol). Removal of the solvent 

afforded 1.6 g (84%) of the imine as a brown solid. All spectral data matched those 

previously reported.12 

N-[2-(3-Hydrox:y-3-methylbut-1-ynyl)benzylidene]-tert-butylamine 

(5). The imine was prepared by the same method used for 1, but employing 2-(3-

hydroxy-3-methylbut-1-ynyl)benzaldehyde (1.5 g, 8 mmol). Removal of the solvent 

afforded 1.8 g (90%) of the imine as a yellow oil. All spectral data matched those 

previously reported.12 
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N-(2-Tri isopropylsilylethynyl benzylidene )-tert-butylamine (6). 

The imine was prepared by the same method used for 1, but employing 2-(2-

triisopropylsilylethynyl)benzaldehyde (2.6 g, 9 mmol). Removal of the solvent 

afforded 2.8 g (93%) of the imine as a colorless oil. AH spectral data matched those 

previously reported.12 

N-[ 4-(Tetrahyd ropyran-2-yloxy)but-1-ynyl benzyl idene ]-tert-

butylamine (7).The imine was prepared by the same method used for 1, but 

employing 2-[4-(tetrahydropyran-2-yloxy)but-1-ynyl]benzaldehyde (1.8 g, 7 mmol). 

Removal of the solvent afforded 2.0 g (91 %) of the imine as a yellow oil. All 

spectral data matched those previously reported.12 

N-[ 4, 5-Meth y I en e di o xy-2-( 2-p hen y I et h y n y I) be n zy I id en e ]- te rt-

butyl amine (8). The imine was prepared by the same method used for 1, but 

employing 4,5-methylenedioxy-2-(2-phenylethynyl)benzaldehyde (2.0 g, 8 mmol). 

Removal of the solvent afforded 2.4 g (98%) of the imine as a white solid: mp 72-75 

°C; 1H NMR (CDCl3) 8 1.30 (s, 9H), 6.00 (s, 2H), 6.96-(s, 1 H), 7.35-7.37 (m, 3H), 

7.49-7.52 (m, 2H), 7.56 (s, 1 H), 8.84 (s, 1 H); 13C NMR (CDCl3) 8 30.0, 57.8, 86.9, 

93.9, 101.9, 106.0, 111.3, 123.4, 128.6, 128.7, 128.8, 131.6, 131.8, 148.8, 153.71 

(one sp2 carbon missing due to overlap); IR (CHCl3,-cm-1) 3017, 2972, 1684; HRMS 

. Calcd for C20H19N02: 305.1416. Found: 305.1420. 

General Procedure for the Electrophilic Cyclization of 

lminoalkynes. The electrophile (6 or 2 equiv), the solvent (5 ml), the base, 
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where required (3 equiv), were placed in a 2 dram vial. The imine (0.25 mmol) in 2 

ml of the solvent was added dropwise to the vial. The vial was then flushed with 

argon and the reaction stirred at room temperature for the indicated time period. 

The reaction was monitored by TLC to establish completion. The reaction mixture 

was then diluted with 25 ml of ether, washed with either 25 ml of saturated 

Na2S2O3 or saturated NaCl, dried (Na2SO4), and filtered. The solvent was 

evaporated under reduced pressure and the product was isolated by 

chromatography on a silica gel column. 

General Procedure for the Silver-Catalyzed Cyclization of 

lminoalkynes. CH2Cl2 (5 ml) and ·5 mol % of the silver salt were placed into a 2 

dram vial. The imine (0.25 mmol) in 2 ml of CH2Cl2 was added dropwise to the 

vial. The vial was then flushed with argon and heated at 50 °C for the indicated 

period of time. The reaction was monitored by TLC to establish completion. The 

reaction was cooled, diluted with 25 ml of ether, washed with 25 ml of saturated 

NaCl, dried (Na2SO4), and filtered. The solvent was removed under reduced 

pressure and the product was isolated by chromatography on a silica gel column. 

Compounds Prepared 

4-Bromo-3-phenylisoquinoline (9). To a mixture of bromine (0.24 g, 6 

equiv) and NaHCO3 (0.063 g, 0.75 mmol) in CH3CN (5 ml) was added dropwise a 

solution of N-(2-phenylethynylbenzylidene)-tert-butylamine (0.065 g, 0.25 mmol) in 

CH3CN (2 ml). The resulting mixture was stirred at room temperature for 24 hours. 
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Saturated NaCl (25 ml) was added and the product was extracted with ether, and 

the extract dried (Na2SO4) and filtered. The solvent was evaporated under reduced 

pressure and the product was isolated by column chromatography on silica gel 

using 3:1 hexanes/EtOAc to afford 0.033 g (46 %) of the indicated compound as a 

orange oil: 1H NMR (CDCl3) 8 7.45-7.53 (m, 3H), 7.67-7.75 (m, 3H). 7.86 (d, J = 1.8, 

3.9 Hz, 1 H), 8.03 (d, J = 2.3 Hz), 8.35 (d, J = 2.3 Hz), 9.24 (s, 1 H); 13C NMR (CDCl3) 

8 127.0, 127.2, 128.0, 128.2, 128.6, 128.8, 129.5, 130.2, 132.2, 136.2, 140.9, 151.4, 

152.6; IR (neat, cm-1) 3018, 2926, 1620, 1572; HRMS Calcd for C15H10BrN: 

284.1547. Found: 284.1539. 

4-lodo-3-phenylisoquinoline (10). The product was isolated by 

column chromatography on silica gel using 3: 1 hexanes/EtOAc to afford 0.066 g 

(80 %) of the indicated compound as a dark brown viscous oil. Filtration through 

charcoal gave a yellow solid: ,mp 84-85 °C; 1H NMR (CDCl3) 8 7.45-7.53 (m, 3H), 

7.61-7.71 (m, 3H), 7.83 (ddd, J= 1.5, 6.9, 8.4 Hz, 1H), 7.96 (d, J= 8.1 Hz, 1H), 8.24 

(d, J= 8.4, Hz, 1H), 9.17 (s, 1H); 13C NMR (CDCl3) 8 98.2, 128.0, 128.1, 128.1, 

128.4, 129.9, 132.4, 132.5, 138.7, 143.7, 152.1, 157.1 (one_sp2 carbon missing due 

to overlap); IR (neat, cm-1) 3055, 1630, 1549; HRMS Calcd for C15H10IN: 330.9858. 

