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我々の身体は，キラルな環境に満ちている.

我々の身体は，キラルな分子……・・糖，蛋白質，核酸…・ーを構成要素に持つ.

そのため，外界から侵入する分子でキラリティーを有するものは.ー・・・ーそれが生体

に必須な栄養分であろうと，難病を克服するために有効な薬剤であろうと…一そ

れぞ、れ別の分子として認識される.仮に，一方のエナンチオマーが生体に非常に有

効であったとしても，そのアンチボー ドは無効，もしくは重篤な副作用を引き起こ

す毒物となる可能性がある よって，医薬品の合成において，一方のエナンチオマー

を得ることは非常に重要であり，不斉合成はその有力な手段となりうる.

また，不斉合成は，その立体的な情報を総合することにより，今まで明らかに

されなかった反応のメカニズムについて一線の光を与え，それまで不明であった点

が明らかにされることがあり，有機合成のツールとしてのみでなく，その反応につ

いて，更なる情報を与える方法の一つであると考えられる.

ところで， Hom巴r-Wadsworth-Emmons反応は， Wittig反応と並んで，炭素 炭

素 2重結合を構築する，有機合成上重要な反応の一つである この反応を用いた合

成の例は膨大な数に上る. よって，本反応のメカニズムの解析は重要な課題の一つ

であると考えられる.

本反応のメカニズムの考察は，もっぱら生成するオレフィンの(E)j(2)選択性か

ら議論するものが多かった.そこで，不斉反応としてはそれほど例が多くない

Homer -Wadswo巾-Emmons反応について ， 不斉収率という J~ラメーターから眺めて

みようと思い，{:重々 中食言すを行った.
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第 1章背景

第 1節不斉Homer-Wadswonh-Emmons反応の背景

Trostらは，キラルホスホニウム塩を用いた分子内不斧 Wittig反応を行い，分子内に

存在する 2つのジアステレオトピックなケトンを識別することによる，合成中間体とし

て有用な bis-nor-Wieland-Miescherkeωn巴の光学活性体の合成に成功している5

Homer-Wadswo巾-Emmons反応は， 1961年にWadswo巾 とEmmonsfこより報告されたオ

レフィンを合成する反応である 1，2 それまでのオレフインを合成する反応として代表的

なものとしては，リンイリドを用いるWittig反応が知られていた2， しかし，場合によつ

ては加熱の条f件牛が，必必必、要なこと，冨副リ生するホスフインオキシドの除去が容易でない かL
の問題があつ干 Wa“ds仰wo巾 とEπm町mmoωlon町∞n叫1

応応‘が，ホスホ不一トカルパニオンが比較的反応性が高く，より緩和な条件で反応が進

行すること，およびカルポニル化合物との反応後に生じる副生成物がホスフェートでZ
るため，抽出操作月より除去が容易であることなどの点で Wittig反応よりも優れた面

があることを見いたした .以降， Homer-Wadswo巾ーEmmons反応は，炭素ー炭素 2重結

合を構築する代表的な反応のーっとして用いられてきた.

B， M. Trost and D. p， Curran (1981). 

o 0 
H H q Me 
JJ Me 0 .， n ...... JJ Me 0 ¥L :: ~ ~;I~ 百 1) R3P• ~;If;; II ノ九キ~

~ 2)K2C03-~一 CHρ|2/ PhJ LJミrO

ιBr 』+内3-100C m田(め

Gaisらは， 3-oxa-carbacyclinの前駆体合成の基礎実験の目的で，キラルホスホネートを

用いた不斉Homer-Wadswonh-Emmons反応を検討し，高いジアステレオ選択性で光学活

性オレフインを得ている6
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この反応において，カルポニル化合物としてプロキラルケトンを用いた場合，生成物

は軸不斉を有する化合物となるため，本反応を不斉反応としてとらえることができる.

この反応を実現する方法として，基質の分子内に不斉源を有するキラルホスホネート誘

導体を用いるンアステレオ選択的不斉反応と，アキラJレホスホネートをキ ラル外部自己位
子で制御するエナンチオ選択的不斉反応に大別される.

キラルホスホネ一ト誘導体を用いるジアステレオ選択的不斉Hom巴rト-W匂adのswor口th一Em即n町lげr口m】on郎1花s反応応‘の例は Tomoωsk凶6泊らの研究に始まる.彼らは キラ jルレホスホネ-トと プロ
キ朽ラ jル川レけケト川ンのジアステレオ選択的不斉H恥om町巴町r一Wa拙 wort

山一
h

ろ，約 50%eeで光学活性オレフインを得ている3
彼らはその後もキラルホスホニウム

塩を用いた不斉 Wittig反応を報告している4

。

Hanessianらは， 1， 2-cyclohexyldiamineを不斉補助基とするキラルホスホナミド誘導体

を用いた不斉Homer-Wadsworth-Emmons反応を検討し，高い不斉収率で光学活性オレフィ

ンを得ている7
彼らはその前後にも，キラルホスホナミド誘導体を用いた種々の不斉

反応を報告している
8
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また，奈良坂らはキラルホスホネートを用いたラセミ体のケトンの速度論的光学分割

を報告している9
Derunarkらは，キラルホスホナミデートを用いた種々の不斉反応を報告している 12

不斉Homer-Wadswo巾 Emmons反応については，ノルボルナン誘導体のキラルホスホナ

ミデートを用いた例がある 13
K. Narasaka et al (1993). 
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S. E. Denmark and 1. Rivera (1994) 
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富士らは， BINOL誘導体のキラルホスホネートを用い，高い選択性で，エナンチオト

ピックなケトンの識別に成功している 10

cy 68~も
91% ee (5) 
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高代らは，ピタミン D3のCD環構築の合成研究において，先ほどのTrostと同様な，

2つのジアステレオトピックなケトンを識別する，ジアステレオ選択的分子内不斉

Homer-Wadsworth-Emmons反応を行ったところ，高いジアステレオ選択性で， CD環の

鍵中間体を合成することができたことを報告している 14

K. Fuji et al (1993) 

T. Mandai et al (1994). 

Reinらは，キラルホスホネートを用いたラセミ体のアルデヒドの速度論的光学分割を
報告している 11

T. Rein eta/(1994). 
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正宗らは，キラル補助剤としてキラルなbenzopyranoisoxazolidineを有する種々の試薬

を用いた不斉反応を検討している.その中で，キラルなbe回刀pyran01soxazοlidin巴を有す

るホスホネートを用いたジアステレオ選択的不斉Hom町一Wadsworth-Emmons反応を検討

し，高いジアステレオ選択性でオレフインを得ている IS

A. Abiko and S. Masamune (1996). t~ 
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以上，キラルホスホネート誘導体を用いたジアステレオ選択的不斉反応の例を挙げた.

これらの反応で得られる化合物の中には，有機合成化学上の有用性が高いものもあるが，

その一方で，基質への不斉源の導入，および生成物からの除去などの手間が生じる

これらの不斉反応をキラル外部配位子でコントロールが可能となり，用いた不斉源を

容易に回収できれば，さらに効率よく目的の化合物の光学活性体を合成することが可能

となる.キラJレ外部自己位子を用いるエナンチオ選択的不斉反応の例は，戸田らによる固

相中における不斉 Wittig反応の報告16のみであり，エナンチオ選択的不斉 Homer-

WadswortlトEmmons反応は現在まで報告されていない.

F. Toda and H. Akai (1990). 

Me 、./'... .Me 

I 1 + Ph3P=CHC02Et 

。

::3tp 
700C 

Me 、/へ、 _Me

-C02Et 

73% ee (ー)

そこで筆者は，未開拓な分野であると考えられる，キラル外部配位子を用いたアキラ

ルホスホネートとプロキラルケトンのエナンチオ選択的不斉Homer-Wadsworth-Emmons 

反応の開発を目的とし，本研究に着手した.

6 

第 2節 キラルアルコキシドを用いたエナンチオ選択的不斉反応

アルコキシドは有機合成化学において汎用される塩基の一つである. しかし，塩基性

が十分でないため，アルコキシドを塩基として用いる不斉反応の例は少ない.

近年，柴崎らにより，希土類金属を含むキラルアルコキシドを塩基性触媒として用い

た種々のエナンチオ選択的不斉反応に関する研究が精力的に行われている 17

一方，アルカリ金属イオンを対カチオンとするキラルアjレコキシドを塩基として用い

た例は， Speckampらの不斉分子内アルドール反応、18 Duhamelらによる脱ハロゲン化水

素による脱ラセミ化反応の例19がある.

不斉反応、で高い選択性を実現するためには、低温で反応を進行させることが必要とな

ることが多く，塩基性があまり高くないアルコキシドを塩基として用いる不斉反応は困

難なようにも考えられる.しかし，これらの例を見れば，アルコキシドを不斉反応のキ

ラル塩基として利用できる可能性は十分にあると思われる

〈よ /N〈 ph ，ROLi/THF 

可Lト市
。人O

Br又

下イ

o 
THF -70oC 

。

>95% ee (+) 

tBu 

9人c?cy 60% 

l，__ _) 93% ee (R) 

Br 

一方，筆者の研究室において 4座配f立型キラルアミンを用いた，リチウムエノラー

トのエナンチオ面識別に基づく種々の不斉反応を実現している.この反応における高い

エナンチオ選択性には，キラルアミンーリチウムエノラートー臭化リチウムの 3者の錯

体形成が重要であると考えられている却.我々はこの概念をキラルリチウムアルコキシ

ドを用いる不斉反応にも適用できるのではないかと考え，エナンチオ選択的不斉マイケ

ル反応を検討したところ 2座配位型のキラルリチウム 2-アミノアルコキシドが有効な

不斉塩基として機能しうることを見いだした21

7 



T. Kumamoto et al (1994) 
Me Ph 

削判。山) ;02Me 

Li 一一静 Ph/ヘ...../'C0
2
Me

84%ee (s) 

Ph..-"'"'C02Me + づ外C02Me

(2.0 eq) (1.0 eq) 

この不斉マイケル付加反応は，キラルな外部配位子，すなわちキラルアルコキシドが

脱プロトン化した後に生じるキラルアミノアルコールがアキラルなリチウムエノラート

に配位して，不斉誘起に有効なキラルな錯体を形成した結果であると考えられる

(Figure) . 

〆?-〈
Figure 

この錯体形成に関する概念はアキラルホスホネートを用いる不斉反応にも適用可能で

はないかと考え，アキラルホスホ不一トのエナンチオ選択的不斉Hom巴r-Wadswo口h-

Emmons反応に用いる塩基としてキラルリチウム 2-アミノアルコキシドを用い，検討す

ることとした.

8 

第 3節反応系の設定

Homer-Wadsworth-Emmons反応に用いられるホスホネートのカルパニオンの構造に関

する報告が， S巴yden-Penneら22 Denmarkら23 およ UBocheら24によりなされている.

特にDenm拙 らは， x線結晶構造解析や， N:t.尽などの方、法を用い， s位にフ ェニル基を

持つホスホネートのカ JレパニオンがsP2様の構造をとるのに対し， s位置換基が脂肪族に

なるとsi性が上昇することを見出した.一方，アルコキシドが適用可能であると恩わ

れる酸性度の高い活性メチレンを有するホスホネート，すなわちp位にエステjレやニト

リルを有するホスホネートのカルパニオンについても， Seyden-Penn巴らが， IR， NMR 

などを用いた研究から， SP2構造をとっていることを示唆する結果を得ている.そこで

筆者は，ホスホネートカルパニオンがエステルエノラートのような平面な構造をとる

ことを想定し，カルボニル化合物へのアルドール反応の段階でホスホネートカルパニ

オンのエナンチオ面が識別できれば，この不斉反応は達成できる，と考えた.

そこで，反応系としては以下のように仮定した すなわち，リチウムを含むキラル塩

基によるアキラルホスホネートの脱プロトン化，生じたホスホネートカルパニオンと

キラルな外部配位子とのリチウムイオンを介した錯体形成， プロキラルケトンとのアル

ドール反応でのキラルなアルドール中間体の生成，およびホスフェートの脱離反応によ

るキラルなオレフインの生成である.

(RObP(0)CH2X 

* R1， I一一¥
"~ N 0 

w' '¥ / 
Li 

* R1.... r一一¥
内 ~N OH 

RL'、 F
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ス〉
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o、p:OR
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MOH  o-c/ 
PI'i‘¥...---0.‘ 

目「‘Li+ー:CH
-NH-¥ .... 

