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Hydrodediazoniation product (3a-d) was found to be the major product in the reaction of arenediazonium tetrafluorobo

rate (la-d) with triethylamine (2) in methanol under nitrogen at room temperature. A quantitative study on the title 

reaction was investigated in detail and two remarks were noteworthy. One was the linear increase in the yield of 

3a-d by increasing the molar concentration of 2 until equimolar concentration was reached between la-d and 2. 

The other was the suppression of the formation of 3a-d in the presence of oxygen. Based on these results, the 

title reaction was better understood by 1:1 electron transfer reaction between reactants (la-d and 2) rather than 

by radical chain mechanism proposed in the reaction of arenediazonium tetrafluoroborate and triphenylphosphine.

Introduction Experimental

Hydrodediazoniation of arenediazonium salt is chiefly 

achieved by using various inorganic and organic reductants1 

such as hypophosphorous acid,2 hot ethanol,2,3 triphenylphos

phine,4 A^A^-dimethylformamide,5,6 7V-benzylpiperidinet7 and 

ferrocene8 etc.. In spite of many dediazoniation methods, 

there are problems in each method. For instances, a subst

rate bearing electron-donating substituent in the para posi

tion, such as methoxy and methyl as in />-anisidine and p- 

toluidine does not give the expected arene but tarry mate

rials.5 On the other hand, some inorganic reductants are not 

effective in organic solvent.8 Herein, we report that triethyl

amine, a common and cheap compound, is an efficient reduc

tant in reaction with arenediazonium tetrafluoroborate under 

nitrogen atmosphere to give corresponding arene. To the 

best of our knowledge, this quantitative study on the reaction 

of arenediazonium tetrafluoroborate with triethylamine is a 

first report9 though derivatives of piperidine and pyrrolidine 

are documented in the literature.7

Synthesis of Diazonium Tetrafluoroborates. Nine 

substrates (la-d) were prepared according to the known pro

cedure.10 The diazonium salt was dried overnight in a vac

uum dessiccator. IR spectrum showed the complete removal 

of water in the starting diazonium salt which was used direc

tly for the reaction.

Quantitative Determination of Reaction Products 

(Standard Procedure). For the nine subtrates employed 

in this work, similar procedure was followed for the determi

nation of the reaction products. The typical procedure in 

the case of m-nitrobenzenediazonium tetrafluoroborate (lam) 

is as follows; In a two-necked round bottomed flask was 

introduced a solution of methanol (10 mL) containing tride

cane (20 mM) as an internal standard. To this solution was 

added d (1 mmol) and nitrogen was passed through the 

solution for 10 min. After then appropriate amount of trieth- 

yiamine (0.5-1.5 eq) in methanol (3 mL) kept in addition 

funnel was run in dropwise. Immediately reaction took place
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Table 3. Reaction of 1 却 with Triethylamine 2 in methanol/

Atmosphere 2:1 时 Product Yield (%)c

1 and 3

a : a0; X = o-NO2 am；X = m-NO2 %; X = p-NO2

b: X=H c : cm = m-Me cp; X = p-Me

d : do; X = o-OMe 七；X = m-OMe dp ; X = p-OMe

Scheme 1.
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0.3 3a 41

0.5 3a 58

0.7 3a 68

0.8 3a 74

0.9 3a 88

1.0 3a 85

1.5 3a 87

0.9 3a 23

aIn methanol at ambient temperature (~15 笔)and tridecane 

as an internal standard. b Molar ratio of 2 to 1*板 cGC yield.

Table 1. Reaction of 1% with Triethylamine 2.a

Atmosphere 2: W Product Yield (%)c

0.5 3a 65

0.7 3a 78

0.9 3a 84

1.0 3a 83

1.5 3a 85

1.0 3a 52

aIn methanol ; 

as an internal

at ambient temperature (~15 © and tridecane 

standard. 6 Molar ratio of 2 to 1%. cGC yield.

Table 4. Reaction of lb with Triethylamine 2/

Atmosphere 2： r Product Yield (%)。

n2 0.5 3b 35，

n2 1.0 3b 74。

o2 1.0 3b 7

aIn methanol at ambient temperature (~15 ◎ and nonane as 

an internal standard. 6 Molar ratio of 2 to lb. cGC yield. d Major 

product was anisole. e Anisole was a minor product.

aIn methanol at ambient temperature (~15 t：) and tridecane 

as an internal standard. ”M사ar ratio of 2 to la輝. cGC yield. 

d Small amount of 3,3'-dinitrobiphenyl was formed.