Found: 330.9852. 

3-Phenyl-4-phenylselenylisoquinoline (11). The product was 

isolated by column chromatography on silica gel using 3:1 hexanes/EtOAc to afford 

0.07 g (78 %) of the indicated compound as a yellow oil: 1H NMR (CDCl3) 8 7.04-
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7.08 (m, SH), 7.39-7.42 (m, 3H), 7.55-7.65 (m, 3H), 7.71 (ddd, J = 1.2, 6.9, 8.1 Hz, 

1 H), 8.02 (d, J = 7.5 Hz, 1 H), 8.45 (d, J = 8.1 Hz, 1 H), 9.35 (s, 1 H); 13C NMR (CDCl3) 

8121.7, 126.4, 127.8, 127.9, 128.3, 128.4, 128.4, 128.9, 129.4, 129.9, 130,1, 132.0, 

133.3, 138.9, 142.2, 153.4, 158.6; IR (CHCl3, cm·1) 3056, 2924, 1575; HRMS Calcd 

for C21 H15NSe: 361.0370. Found: 361.0378 

3-Phenyl-4-(4-nitrobenzene)sufinylisoquinoline (12). The product 

was isolated by column chromatography on silica gel using 3: 1 hexanes/EtOAc to 

afford 0.51 g (57 %) of the indicated compound as a oil: 1H NMR (CDCl3) 8 6.96-

6.99 (m, 2H)}, 7.34-7.41 (m, 2H), 7.57-7.60 (m, 3H), 7.68_-7.80 (m, 2H), 7.95-7.99 

(m, 2H), 8.12 (d, J = 8.4Hz, 1 H), 8.27 (d, J = 8.4Hz, 1 H), 9.46 (s, 1 H); 13C NMR 

(CDCl3) 8 124.4, 125.6, 126. l, 126.6, 128.2, 128.3, 128.5, 128.9, 128.9, 129.8, 

132.8, 138.1, 140.3, 145.5, 147.8, 154.6, 159.1; IR (CHCl3, cm·1) 3019, 2926, 1518;. 

HRMS Calcd for C21 H14N20 2S: 358.0776. Found: 358.0781. 

3-(Cyclohex-1-enyl)-4-iodoisoquinoline (13). The product was 

isolated by column chromatography on silica gel using 3: 1 hexanes/EtOAc to afford 

0.073 g (87 %) of the indicated compound as a yellow oil: 1H NMR (CDCl3) 8 1.73-

1.92 (m, 4H), 2.25-2.30 (m, 2H), 2.40-2.45 (m, 2H), 7.57-7.63 (m, 1 H), 7.73-7.78 (m, 

1 H), 7.87 (d, J = 8.1 Hz, 1 H), 8.14 (d, J = 8.4 Hz, 1 H), 9.06 (s, 1 H); 13C NMR (CDCl3) 

8 21.9, 22.9, 25.3, 28.4, 97.6, 127.5, 127.9, 128.0, 129.5, 131.9, 132.1, 138.6, 

141.8, 152.1, 159.6; IR (neat, cm·1) 3019, 2936, 1618; HRMS Calcd for C15H14IN: 

335.0165. Found: 335.0168. 
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3-(Cyclohex-1-enyl)-4-phenylselenylisoquinoline (14). The 

product was isolated by column chromatography on silica gel using 3:1 

hexanes/EtOAc to afford 0.081 g (89 %) of the indicated compound as a yellow oil: 

1H NMR (CDCl3) 81.69-1.82 (m, 4H), 2.15-2.21 (m, 2H), 2.44-2.48 (m, 2H), 5.67-

5.70 (m, 1 H), 7.08-7.14 (m, 5H),·7.52-7.65 (m, 2H), 7.94 (d, J = 8.1 Hz, 1 H), 8.30 (d, 

J = 8.4 Hz, 1 H), 9.23 (s, 1 H); 13C NMR (CDCl3) 8 22.0, 22.9, 25.4, 29.0, 120.8, 126.1, 

127.0, 128.1, 128.2, 128.4, 129.2, 129.3, 129.8, 129.9, 131.4, 133.7, 138.4, 140.0, 

153.1; IR (CHCl3 , cm-1) 3019, 2936, 1571; HRMS Calcd for C21 H19NSe: 365.0684. 

Found: 365.0690. 

3-(Cyclohex-1-enyl)-4-(4-nitrobenzene)sulfinylisoquinoline (15). 

The product was isolated by column chromatography on silica gel using 3:1 

hexanes/EtOAc to afford 0.03 g (33 %) of the indicated compound as a yellow oil: 

1H NMR (CDCl3) 8 1.67-1.77 (m, 4H), 2.13 (d, J = 0.45 Hz), 2.41 (d, J = 0.45 Hz), 

5.78 (s, 1 H), 6.98-7.01 (m, 2H), 7.59-7.74 (m, 2H), 7.98-8.161m, 3H), 8.18-8.20 (m, 

1 H), 9.35 (s, 1 H); 13C NMR (CDCl3) 8 21.9, 22.8, 25.5, 28.9, 118.8, 124.3, 125.4, 

126.1, 126.6, 127.8, 128.3, 128.8, 129.8, 132.5, 138.1, 138.4, 148.7, 154.4, 161.9; 

IR (CHCl3 , cm-1) 3019, 2932, 1517; HRMS Calcd for C21 H10N20 2S: 362.1089. 

Found: 362.1094. 

