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　Remark. The second author (an undergraduate student, March 2004) pointed out an error in

[2, Theorem 3]. The next is his comment:

An error at lines 8 ∼ 7 from the bottom, p. 1003 in [2]

” We substitute xi = yi + di, 1 ≤ i ≤ m, xi = yi, m+ 1 ≤ i ≤ n, and . . .”

should be corrected as follows;

” We substitute

　
　
　
　
　
　

x1 = y1 + d2, x2 = y2 + d1,

x3 = y3 + d4, x4 = y4 + d3,
...

xm−1 = ym−1 + dm, xm = ym + dm−1,

xi = yi, m+ 1 ≤ i ≤ n, and . . .”
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　2,4,6-Trichlorophenyl-4’-nitrophenyl, 2,4-dichlorophenyl-4’-nitrophenyl ether and re-

lated chemicals were prepared and their 1H NMR spectra were measured and assigned.

The substituent chemical shifts on diphenyl ethers with mono substituent were esti-

mated as compared with 1H NMR spectra of diphenyl ether. The chemical shifts of

the prepared chemicals were calculated by the use of the substituent chemical shifts.

The deviations occurred on 6-H or 6’-H NMR chemical shifts when the chemicals are

4’-nitrodiphenyl ether derivatives with 2-substituent.

　
　2,4,6-Trichlorophenyl-4’-nitrophenyl (Chlornitrofen, CNP) and 2,4-dichlorophenyl-4’-nitrophenyl

(Nitrofen, NIP) were used as herbicide that is divided into nitrodiphenyl ether group. 2,4,6-

Trichlorophenyl-4’-nitrophenyl ether was developed in Japan and large amounts of this chemical

material were employed over paddy rice fields in Japan in the period of 1965 to 1996. However, it

has been found that this chemical brought serious consequences to the human who worked in the

rice fields such as gallbladder cancer1, and the doubt such as one of Endocrine-Disrupting chemicals

happened on it. The pollution in fields is now pointed out although this herbicide is not employed

at present. In fact nitro group in 2,4,6- trichlorophenyl-4’-nitrophenyl ether is reduced to amino

group in soil and the reduced amino derivative stays behind in field.

　In this work in order to obtain the information of chemical structures 2,4,6-trichlorophenyl-4’-

nitrophenyl, 2,4-dichlorophenyl-4’-nitrophenyl ether and related compounds were prepared. The
1H NMR spectra for those compounds were measured and assigned. Substituent chemical shifts

were also estimated for the assignment and interpretation of the 1H NMR signals.

　　
　
　
Experimental

　Except for diphenyl ether and 4-aminodiphenyl ether, all compounds were prepared by the Ull-

mann reaction or by one of its well-known modifications2−4. This synthesis involves the coupling

of potassium phenolate substituted chlorines with halogenated nitrobenzene in the presence of a

copper catalyst. The reaction was usually carried out without a solvent or a high-boiling solvent

was used such as dimethyl sulfoxide. The compound was gained after the reaction mixture was
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chromatographed over silica gel and recrystallized for purification. The prepared chemicals were

listed with corresponding chlorinated phenols and halogenated nitrobenzenes in Table 1. Here the

abbreviated names were also described. Diphenyl ether and 4-aminodiphenyl ether were gained as

commercial chemicals.

　The identification of prepared compounds was carried out by measurements of infrared spectra

and elemental analysis. The infrared spectra were taken by the use of Bio-Rad FTS30 and FTS60A

FT IR spectroscopy in KBr tablets and in CS2 solutions. The analytical data of some prepared

compounds were obtained by use of CE Instruments EA 1110. The analytical data were shown in

Table 2.

　　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　

Table 1. Corresponding Phenols and Halogenated Benzenes

Diphenyl Ethers Phenols Halogenated benzenes

4’-nitro diphenyl ether (4’N) Phenol 4-fluoronitrobenzene

2-chloro-4’-nitro diphenyl ether (2C4’N) 2-chlorophenol 4-fluoronitrobenzene

3-chloro-4’-nitro diphenyl ether (3C4’N) 3-chlorophenol 4-fluoronitrobenzene

4-chloro-4’-nitro diphenyl ether (4C4’N) 4-chlorophenol 4-fluoronitrobenzene

2,4-dichloro-4’-nitro diphenyl ether (24C4’N) 2,4-dichlorophenol 4-fluoronitrobenzene