¥ O-I?-
¥ v '1¥ 
Me EtO OEt 

なお，得られた化合物の不斉収率は，光学活性ガスクロマトグラフイー，および光学

活性高速液体クロマトグラフイーにより決定した.別途ラセミ体を合成し (Scheme2， 

Table 2) ，ラセミ体のピークが分離する条件で，それぞれのピークの面積比が1:Iを

示すことを確認した. 3bの絶対配置は， DæAL~H還元で文献既知のア lレデヒド26 とし，

その旋光度の向きを比較することにより決定した (Scheme3) 

B 

EQPEt 

Me Ij 0:ててR
Ph‘:¥... __ -0.. ふ

V- ': Li+ ぺCH
- N H  

¥ O-~C\ 

Me OMe 

A 
Figure 1 

第2章 キラルアルコキシドを用いるアキラルホスホネートのエナンチオ選択的不斉

Homer-Wadsworth-Emmons反応

キラル塩基として 2座配位型であるエフェドリンのリチウムアルコキシド

({IR，2S)-4) ， プロキラルケトンとして 4-tert~butylcyclohex釦one (1)を用い，エナン

チオ選択的不斉 Homer-Wadswo吋l-Emmons反応を検討した.ホスホネートとして，ェ

ステルを有する2aを用いると， THF， tolu巴neのいずれの溶媒を用いた場合においても ，

化学収率は低<，不斉は金〈誘起されなかった (run1，2) .一方，ニトリルを有する

2bを用いると，反応は速やかに進行した 溶媒としてTHFを用いると不斉は誘起され

なかったが， lolueneを用いると， 17%eeで (R)-3bが得られ，わずかではあるが不斉誘

起が見られた (run3， 4) (Scheme 1， Table 1) . 

アキラルホスホネートの検討第 1節

run phosphonate product cy (%) 

42 

quant 

3a 

3b 

2a 

2b 

t月u thout月u

r"'-， (1.1 eq) r "'-， 
I I + (EtOhP(0)CH2X 一一一~I
k、 / ι THF L...、ノ

g -45 oC 3 h t 
(サ3ムTable2 

5 

6 

Me Ph 

下イ
Me-N 0 

H L( 

(1 R，2S)-4 

tBu 

T 
X 

(R)-3a-b 

(1 R，2S)-4 
(1.1 eq) 

(EtO)2P(O)CH2X + 

国
〈
〉
o

tBu 

t。
(R)ー5

[αf;46~49 .49 :!: 0.36 
(c 1.38， CHCI3) 

ref tsu 

t。
(R)ー5(72%) 

[α126・23.5(c 1.40， CHCI3) 

2a-b (1.1 eq) 

DISAL~H (1.1 eq) 

1 (1.0 eq) 

Scheme 2 

tsu 

t 
(十3b(1.0 eq) 

(51% ee) 

Scheme 3 

2a-b (1.1 eq) 1 (1.0 eq) 

Scheme 1 

ee (%) 

。
<1 

0 

17 (局

cy (%) 

2

8

9

6

 

4

1

9

8

 

reaction condition product 

n
H
a
M
h
U
』

u

qJU
内

o

n

d

句。

-450C 3 h 

-450C 3 h 

-450C 3 h 

-780C 3h 

THF 

Toluene 

THF 

Toluene 

solvent phosphonate 

2a (X= C02Me) 

2a (X= C02Me) 

2b (X= CN) 

2b (X= CN) 

run 

1

2

3

4

 

アキラルホスホネートとしてニトリルを有する2bを用い，手重々検:討を行った.以下，

ホスホネートとして2aを用いた場合に化学収率が低い理由として，ホスホネートの

キラル塩基による脱プロトン化が不十分なこと，及びホスホネートカルパニオンの反

応性が低いこと，などが考えられる キラル塩基として，より塩基性の高いキラルリチ

ウムアミドを用いたときにも同様な化学収率を示すことから，ホスホネ ートカ ルパニ

オンの反応性が低いことが影響していると思われる なお，ホスホネートα位のpKa(in 

EIOH， 20.0 0，。は，それぞれ19目75(2a)， 18.35 (2b)と報告されている25

ホスホネートぬ では不斉誘起が見られるのに対し， 2aでは不斉は誘起きれなかった

2b (J)リチウム塩の構造は不明であるが， 2aのリチウム塩は環状をとることが予想され

るべキラlレ配位子が2aのリチウム塩に配位しでも単一の錯体を形成できない (A若し

くはB)ために不斉が誘起されないと考えられる (Figure1) . 

10 

Table 1 

11 
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第 2節 キラJレアルコキシドの検討

前節で設定した反応系について，キラルリチウムアルコキシドのスクリ ーニングを行っ

た.

1 )窒素上置換ままの効果.

キラルリチウム 2-アミノアルコキシドの窒素上の置換基の効果について調べた

(Scheme 3， Table 3) 窒素上の置換基をかさ高くするにつれて不斉収率が向上し，

ネオベンチル基を有する(IR，2S)-8を用いたときに，化学収率 92%，52% eeで現在まで

のところ最高の不斉収率で， (R)-3b治宝得られた.

tBu 

中+(EtO)2P川

0 

1 (1.0 eq) 2b (1.1 eq) 

Scheme 3 

AIkoxide (1.1 eq) 

Toluene -780C 3 h 

tBu 

t 
(R)-3b 

run Alkoxide R cy (%) ee (%) 

6 H 98 4 下イ
2 4 Me 86 17 

R-N 。
H Li 

ノ

3 7 'Pr 77 19 (1 R，2S)-4・8

4 8 tSUCH2 92 52 

Table 3 

窒素置換基上のかさ高さが， αイ立に必要なのか， 日位に必要なのかを調べた.α
位に大きな置換基を有し 7よりもかさ高いと考えられる9を用いたが，不斉収

率は改善されなかった (run 3) . 9のフェニ Jレ基のうちの一方をのぞいた10を

用いると不斉収率は回復する (run4) .この結果は， s位のかさ高きが重要であ

ることをも示唆する結果であると考えられる.

次に ，s位置換基のかさ高さについて検討した. sf立をフェニル基，ネオペンチ

ル基とかさ高くするにつれ，不斉収率が向上している.そのほかのP位がかさ高

いアルコキシドを用いて検討したところ， 11，12，14を用いたときに8に匹敵
する不斉収率を実現した (run5-6， 8) .これらの結果から， s位を中心とする

かさ高さが，本反応の不斉誘起に重要な役割を果たしていると考えられる.一方，

R位に lert・プチJレ基のみを有する 15では，不斉収率が低下した (Table4) 

12 

tBu tBu 

下イ中 …山守+ (EtOhP(O)CH2ιCN 
C3h 

R-N 
H 
。

Toluene -780 

L( 

o 
'CN 

(1R，2S)ー7-15

1 (1.0 eq) 2b (1.1 eq) (R)-3b 

Scheme 3 

run Alkoxide R cy (%) ee(%) 

Me 

7 
Me人 77 19 

2 8 tBu/ヘ¥ 92 52 

Ph 
3 9 

Ph人
86 16 

4 10 Ph/へ¥ 84 34 

5 11 も〈 86 51 

6 12 ℃ミγ¥ 70 48 

Me 

7 13 Meyヘ 87 40 

Me 

8 14 Ph
jへ 96 49 

Ph 

9 15 tBu~ 87 20 

Table 4 

13 



配座数の異なるアルコキシドを用いて検討した. 3座型，および4座型のアルコキシ

ドを用いて検討したが，不斉収率は大きく低下した (run1， 2) .本反応には 2座配位

型のキラ Jレリチウムアルコキシドが有効であると恩われる.また，分子内配位子を有し

ないアルコキシドを用いると不斉誘起は見られなかった.このことから，本反応の不斉

誘起には，分子内配位子とリチウムを含む 5員環キレート構造が重要であると思われる

(run 3，4) (Table 5) . 

tsu tsu 

中
抽出川

+ (EtObP(0)CH2CN 
Toluene -780C 3 h 

。
N 

1 (1.0 eq) 2b (1.1 eq) (R)-3b 

Scheme 3 

run Alkoxide R cy (%) ee (%) 

16 MeO~、 95 17 

2 17 Me 91 4 

Me2N/ヘ、，...N，ザ~

3 18 95 

4 19 75 。
Table 5 

Me 

下イ
Ph 

むMeーイ
円『 NH ノ

。 。
Li Li ノ . 

(1 R，2S)ー16・17 (s)ー18 Me/へMe

19 

14 

分子内配位子として 3級アミノ基を有するキラルアルコキシドを用い，検討した.い

ずれのアルコキシドを用いても ，比較的良い結果治宝得られ，アミノ基が2級でなければ

ならないわけではないことが示された (run1-4) .一方， 8のアミノ基にメチル基を導

入した24では，全く不斉誘起が見られなかった (run5) (Table 6) . 

tsu 

中+向山
。

1 (1.0 eq) 

Scheme 3 

run 

2 

3 

4 

2b (1.1 eq) 

Alkoxide 

下イ、N' '0 20 

Me〆 L(

下イ。ノO

Li 

c行。
O 〔 MNe 下イOPh 』ヮ3

¥__j L( 

5 
tBU〈 M門e Ph 24 

I . ./ 

Me Li 

Table 6 

AIkoxide (1.1 eq) 

Toluene -780C 3 h 

cy (%) ee (%) 

89 41 

93 29 

92 31 

81 49 

88 0 

15 

~N 
(R)-3b 



およびリチウム塩の添加の効果

種々のキラルリチウムアミドを用い，検討を行った. 8のジアニオン 33，お

よびアルコールをメチル基で塞いだリチウムアミド34を用いて検討したが，不

斉誘起は見られなかった (run2， 3) .また，我々の研究室で開発された，エナ

ンチオ選択的不斉脱プロトン化反応に有効な35，およびエナンチオ選択的不斉アルキ

ル化反応に有効なキラ Jレ外部配位子のリチウムアミド36とも低い不斉収率を示した

(run 4， 5) .また， spartemを用い検討したが，低い不斉収率を示 した (Scheme3， 

Table 8) . 

リチウムアミドを用いた検討，3) 

同・・〈
)
L
M

Sase (1.1 eq) 

Toluene -780C 3h 

ISU 』

中+ ( 日ω問叫叫吋山0)叫叩叩)2伊例2P川P円(向0)

O 
1 (1.0 eq) 

Scheme 3 

2b (1.1 eq) 

窒素上の置換基をネオペンチル基に回定し，アミノアルコール炭素上の置換基の効果

について検討した.8の炭素上の置換基をメチル基のみにした25，フェニル基のみに

した26を用い検討したが，不斉収率は低下し，両方の置換基が必要であることがわかっ

た (run2，3). 25などのアミノ酸誘導体は，置換基のかさ高さに関わらず，ほほ一定

の不斉収率を示した (run4， 5) . 

8のメチル基の相対配置を逆にした30では，不斉はほとんど誘起きれなかった (run7). 

また， 8のメチlレ基をフェニJレ基にした31では不斉収率が低下した (run8) . 

アミノ基と水酸基がcisに固定された32を用いると， 8を用いたときとほぼ同等の不

斉収率を示した.このことから， 8を用いた反応においても， 32と類似の立体構造を

とっているものと息われる (run9) (Scheme 3， Table 7) . 
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Ph 
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IBu
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Table 7 
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また，種々のリチウム塩を添加した系で検討した.

Run 2では，反応系に1.1当量のLiBrを添加したが，不斉収率の低下が見られ

た.しかし，かなりの量のLiBrが溶け残り， LiBrを添加を添加したときの系が

実現できなかった.そこで， run 3ではふOHの塩酸塩に対してBuLiを2当量加

えてLiCIを発生させて検討した.反応は均一系となったが不斉収率は大きく低

下した.また， Horner-Wadsworth-Emmons反応の副生成物として生じるホスフェー

トのリチウム塩を添加すると，不斉収率の低下が見られた (run4) (Scheme 

4， Table 9) . 

'Bu 

中(日0)…N

0 
1 (1.0 eq) 2b (1.1 eq) 

Scheme 4 

(1 R，2S}-8 (1.1 eq) 

Additive (1.1 eq) 
Toluene -780C 3 h 

'Bu 

t 
(R)-3b 

run Additive cy (%) ee (%) 

下イnone 92 52 
'Bu ...... ヘN 0 

2 しiBra 67 43 H L( 

3 LiCI 67 7 (1 R，2S}-8 

4 (EtOhP(O)OLi 80 41 

a A part of LiBr was insoluble. 
Table 9 
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第 3節溶媒効果

本反応の不斉収率は，用いる溶媒に顕著な影響を受ける.

キラルアルコキシドとして8を用いた場合， lolueneが最も良い結果を与えた. Et，Oを

用いると不斉収率は低下し， THF， DMEでは不斉は誘起されなかった.また， lolueneを

用いたときに，外部配位子としてHMPA1.0当量を添加すると，不斉収率の低下が見ら

れた.溶媒の配位能が高くなるにつれて不斉収率が低下することから，配位能の高い溶

媒中では，ホスホネートのリチウム塩が溶媒和され，不斉誘起に有効な，キラルアミノ

アルコールとの錯体の形成が妨げられている，と考えることができる (Scheme5， 

Table 10) . 