3-Phenylisoquinoline (22). The reaction mixture was chromatographed 

using 3:1 hexanes/EtOAc to afford 0.042 g (82 %) of the indicated compound with 

spectral properties identical to those previously reported. 12 
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3-(Cyclohex-1-enyl)isoquinoline (23). The reaction mixture was 

chromatographed using 3:1 hexanes/EtOAc to afford 0.041 g (79 %) of the 

indicated compound with spectral properties identical to those previously 

reported. 12 

3-Cyclohexylisoquinoline (24). The reaction mixture was 

chromatographed using 3:1 hexanes/EtOAc to afford 0.040 g (75 %) of the 

indicated compound with spectral properties identical to those previously 

reported. 12 

3-[2-(Tetrahydropyran-2-yloxy)ethyl]isoquinoline (25). The 

reaction mixture was chromatographed using 3:1 hexanes/EtOAc to afford 0.040 g 

(62 %) of the indicated compound with spectral properties identical to those 

previously reported. 12 

3-Phenyl-6,7-(methylenedioxy)isoquinoline (26). The reaction 

mixture was chromatographed using 3:1 hexanes/EtOAc to afford 0.035 g (56 %) of 

the indicated compound as a yellow paste; 1H NMR (CDCl3) 8 6.10 (s, 1H), 7.16 (d, 

J = 7.1 Hz) 7.37-7.51 (m, 3H), 7.89 (s, 1 H), 8.07 (d, J = 1.8 Hz), 9.06 (s, 1 H); 13C 

NMR (CDCl3) 8101.9, 103.0, 103.4, 116.6, 125.3, 127.0, 128.5, 129.0, 135.3, 

139.9, 148.6, 150.4, 150.8, 151.4; IR (CHCl3, cm·1) 3019, 2925, 1600, 1458; HRMS 

Calcd for C16H11 NO2: 249.0789. Found: 249.0793. 
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GENERAL CONCLUSIONS 

In this thesis, the scope and limitations of several electrophilic ring closure 

processes have been presented for the synthesis of substituted isoquinolines. A 

variety of iminoalkynes have been shown to undergo this cyclization in moderate to 

good yields using readily available electrophiles and iminoalkynes under very mild 

conditions. It seems that the softer the electrophile, the better the reaction 

proceeds. This methodology adds to the already growing number of methods to 

synthesize isoquinolines and offers advantages over palladium and classical 

methods already reported. While attempting to utilize carbon electrophiles, an 

interesting synthesis of monosubstituted isoquinolines was observed. Preliminary 

results show this method is catalyzed by silver salts. This process seems to be 

quite general and similar to the findings of Roesch. 7 
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APPENDIX. THESIS 1H AND 13C NMR SPECTRA 



www.manaraa.com

1. 000 ::--

1. 053 -

3T4I'-

0 

\.0 

CX) 

-..J 

°' 

LT1 

ii::,. 

w 

N 

0 

I 

51 

AB.930 8.085 
8.073 
8.067 
8.054 
7.550 
7.546 
7.543 
7.539 
7.535 
7.525 
7.519 
7.378 
7.374 
7.364 
7.359 
7.348 
7.449 

. ' 
... 

";:===--------------- _ --- 1. 366 --1.344 

(') 
0 
3--1 

"C Sl> 
0 C" 
C: CD 
:::, ....I, 

0. ..... 

--0.000 



www.manaraa.com

N 
0 
0 

f-1 
CX) 
0 

f-1 
m 
0 

f-1 

0 

f,.;.> 
N 
0 

.. 
f-1 
0 
0 

CX) 
0 

m 
0 

0 

:g 
:3 

-

"""= 

.... ·•-· --· 
• __ .., "-•·••>'•• 

52 

() 
0 
3 -l 

"O S).) 
0 O" 
C CD 
::J ..... 
Q.. 
..I, 

I, 
z 

\ 
";"-
OJ 
C 

154.431 

/4138.040 
132.460 

~131.713 
~129.967 

128.881 

~i;t;~~ 
126.215 
124.115 
123.328 

95.081 

86.948 
7 7 . 6 9 4 

------- 77. 270. 
76 ·. 846 

58.059 

--- 30.025 



www.manaraa.com

---:;--;::;-;:-

4.872 

I-' 
0 

I.O 

CX) 

..J 

O'\ 

U1 

w 

... tv 
-· ---· ...... - . 

5.167 

I-' 

0 

I 
I-' 

:::mo 

53 

() 
0 
3--4 
-0 
0 Q: 
C: CD 
::::, ...... a. 
N 

7'" 
Ill 
C: 

A8.817 
8. 030 
8.018 

· 8.015 
8.012 
8.000 
7.434 
7.422 
7.415 
7.408 
7.406 
7.310 
7 '.300 -
7.298 
7.293 
7.282 

UH: 
. "6.232: 

h::.. . ~-J-:: 
2-.1.55 
1. 704· 
1·. ~:9_.8 
1. 68.4 

~1.663 .. -~rm 't 1. 315 
1.213 

~0.003 o·. ooo. 



www.manaraa.com

tv 
0 
0 

f-> 
00 
0 

f-> 
O'\ 
0 

f->. 
tv 
0 

f->-
0 
0 

00 
0 

·-tv 
0 

0 

. 54 

---154.699 

137 .691 
~135.693 =---- 132 .197 
---129.861 
=--- 128. 298 

---- 126. 031 
----.._ "-..__ 12 4 . 7 0 0 

"'--._ 120.915 

--- 97.149 

---,,,--- 57.96.-6 

__,,.,,-- 30.018 
F>=======-==------------- - ___...........~ 29. 482 

========-
(') 
0 -I 
3Sl> 

"C 0-
0 -C CD 
::::l __.. 
C. 
I\) 

.... 
OJ 
C: 

---26.044 
-.......... - 22·.558 

"'--- 21.722 

·- . ... 



www.manaraa.com

...., ...., 

...., 
0 

CX) 

..J 

O"I 

lJ1 

w 

4.623- N 

3T1s"= 
3.254== 

.f-.> 

0 

I ...., 

55 

() 
0 
3 -I 

"O !l) 
0 O" 
C: (D 
::J _. 
Q.. 
t,) 