Table 2. Reaction of 1•孤” with Triethylamine 2/

Atmosphere 2 : d * Product Yield (%)c

n2 0.5 3a 23

n2 0.7 3a 58

n2 0.9 3a 6伊

n2 1.0 3a 72

n2 1.5 3a 75

o2 1.0 3a 33

by evolution of nitrogen. After stirring for 30 min, the reac

tion mixture was analyzed by gas chromatograph (GC) and 

a gas chromatograph-mass spectrometer (GC/MS). When the 

substrate was either lb or lc,d, nonane or decane were used 

as an internal standard respectively.

Results and Discussion

Treatment of diazonium tetrafluoroborates (la-d) in meth

anol with triethylamine at room temperature gave a corres

ponding arene (3a・d), hydrodediazoniation product, as a ma

jor compound (Scheme 1).

The results from the reaction of 1%, 1琅，and lap with 

triethylamine are shown in Table 1-3 respectively.

From the results in Table 1-3, two remarks are notewor

thy. One is the dependency of the yield% on the amount 

of triethylamine until 2/la reaches 1. This indicates that

Table 5. Reaction of 1c™ with Triethylamine 2?

Atmosphere 2： r Product Yield (%)。

0.5 3c 15d

1.0 3c 49，

1.5 3c 58"

1.0 3c 5

flIn methanol at ambient temperature (~15 M) and decane as 

an internal standard. b Molar ratio of 2 to lc，“. cGC yi니d, dUni

dentified product was formed.

the reaction of substrate and the triethylamine might be a 

1:1 reaction. The other is inhibition of the reaction by oxy

gen. Based on these observations one might conceive triethy

lamine as an electron-transfer agent. Then nitrophenyl radi

cal would be formed as an intermediate. Support for the 

intermediacy of nitrophenyl radical was observed in our rea

ction. i.e. 3,3'-dinitrobiphenyl was obtained from the reaction 

of lam with 2 (Table 2). When there was no other substituent 

in the benzene Ting such as in lb (Table 4), similar results 

were obtained as was in the case of la, except the much 

increased inhibition of the reaction in the presence of oxy

gen.

One particular thing in the reaction of lb with triethyl- 

amine (Table 4) was the formation of anisole as a major 

product when the value of 2/lb was 0.5. However when the 

amount of triethylamine was increased, the formation of ani

sole was suppressed to a negligible amount.

In order to see the substituent effect in the hydrodediazo- 

niation of arenediazonium tetrafluoroborate with triethyl

amine, arenediazonium salts bearing weakly electron don효- 

ting methyl group were employed. Thus the results obtained
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41 In methanol at ambient temperature (~15 © and decane as

Table 6. Reaction of Iq with Triethylamine 2.fl

Atmosphere 2:1c/ Product Yield (%/

0.5 3c 43

1.0 3c 79

1.0 3c 11

"In methanol at ambient temperature (~15 °C) and decane as 

an internal standard. Molar ratio of 2 to ld°. cGC yield.

an internal standard. Molar ratio of 2 to lcp. cGC yield.

Table 7. Reaction of Id。with Triethylamine 2?

Atmosphere 2: Id/ Product Yield (%)c

n2 0.5 3d 49

n2 1.0 3d 84

o2 1.0 3d 18

CDjOD

Scheme 2.

la-d + Et3N

H (solvent or 

Et3N)

Table 8. Reaction of ld« with Triethylamine 2?

Atmosphere 2：M* Product Yield (%)。

n2 0.5 3d 10。
n2 1.0 3d 49。
02 1.0 3d 6

flIn methanol at ambient temperature (~15 °C) and decane as 

an internal standard.b Molar ratio of 2 to Id彻.cGC yield. dUniden

tified product was a major. e Small amount of 3,3'-dimethoxybi- 

phenyl was also obtained.

Table 9. Reaction of Id^ with Triethylamine 2/

Atmosphere 2: Id/ Product Yie 서 (%)。

n2 0.5 3d 52

n2 1.0 3d 87

02 1.0 3d 20

"In methanol at ambient temperature (~15 t：) and decane as 

an internal standard. / Molar ratio of 2 to ld@. cGC yield.

using w-methylbenzenediazonium tetrafluoroborate (lcm, Ta

ble 5), and /)-methylbenzenediazonium tetrafluoroborate (lcp, 

Table 6) are 안iowd in Table 5 and 6.

As can be seen in Table 5 and 6, the dediazoniation of 

w-methylbenzenediazonium tetrafluoroborate (lcm, Table 5), 

and />-methylbenzenediazonium tetrafluoroborate (lcp, Table 

6) were similar to those of previous 앙ubtrates such as la 

and lb. One thing to note was the relatively low yield% 

of lcm compared with lcp (Table 6). At present it is not 

clear why a substrate having substituent in the meta position 

give lower yield than that having subtituent in the ortho 

or para position. The similar observation was obtained for 

other substrates having meta sustituent such as in the case 

of la™ (Table 2) and ldm (Table 8).