'Bu 』

中+ (E日m問叫町叩tの問叫仰州0)叫叩附l2伊別2P円P円(向0)

O 

1 (1.0 eq) 

Scheme 5 

2b (1.1 eq) 

run Solvent 

Toluene 

2 Et20 

3 DME 

4 THF 

(1 R，2S}-8 (1.1 eq) 

Solvent -780C 3 h 

'Bu 

t 
(R)-3b 

cy (%) ee (%) 

下イ
92 52 'Bu ...... ヘNH/  O 

94 34 Li 

93 
(1 R，2S}-8 

87 。
5 Toluene + HMPA (1.0 eq) 95 28 

Table 10 
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第4節反応時間の効果

キラルアルコキシドとして(lR，2S)-8を用い，反応時間を変化させて検討した.いず

れの反応時間においてもほぼ同等の不斉収率を示した 本反応の生成物が α，s-不飽和

ニトリルであり，アミンなどのマイケル付加ー逆マイケル反応によるラセミ 化の可能性

があるが，反応時間の聞では，このようなラセミ化は起きていないと思われる

(Scheme 3， Table 11) . 

第5節 反応温度の効果

キラ ルアルコキシドとして(lR，2S)-8を用いて，種々の反応温度における不斉Homer-

Wadsworth-Emmons反応を検討した.反応温度を下げるに従って不斉収率は向上し，

-78 "cのときに 52%伎を示した (runト 4).さらに反応温度を下げることで不斉収率

の改善が見込まれたが，予想に反し，ー100"cでは不斉収率は改善されず，むしろ低下

した (run5) .この原因については第 5章で議論する (Scheme3， Table 12) . 
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10π11n 58 49 

2 30 min 70 51 

3 1 h 84 51 

4 3h 92 52 

Table 11 

Me Ph 

〈下イ
tsu'、N 0 

H L( 

(1 R， 25)-8 

1 (1.0 eq) 

Scheme 3 

2b (1.1 eq) 

2

3

4

 

Temp (oC) cy (%) ee (%) MeHPh 

-20 90 28 tsu"""ヘNH ノO 
-60 79 42 Li 

-78 92 52 (1 R， 25)-8 

-100 85 48 

run 

Table 12 
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第6節他のプロキラルケトンを用いた検討

キラルアルコキシドとして(lR，2S)-8を用いて，種々のプロキラルケトンとの不斉

Homer-Wadsworth-Emmons反応を検討した. Cyclohexanone 4位置換基がメチル基のと

きに不斉収率の低下が見られるが (run4) ，イソプロピル基，およびフェニル基のと

きは te，件プチル基のときとほぼ同等の不斉収率を示した (run ト 3).また，

bicyclo[3ふO)oc回 E・3，7・dioneを基本骨格とするプロキラルケトンを用いて検討したが，

低い不斉収率を得るにとどまった (run5) (Scheme 6， Table 13) . 

Me Ph 

tD..~ トイ (1 R，均 8
N 0 
H ，ノ (1.1eq) 

Ketone 

(1.0 eq) 

+ (EtOhP(O)CH2CN 一一一一一二

2b (1.1 eq) 
Toluene 3 h 

Scheme 6 

run Ketone Temp (OC) cy (%) 

。=O-R
R = tBu ー78 92 

2 円=Ph -78 85 

3 R = 'Pr -78 94 

4 R=Me -78 84 

5 

oくひコ
-45 98 

Table 13 
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Olefin 

ee (%) 

52 (用

46 

47 

36 
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第 3章 反応メカニズムの解析一一一アルドール中間体の脱離反応の検討

前章までにおいて設定した反応系について，反応メカニズムを解析するために，以下

のような検討を行った.

第 1節 アルドール中間体の合成

Homer-Wadsworth-Emmons反応は，ホス ホネートカルパニオンのカルボニル化合物

へのアルドール反応，およびそれに続くホスフェートが脱離する反応の 2段階の反応か

らなると考えることができる.本反応では，いずれの段階も不斉収率に影響を与える可

能性がある.

まず 1段階自の反応である，プロキラルケトンへのアルドール反応におけるジアス

テレオ面選択性について調べる目的と，アルドール中間体を合成する目的で，シリ Jレ化

剤による中間体の捕捉を試みた.しかし，所望の中間体は得られず，脱離反応が進行し

たオレフインが生成した (Scheme8) . 

Scheme 8 cy 33% 7% ee 

オレフィンの化学収率が低下した理由としては，アルコキシドの窒素がシリル化され

て塩酸が発生し，アルコキシドを消費したためであると考えられる.また，不斉収率の

低下した理由としては， TMSCIやシリル化されたアルコキシド，副生した LiCIが反応に

関与したためと恩われる.

そこで 2段階自の反応であるアルドール中間体からホスフェートが脱離する反応に

ついて，別途合成したアルドール中間体をキラルリチウムアルコキシドで処理すること

により検討することとした.

P位にーCN，-CO，R，ーCORなどの電子吸引基を有するホスホネートを用いたHom巴r-

Wadsworth-Emmons反応において，立すカチオンにリチウムやナトリウム，カリウムなど

の金属を用いた場合，ー100"cにおいても速やかに脱離反応が進行し，アルドール中間

体は得られないがIb 対カチオンにマグネシウムを用いると，アルドール中間体の単離

が可能な ことが知られている.すなわち， Seyden-Penn巴らは， ホスホネートとGrignard

試薬から調製したマグネシウム塩をbe即刻化hydeと反応させると，アルドール中間体が

得られることを報告している'6
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この方法を用い， 4-len-butylcyclohexanoneとのアJレドール中間体の合成を試みた.溶

媒としてTHFを用いると，脱離反応、が進行した(:t)-3bも生成するものの，アルドール

中間体(:t)-37を単離することができた.単離した(:t)ー37は単一のジアステレオマーで

あった (Scheme9) . 

(:t)ー37の合成に際し，反応時間を 3hに延長しでも化学収率に大きな差が見られなかっ

た.このことは， THF中において(:t)-37のマグネシウム塩は，低温では比較的安定で

あることを示していると恩われる.

~u OB 

中 叫MeMgB肋r(い1.05eqω) 「 HF『で三
+ (EtOhP(0)CH2CN ~，，_ __ _~ ~， tBuぺコミfkH lH州 R

ι F -780C 1 h --~ -CN 3.03 ppm 

0 
OH 

1 (1.0 eq) 2b (1.1 eq) ‘ (:t)-37 (54%) 
SclIeme 9 + (:t)-3b (32%) 

相対配置を決定するために(:t)-37のX線結晶構造解析を試みたが，測定に適当な結品

を調製することができなかった.同様の条件で4-phenylcyclohexanoneからアルドール中

間体(:t)-38を合成し，得られた結晶をisopropanol-水系から再結品したところ，測定に

適当な結晶を調製することができた (Scheme10) . (士)-38はX線結品構造解析の結果

から 4位フェニル基と水酸基がcis配置をとっていることがわかった .'H-NMRにお

いて， (:t)-37， (土)-38それぞれのメチンプロトンが同様の化学シフトを示すことから，

(:t)-37についても 4位置換基と水酸基がCIS配置をとっていると予想された.以下，こ

の方法で得られたアルドール中間体を(:t)-cIs-37とする.

Ph 中川gB吋
+ (EtOhP(0)CH2CN エ

~ ~ THF -780 1 h 

。
(1.0 eq) 

Scheme 10 

2b (1.1 eq) 

OEt 

0と十05人
Ph々コミ_):::~.， 'H小JMR

'-'"""'~γCN 3.09 ppm 

OH 

(:t)-38 (28%) + olefin (56%) 

一方，汀飢S配置のアルドール中間体 (:t)-lrans-37は，溶媒として lolueneを用いたとき

に単離することができた (Scheme11) .化学収率の低下は， toluene中ではホスホネー

トのマグネシウム塩が析出したためであると恩われる 得られた (:t)-lrans-37は不安定

で，室温で 2日放置すると， 'H-NMRにお いて 5.03ppmにオレフィン由来と思われる

ピークが観察された.

24 

~u '~NMR 
よ tRII/ヤイ¥.OH 13.44 ppm r-"'-， MeMgBr (1.05 eq) ーレ---γハノfortran5 

I I + (EtOhP(0)CH2CN --~-，--.シH""'__"" isomer 
'- / .~ .. ~ Toluene ‘~ ............. 
~ 'U'U""" NC' ;P 
11 -20 oC 26 h 0' .: _OEt o ----_. OEf 

1 (1.0 eq) 2b (1.1 eq) (:t)ーα5-37(20%) 
(:t)-tran5-37 (18%) 

Scheme 11 + (:t)ー3b(10%) 

こうして得られたアルドール中間体を用い，種々の条件で、脱離反応の検討を行った.
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1) (土)-cis・37を用いた検討

第2節 アルドール中間体からのホスフェートの脱離反応の検討

Me Ph 

OEt 、一一，
0、L〆OEtI白川/'..，，' 'r， (1 R，2S)-8 

4-C  山日 1:/、J (1.1 eq) 

ISU..... ¥:::=-ヤkcN iidltve 

OH Toluene -780C 1 h 
(:t)ーci::r37

Scheme 12 

ヤPh~C

促
斗
引
ぴ

同比

U
山

中
旬
加

31 

1)の可能性については，この系を評価する適当な系を組むことができていない.一方，

2)の可能性については， 1.1当量のb巴氾a1dehydeを添加して検討したところ，

cinnamoni出le(39)の生成が確認された (run3) .このことから，アルドール中間体から

レトロアルドール反応が進行して-.f!.ホスホネートカルパニオンが生成しているこ

とが示された.なお，この反応における3bと39の生成比は約 1 1であった.また，

0.5当量の8を用いた検討した結果においても，元の不斉反応と同じ不斉収率を示した

(run 2) なお， (lR，2S)-8をキラル塩基とし，1.1当量の2bに対して，それぞれ]当圃

ずつの1とbe氾a1dehydeとの混合物を反応させると，得られた3bと39の比は約 1: 3.5 

であった(Scheme13). 

1BLIMe!Ph 也u

，........-"-.， lo../'.. .，/ 'r， (1印刷 〆~
[ 1 + (E叫 P(O)CH2CN BuH/O(11叫 「トp〆、〆CN
........ノLiに J

UPh C H O(11叫- ~ 
Toluene -780C 1 h "CN 

1 (1.0eq) 2b(1.1eq) (R)ー3b 39 

Scheme 13 cy 17 oio.，' 2-5-;'/0 ee \~ì~~O~~ 
(Z) 11% 

(:t)ーcis-37を1.1当量の(JR，2S)-8で処理したところ，化学収率 89%，52% eeで元の不

斉反応と同じ (R)-3bが得られた (Scheme12， Table 14， run 1) . 

(:t)ーcis-37の水酸基が脱プロトン化された後，直ちにホスフェートが脱離すれば， ラ

セミ体の3bが生成するはずである.しかし、笑際に得られた3bは光学活性体であった.

この理由として，以下の理由が考えられる.

まず， run 1において，得られた3bのうち(R)体が 68%，(S)ー体が 21%得られたことに

なり，片方のエナンチオマーの生成が 50%を越えている.このことは，この反応の不斉

誘起が直接的な速度論的光学分割によるものではないことを示している.

その他に，以下の可能性が考えられる.

1) (:t)一cis-37の活性メチンの酸性度が高いため，キラルアルコキシドにより脱プロト

ン化された後，再びプロトン化される際に不斉が誘起される可能性.

」倒
印

加

3b 
run eq of 8 Additive cy (%) ee (%) 

1 .1 none 89 52 (月
2 0.5 none 51 52 (町
3 1 .1 PhCHO (1.0 eq) 40 18 (周

Table 14 

2)(:t)ーtrans-37を用いた検討.

川一文。;Et

Me Ph 

デーイ (1R，叫 8
Su- .N 0 

H Li/(11eq) 

Additive 

Toluene -780C 1 h 

中いんサ
(:t)-tran::r37 

Scheme 14 

3b 
run eq of 8 additive cy(%) ee (%) 

1 .1 none 84 12 (月

2 0.5 none 41 3 (5) 

3 1.1 PhCHO (1.0 eq) 58 。
Table IS 

2) (:t)ーcis-37からは，ホスフェートの脱離反応よりも早くレトロアルドール反応が進

行し，いったんケトンとホスホネートカルバニオンに戻った後，キラル外部配位子存

在下再び反応が進行し，不斉が誘起きれる可能性

26 

16 

27 
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(:t )-trans-37 を1.1当量の(IR，2S)-8で処理すると 12%eeで(R)-3bが得られた

(Scheme 14， Table 15， run 1) .先の(:t)ーcis-37を用いた結果と比較すると ，化学収率

には大きな差は見られないが，不斉収率は大きく低下した このことは，(:t)-trans-37 

からの脱離反応の際には一部はレトロアルドール反応が進行して(R)-3bが有利に生成し

ているが，その規模は小さいことを示していると解釈される.しかし，(:t)-trans-37を

0.5当量の8で処理すると， 3%eeで(S)-3bが得られた (run2) . 1.1当量の8で処理し

たときに一部はレトロアルドール反応が進行して(R)-3bが有利に生成していることを考

えあわせると， run 2においては， レトロアルドール反応による(R)-3bの生成を凌駕す

るような，(S)ー3bが有利に生成する系が存在していることが予想される.例えば， (:t 

)-trans-37の水酸基の脱プロトン化，もしくはホスフェートの脱離反応における速度論

的光学分割などが考えられる.