Ii/ I, 
z 

\ ... 
OJ 
C 

._AUH 
8.005 
8~000 
7.989 
7.429 
7.416 
7.405 
7.399 

---7.394 
7.386 
7.314 
7.300 
7.290 
7.282 
7.270 
7.293 

. 7 .255 

2.708 
2.693 
2.680 
2.667 
1. 890 
1.869 
1. 783 Ii 1. 767 
1. 754 

~i:~~; 
-~~,1.59·1 ""\\.\ "'- 1. 561 

.1. 509 
1. 455 
1. 396 
1.325 
1. 317 
1.310 
0.007 
0.000 



www.manaraa.com

N 
0 -o 

I-" 
00 
0 

I-" 
O"I 
0 

I-" 
0 
0 

00 
0 

O"I 
0 

ii:,. 
0 

N 
0 

0 

~~~!!!!!!!Ee-===-=-

56 

(') 
0 
3 -I 

"'O Sl) 
0 Q: 
c: CD 
:::l ...... a. 
w 

--- 154.926 

---137.931 
~132.384 =.-- 129.817 
---128.022 

125.966 
. 125.058 

--- 100.349 

78.150 
~77.693 
~77.267 

76.847 

--
--- ~7.905 

--32.895 
--- 30.023 

----
. . 26.153 

24.983 



www.manaraa.com

~A 
0 7 

7 
7 ..., 
j 
' 

j 
0 ' al 

-! 'O -
'O -
3 

57 

0 
0 -I 3 Pl 

"O O" 0-c CD 
:::i ...... 
Cl. 
.i:,. 0 

I 

I, 
z 

\ 

C 

4. :35 



www.manaraa.com

I-' ' co 
0 

I-' 

°' 0 

I-' 
11>-
o 

I-' 
I:\.) 
0 

I-' 

_J 

g----: 

co 
0 

°' 0 

11>-
o 

-; 

-; 

58 

0 
0 3-; 

'"O Sl) 
oQ:: 
c:: CD 
::::) ...... 
Cl. 
.a::- 0 :c 

I, 
z 

\ 
i'" 
OJ 
C: 

:r----------
I:\.) 
0-

155.J78 

137-555 
132-607 
129 886 
128.735 
1 2 6 . 1 3 7 
123. 6 2 1 

9 .3. 6 1 7 

82.300 

58-086 

SC.956 

2 9 : 6 3 



www.manaraa.com

1.034 --=-=--=-=---=-- 00 

O'\ 

Ul 

w 

1. 040 

6.837-
10.003-

59 

g> 
3~ 

"O O" 0-c: CD 

5.-" 
(J1 0 

I 

8.769 
8. 036 
8.016 
8.011 
8.007 
7.437 
7.431 
7.426 
7.420 
7.416 
7.412 

i:----7.359 
7.340 
7.336 
7.330 
7.325 
7.320 
7 .3.13 
7.301 
7.267 
7_.263 
·i.258 

/1; 2.185 
1.680 
1. .659-
1. 651 
1. 647 
1.642 

- --1.345 
1.324 
1.317 
1. 312 

t:~~-: 
0.011 
0.004 
0.000 
-0.004 



www.manaraa.com

tv 
0 
0 

00 
0 

tv 
0 

0 
0 

00 
0 

O'\ 
0 

If::> 
0 

tv 
0 

0 

'Cl 
'Cl 
:3 

60 

() 
0 
3 -i 

"O Pl 
0 O" 
C CD 
:::, _._ 
Cl.. 
c.n 

,.. 
0 OJ 

C 
I 

--- 154.385 

---- 138.133 
----- 132. 420 
--129.881 

128.899 ====::: 126 .160 
123.512 

--- 99.592 

79.745 
=::-----" 77. 682 
~77.259 

76.835 
--- 6~.901 

--- 58.073 

--31.781 
-29.960 



www.manaraa.com

I.O 

0 

(X) 

0 

-.J 

0 

0\ 

0 

LT1 

0 

0 

l,J 

0 

N 

0 

0 

0 

0 

:g 
:3 

61 

1 . 0 0 

Q.96 

0. 8 9 
2. 1 0 

() 
0 
3 --i 

"'O Pl o cr 
C CD 
::J 
0. 
O') 

8-86 
21 . 33 

fr 8-883 
8. 0 8 1 
8.066 
8.057 
8.046 
8. 0 41 
8.035 
8-023 
7. 5 1 9 J_ 7. 51 3 
7-507 
7-497 
7.489 

\ 7_374 
7.367 
7.350 
7. 3 41 
7-329 
7. 31 7 
7-310 
7-292 
7-285 

Ji . 
/; 

Cl) ... - OJ -,. C 
""CJ .... w 

1 . -3 a 5 
1 . 153 



www.manaraa.com

62 

(") 
0 
3~ 

"O Pl 
0 0-
c CD 
::::J 0.. _.. 

a, 

1 54. 31 0 

138-194 
133.100 
129.644 
128. 7 1 4 
125,865 
124,229 

104.199 

9 6-450 

77,522 
77-099 
76.675 

57 -784 

29 -858 

18 -788 

11 · 3 6 6 



www.manaraa.com

I-' 
I-' 

I-' 
0 

I.O 

00 

1.196'--
-..J 

O'\ 

U1 

1.209<::::: 

w 

__,,,,,-tv 
8.122 ------.::......:....: 

I-' 

0 

I 
I-' 

'd 
'd 
El 

63 

0 
0 
3 -l 

"O p:, 
0 CJ" 
C CD 
5_--..J 

"' 

h fl I, 

0 \ :c .... 
N OJ 
·O C 
I 

N 
0 
--i :c 
iJ 

8.787 
8.022 
8.012 
8.008 
7.999 
7.992 
7.420 
7.412 
7.402 
7.391 
7. 312 
7.299 
7.295 
7,281 
7.266 
4.700 
4'. 691 
4.679 
3.978 

.. 3 -. 954 
3. 9:4-5 
3.931 
'.?. 922 
~.906 

--- 3 899 
.. 3. 881 

. 87 0 l --_~:}·!-~ 
;L 68~ 
3.668 
3.660 

-3._636 
3.544 

-, . ;:~fi 
2.808 
2.785 
2. TJ3 

- 2. 761 
1. 866 

.. 1. 857 
1.837 

- L 8b6 
1. 780 
1. 771 
1.760 
1.739 
1. 728 
1. 717 
1.710 
1. 7_01 
1. 6-45 



www.manaraa.com

m 
0 

64 

() 
0 
3 -I 

"O Pl o cr c-
:::l CD 
o.--.1 
-..J 

I 
_I\) 

0 
I 

I\) 

I 
""O 

154.648 

---137.998 
----- 132. 574 
---129.825 =.::::::-- 128.285 

"- 126.020 
124.600 

99.048 
92.840 

7 8.978 
77.702 

"- 77.279 
7 6.854 
66.008 
62.489 
57.891 

----- 30. 815 
2 9.993 
25.640 

-- 2 1.320 
----- l9 · 644 

l6.613 



www.manaraa.com

~--.J 

O'I 

lJ1 

t:v 