2,5-dichloro-4’-nitro diphenyl ether (25C4’N) 2,5-dichlorophenol 4-fluoronitrobenzene

2,6-dichloro-4’-nitro diphenyl ether (26C4’N) 2,6-dichlorophenol 4-fluoronitrobenzene

2,4,6-trichloro-4’-nitro diphenyl ether (246C4’N) 2,4,6-trichlorophenol 4-fluoronitrobenzene

4-amino-4’-nitro diphenyl ether (4A4’N) 4-aminophenol 4-fluoronitrobenzene

4-nitro-4’-nitro diphenyl ether (4N4’N) 4-nitrophenol 4-fluoronitrobenzene

2’,4’-dinitro diphenyl ether (2’4’N) Phenol 2,4-dinitrochlorobenzene

2-chloro-2’,4’-dinitro diphenyl ether (2C2’4’N) 2-chlorophenol ,4-dinitrochlorobenzene

3-chloro-2’,4’-dinitro diphenyl ether (3C2’4’N) 3-chlorophenol 2,4-dinitrochlorobenzene

4-chloro-2’,4’-dinitro diphenyl ether (4C2’4’N) 4-chlorophenol 2,4-dinitrochlorobenzene

2,4-dichloro-2’,4’-dinitro diphenyl ether (24C2’4’N) 2,4-dichlorophenol 2,4-dinitrochlorobenzene

2,5-dichloro-2’,4’-dinitrodiphenyl ether (25C2’4’N) 2,5-dichlorophenol 2,4-dinitrochlorobenzene

2,6-dichloro-2’,4’-dinitro diphenyl ether (26C2’4’N) 2,6-dichlorophenol 2,4-dinitrochlorobenzene

2-chloro-2’-nitro diphenyl ether (2C2’N) 2-chlorophenol 2-chloronitrobenzene

4-chloro-2’-nitro diphenyl ether (4C2’N) 4-chlorophenol 2-chloronitrobenzene

3’,4’-dinitro diphenyl ether (3’4’N) Phenol 3,4-dinitrochlorobenzene

4-chloro-3’,4’-dinitro diphenyl ether (4C3’4’N) 4-chlorophenol 3,4-dinitrochlorobenzene

2,4-dichloro-3’,4’-dinitro diphenyl ether (24C3’4’N) 2,4-dichlorophenol 3,4-dinitrochlorobenzene
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Table 2. Elemental Analysis for Diphenyl Ethers
Observed value Calculated value 　 Observed value Calculated value

2C4’N H : 3.1001％ H : 3.2299％ 4C2’4’N H : 2.3020％ H : 2.3946％
C : 57.390％ C : 57.733％ C : 48.687％ C : 48.916％
N : 5.7000％ N : 5.6105％ N : 9.7671％ N : 9.5074％

4C4’N H : 3.1121％ H : 3.2299％ 24C2’4’N H : 1.7022％ H : 1.8377％
C : 57.561％ C : 57.733％ C : 43.830％ C : 43.796％
N : 5.7128％ N : 5.6105％ N : 8.7024％ N : 8.5123％

24C4’N H : 2.4424％ H : 2.4835％ 25C2’4’N H : 1.8942％ H : 1.8377％
C : 50.382％ C : 50.733％ C : 43.823％ C : 43.796％
N : 4.8861％ N : 4.9303％ N : 9.1028％ N : 8.5123％

25C4’N H : 2.3818％ H : 2.4835％ 26C2’4’N H : 1.7906％ H : 1.8377％
C : 50.118％ C : 50.733％ C : 43.801％ C : 43.796％
N : 4.7633％ N : 4.9303％ N : 9.1085％ N : 8.5123％

26C4’N H : 2.4512％ H : 2.4835％
C : 50.567％ C : 50.733％
N : 4.7046％ N : 4.9303％

　The 1H NMR spectra for all compounds were recorded at room temperature on JEOL JMN-GX

270 and for some of them on JEOL ALPHA 400 spectroscopy. The concentrations of all compounds

in CDCl3 were approximately 20mg/ml in a 5mm diameter tube. All 1H NMR chemical shifts were

referenced to the signal of internal tetramethylsilane (TMS).