一方，benzaldehyde存在下の脱離反応を検討したところ， 3bと， benzald巴hyd巴由来のオ

レフインの生成比は約 3: 1で， benzaldehyd巴由来のオレフィンの生成比は， (:t)ーcis-37 

を用いた結果と比較すると小さくなっている.ま た，この反応で得られた3bは， 0%伐

であった (run3) . 

以上のことから，反応メカニズムは以下のように説明できると思われる.

Be回a1d巴hyde存在下において， (:t)ーcis-37を1.1当量の8で処理した結果から，脱離反応

よりも速くレトロアルドール反応が進行することを示唆する結果を得た.このことは，

アルドール体(:t)-cis・37のアニオンが，元の不斉反応の初期の状態，すなわちケトンと

ホスホネートカルパニオン (Scheme15においてC)と平衡状態にあることを示してい

ると恩われる.実際，ホスホネートのpK，(約18)とアルコールのpK，が近い値を取って

いることからも支持される.また，アルドール体のアニオンとキラルアミノアルコール

の錯体 (0，E)は互いにジアステレオトピックな関係にあるため，錯体の安定度，いい

かえれば，アjルレド一jルレ体の脱離反応応、の速度に差が生じる可能性がある.本反応応、において

は，(R町)-3bを生成する錯体(佃0)のほうが不安定である (仇kιc州l

すると， 0が消費されるに従い， CもしくはEから平衡を経由してDが供給されて，最終

的には得られる(R)-3bと(S)-3bの量に差が生じ，不斉誘起が観察される，と考えられ

る.

その一方で， benzaldehyd巴非存在下での脱離反応では(R)-3bが67%，(S)-3bが21%得ら

れた言k算になるのに対し， b巴氾a1dehyd邑存在下での脱離反応では(R)-3bが24%，(S)-3b 

が16%得られた計算になり ，(R)-3b の生成だけが大きく低下している • (R)-3bの生成

に用いられるはずのアニオンか、e氾剖dehydeに消費されたとすると， cとD との聞の平

衡は， C仮~に偏っていると恩われる .C と E との間の平衡状態については不明であるが，

全体的に見ると， C， 0， Eの問ではCとEに平衡が偏っているであろう .Benzald巴hyde

存在下では， Eからの脱離反応は遅いにもかかわらず，0が供給されないため，見かけ

上，不斉収率が低下する.

一方， (:t)-trans-37については， (:t)ーcis-37の場合よりもレトロアルドール反応が起きて

いる程度は小さいと恩われる.しかし， 0.5当量の8で処理したところ，わずかではあ

28 

るが(S)-3bが主に生成しているが確認された.一部レトロアルドール反応が進行して

cis-37となり， 0からの脱離反応を経て(R)-3bを主に生成する経路の他に， (S)-3bを主

に生成する経路，たとえば(S)-3b由来のアルドール体からの速度論的光学分割，などが

起きている可能性がある.また， be氾a1dehyd巴存在下での脱離反応では0%巴Eであった.

この反応では， レトロアルドール反応ののちDを経由して生じるはずの(R)-3bが

be氾a1dehydeにより消費され，また速度論的光学分割などの別経路により (S)-3bが優先

的に生成した結果，たまたま O%eeであったと解釈している.しかし，プロキラルケト

ンへのアルドール反応における立体的要因から， trans-37が実際の不斉反応に対する寄

与は，小さいと考えている.

。十OEt

m 九戸CN

デイ

中LJjt-cN

いMe

C 

OEt 
0十OEt

tD../て--¥且 I tBu 
Bu' ¥._.:..-斗/へCNI ~ 

Li + ~- I kcis-(S) fl 
戸、NR'R2 I 人ノ

ドMe j ~CN 
E (s) 

Scheme 15 Proposed m巴chanismof elimination r巴actionof phosphate from (::t)-

cis-37 m巴diatedby chiral lithum alkoxides. 
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第4章 ホスホネートのエステル置換基の効果

第3章において，本不斉反応の不斉誘起が，レトロアルドール反応を経て生じるアル

ドール体のアニオンと，キラルアミノアルコールとの錯体の安定性に起因することが示

唆された.そこで，レトロアルドール反応を経ずに，速度論的に反応が進行すると考え

られるホスホネートを用いた不斉Hom巴r-Wadswonh-Emmons反応を検討した.

第 l節背景

Homer-Wadswonh-Emmons反応では，多くの場合，(E)ーオレフインが主生成物として

得られる.それに対し， (z)ーオレフインを主生成物として得る反応の開発が進められて

きた

S副lらは，メチルエステJレ，および2ム2-トリフルオロエチルエステルを有するホスホ

ネートのHomer-Wadswonh-Emmons反応を検討した28 メチルエステjレのホスホネート

からは熱力学的に反応が進行した(めー体のオレフインが主生成物として得られたのに対

し， 2，2，2-トリフルオロエチルエステルを有するホスホネートからは，速度論的に反応

が進行した(z)ーオレフインが主生成物として得られることを報告している.以後，この

方法は(Z)ーオレフインを選択的に合成する方法として広〈用いられている.また，安藤

は，フェニルエステルを有するホスホネートを用いたHomer-Wadswo口h-Emmons反応、を

検討したところ，高い選択性で(Z)ーオレフィンが生成することを報告している29

W. C. Still and C. Gennari (1983) 

PhCHO + (RO)2P(O)CH2C02Me 

K. Ando (1995) 

PhCHO + (PhO)2P(O)CH2C02Me 

KHMDS 

18・Crown-6
THF -78 oC 

KHMDS 

18-Crown-6 
THF -78 oC 

Ph 

Ph~ +、
C02Me C02Me 

(2) (E) 

R cy (%) Z/E 

Me >95 1 : >50 

CF3CH2 >95 >50: 1 

Ph 

Ph/、l + 、
C02Me C02Me 

(2) (E) 

cy98% 
(2) : (E) = 99: 1 

これら 2つの反応に共通する点は，ホスホネートのエステJレ置換基に電子吸引基を有

することである.これらの反応における(z)ー選択性は，ホスホネートのアルデヒドへの

アルドール反応が進行した後，レトロアルドール反応を経ずに速やかに脱離反応が進行

30 

するためであると考えられる この方法を筆者の反応系に適用した場合，熱力学的なコ

ントロールを受けて反応が進行する場合と，速度論的に反応が進行する場合とで，不斉

収率にどのような変化が現れるか，比較検討することができる.

また，一般的な脂肪族エステルを有するホスホネートを用いた場合，立体的なかさ高

さを変化させることにより，不斉収率への影響が予想される.そこで，種々のエステル

置換基を有するホスホネートを用いた不斉Homer-Wadswonh-Emmons反応を検討した.
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第 2節 ホスホネートの合成

ホスホネートの一般的な合成方法として， Michaelis-Arbuzov反応が挙げられる30

Michaelis-Arbuwv反応は，重リン酸エステjレがハロゲン化アルキルに攻撃し，生じたホ

スホニウム塩のエステル置換基上の炭素一酸素結合が開裂し，ホスホネートとともに，

別のハロゲン化アルキルが生成する反応である.炭素一酸素結合の開裂の段階は，ハロ

ゲン化イオンの炭素原子への攻撃により促進されていることも予想される.

r RO 門 X今 Rァ0、 1
R'X l' .~， AR' '-_" 1 

P(ORb一一一ー IRO-'P:--"; l' --)1ー す 'P+-R'I一一一....(RO)2P(0)R' I "_ /・ ~x -ROづ I-RX 
I RO " RO' I 

本反応により，エチルエステル 2b，およびその他の脂肪族エステルを有するホスホ

ネート 2c，2dを合成した.メチルエステル2cについては，副生する bromome由加Eが

trune出ylphosphiteと反応するために化学収率は低下した (Scheme16) . 

P(OEt)3 + BrCH2CN ご (EtOトP(O)CH，CN
(1.0叫 (1.0叫 reflux11h ib(90%)ど

:(3Y33+ ? ;泣か (MeO別 0)町 CN (+ (MeO)2P(O)CH3) 

2c (58%) 

P(Oiprb + 8削

(れ1，0eqω) (い1，0eqω) rc..v ¥J r I 11 2剖d(侭60%)

Scheme 16 

次に，フエニルエステルを有するホスホネートの合成を検討した. Triphenyl phosphite 

を用いるMichaelis-Arbuzov反応は，そのままでは相当するホスホネートは得られなかっ

た.そこで， Landau巴rらは，反応系中にme出釦01をl当量加えて検討したところ，反応

途中に生じるホスホニウム塩のフェニルエステルからメチルエステルへの置換反応が起

こるため， Michaelis-Arbuzov反応が進行することを報告している 31 これを参考にフエ

ニルエステルのホスホネートの合成を試みたが，目的の化合物を得ることができなかっ

た M巴出飢01の置換反応が速やかに進行しないこと ，副生するbromometh如 eからも反応

が進行すること，などの理由が考えられた.そこで，エステJレ置換反応を促進する目的

でp-toluenesulfo凶cacidを加え，さらに，副生するハロゲン化アルキルの反応性を下げる

目的で加えるアルコールを E由加01としたところ，低収率ながらもフエニルエステルの

ホスホネート2eを得ることができた (Scheme17) . 

川
川nv

州
内

同
e

C

1

 

r
1
 

R
u

，t、『，，

+
 
'
i
 

h
)
ぽ

h
lq

H

 

p
e
e
 

ρ
ο
d
 

p
・
什
い

Q
U

EtOH (1.4 eq)， p-TsOH (0.01 eq) 
エ (PhO)?(0)CH2CN

150 oC. 16 h 
， ，-"  2e (28%) 
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次に， 2ム2-トリフルオロエチ jレエステルを有するホスホネートの合成を検討した.

Tris(2ム2-trifluoro巴山yl)phosphiteとのMichaelis-Arbuwv反応では， phosphiteの求核性が低

く，ハロゲン化アルキルへの求核攻撃が進行しにくいため，化学収率が低い.一方 S副l

らは，ホスホン酸メチルエステルを 5塩化リ ンで処理して酸クロリドとし，

2ム2・trifluoro巴出釦01と反応させて目的のホスホネートを得ている札口. しかし，置換基

としてニトリルを含むホスホネートを合成する場合，目的の酸クロリドが得られなかっ

た. 5塩化リンがニトリルと副反応を起こすためと思われる.そこで.オキシ塩化リン

と1.8当量の 2，2ユtrifluoro巴由加01:から調製したホスホン酸クロリドと， acetonitrileのリ

チウム塩から目的のホスホネート 2fを合成することができた (Scheme18) . 

EtoN/ PhH 
POCI3 + CF3CH20H CIP(O)(OCH2CF3)2 

(1.0 eq) (1.8 eq) (30%) 

n-BuLi (1，8 eq) 
CIP(O)(OCH2CF3h + CH~CN 

ー THF-780C 
(1，0 eq) (2，0 eq) 

Scheme 18 

(CF3CH20hP(O)CH2CN 

2f (36%) 

これらのホスホネートを用い，種々検討を行った.
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第3節 ホスホネートエステlレ置換基効果

種々のエステJレ置換基を有するホスホネートを用いて検討を行った (Scheme19， 

Table 16) . 

tsu 包u

o-中
(1.1 eq) ，/''-...， 

+ (RObP(O)CH2CN T_'..___ I Tol 、ノ
ー780C 3 h TI o ， 

一CN
1 (1.0 eq) 2b・f(1.1 eq) 3b 

Scheme 19 

run phosphonate R cy (%) ee (%) 下イ
tBu/

《

¥N
H 

O 
2c Me 78 11 (同 L( 

2 2b Et 92 52 (月 (1 R，2S)-8 

3 2d 'Pr 72 31 (月

4 2e Ph 84 23 (5) 

5 2f CF3CH2 90 17 (司

Table 16 

2bを用いたときにもっとも高い不斉収率を与えた (run2) .脂肪族エステルの範囲

内で比較すると， 2c ，および2dを用いたときに不斉収率が低下する (run1， 3)ことは，

エステル置換基の立体的なかさ高さだけでは不斉誘起の程度は説明できない.

メチルエステル2cを用いた場合 :2cのマグネシウム塩を用いたアルドール中間体の

合成を試みたところ，アルドール中間体は得られず，脱離反応が進行した3bが得られ

た (Scheme20) . 2bを用いた場合にはアルドール中間体が単離できることから， 2c 

由来のアルドール中間体からは脱離反応が進行しやすいことが予想される.