f-l 

0 

I 
f-l 

65 

(") 
0 
3 -I 

"O Pl oo-
c CD 
5. --...J 
00 

I, 
z 

\ 
-;+ 
OJ 
C 

8.837 1;:~~; 
7.507 
7.495 
7.489 
7.371 

\ \c 7 .348 
7.258 
6.957 
6.006 
5.988 

1.322 
~1.301 

1.289 

0.002 
0.000 
-0.009 
-0.021 



www.manaraa.com

N 
0 
0 

I-' 
00 
0 

I-' 
O'\ 
0 

I-' 
u:,. 
0 

I-' 
N 
0 

I-' 
0 
0 

00 
0 

O'\ 
0 

u:,. 
0 

N 
0 

0 

'"d 
'"d 
!:l 

66 

0 
0 -I 
3P.> -o cr 0-C CD 
=, 
0. 
00 

153.713 
148.836 

131.813 
131.559 

~128.752 
128.697 
128.593 
123.385 

111. 3 07 
105.961 
101. 906 

93.872 
86.938 
77.658 
77.437 

~77.235 
76.811 

57.791 

~30.048 
. 29.988 

0,/'-,..0 

0. 216. ,.. 
OJ 
C 



www.manaraa.com

I-' 
I-' 

I-' 
0 

I.O 

1 
l.220~ co 

3. 573 

-..J 

(.Tl 
• _,...,-- •·· ¥ ........ _, __ •• 

0 

67 

(") 
0 
3 -I 

""O Pl 
0 0-
c CD 
::::) ..... 
Q. 
CD 

,9.242 8 .361 
8.333 
8.037 
8.010 
7.884 
7.856 
7.832 1/:!i.7.752 
7.747 

~7.725 
~7.721 

7.694 
7.670 
7.533 
7.527 
7.505 
7.479 
7.468 
7.453 
7.-445 
7.259 

--0.000 



www.manaraa.com

N 
0 
0 

I-' 
co 
0 

I-' 
O'\ 
0 

I-' 

0 

p 
N 
0 

.. 
p 
0 
0 

co 
0 

O'\ 
0 

N 
0 

0 

to 
to 
!3 

68 

0 
0 
3 -I 

"O Pl OJ 0 O" ..... 
C CD 
:::i ...... 
Cl. 
U) 

P.. 152.559 
151.393 ffr 140.865 
136.236 
132_.200 

~130.152 
129.514 

~128.799 
1128.631 128.221 

128.044 
127.210 
127.037 
126.285 

--
77: 7 o 7 
77:486 

~77.283 
'----76.860 

0.263 



www.manaraa.com

1. 013'\__ 
1. 017 =::= 

-----··-- - --- ~- - . 

..., 

..... 

..... 
0 

\0 

co 

--.J 

O'I 

Vl 

N 

0 

I ..... 

69 

-· ~·. " .... --···--

() 
0 
3 -I 

"O Pl 
0 O" c-
::J - CD 
0. ...... 
...i. 
0 

8.222 
7.978 
7.951 
7.861 
7.856 
7.838 
7.833 
7.828 
7.809 
7.805 
7.711 
7.708 
7.684 
7.661 
7.658 
7.646 
7.641 
7.634 

-- 7.619 
'L6i5 
7.606 
7~526 
7.518 
7.512 
7.497 

- 7 :4~2 
7_.471 

·7_.4~5 
7_.460 
7.453 

- 7 .444 
7.442 
7.258 

1.254 

--0.000 



www.manaraa.com

N 
0 
0 

I-' 
ex:> 
0 

I-' 
()"\ 
0 

I-' 
ii:,. 
0 

0 
0 

0:, 
0 

()"\ 
0 

N 
0 

0 

'd 
'd s 

70 

(') 
0 
3 -i 

"O Pl 
0 O" c-
:::, CD 
c.. ...... 
...a. 
0 

---192.-702 
---189.105 

---157 .137 
--152.048 

_,,,,-- 143. 712 
_/' 138. 678 
_,/' 132. 478 

132.364 
=---129.881 

128.414 

i~::;~~ 
"- 1~~. 041 

---- -~ 117. 446 

---98.163 

77.528 
77.317 
7_7.105 

. 76. 681 

0.086 



www.manaraa.com

I-' 
I-' 

I-' 
0 

\.0 

~CP 
1.140 "--
3 . 4 4 5 -::::::= 

~...J 

O'\ 

U1 

w 

0 

I 
f--' 

'd 
'd s 

71 

0 
0 
:3 --i 

"O Ill 
0 O" 
C CD 5.~ ..... ..... 

7.735 
7.731 
7.712 
7.708 
7.703 
7.684 
7.679 
7.648 
7.644 
7.621 
7.598 
7.594 
7.586 
7.572 
7.561 
7.554 

t tm 
· 7 . .-392 
· 7 _-395 
· 7 .,251 
. 7 .-083 

7' .-073 
· 7·. 069 

7-.-060 
·i.-054 
7.-043 
7 .-037 
'i. 032 
7. 028 · 
i. 019 
7.016 
7.009 
7.003 
4.153 
4.130 
4.106 

•. . 4. 082 
2.040 

. · 1.430 
--- . 08 . 1.3 

1:278 
1.254 
1. 230 
0 .. 881 
0'.000 



www.manaraa.com

N 
0 
0 

I-' 
co 
0 

I-' 
0\ 
0 

I-' 
ii:,. 
0 

I-' 
N 
0 

--
I-' 
0 
0 

co 
0 

0\ 
0 

N 
0 

0 

tO 
tO 
:3 

72 

-==-

() 
0 
3 -I 

"'O p) 
0 O'" c-
:l CD 
Q. ..... 
...A, 
...A, 

A 158.641 -ffr. 153 .424 
_142.210 
13 8. 869 
133.325 I 132.000 130.078 
129.980 
129.897 
129.847 
129.814 
129.386 
128.865 
128.408 
128.368 
128.347 
127.900 
:I.;27.764 
129. ~59 
121.689 

~77:701 
77;482 
77 ~277 
76.853 

o·. 24 7 



www.manaraa.com

I-> 
I-> 

I-> 
0 

\.0 

1.263\_ 

2.280--- (X) 

-----2.446 

-1 

O'\ 

u, 

,.:,. 

w 

0 

I 
I-> 

73 

0 

i~Q 
0 O" c-::l CD Cl) 
0.. _,. 
I\.) 

8.133 
8.105 
7.991 
7.984 
7.968 
7.961 
7.953 
7.800 
7.782 
7.777 
7.754 
7.749 
7.732 
7.728 

~7.705 7.702 
7.683 
7.679 
7:600 
7.591 
7.586 
7.578 
:Z:569 
7.409 
7:399 
7:388 
7:351 
7.340 
7.255 
6:993 

. 6. 987 
6.970 
9.963 

-·6;955 

~0.000 
-0. 007 

· -0.031 



www.manaraa.com

N 
0 
0 

f--' 
00 
0 

f--' 
O"I 
0 

f--' 
,i:,. 
0 

p 