　　
　
　
Results and Discussion

　As mentioned above the 1H NMR spectra of all compounds were measured on JEOL JMN-GX

270. Most of them were easily assignable by first order rules. Some compounds, however, gave

complicated spectra that were of second order. In those cases the spectra were measured on ALPHA

400 spectroscopy. The observed spectra were of first order. The assignments of the 1H NMR spectra

of the compounds were carried out. The chemical shifts were listed in Table 3. The abbreviated

term, DE, in this table means to be diphenyl ether.
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Table 3. 1H NMR Chemical Shifts of Diphenyl Ethers (ppm from TMS)

　 H-2 H-3 H-4 H-5 H-6 H-2’ H-3’ H-4’ H-5’ H-6’

DE 7.00 7.31 7.09 7.31 7.00 7.00 7.31 7.09 7.31 7.00

4’N 7.09 7.43 7.26 7.43 7.09 7.01 8.20 - 8.20 7.01

2C4’N - 7.52 7.25 7.35 7.17 6.95 8.20 - 8.20 6.95

3C4’N 7.10 - 7.24 7.36 6.99 7.05 8.23 - 8.23 7.05

4C4’N 7.04 7.40 - 7.40 7.04 7.02 8.21 - 8.21 7.02

24C4’N - 7.53 - 7.32 7.10 6.96 8.21 - 8.21 6.96

25C4’N - 7.45 7.23 - 7.16 6.99 8.23 - 8.23 6.99

26C4’N - 7.44 7.22 7.44 - 6.92 8.21 - 8.21 6.92

246C4’N - 7.46 - 7.46 - 6.91 8.21 - 8.21 6.91

2’4’N 7.14 7.49 7.33 7.49 7.14 - 8.83 - 8.31 7.03

2C2’4’N - 7.56 7.33 7.41 7.26 - 8.89 - 8.32 6.85

3C2’4’N 7.16 - 7.31 7.41 7.04 - 8.84 - 8.36 7.10

4C2’4’N 7.09 7.45 - 7.45 7.09 - 8.83 - 8.34 7.05

24C2’4’N - 7.57 - 7.38 7.19 - 8.87 - 8.33 6.87

25C2’4’N - 7.48 7.30 - 7.25 - 8.86 - 8.35 6.91

26C2’4’N - 7.48 7.29 7.48 - - 8.91 - 8.32 6.75

2C2’N - 7.49 7.19 7.29 7.08 - 7.99 7.19 7.49 6.85

4C2’N 6.97 7.33 - 7.33 6.97 - 7.95 7.23 7.52 7.03

3’4’N 7.08 7.43 7.25 7.43 7.08 6.94 - - 7.94 7.15

4C3’4’N 7.01 7.38 - 7.38 7.01 6.96 - - 7.93 7.19

24C3’4’N - 7.53 - 7.30 7.06 6.79 - - 7.97 7.19

4N4’N 7.17 8.29 - 8.29 7.17 7.17 8.29 - 8.29 7.17

4A 6.86 6.66 - 6.66 6.86 6.92 7.27 7.00 7.27 6.92

4A4’N 6.89 6.71 - 6.71 6.89 6.95 8.16 - 8.16 6.95

.

　On assumption of simple sum rule for chemical shifts of the 1H NMR spectra the substituent

chemical shifts as compared with diphenyl ether were estimated. The results were shown in Table 4.

Here chemical shifts of mono chlorine substituted diphenyl ethers were used in order to estimate the

effects of chlorine atoms5. The estimated values were summarized in Table 4. By employing those

values the 1H NMR chemical shifts of nitrodiphenyl ethers with substituent taken up in this work

were calculated. Experiential and calculated results were collected and correlated. The correlation

was shown in Fig. 1.
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Table 4. Substituent Effects on the 1H NMR Chemical Shifts of Diphenyl Ether (ppm from TMS)

　 H-2 H-3 H-4 H-5 H-6 H-2’ H-3’ H-4’ H-5’ H-6’

2C - +0.13 -0.03 -0.11 -0.02 -0.04 +0.01 ±0.00 +0.01 -0.04

3C -0.02 - -0.06 -0.12 -0.14 ±0.00 +0.01 +0.02 +0.01 ±0.00

4C -0.08 -0.04 - -0.04 -0.08 -0.01 +0.02 +0.02 +0.02 -0.01

5C -0.14 -0.12 -0.06 - -0.02 ±0.00 +0.01 +0.02 +0.01 ±0.00

6C -0.02 -0.11 -0.03 +0.13 - -0.04 +0.01 ±0.00 +0.01 -0.04

2’N +0.05 +0.06 +0.07 +0.06 +0.05 - +0.63 +0.12 +0.15 +0.02

4N +0.01 +0.89 - +0.89 +0.01 +0.09 +0.12 +0.17 +0.12 +0.09

4’N +0.09 +0.12 +0.17 +0.12 +0.09 +0.01 +0.89 - +0.89 +0.01

4A -0.14 -0.65 - -0.65 -0.14 -0.08 -0.04 -0.09 -0.04 -0.08

　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　

Fig. 1. The correlation between the observed and the calculated 1H NMR chemical shifts.