也u

中(川M胤附附叫叩叩…e凶州刈吋叩0)叫叩附b伊例2P列P円(向0)

O 
1 (1.0 eq) 2c (1.1 eq) 

Scheme 20 
↓… 

伽
l
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)
L
c
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一方，第3章において，本不斉反応では，アルドール体のアニオンとキラルアミノア

ルコールとの錯体の安定度の差が不斉誘起の要因の一つであることが示唆された.よっ

て，脱離反応が比較的進行しやすいた を用いた不斉反応では，錯イ本の安定度の差が小

さいため，不斉収率が低下すると考えられる.

イソプロピルエステル2dを用いた場合:2dを用いた反応では， 2bのときと比較す

ると化学収率の低下が見られる (run1， 3) .また，薄層クロマトグラフ ィーで反応を大

まかに追跡すると， 2dを用いた反応の反応速度が， 2bのそれよりも遅いことが観察さ

れた.このことから，基質問士，もしくはリガンドとの簡に立体障害が生じていること

が予想され，このことが，不斉収率の低下につながっていると考えられる.

一方，電子吸引性基を有するホスホネー ト2e，2fでは，不斉収率は低いものの，絶

対配置の逆転が見られた (run4， S) とくに2fは，立体的には2bとあまり変わらない

かさ高さを有しているにも関わらず，生成物の絶対配置が逆転している.

不斉収率の低下は，脱離反応、の進行のしやすさを考慮すると， 2bを用いた反応にお

いて示唆された不斉誘起の要因の一つである，アルドール体のアニオンとキラルアミノ

アルコールとの錯体の安定度の差が小さいためであると考えられる.

また，生成物の絶対配置の逆転については，あくまでも憶測ではあるが，速度論的ア

ルドール反応によ り生成した中間体の不斉収率をそのまま反映しているのではないか，

と解釈している.

ちなみに，ホスホネート 2eについて， 2bのときと同様にマグネシウム塩を用いたア

ルドール中間体の合成を試みたが，所望の中間体は得られず，脱離反応が進行した3b

が得られた (Scheme21) . 
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第5章考察

これまでに得られた知見についてまとめる.

1) 第2章において，プロキラルケトンとして4-lerl-butylcyclohexanoneを用いたアキラ

ルホスホネートのエナンチオ選択的不斉Homer-Wadsworth-Emmons反応を検討し，ホス

ホネートとしてニトリルを有する2bを用いたときに収率よくオレフィンが得られるこ

とがわかった そして，キラルリチウム 2・アミノアルコキシドが本反応の有用なキラ

ル塩基となりうることを示した 特に，ネオペンチル基を有するノルエフェドリン誘

導体 (IR，2S)-8を用いたときに， 52% eeと，現在までのところ最高の不斉収率で，相当

するオレフィンを得た.用いる溶媒はtolueneがもっとも良い結果を与え，他の配位性

の溶媒中では不斉収率が低下した.

2) 第3章において，ラセミ体のアルドール中間体を用いた脱離反応を検討したとこ

ろ，光学活性体で，しかも元の不斉反応と同じ絶対配置のオレフインが得られた.一

方， be氾刻化hyde存在下での検討から，脱離反応よりも速く，レトロアルドール反応が

起きていることが示唆された.このことから，本反応の不斉誘起は，ジアステレオト

ピックな関係にあるアルドール体のアニオンと，キラルアミノアルコールとの錯体の

安定性の差によ っている，と解釈した.アルドール体のアニオンから水酸基と p=oで

2座，キラルアミノアルコールから 2座，それぞれ配位子が提供されて，対カチオン

であるリチウムのtetravalencyが満たされて，ある程度定まった構造の錯体を構築できて

いるのではないかと思われる.また アルドール体のエナンチオマー聞の平衡の関係

は，かなり複雑になっている.第 2章第 5節において，ー100"cでの反応で不斉収率が

改善されなかった理由としては，低温ゆえに平衡のバランスが変化し，p.29のScheme

IS中の Dの寄与が低下したためではないかと思われる.

この研究を始めた当初は，本反応の不斉誘起が，ホスホネートアニオンのエナンチオ

面の識別に基づくものと想定していたが，実際にはそうではない段階で不斉が誘起さ

れていると恩われる.

3) 第4章において，脱離反応が速いとされるホスホネートを用いて検討したところ，

不斉収率の低下，および生成物の絶対配置の逆転が見られた.不斉収率の低下につい

ては，脱離反応、が速いため，ジアステレオトピックな関係にあるアルドール体のアニ

オンと，キラ Jレアミノアルコールとの錯体の聞の安定性の差があまり生じないためで

あると恩われる 絶対配置の逆転については，速度論的に生成するアルドール体由来

の生成物が逆の絶対配置を有していたからではないか，と想定している.

反応における立体構造についての情報は，用いたアルコキシドのデザインからしか得

られていないが，それに基づいて考えてみる.対カチオンであるリチウムカチオンを

介したアルドール体のアニオンとキラルアミノアルコールとの錯体の立体構造につい
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て考察する.この錯体は，リチウムを含むアキラルアミ ノアルコール由来の 5員環 (A

環)，アルドール体のアニオンの6員環 (B環)，およびシク ロヘキサノン由来の 6員

環 (C環)がそれぞれスピロでつながった構造が考え られる (Figure2) .ここで，ア

ルドール体アニオンの 6員環 (B環)を，ニトリルをエカトリアJレ位に配した椅子型の

コンフォメーションに固定して考えてみる.

------O 
tI I _ 0、，

*..--0" p=p.: .........，.， 

I " I A Li. B トーCN
L 〆¥
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Figure 2 IBu 
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* /、 OH ./へ _IBu

《 Y opq r 

'N---L.1~0-1-、.../ L. 

，三'\..，:::::p~~CN
H -.，__ U .0' ......... 

'"川R
Figure 3 

まず， A環の接続は，窒素上置換基のかさ高さから，釜素原子がエカトリアJレ位にあ

ると思われる.これに基づいて考察すると， DとEの構造が考えられる. しかし， B環，

C環上の置換基と， A環上の置換基との相互作用はあまり大きくなように見える.残る

可能性は， A環上の 5員環のひずみに伴う B環6員環椅子型構造の不均一化などが考え

られる.さらに問題なのは， (確認はされていないものの，想定される33)オキサホス

フェタン中間体へ転換していく過程がどのように進行しているかである 特にB環が構

築されると仮定すると，オキサホスフェタン中間体に達するには， 一旦 p=o上の酸素

原子のリチウムへの配位がはずれて，オキシアニオンの攻撃を受けるために隣接する

p-c結合が回転することが必要となる.この過程の進行のしやすさが立体選択性の発現

に重要であると思われるが，現在までのデータに基づいてこれらを考察することは困

難である.
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Stillらが行った(2)ー選択的オレフ イン化反応の条件は， KH恥IDS/18-Crown-6という，

なるべくカチオンを反応系から排除する条件であり，速やかに脱離反応が進行するこ

とが予測できる.よって，このような条件を用いれば反応系も考えやすいが，本反応

の不斉誘起には，リチウムを含む 5貝環キレート構造が必須であると考えられるため，

実現は難しいと思われる.

材庁究は，出発の時点でキラル塩基としてキラルリチウムアルコキシドという塩基性

の低い塩基を選んだために，用いる基質も酸性度の高い基質を用いらざるを得ずにこ

のことが，反応系を複雑にする原因となった.レトロアルドール反応が考えにくい系，

たとえばキラルリチウムアミドなどの強塩基と， s位にフエニル基などの置換基を有す

る比較的酸性度の低い活性メチレンを有するホスホネートを用いた系での検討は，研

究の幅を広げていく点で意味のあることと考えられる.

また.本反応の遷移状態、における立体構造についても不明のままである.特に，筆者

が検討した反応においては，アルドー Jレ体のアニオンとキラルアミノアルコールとの

錯体における安定性の差，という，非常に不安定な遷移状態が重要であることが示唆

された.よって，ホスホネートカルパニオンとキラルアミノアルコールとの錯体の立

体構造についてN恥依やx*財古品解析などの検討をおこなったとしても，筆者が検討し

た反応に対して正しい情報を与えない可能性がある.その点からしても，本反応の研

究をすすめていくうえでは，より広範な基質，およびキラル塩基の選択を行い，その

立体選択性を説明する上での情報を得やすい系での検討が適当ではなかったか，と考

えている.
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第 6章 アルコール合成

反応に用いたキラルアミノアルコールは，以下のように合成した.
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本研究により，キラルリチウムアミノアルコキシドを用いたエナンチオ選択的不斉

Homer-Wadswo口h-Emmons反応が可能であることを初めて見いだした.本反応にはリチ

ウムを含む 5貝環キレート構造をとりうるキラルリチウム 2-アミノアルコキシドが有効

であった.不斉収率の面でまだ問題があるものの，不斉Homer-Wadsworth-Emmons反応

をキラル外部配位子でコントロールできた初めての例であるといえる

また，アルドーJレ中間体を用いた検討から，本反応の不斉誘起にはレトロアルドール

反応による熱力学的なコントロールが重要な役割を果たしていることが示唆された.

筆者は現在の研究室に修士課程から入ってきてから，キラルアルコキシドを用いたエ

ナンチオ選択的不斉反応の開発という目的で研究を続けてきた.従って，用いるホスホ

ネートの選択の幅が制限され，結果的にレトロアルドール反応など，反応系を複雑にす

る原因になってしまった.反応メカニスムを追っていくに従い，アルドーJレ体とキラル

アミノアルコールとの錯体の安定性，および，基質との平衡状態などの複数の因子によっ

て不斉収率が決定されているらしいことまでは解ってきた.単なるオレフインを合成す

る反応，というものではなく，その反応の中身は，かなり複雑である.

また，反応の遷移状態での立体構造などに関する情報はまだ得られおらず，今後の課

題の一つである.

しかし，塩基を用いる主な不斉反応一一一一一我々の研究室における例を挙げるなら，

不斉脱プロトン化反応であるとか，エステルエノラートの不斉アルドール反応など一一

一一ーが，速度論的に不斉が誘起されるのに対し ，私の検討した反応が，熱力学的なコ

ントロールを介するステップが重要である反応である，という点は興味深いと患った.

筆者は現在まで，これまでの塩基を用いる不斉反応を，キラルリチウムアミドという

(筆者の目から見れば非常に塩基性の強い)塩基を用いた反応という視点からでしか眺

めることができず，比較的塩基性の弱いアルコキシドの特性を生かした反応の設計，検

討を行うことができなかった.具体的なアイデアを出すことは難しいが，もっと違った

見方をすれば，キラルリチウムアルコキシドという弱い塩基も，より汎用性の高い塩基

にすることカfできるようになると思っている.
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Experimental Section 

General Notes AII melting point were determinned by using a Buchi 510 m巴ltingpoint 

apparatus and are not corrected. Spectra reported herein were recorded on a JASCO R巴port-100

In仕aredspec汀ometer，a JEOL 11ぜM-EX-270FT NMR SYSTEM with t巴tram巴thylsilaneas an 

internal standard， a JEOL JMS-Ol SG-Z MASS Spectrometer， a JEOL DX-303 MASS 

Spectrometer， a JEOL SX-l02 MASS Spectrometer. Optical rotations were measured with a 

JASCO DIP-370 Digi凶 Polarimeter 百1巴liquidchromatography was performed with a JASCO 

880・PUInt巴lIigentHPLC Pump， a JASCO BIP-I-HPLC Pump， a JASCO PU-980 Intellig巴nt

HPLC Pump， a JASCO UVIDEC-l00ぷruv Sp巴ctrophotometer，a JASCO UVIDEC-IOO-V UV 

Spectrophotometer， and a JASCO UV-970 Intelligent UVjVIS Spectrophotometer. Elemental 

analyses were performed by Mrs. R. Hirata at Faculty of Pharmaceutical sciences， University of 

Tokyo. Fuji Davison BW-200 was used as siIica gel for column chromathography. Merck 

alurninium oxide 90 standardized was usedぉ alurniniumoxid巴forcolumn chroma出ography.ηle

solvents for asymm巴tr1creactlOn w巴redistiUed仕omsodium-b巴nzophenoneketyl before use. The 

following abbreviations are used: br = broad， d = doubl巴t，dd = doublet-of-doublets， m = 

multipl巴t，q = quart巴t，qd = quart巴t-of-doubl巴ts，s = singl巴t，t = triplet， THF = tetrahydrofuran. 
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Asymmetric reactions 

Table 1， run 1 (ephedrine -OLi， phosphonoace凶te，in THF). 