Substrates Id bearing strongly electron-donating methoxy 

sub응tituent also gave hydrodediazoniation product readily by

Scheme 3.

trie나lylamine (Table 7-9).

Again dediazoniation of ldm with triethylamine gave 3,3'- 

dimethoxybiphenyl, a intermolecularly coupled product (Ta

ble 8) similarly as la피 (Table 2).

In order to have more knowledge about the hydrogen sou

rce of the product, arene, the control experiments were car

ried out in deuterated solvents such as methanol-d4 (99.95%) 

and chloroform-d (99.8%). The results are 아lown in Scheme 

2, where 3-deuterionitrobenzene and undeuterated nitroben

zene was obtained in 75% and 25% respectively.

As can be seen in Scheme 2, one might conceive that 

appreciable amount of undeuterated nitrobenzene must come 

from other compound considering the high deuterium% of 

methanol-d4. A strong candidate for the source of hydrogen 

might be triethylamine. This assumption was confirmed again 

with the use of chloroform-d (Scheme 2) which gave deuter

ated nitrobenzene and undeuterated nitobenzene in 55% and 

45% respectively. The much increased relative proportion 

of undeuterated nitrobenzene (45%) in chloroform-d com

pared to that obtained in methanol너4 might be understood 

in terms of the different bond strength of C-D in 나｝e two 

reagents.

Overally we believe that the first step of the reaction of 

Scheme 1 would be an electron-transfer from the tri

ethylamine to the substrate, producing cation radical of tri

ethylamine and aryl radical which would then abstract hydro

gen from either triethylamine or solvent to make arene, a 

hydrodediazoniation product (Scheme 3).

In conclusion, hydrodediazoniation of arenediazonium tet

rafluoroborate by triethylamine proceeded quite efficiently 

in mild conditions. Our results demonstrated that the u융e 

of triethylamine in hydrodediazoniation of arenediazonium 

tetrafluoroborate can be used as a general synthetic method.
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Early attempts to identify plausible conformations of a linear octapeptide hormone, angiotensin-II (Asp-Arg-Val-Tyr- 

Ile-His-Pro-Phe), using various theoretical and experimental methods, have led to various conformational models. So 

far, no consensus has been made about the solution phase structure and the receptor binding structure of angioten앙in-

II. The ultimate goal for the conformation study of the peptide hormone is to develop a new potent drug. Therefore, 

we have devised a strategy for designing the pharmacophore by studying thermodynamically possi미e conformations 

of various kinds of angiotensin-II antagonists and angiotensin-II.

Introduction

Human angiotensin-II (A-II), a linear octapeptide hormone 

of sequence Asp-Arg-Val-Tyr-Ile-His-Pro-Phe, is a major ac

tive component of the renin-angiotensin system (RAS)1 which 

plays a central role in the regulation of blood pressure. It 

is generally believed that the biological activity of a hormone 

is closely related to its three dimensional (3D) conformation.

The conformation of A-II has been studied with a variety 

of methods.2~14 On the basis of these studies, various confor

mational mod 이s of A-II in aqueous solution have been pro

posed. These are a-helix,2 random coil,3 p-turn,4 y-turn,4 

cross P-structure,5 S-shapet6 and more complex models.7'9 

However, no consensus has been reached yet about the 3D 

conformation of A-II in aqueous solution. These various mod

els suggest that it is unlik이y that only one or a few confor

mations are present in solution for such a r이atively small 

linear peptide. Thus, it is believed that the conformation 

of A-II is in rapid thermodynamic equilibrium in aqueous 

s이ution, and there exist a large number of conformational 

states.9,15

The purpose of the conformational study of A-II may be 

to develop a new potent drug which can be used as an 

inhibitor of A-II. The structure of a potential drug is related 

with the 3D conformation of A-II at the receptor binding 

site which is, unfortunately, not available. Alternatively, the 

conformation study on A-II analogues that are biologically 

active and are more rigid than A-II may give useful informa

tion for the development of the potent drug because these 

analogues should share some common 3D structural features 

with A-IL

There have been various kinds of well known A-II antago

nists, eg, sarala응in ([Sa己 Ala8]A-II)12 and DUP-753 (brand

name losartan).16 In this study, the conformation of A-II and 

its peptide analogues are investigated by molecular dynamics 

(MD) method, and the conformation of rather rigid organic 

antagonists are studied by a conventional conformation 

search method. From the results, we propose that A-II and 

its antagonists share common 3D structural features which 

would be important in the binding mode of A-II to the recep

tor.