N 
0 

f--' 
0 
0 

00 
0 

O"I 
0 

,i:,. 
0 

N 
0 

0 

:g 
E3 

74 

/4 159.118 %- 154.605 
147.825 

_/ P,: i!~: -::Y // 138 .149 
132.780 _f/ /r- 129. 775 'lY- l28.891 
128.859 
128.497 
128. 346 
128.183 
126.611 
126.146 
125.612 
124.688 
124.391 

0.240 



www.manaraa.com

Ll24'--

f-l 
0 

1. 098°C 00 

....J 

O"'I 
, 

U1 

N 
4.780 

--~--== 
f-l 

0 

I 
f-l 

'O 
'O 
3 

75 

() 
0 
3 --i 

"O 0) o cr 
C -
::::i CD 
Q. ..... ... 
(.,,) 

9.063 
8.151 
8.123 
7.888 
7.861 
7.783 
7.779 
7.760 
7.755 
7.751 
7.732 
7.728 fi 7.627 
7.624 
7.615 
7.600 

~7.577 
7. 574 
7.268 
5. 86·. 7 
5:860 
5;8$4 
5.848 

, 5:842 
4;.132 

,, 4 .108 
3.3159 
;.~47 
2.428 

, 2. 421 
?;401 
2.302 
2;281 
2.273 
?-261 
2.253 
2.044 
2.036 
2.025 

1. 897 
1. 886 

- 1. 879 
1. 867 

. 1. 860 
1. 847 

. 1.840 
1. 804 
1. 798 
1. 785 
1. 779 
1. 766 
1. 759 
i.748 



www.manaraa.com

N 
0 
0 

f:--' 
co 
0 

f:--' 
0 
0 

00 
0 

Cl"\ 
0 

10 
0 

0 

76 

0 
0 
3 --; 

"Cl 0) o cr 
C -
:::l CD 
Q. ..... 
..i. 
(,J 

--- 159.629 

--- 152.063 
,,,,,--141. 793 

___,,/' .,,,.,.,.- 13 8 . 5 5 4 
,,,,,,- 13 2 . 12 5 

_,c::::,---131.935 
--- 129.489 

128.044 
127.885 
127.530 

--- 97.638 

___,-- 77 .555 
77 .13 0 

_ 76.707 

2 8 • 3 9 2 
-?---2&'.115' 
--- 25.251 =:::::::- 22.874 

"- 21.987 



www.manaraa.com

I.D 

~.00 

2.299== 

...J 

O'\ 

.. Ul 

w 

2. 277"-
0. 882C tv 
4.701 

0 

77 

0 
0 
3 -l -o m 
0 CT c-
:::l CD 
Cl. ...... ..... 

8.288 
7.951 
7.924 
7.649 
7.644 
7.626 
7.621 
7.616 
7.598 
7.593 
7.569 
7.565 
7.542 
7.519 
7.516 

:i~~ 
7.131 
7.121 
7_;108 
7.iOl 

'; .... 7 .077 

itm 
; . 5; ~7 4 
. .. 4 .13 0 .ttm 

2.463 
2.457 
2.437 

.. 2. 2 05 
2.194 
2.185 

· 2 .173 
------ 2 .165 

.. 2 .154 

. 1. 818 
1. 806 
1. 801 

. 1. 787 
1.781 
1. 767 
1. 760 
1.745 
1.739 
1. 726 
1. 719 
1. 707 
1. 70C 



www.manaraa.com

78 

(') 
0 
3 -I 

""Cl 
0 O" 
C CD 
::J Cl. _., 
...I, 

161.101 

----- 153. 057 
139.989 
138.396 

i~i:~~; 
129.866 
129.784 
129.315 

~
129.180 l i;ti~~ 
128.120 
127.031 
126 .125 
120.825 

~77:558 
------- 77 ;134 

76 :'710 

---- 29.034 
----- 25. 411 
---: 22.897 
--21 . .. . 9:; 4 

1.114 



www.manaraa.com

1--' 
1--' 

1--' 
0 

\.0 

D62"'--
.CO 

2.946 

5.072 

U1 

w 

1--' 

0 

I 
1--' 

79 

::::===""--=== ....... ===-=-

-------~-,_ 

0 

9.345 
8.204 
8.184 
8.175 
8.157 
8.064 
8.038 
8.008 
7.978 
7.740 
7.737 
7.713 

~; 
7.665 
7.662 
7. 638 
7.628 
7:615 
7.598 -1 __ -·:_· ; ___ : :- ~-~i-. 7 :013 

- -6.-984 
- - 5. 77 8 

_- - 5 .. 7 67 
.. 4. :420 
.. 4_. 4_14 
"4..1,60 

2.151 
-- 2_.140 
- 2 .-132 !J i:~:~~ 
-1. 775 
1. 770 
1. 757 

~--1,.. 751 
1. 738 
1.730 ., ,;,. .. 
1~718 

_ i. 7),2 
i. 698 

-- 1. 692 -1rm 1. 427 
1.254 
-0.005 



www.manaraa.com

I-' 
-J 
o· 

I-' 
O'\ 
0 

I-' 
U1 
0 

I-' 
u::,. 
0 

1--' w 
0 -
I-' 
N 
0 

I-' 
1--' 
0 

1--' 
0 
o· 

N 
0 

I-' 
0 

0 

'O 
'O s 

80 

0 
I\) 

E~Q 
00'" 
C: CD en ::J . 
0.. _._ 
..... 
CJ1 

161.805 
154.248 
148.520 Yr 145.175 

137.894 
~138.279 

129.617 
'ff-132.292 

128.601 
128.169 

lg~:::~ 
125.926 
125.249. 
124.536 
124.173 

. 118.637 

. -·- -~- ·- - ·- ···-- ..• -

_:__--28.899 
-- 25.450 

22. 815 
.· 21.869 

--- 0.079 



www.manaraa.com

Em\_ 
= l.159~ 

Bl!r 3 

I-' 
I-' 

I-' 
0 

CX) 

-J 

°' 

U1 

w 

I 
I-' 

•· •• ' 4 ... --~ ... 

81 

0 
0 
3 --i 

"O Sl) 
0 c-c -::J CD 
Cl.. -...J 
I\) 
I\) 

8.134 
8.116 
8.071 
8.007 
7.980 
7.890 
7.862 
7 .'724 
7.720 
7.701 
7.697 
7.692 
7.673 
7.669 
7.612 
7.608 
7.589 
7.585 
7.581 
7.562 
7.558 
7:S40 
7:535 
·7: ~16 

... 7 .-4~0 
7;4~6 

. 7. 443 
. .. 7 .439 .. · '7;425 . , 

.• .. 7. 4i9 ' 
7 a 41.1 
7.398 
7.394 
7.255 

1. 7 5 6 
1.544 

.- _-:-L432 
---.:.1.253 

/:0.089 
~0.077 

0.075 
. "'- 0.002 

0.000 



www.manaraa.com

I-' 
I-' 

I-' 
0 

co 

...J 

"' 

U1 

N 