Under argon atmosphere， to a solution of 4・OH(303 mg， 1.83 mmol) in THF (5 mL)， BuLi 

(1.70 N solution in h巴xane，1.08 mL， 1.83 mmol) was added al 0 oC and th巴mixturewas stiπ巴d

for 30 min al room temperature目 Thewhole was cooled 10 -78 oC， and a solution of metyl 

diethylphosphonoacetate (385 mg， 1.83 mmol) in THF (5 mL) was added within 2 min. After 30 

min， a solution of 4-tert-butylcyclohexanone (257 mg， 1.67 mmol) in THF (5 mL) was added 

within 2 min， and the resultanl mixture was stirred for 1 h at -78 oC and fulh巴r3 h al -45 oC， and 

quenched wilh saturated aqueous ammonium chloride (10 mL). The organic layer was s巴parat巴d，

and the aqueous layer was extract巴dwith ethyl acetate (2 x 10 mL). The organic lay巴rswere 

combined， washed successively wilh 10% aqueous citric acid (2 x 10 mL)， saturaled aqueous 

sodium bicarbonate (1 x 10 mL)， water (1 x 10 mL)飢dbrine (1 x 10 mL)， dried over sodium 

sulfal巴andconcentraled in vacuo to leave a colorless oil (380 mg)， which was purified by column 

chromatography (Si02 35 g， hexane-ethyl aceta胞 30:1) 10 afford 3aぉ acolorless oil (148 mg， 

42%). 

GC (CHROMPAK CP-Cyclodextrin-s・236-m-19，50 m， carrier gas: N2 85 mll min， H2 1.2 

kgfl cm2，包r0.8 kgfl cm2， t巴mp.i吋.200 oC， det. 200 oC， column 100 oC， 1 oCI min) 0% ee 

Table 1， run 2 (ephedrine -OLi， phosphonoacetate， in toluene). 

Under argon atmosphere， 10 a solution of 4・OH(180 mg， 1.09 mmol) in loluene (4 mL)， 

BuLi (1.70 N solution in h巴xanι0.64mL， 1.09 mmol) was added al 0 oC and the mixture was 

stirred for 30 min at room temperature. The whole was cooled to -45 oC，加da solution of metyl 

diethylphosphonoacetate (229 mg， 1.09 mmol) in loluene (3 mL) was add巴dwilhin 2 min. Afler 

30 min， a solution of 4・tert-butylcyclohexanone(257 mg， 1.67 mmol) in toluene (3 mL) was added 

wilhin 2 min叩 dthe resultant mixture was sti汀巴dfor 3 h at・45oC， and quenched with saturated 

aqueous ammonium chloride (10 mL). The org加 iclayer was separaほdand the aqueous lay巴rwas 

extracted wi出 ethylacetate (2 x 10 mL). The organic layers w巴recombined， wash巴dsuccessively 

with 10% aquωus citric acid (2 x 10 mL)， saturat巴daqueous sodium bicarbonate (1 x 10 mι) and 

brine (1 x 10 mL)， dried over sodium sulfate and concentrated in vacuo to leave a colorless oil (250 

mg). The oil was purified by column chromatography (Si02 35 g， hexane-ethyl acetate 30: 1) to 

afford 3a as a colorless oil (37 mg， 18%) 

GC (CHROMPAK CP-Cyclodextrin-s-236-m-19， 50 m， carrier gas: N2 85 ml/ min， H2 1.2 

kgfl cm2，包r0.8 kgf/ cm2， temp. inj. 200 oC， det. 200 oC， column 100 oC， 1 oCI min) <1 %巴巴.

47 

し一一て ~ _.-二二二二 一-一一一望



Table 1， run 3 (ephedrine -OLi， cy釦 ome白ylphosphonate，in TH町.

Und巴rargon atmosphere， to a solution of 4・OH(212 mg， 1.28 mmol) in THF (4 mL)， BuLi 

(1.70 N solution in hexane， 0.75 mL， 1.28 mmol) was added at 0 oC and出巴 m1xturewas st1πed 

for 30 min at room temperature. The whole was cooled to -45 oC， and a solution of diethyl 

cyanom巴thylphosphonate(227 mg， 1.28 mmol) in THF (4 mL) was added within 2 min. After 30 

min， a solution of 4-tert-butylcyclol】exanone(180 mg， 1.17 mmol) in THF (4 mL) was added 

within 2 min and the resultant mixture was sti汀巴dfor 3 h at -45 oC， and then quenched with 

saturated aqueous ammonium chloride (10 mL).ηle organic layer was s巴paratedand出eaqueous 

layer wぉ extractedwith ethyl acetate (2 x 10 mL). The organic layers were combined， washed 

successively wi出 10%aqueousαtric acid (2 x 10 mL)， saturated aqueous sodium bicarbonate (1 x 

10 mL)， water (1 x 10 mL) and brine (1 x 10 mL)，世iedover sodium sulfate and concentrated in 

vacuo to leave a colorl巴ssoil (238 mg).ηle oil was purified by column chromatography (Si02 30 

g， hexane-e出ylacetate 10: 1) to afford 3b as a colorless oil (222 mg， quant). 

GC (CHROMPAK CP-Cyclodextrin-s-236-m-19， 50 m， carrier gぉ N285 ml/ min， H2 1.2 

kgf! cm2， air 0.8 kgf/ cm2， temp. i町.200 oC， det. 200 oC， column 80 oC， 1 oC/ min) 0%巴E

Table 1， run 4 (eph巴drine-OLi， phosphonoacetate， in toluene). 

Under argon atmosphere， to a solution of 4・OH(171 mg， 1.04 mmol) in toluen巴 (3mL)， 

BuLi (1.58 N solution in hexane， 0.66 mL， 1.04 mmol) was added at 0 oC and the mixture was 

stirred for 30 min at room temperature. The whole was cooled to・78oC， and a solution of diethyl 

cyanome出ylphosphonate(183 mg， 1.04 mmol) in toluene (3 mL) was added within 2 min. After 

30 min， a solution of 4・tert-butylcycloh巴xanone(145 mg， 0.94 mmol) in toluene (3 mL) wぉ added

within 2 min and the resultant mixture was stirr巴dfor 3 h at -78 oC， and th巴nquenched with 

saturated aqueous ammonium chlorid巴(10mL).百eorganic layer was separated and the aqueous 

lay巴rwas extracted with ethyl acetate (2 x 10 mL). The organic layers wer巴combined，washed 

successively wi山 10%aqueous citric acid (2 x 10 mL)， saturat巴daqueous sodium bicarbonate (1 x 

10 mL) and brine (1 x 10 mL)， dried over sodium sulfate and concentrated in vacuo to leave a 

colorless oil (250 mg). The oil was puri白edwith column chromatography (Si02 35 g， hexane-

e出ylacetate 30:1) to afford 3b as a colorless oil (143 mg， 86%). 

GC (CHROMPAK CP-Cyclodextrin-s-236-m-19， 50 m， carrier gas: N2 85凶/min， H2 1.2 

kgf/ cm2， air 0.8 kgf/ cm2， temp.町 .200oC， d巴t.200 oC， column 80 oC， 1 oC/ min) 17%巴e(R). 

SR [α]65 -18.6 (c 1.45， CHCI3) 
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Table 2， run 1 

介べ ~02Me 
tBu~ )=./ 

Under argon atmosph巴re，to a solution of 2-methyl-2-propanol (109 mg， 1.48 mmol) in THF 

(5 mL)， BuLi (1.70 N solution in hexane. 0.87 mL， 1.48 mmol) was added at -78 oC and the 

mixture was stirred for 10 min at・78oC. The mixture of me1yJ diethylphosphonoacetate (263 mg， 

1.27 mmo1)加 d4-terr-butylcyclohexanone (207 mg， 1.34 mmo1) in THF (8 mL) was added and 

the resu1tant mixture was sti打edfor 3 h at -78 oC and fu出er3 h at -45 oC， and then quenched with 

saturated aqueous ammonium chloride (10 mL). The organic 1ayer was separated and th巴aqueous

1ayer was extracted with ethy1 acetate (2 x 10 mL).百leorganic 1ayers were combined， dried over 

sodium su1fate and concentrated in vacuo to 1eave a colorless oil (369 mg).羽1巴oil(353 mg) was 

purified by column chromatography (Si02 35 g， hex加巴-ethylacetate 20: 1) to afford 3a as a 

colorless oil (108 mg， 42%台omphosphate). 

IR (n巴at，cm-1) 2940， 2850，1710，1645. 

lH-NMR (270 MHz， CDCI3) 0 0.86 (9H， s， CH3)，ト09・1.30(3H， m， cyclohexanone C[3]-

ax-H， C[4]-H， C[5]-ax-H)， 1.86-1.96 (3H， m， C[2]-ax-H， C[3]-eq-H， C[5]-eq-H)， 2.15 (1H， m， 

C[6]-ax-H)， 2.29 (1H， m， C[6]-ax-H)， 3.68 (3H， s， OMe)， 3.84-3.90 (IH， m， C[2]-eq-H)， 5.60 

(1 H， s， viny1) 

J3C-NMR (67.8 MHz， CDC13 as 77.0 ppm) 0 27.53， 28.45， 29.20， 29.56，34.12，37.86， 

47.75，50.78，112.24，163.92，167.26. 

HRMS Calcd. forC13H2202: m/Z: 210.1620. Found: 210.1586. 

GC (0王ROMPAKCP-Cyclod巴xtrin-s-236-m-19，50 m， carrier gas: N2 85 ml/ min， H2 1.2 

kgf/ cm2， air 0.8 kgf/ cm2， temp. i吋 200oC， det. 200 oC， co1umn 100 oC， 1 oC/ min) 1: 1 peak at 

74.99 min and 75.47 min 
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Table 2， run 2. 
トベ CN 

tBu_!( )==-' 

Under argon atmosph巴re，to a solution of 2-methyl-2-propanol (103 mg， 1.39 mmol) in THF 

(4 mL)， BuLi (1.70 N solution in hexane， 0.82 mL， 1.39 mmol) was added at -45 oC， and the 

mlxt町 ewお stirredfor 10 min at -45 oc. A solution of diethyl cy釦 omethylphosphonate(247 mg， 

1.39 mmol) in THF (4 mL) was added within 2 min. After 30 min， a soJution of 4-terト

butylcycJoh巴xanone(196 mg， 1.27 mmoJ) in THF (4 mL) wぉ addedwithin 2 min釦 dthe resultant 

mixture was stirred for 3 h at -45 oC， and then quenched wi出 saturatedaqueous ammonium 

cWoride (10 mL). The organic layer was separated and the aqueous Jayer wぉ extractedwi山e出yl

acetate (2 x 10 mL). The organic Jayers were combined， dried over sodium sulfate and 

concentrated inνacuo to leave a colorJess oil (259 mg). The lH-NMR spectrum ofthe oil showed 

the yield of白e3b is quantative. 

IR (KBr， cm-1) 2205，1620，1450，1360. 

lH-N~依 (270 阻-!z，CDCI3) Ii 0.87 (9H， s， CH3)， 1.10-1.26 (3H， m， cyclohexanone C[3]-

ax-H， C[4]-H， C[5]-ax-H)， 1.99-2.21 (4H， m， C[2]-ax-H， C[3]-eq-H， C[5]-eq-H， C[6]-ax-H)， 

2.38-2.46 (lH， m， C[6]-ax-H)， 2.96-3.01 (lH， m， C[2]-eq-H)， 5.03 (IH， s， vinyl) 

13C-NMR (67.8 MHz， CDCI3 as 77.0 ppm) Ii 27.51， 28.30， 28.68， 32.42， 33.05， 5.87， 

47.29， 91.62， 168.70. 

MS m/z: 177 (M+). 

Anal. Calcd for C12H19N: C， 81.30; H， 10.80; N， 7.90. Found C， 81.36; H， 10.75; N， 

7.90. 

GC (CHROMPAK CP-Cyclodex凶n-s-236-m-19，50 m， carrier gas: N2 85 ml/ min， H2 1.2 

kgf/ cm2，創r0.8 kgf/ cm2， temp. inj. 200 oC， det. 200 oC， column 80 oC， I oC/ min) 1: 1 pe必(at 

92.37 min and 93.04 min. 

HPLC (DAICEL CHIRALCEL OD-H， h巴X加 e-isopropanol1000: 1， 0.6口1L/min， 238 nm) 

1: 1 pe紘 at13.71 min and 15.16 min. 
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Scheme 3 (DIBAL-H reduction of nitrile). 

DIBAL-H (0.93 M in hexane， 0.80 mL， 0.74 mmol) was added 10 a solution of 4-1erl-

butylcyclohexylideneacetonitrile (120 mg， 0.68 mmol， 51 % ee (ー))in toluen巴(10mL) at -78 oC 

Wl血in2 min. The mixture was sti汀'edfor 15 min at -78 oC， then quenched with saturated aquaous 

ammonium cWoride (10 mL). After 10 min， the mixture was diluted wi山 Et20(10 mL) and stirred 

for 1 h. Magesium sulfate was added， and then futered. Th巴印町atewas concentrated in νacuo to 

leave a yellow oil (120 mg). Th巴oilwas purified by column chromatography (Si02 15 g， hexane-

AcOEt 40: 1) to afford 5 (88 mg， 72%) as a colorless oil. 