　The deviations occurred on 6-H or 6’-H NMR chemical shifts of the chemicals that have a 2-

substituent. Configuration between the two aromatic rings in the chemicals appears to be an

important factor for these deviations.
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4N +0.01 +0.89 - +0.89 +0.01 +0.09 +0.12 +0.17 +0.12 +0.09

4’N +0.09 +0.12 +0.17 +0.12 +0.09 +0.01 +0.89 - +0.89 +0.01

4A -0.14 -0.65 - -0.65 -0.14 -0.08 -0.04 -0.09 -0.04 -0.08

　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　

Fig. 1. The correlation between the observed and the calculated 1H NMR chemical shifts.

　The deviations occurred on 6-H or 6’-H NMR chemical shifts of the chemicals that have a 2-

substituent. Configuration between the two aromatic rings in the chemicals appears to be an

important factor for these deviations.
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1. 緒　　　論

　現在，我々は厳しいエネルギー問題を抱えて
いる．従来ではエネルギー源を，石油，原子力
に頼ってきたが，エネルギー資源枯渇の問題や
地球環境への影響などから，これらに替わる新
しいエネルギー源の開発が望まれている．こう
した中，最近注目を集めているのが自然エネル
ギーである．自然エネルギーの種類には，身の
回りにあるものでも，太陽熱，光，風力，水力，
波力，地熱，バイオマスなどがある．代替エネル
ギーとなる新エネルギーを考える上で考慮しな
ければならないのは，エネルギー変換効率，エ
ネルギーの残存量，地球環境への影響の 3つの
ポイントである．自然エネルギーは，集積効率
の面で問題が残るものの，資源が無尽蔵に存在
し，また利用に際して汚染物質を排出しないと
いう大きなメリットがある．
　本研究では，特に風力エネルギーについて着
目している．これは，青森県が全国的に見ても
高い風力エネルギー賦存量を誇っているからで
ある．特に，下北半島，竜飛岬は日本でも有数
の風力発電地帯である．現状では，風力エネル
ギーを利用した発電システムは，石油や原子力
によるエネルギーシステムに代替するものでは
なく，それを補完するものとして位置付けられ
ている．しかし，京都議定書の発効から今後風
力エネルギーを利用したエネルギーシステムは，
既存のエネルギーシステムのあり方を変えてい

くとも考えられており，将来さらにその導入実
績が増えていくものと予測される．
　本研究では，冬季間に地吹雪が起こるほどの強
い季節風を特徴とし，津軽地方においては竜飛
岬，鯵ヶ沢町と並び風力発電に適しているとさ
れる青森県金木町に小型風力タービンを設置し，
3年間継続してフィールド実験を行った（1,2）．そ
の結果について簡単に報告する．詳細について
は，文献（1）,（2）を参照されたい．また，小型風
力タービンは，大型のものに比べ，場所の制約
が少ないというメリットを持つ反面，タービン
の最大効率は 5～10%低くなる傾向にある．そ
こで本研究では，ディフューザーの増速効果（3）

に着目し，風洞実験および数値シミュレーショ
ン手法を用いて，小型風力タービンの性能向上
を試みた．その結果について詳細に報告する．
　　
　
　
2. 実験方法および計算方法

　2. 1　フィールド実験
　本研究で用いた小型風力発電システムは，図
1（a）に示すように，青森県金木町にある弘前大
学農学生命科学部附属農場に設置した．設置場
所の北約50mのところに町道および民家がある
が，その他は畑地で夏場でも背の低い草が茂る
程度である．風力発電システムは，風力発電装
置，気象観測装置，制御室の 3つの部分より構
成されている．風力発電装置の主な仕様を表 1

に示す．風力発電装置は英国プルーベン社製の

　