I-' 

0 

:g 
.. t::l 

82 

_.,,- 9 .185 
. 7.920 

7.893 

$=UH 
~7.618 ~~====~;;;;~===-:=--------_ 7. 581 7.520 

0 
0 
3 --i 

"'C !l,) 
0 O" c-
::::, (D 
c.. -....J 
I\) w 

7.496 
7.470 
7.256 
7.025 
7.017 
7.012 
6.998 

4..583 
·-· ~; 576 
--?.563 
-~.556 
2.357 
2.349 
2.337 
2.328 
2 .316 
2.308 
2.296 
~.037 
1.893 
1.873 

. L 861 
- 1.854 
·-· 1. 842 

1.835 
· i. 821 

.. 1.815 
1. 752 
1. 746 
1. 733 
1.726 
1. 713 
1.706 
1.694 
1. 674 

. 0. 000 



www.manaraa.com

I-' 83 I-' 

/i.9.197 I-' 
7.921 0 

7.894 
7.758 
7. 731 

I.D 7.646 
7.623 
7.620 
7.596 

00 ~7.526 
7.503 

-~7.499 
~7.476 

7.450 ....J 

7.266 
2.896 
2.885 
~.874 

-·2.857 
2;847 

· 2 83 6 
2~819 

• n•M-.,•- "• O •••• ... 2. 808 
2.796 
2.090 
2.085 

ii:::. 2.047 
2.043 
1.917 
1. 908 

w 1. 875 1.114_ ,/J_i:~~~ 
1.678 
i.669 

~L637 
2 .308 l:v 

- ~1.628 . 6. 090 - 1. 596 
1.587 I-' 
1.553 
1.547 
1.532 
1.501 

0 1.491 
() 1.459 0 
3 -i 1.449 

"'O Sl> 1.440 o cr I C - 1.416 I-' :::l CD 
1.408 C. ""-.I 

'D I\) 1.380 'D .i::,. 



www.manaraa.com

7.745 
7.678 

..... 84 7.674 ..... 7.655 
7.651 
7.628 

...... 7.624 
0 7.571 

7.537 
1. 000:,_ 7.534 

7.514 I.O 
7.511 
7.271 
4.646 

00 4. 635 
4.623 
4.231 
~l.208 

-..J .4 .1.98 
At·. i_84 

.. 4:·. 17.5 
·- .152 

°' 
3. 9.29 
3. 9'06 
3.897 
3 ·. 883 
3.873 

l11 ... -··-~ ... 3 .·851 
3 .:815 
.3. 804 

1.106 = .. 3 ·. 788 
ii:>, . 3. 77 8 2·.247 .. 3 ·. 767 -;:--:;-;:::-;: 1.157 :::= 3-_ 752 

3.741 
w 3.496 

3 .4·80 
3.~63 
3.441 

N 3.428 
3.272 7.029 

--------- ;3.249 
3.226 

..... i.823 
1.805 

. ·-. ·1. 794 
···-. 1.777 

0 .1·.·766 
0 1.744 
3 -I . 1. 719 "O P) 
0 C" 0 1. 710 C: -

I :::, CD :r: 1.700 ..... C. -.,J I\) 

N 0 1.679 
"d :r: CJ1 I\) 1.668 "d 0 !3 -l :r: 

"'U 



www.manaraa.com

j 

I-' 
I-' 

I-' 
0 

Ll41'- ,-v, = VJ 

3-370'-" 

...J 

u, 

0 

I 
I-' 

85 

(') 
0 
3 -l 

"O !l) 
o cr c-
:::i CD 
0. -...J 
I\) 
0, 

-~9.064 
8.078 

;;8.053 

~_/;//;_ /;: :f 
:1/ 7 .487 

7.463 

~"'-= 7.361 
7.258 

. 7.209 
7.114 

--..___ 6 . 101 

---- 0.072 
--- 0. 000 



www.manaraa.com

tv 
0 
0 

f-l 
co 
0 

f-l 
Q') 
0 

f-l 

0 

p 
tv 
0 

f-l 
0 
0 

co 
0 

Q') 
0 

0 

N. 
0 

0 

'C 
'C 
;3 

86 

151.350 
150.837 

----- 150.396 
148.585 
139.901 

--135.309 
------ 128. 963 

128.523 
127.017 
125.252 
116.589 

--c:::::::= 1 0 3 . 3 5 5 
----- 103. 040 

101. 850 

.· · 77. 672 
~77.450 

77.248 
76.826 

29·_935 

0/',.0 16.614 
0 
0 
3 -I 

"O Pl 
0 0- 0.229' c-
::, CD 
Q..""' 
I\) en 



www.manaraa.com

87 

'AC KNOW LED GM E NTS 

I must begin this section with a sincere word of thanks to my major professor, 

Richard C. Larock, for his exceptional guidance, patience, understanding, and 

financial support throughout the course of this work. I also have to acknowledge 

his willingness to help, allowing me to learn from my mistakes, and to offer advice 

on the best ways to carry out ideas I had. 

Also, I would like to thank the person who gave me my start in organic 

chemistry, Dr. Colleen Fried of Hiram College. I thank you for turning me onto 

organic chemistry, for listening to me complain, and for showing me that hard work 

does indeed pay off. 

Throughout my career here at Iowa State, I have had the opportunity to meet 

so many people who's own ideas helped me to make it through the rough times. I 

have to give special thanks to Dr. Kevin Roesch and his wife, Julie, for whom I owe 

a great deal. He was instrumental in showing me techniques, answering my 

numerous questions, and for the project's beginning. I will always remember our 

talks, even the ones about chemistry, and lunches on Saturdays (don't eat off-that 

plate, you ain't at home, and the S-10). I would like to thank Julie for dinners, 

lunches, and letting Kevin hang out with me. 

I also would like to thank Dan Emrich, Steve Gagnier, and Marino Campo. 