IR (KBr， cm-1) 1670， 1630 

lH-NMR (270 MHz， CDCIJ) Ii 0.79 (9H， s， CH3)， 1.11-1.24 (3H， m， cyclohexanon巴

C[3]-ax-H， C[4]-H， C[5]ー似-H)，2.16 (4H， m， C[2]-ax-H， C[3]ー巴q-H，C[5]-eq-H， C[6]-ax-H)， 

2.31-2.36 (1 H， m， C[6]-ax-H)， 3.3ト 3.36(lH， m， C[2]-eq-H)， 5.73 (lH， d， J = 8.3 Hz， vinyり，

9，92 (1 H， d， J = 8.3 Hz， CHO). 

[α]25546 -23.5 (c 1.40， CHCI3). 

Table 3， run 1 (norephedrine Li alkoxide). 

Under argon atmosph巴re，to a solution of 6・OH(144 mg， 0.95 mmol) in toluene (3 mL)， 

BuLi (1.69 N solution in hexane， 0.56 mL， 0.95 mmol) was add巴dat 0 oC and the mixture was 

sti汀'edfor 30 min at room temperat町 e.The whoJe wぉ cooledto -78 oC，釦da solu口onof diethyl 

cy釦 omethylphosphonate(169 mg， 0.95 mmol) in tolu巴ne(3 mL) was added within 2 min. After 

30 min， a solution of 4-tert-butyJcycJohexanone (134 mg， 0.87 mmol) in toJuen巴(3mL) wぉ added

within 2 min and the resuJtant mixture was stirred for 3 h at -78 oC， and then quench巴dwith 

saturated aqueous釘nmoniumcWoride (10 mL). Th巴 organiclayer was separated and the aqueous 

Jayer was extract巴dwith ethyl acetat巴(2x 10 mL). The org釦 iclayers were combined， washed 

successively with 10% aqueous citric acid (2 x 10 mL)， saturated aqueous sodium bicarbonate (1 x 

10 mL) and brine (1 x 10 mL)， dri巴dover sodium sulfate and concen【ratedin vacuo to leave a 

colorless oil (216 mg). The oiJ was purified with column chromatography (Si02 35 g， hexane-

ethyl acetate 30・1)to afford 3b as coJorless prisms (151 mg，98%). 

mp47-490C. 

GC (CHROMPAK CP-Cyclodextrin-s-236-m-19， 50 m， carrier gぉ:N2 85 mνmin， H2 1.2 

kgf/ cm2， air 0.8 kgf/ cm2， temp. inj. 200 oC， det. 200 oC， column 80 oC， 1 oC/ min) 4% ee (R) 
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Table 2， run 3 (isopropylnorephedrine Li alkoxide). 

Under argon atmosphere， to a solution of 7-0H (268 mg， 1.39 mmol) in toluene (4 mL)， 

BuLi (1.58 N solution in hexane， 0.88 mL， 1.39 mmol) was added at 0 oC and the mixture was 

stirred for 30 min at room temperature. The whole was cooled 10 -78 oC，釦da solu口onof diethyl 

cyanom巴山ylphosphona~巴 (246 mg， 1.39 mmol) in toluene (4 mL) was added within 2 min. After 

30 min， a solution of 4-tert-butylcyclohex釦 one(194 mg， 1.26 mmol) in toluene (4 mL) was added 

within 2 min and the resultant mixture was stirred for 3 h at -78 oC， and then quench巴dwith 

saturated aqueous ammonium chloride (10 mL).百leorganic layer was s巴paratedand the aqueous 

layer was extracted with ethyl acetale (2 x 10 mL). The org釦 iclayers were combined， washed 

successively with 10% aqueous citric acid (2 x 10 mL)， saturated aqu巴oussodium bicarbonate (1 x 

10 mL) and brine (1 x 10 mL)， dried over sodium sulfate and concentrated in vacuo to leave a 

colorless oil (323 mg)ー Theoil was purified wi出 columnchromatography (Si02 35 g， hexane-

巴白ylacetate 30:1) lo afford 3b as colorless prisms (173 mg， 77%) 

mp40-4IOC. 

GC (CHROMPAK CP-Cyclodextrin-s-236-m-19， 50 m， caπier gas: N2 85 ml/ min， H2 1.2 

kgf/ cm2，担r0.8 kgf/ cm2， temp. i吋.200oC， det. 200 oC， column 80 oC， 1 oC/ min) 19% ee (R) 

SR [αlO5 -19.5 (c 1.26， CHCI3). 

Table 3， run 4 (neopentylnorephedrine Li alkoxide). 

U nder argon atrr】osphere，to a solution of 8・OH(254 mg， 1.15 mmol) in toluene (4 mL)， 

BuLi (1.58 N solution in hexane， 0.73 mL， 1.15 mmol) was added at 0 oC and the mixture was 

Stl打 edfor 30 min al room temperature. The whole was cooled to -78 oC， and a solution of diethyl 

cyanome山ylphosphonaほ (203mg， 1.15 mmol) in toluene (3 mL) was add巴dwithin 2 min. After 

30 min， a solu口onof 4-tert-butylcyclohexanone (161 mg， 1.04 mmol) in toluene (3 mL) was added 

within 2 min and the resultant mixture was sti汀巴dfor 3 h at -78 oC， and then qu巴nchedwith 

saturat巴daqueous anJmonium chlorid巴(10mL).明leorganic layer was separa胞dand the aqu巴ous

layer was extracled with ethyl acetate (2 x 10 mL). The organic layers w巴recombined， washed 

successively wi山 10%aqueous citric acid (2 x 10 mL)， saturated aqueous sodium bicarbonate (1 x 

10 mL)加 dbrine (1 x 10 mL)， dried over sodium su1fate and conc巴ntratedin vacuo to leave a 

colorless oil (240 mg). The oil was purified with column chromaωgraphy (Si02 35 g， hexane 

ethyl acetate 30: 1) to afford 3b as colorless prisms (170 mg， 92%). 

mp 31-33 oc. 
GC (CHROMPAK CP-Cyclodextrin-s-236-m-19， 50 m， carrier gas: N2 85 ml/ min， H2 1.2 

kgf/ cm2， air 0.8 kgf/ cm2， temp目 inj.200 oC， det. 2∞。C，column 80 oC， 1 oC/ min) 52%出 (R).

SR [αlO5 -49.1 (c 1.43， CHCI3) 
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Table 4， run 3 (benzhydrylnorephedrine Li alkoxide). 

Under argon atmosphere， lo a solution of 9・OH(374 mg， 1.18 mmol) in toluene (3 mL)， 

BuLi (1.67 N solution in hexane， 0.71 mL， 1.18 mmol) wぉ add巴dat 0 oC and山巴 mixturewas 

stirred for 30 min at room temp巴rature.The whole was cooled to・78oC， and a solution of di巴thyl

cyanome出ylphosphonate(209 mg， 1.18 mmol) in toluene (3 mL) was added wilhin 2 min. After 

30 min， a solution of 4-tert-butylcyclohexanone (165 mg， 1.07 mmol) in tolu巴ne(3 mL) was added 

within 2 min and the resultant mixture was stirred for 3 h at -78 oC， and then quenched with 

saturat巴daqu巴ous釘nmoniumchloride (10 mL). The orgar甘clayer was separated and the aqueous 

layer was extracted with ethyl ac巴tate(2 x 10 mL). The organic layers were combined， washed 

successively wi出 10%aqu巴ouscitric acid (2 x J 0 mL)， saturaled aqueous sodium bicarbonate (1 x 

10 mL)釦dbrine (1 x 10 mL)， dried over sodium sulfa~巴 and concentrated in vacuo to 1巴avea 

colorless oil (602 mg). The oil was purified with column chromatography (Si02 35 g， hexane-

ethyl acetate 30:1) to afford 3b as colorless prisms (154 mg， 86%). 

mp 26-27 oc. 
HPLC (DAICEL CHlRALCEL OD-H， hexane-isopropanol 1000: 1， 0.6 mL/ min， 238 nm) 

16% ee (R) 

Table 4， run 4 (benzylnoreph巴drineLi alkoxide). 

Under argon atmosphere， to a solution of 10・OH(237 mg， 0.98 mmol) in toluen巴 (3mL)， 

BuLi (1.58 N solution in hexane， 0.62 mL， 0.98 mmol) was added at 0 oC and the mixture was 

stirred for 30 min at room temperature. The whole was cooled to -78 oC， and a solution of diethyl 

cyanome出ylphosphonate(174 mg， 0.98 mmol) in toluene (3 mL) was added within 2 min. After 

30 min， a solution of 4-tert-butylcyclohexanone (138 mg， 0.89 mmol) in toluene (3 mL) was added 

within 2 min and th巴resultantmixture was st町 edfor 3 h at -78 oC， and then quenched with 

saturated aqueous白羽moniumchloride (10 mL) η1巴organiclayer was separat巴dand the aqueous 

layer was extracted with ethyl acetate (2 x 10 mL). The organic layers were combin巴d，wash巴d

successlv巴Iywith 10% aqueous citric acid (2 x 10 mL)， saturated aqueous sodium bicarbonate (l x 

10 mL) and brine (1 x 10 mL)， dried over sodium sulfate and concentra~巴d in vacuo to leave a 

colorless oil (233 mg). The oil was purifi巴dwith column chromatography (Si02 35 g， hexane-

ethyl acetate 30:1) to afford 3b as colorless prisms (133 mg， 84%) 

mp 26-27 oc. 
HPLC (DAICEL CHlRALCEL OD-H， hex釦e-isopropanol1000: 1， 0.6 mL/ min， 238 nm) 

34% ee (R) 
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Table 4， run 5 (I-adamantylmethylnorephedrine Li alkoxide). 

Under紅 gonatmosphere， to a solution of 11・OH(249 mg， 0.83mmol) in toluene (4 mL)， 

BuLi (1.58 N solution in hexane， 0.53 mL， 0.83 mmol) was added at 0 oC and the mixture was 

stirred for 30 min at room temperature. The whole was cooled to -78 oC，釦 da solution of diethyl 

cy釦 om巴出ylphosphonale(147 mg， 0.83 mmol) in tolu巴ne(3 mL) was add巴dwithin 2 min. After 

30 min， a solution of 4-tert-butylcyclohexanone (117 mg， 0.76 mmol) in toluene (3 mL) was added 

within 2 min and the r巴sultantmixrure was sti汀edfor 3 h at -78 oC， and出巴nquenched with 

salurated aqueous ammonium chloride (10 mL). Th巴 organiclayer was separat巴dand出eaqueous 

layer was ex甘actedwith ethyl acetate (2 x 10 mL). The org飢 iclayers were combined， wash巴d

successively with 10% aqueous citric acid (2 x 10 mL)， saturated aqueous sodium bicarbonate (1 x 

10 mL) and brine (1 x 10 mL)， dried over sodium sulfate and concentrated in vacuo to leave a 

colorless oil (263 mg). The oil was purifi巴dwith column chromatography (Si02 30 g， hexane-

ethyl acetat巴30:1)to afford 3b as colorless prisms (131 mg，97%). 

mp 34-35 oC. 

HPLC (DAICEL CHIRALCEL OD-H， hexane-isoprop釦 011000: 1， 0.6 mL/ min， 238 nm) 

51%巴巴 (R)ー

SR [α)55 -50.0 (c 1.28， CHCI3) 

Table 4， run 6 (1 -methylcyclohexylmethylnorephedrine Li alkoxide). 

Under argon atrnosphere， to a solution of 12・OH(254 mg， l.l5 mmol) in toluen巴(4mL)，

BuLi (1.58 N solution in hexane， 0.73 mL， 1.15 mmol) was added at 0 oC and the mixture was 

stiπ巴dfor 30 min at room temperature. The whole was cooled to -78 oC， and a solu日onof diethyl 

cyanom巴thylphosphonat巴(203mg， l.l5 mmol) in toluene (3 mL) was added within 2 min. After 

30 min， a solution of 4-tert-butylcyclohexanone (161 mg， 1.04 mmol) in toluene (3 mL) wぉ add巴d

within 2 min and the r巴sultantmixture was stirred for 3 h at -78 oC， and then quenched with 

saturated aqueous創nmoniumchloride (10 mL). The organic layer was s巴parated加 d出巴 aqueous

layer wお extractedwith ethyl acetate (2 x 10 mL). The organic lay巴rsw巴recombined， washed 

successi vel y wi山 10%aqu巴ouscitric acid (2 x 10 mL)， saturat巴daqueous sodium bicarbonate (1 x 

10 mL)釦 dbrine (1 x 10 mL)， dried over sodium sulfate and concentrated in vacuo to leav巴a

colorless oil (240 mg). The oil was purified with column chromatography (Si02 35 g， hexane-

巴thylacetate 30:1) to afford 3b as colorless prisms (170 mg， 92%). 

mp 31-33 oC. 