thank Dan for turning down my radio and the "swear jar," Steve for complaining 

constantly and for the "double wide" crack, and Marino for "Racko _and for being 

"oneademdam ... " 



www.manaraa.com

88 

This section could not end without a very special thanks to Mike, Kathy, and 

Emily Serby. Where do I start with you three? You all have helped me through so 

much that if I wrote everything, it would be another chapter. I thank Mike for 

listening when things were not going right, both in and out of chemistry, golf, being 

like a brother, and for showing me that there is more, a lot more, to life than 

chemistry. Kathy, thank you for putting up with me even when sometimes you 

could have done without it, the numerous dinners, and for being like a sister/mother 

when I needed either one. Emily, you have no idea how you have helped me 

through the past 3 years. You made me see life through your eyes, the eyes of a 

child, and showed me that nothing was as bad as it really seemed. No matter how 

down or depressed I was, you could always cheer me up with "a hug, a kiss, and a 

smackaroony," a hat, a story, or a "knuckle sandwich." You better be good or else ... 

All three of you have made me feel like I had a home away from home and as a 

part of your family and for that, I thank you most of all. 

Finally, this section would be incomplete without thanking those closest to 

me, my family. Dick and Lilly, thank you making me feel welcome. Uncle Jim 

(WUSS) and Aunt Loretta (Auntie), thank you for the recipes (especially spatzels), 

talking about fishing, and for being there. Chris (Meathead) and Tonya, I thank you 

for being there always. Matt, thanks for all the "checks" you sent me in the mail, I 

am still waiting though. Jennifer (Blondie), thanks for listening to me babble about 

what to do and not do in life when I had had a few, "Field of Dreams," and for our 

time together at Hiram. Vickie (Podunk), thanks for the care-packages, cookies, 

and "Marvin." 



www.manaraa.com

~-

89 

Now, time for the three people I owe my success to most of all. Bro, what 

can I say. I can count on you for just about anything. No matter what it was, you did 

it. Luckily we were never caught. You always treated me like a brother and a 

friend. As a brother, you knew when to praise and when. to pick on me and did both 

equally well. As a friend, you would listen and tell me the truth and not what you 

· thought I wanted to hear. Thanks for our week at camp, keeping my bed warm, and 

for believing in me even when I had doubts. Mom and Dad (Red and the Old Man), 

I thank you most of all. Without the support and love of you both, I definitely would 

not have made it through. I know I have caused you some worry, but I hope there 

was some feeling of pride in there as well. Mom, thanks for our talks, letting me win 

on Monday nights every now and then, and for always being there to cheer me up 

(by locking yourself in or out), when I was down. Dad, thanks for coming to see me, 

telling me what mom had done each week, driving me to do better, and making up 

for lost time together, which means the most of all to me. Thank you both for 

treating me like a man, but allowing me to be a child when I needed your help. You 

both always believed in me and supported my decisions, even though you had no 

idea what you were believing in, even when I was unsure of my own abilities. It 

meant and will always mean the most to me. Mom and Dad, without the two of you, 

none of this would have been possible or as worthwhile. Now it is my turn to help 

you out. I only have one thing left to say, I MADE IT! 


	Synthesis of isoquinolines by electrophilic ring closure of iminoalkynes
	Recommended Citation

	Synthesis of isoquinolines by electrophilic ring closure of iminoalkynes