HPLC (DAICEL CHIRALCEL OD-H， hexane-isopropanol 1000: 1， 0.6 mL/ min， 238 nm) 

1%巴巴 (R).

SR [α)55 -49.1 (c 1.43， CHCI3) 

54 

Table 4， run 7 (isobutylnorephedrine Li alkoxid巴).

Under argon atmosphere， to a solution of 13・OH(204 mg， 0.98 mmol) in toluene (3 mL)， 

BuLi (1.58 N solution in h以加e，0.62 mL， 0.98 mmol) wぉ addedat 0 oC and lhe mixture was 

stJ汀巴dfor 30 min at room temperature. The whole was cooled 10・78oC，加 da solution of diethyl 

cyanomethylphosphonate (174 mg， 0.98 mmol) in toluene (3 mL) was added within 2 min. After 

30 min， a solution of 4-tert-butylcyclohex加 one(138 mg， 0.89 mmol) in toluene (3 mL) was added 

within 2 min and th巴resultanlmixture was sti汀edfor 3 h al -78 oC， and then quenched with 

saturat巴daqueous ammonium chlorid巴(10mL). The organic layer was separated and the aqueous 

layer was extracted with ethyl acetate (2 x 10 mL). The org加 iclay巴rsw巴recombined， washed 

successively with 10% aqueous c山花氏id(2 x 10 mL)， saturaled aqueous sodium bicarbonate (1 x 

10 mL)加 dbrine (1 x 10 mL)， dried over sodium sulfale and concentrated in vacuo to leave a 

colorless oil (247 mg). The oil was purified with column chromatography (Si02 35 g， hexane-

ethyl acetat巴 30:1)to afford 3b as colorless prisms (137 mg， 87%). 

mp 24-25 oC. 

HPLC (DAICEL CHIRALCEL OD-H， hexane-isopropanol 1000: 1， 0.6 mL/ min， 238 nm) 

40% ee (R) 

Table 4， run 8 (2，2-diphenylethylnorephedrine Li alkoxide). 

Under argon atmosphere， to a solution of 14・OH(304 mg， 0.92 mmol) in toluene (3 mL)， 

BuLi (1.58 N solution in h巴xane，0.58 mL， 0.92 mmol) was added at 0 oC and the mixture was 

stirred for 30 min at room temperature. The whole was cooled to・78oC， and a solution of diethyl 

cyanome出ylphosphonate(162 mg， 0.92 mmol) in toluene (3 mL) wぉ add巴dwithin 2 min. After 

30 min， a solution of 4-tert-butylcycloh巴xanone(129 mg， 0.83 mmol) in toluene (3 mL) was added 

within 2 min and the resultant mixture was stirred for 3 h at -78 oC， and th巴nqu巴nchedwith 

saturat巴daqueous ammonium chlorid巴(10mL). The organic layer was separated and the aqueous 

layer was extracted with ethyl acetate (2 x 10 mL). The org加 iclayers were combined， washed 

successively with 10% aqueous citric acid (2 x 10 mL)， saturated aqueous sodium bicarbonate (1 x 

10 mL) and brine (1 x 10 mL)， dried over sodium sulfate and concentrated in vαcuo to leave a 

colorless oil (312 mg). Th巴oilwas purifi巴dwith column chromatography (Si02 35 g， hexane-

巴出ylacetate 30: 1) to afford 3b as colorless prisms (1 19 mg， 96%) 

mp 31-33 oC. 

HPLC (DAICEL CHIRALCEL OD-H， hexane-isoprop釦 011000: 1， 0.6 mL/ min， 238 nm) 

49% ee (R). 

55 
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Table 4， run 9 (3，3-dimethylbutylnorephedrine Li alkoxide). 
Under argon atmosphere， to a solution of 15・OH(238 mg， 1.01 mmol) in toluene (3 mL)， 

BuLi (1.71 N solution in hexane， 0.59 mL， 1.01 mmol) was added at 0 oC and the mixture was 

stirred for 30 min at room t巴mperat町.e.The whole was cooled to -78 oC，加da solution of di巴thyl

cyanome白ylphosphonate(179 mg， 1.01 mmol) in tolu巴ne(3 mL) was added within 2 min. After 

30 min， a solution of 4-tert-butylcyclohexanone (142 mg， 0.92 mmol) in toluene (3 mL) was added 

within 2 min and出eresultant mixture was sti汀edfor 3 h at -78 oC， and then quenched with 

saturated aqueous出nmoniumchloride (10 mL). The org釦1Iclayer was separated and the aqueous 

layer was extracted with ethyl acetat巴(2x 10 mL). The org釦 iclayers wer巴combined，washed 

successively with 10% aqueous citric acid (2 x 10 mL)， saturated aqueous sodium bicarbonate (1 x 

10 mL)釦 dbrine (1 x 10 mL)， dried over sodium sulfate and concentrated inνacuo to leave a 

colorless oil (292 mg). The oil was purified with column chromatography (Si02 35 g， hexane-

ethyl acetate 30:1) to afford 3b as colorless prisms (141 mg， 87%) 

mp 45-500C 

HPLC (DAICEL CHlRALCEL OD-H， hexane-isopropanol 1000: 1，0.6 mLI min， 238 nm) 

20%巴e(R). 

Table 5， run 1 (2-m巴thoxyethylnorephedrineLi a1koxide). 

Under argon atmosphere， to a solution of 16・OH(213 mg， 1.02 mmol) in toluene (3 mL)， 

BuLi (1.69 N solution in hexane， 1.02 mL， 1.02 mmol) was added at 0 oC and the mixture was 

stirred for 30 min at room temperature. The whole was cooled to -78 oC， and a solution of diethyl 

cyanom巴thylphosphonale(180 mg， 1.02 mmol) in toluene (3 mL) was added within 2 min. Aft巴r

30 min， a solution of 4-tert-butylcyclohexanone (143 mg， 0.93 mmol) in toluene (3 mL) wぉ added

within 2 min and the resultant mixture was sti汀edfor 3 h at -78 oC， and then quench巴dwith 

saturated aqueous ammonium chloride (10 mL).百leorg創甘clayer was separated and白eaqueous 

layer was extracted with ethyl acetale (2 x 10 mL). The organic layers w巴recombined， washed 

successively with 10% aqueous citric acid (2 x 10 mL)， saturated aqueous sod山 mbic釘 bonat巴(1x 

10mL)釦 dbrine (1 x 10 mL)， dried over sodium suJfate and concentrated in vacuo to leave a 

colorless oiJ (226 mg). Th巴oiJwas purified with column chromatography (Si02 30 g， hexane-

ethyl acetate 30: 1) to afford 3bぉ colorlessprisms (156 mg， 95%). 

mp 44-46 oC 

HPLC (DAICEL CHlRALCEL OD-H， hex釦e-isopropanol1000: 1， 0.6 mLI min， 238 nm) 

17%巴巴 (R)

Table 5， run 2 ([N-(dimethylarninoethyl)-N-metyl]釘凶nothylnorephe合ineLi aJkoxide). 

Under argon atmosphere， to a solution of 17・OH(313 mg， 1.12 mmol) in toluene (3 mL)， 

BuLi (1.61 N solution in hex釦e，0.70 mL， 1.12 mmol) wぉ addedat 0 oC and the mixture was 

suπ巴dfor 30 min at room temperature. The whole was cooled to・780C，加da solution of diethyl 

cyanom巴出ylphosphonate(199 mg， 1.12 mmoJ) in toluene (3 mL) was add巴dwithin 2 min. After 

30 min， a solu口onof 4-ten-butylcyclohexanone (157 mg， 1.02 mmol) in lolu巴ne(3 mL) was added 

within 2 min and the resultanl mixture was stiπed for 3 h at -78 oC， and then quenched with 

saturated aqu巴ous包nmoniumchloride (10 mL).ηle organic layer was s巴paraled加 d山巴 aqueous

layer was extracted with ethyl acetate (2 x 10 mL). The org加 iclayers were combin巴d，washed 

successively wi出 10%aqueous citric acid (2 x 10 mL)， saturaled aqu巴oussodium bicarbonale (1 x 

10 mL)釦dbrin巴(1x 10 mL)， dried over sodium sulfate釦dconcentrated inνacuo lo leave a 

colorless oil (205 mg).百leoil was purified with coJumn chromalography (Si02 30 g， hexane-

ethyl acetale 30: 1) to afford 3b as colorless prisms (164 mg， 91 %) 

mp 31-33 oC. 

HPLC (DAICEL CHlRALCEL OD-H， hexane-isoprop釦011000: 1， 0.6 mLI min， 238 nm) 

4% ee (R). 

Table 5， run 3 (phenelyla1cohol Li a1koxide) 

To a solution of (S)ー1-phenyl-l-elhanol18・OH(130 mg， 1.06 mmol) in loluene (3 mL)， 

BuLi (1.69 N solution in hexane， 0.63 mL， 1.06 mmol) was added al -78 oC under argon 

atmosphere， and lhe mixlure was stirred for 10 min al -78 oC. A solution of diethyl 

cy加 omelhylphosphonate(188 mg， 1.06 mmol) in tolu巴ne(4 mL) was added within 2 min. After 

30 min， a soJution of 4-tert-butylcyclohexanone (149 mg， 0.97 mmol) in toluene (4 mL) was add巴d

within 2 min and the resullant mixlUre was stirred for 3 h at -78 oC， and lhen quenched wilh 

saturat巴daqueous ammo凶umchloride (10 mL).η1巴org加 iclayer was separal巴dand出eaqueous 

layer was extracted with巴thylacelate (2 x 10 mL). The organic layers were combined， dried over 

sodium sulfate and concentrated in vacuo to leave a colorl巴ssoil (343 mg)， which was purifired by 

column chromatography to give 3bぉ colorlessn巴edles(164 mg， 95%). 

mp46-470C 

HPLC (DAICEL CHIRALCEL OD-H， hexane-isopropanol 1000: 1， 0.6 mLI min， 238 nm) 

1% ee (R) 



Table 5， run 4 (menthol Li alkoxide) 

To a solution of (ー)ーmemol19・OH(165 mg， 1.06 mmol) in toluen巴(3mL)， BuLi (1.65 N 

solution in hexane， 0.64 mL， 1.06 mmol) was added at -78 oC under argon atmosph巴re，釦dthe 

mlxture was st廿redfor 10 min at -78 oc. A solution of diethyl cyanomethylphosphonat巴(187mg， 

1.06 mmol) in toluene (4 mL) was added within 2 min. After 30 min， a solution of 4-tert 

butylcycloi】exanone(148 mg， 0.96 mmol) in toluene (4 mL) was added within 2 min and出巴

resultant mixture was stiπed for 3 h at -78 oC， and曲目 quenchedwith saturated aqu巴ous

釘nmoniumchloride (10 mL). The organic lay巴rwas separated and the aqueous layer was extracted 

with ethyl acetate (2 x 10 mL). The organic layers were combined，耐edover sodiurn sulfate and 

concentrated in vacuo to leave a colorless oil (343 rng)， which was purifired by col urnn 

chrornatography to give 3b as colorless needles (127 mg， 75%). 

HPLC (DAICEL CHIRALCEL OD-H， hexane-isopropanol 1000: 1， 0.6 mLl min， 238 nrn) 

0%巴e(R). 

Table 6， run 1 (rnethyl巴phedrineLi alkoxide). 

Und巴rargon atrnosphere， to a solution of 20・OH(218 mg， 1.22 rnmol) in loluene (4 rnL)， 

BuLi (1.58 N solution in hexane， 0.77 rnL， 1.22 mrnol) was 泌氏dal 0 oC and the rnixlure was 

stirred for 30凶 nal roorn lernperature. The whole wぉ cooledto -78 oC， and a solution of di巴thyl

cyanome出ylphosphonate(215 rng， 1.22 rnrnol) in l01uene (4 mL) was added within 2 rnin. Afl巴r

30 min， a solution of 4・tert-butylcyclohexanone(171 mg， 1.11 rnrnol) in loluene (4 rnL) wぉ added

within 2 rnin and the resultant rnixture was stirred for 3 h al -78 oC， and lhen quenched wilh 

saturated aqueous arnrnonium chloride (10 mL).ηle organic layer was s巴paratedand the aq ueous 

layer was extracted with ethyl acetate (2 x 10 rnL). The org釦 iclayers were cornbined， washed 

successively wi出 10%aqueous citric acid (2 x 10 mL)， saturated aqueous sodiurn bicarbonate (1 x 

10 mL)釦dbrine (1 x 10 rnL)， dried over sodiurn sulfate and concentrated in vacuo 10 leave 

co10r1ess oi1 (246 rng). The oil was puri日edby colurnn chrornatography (Si02 20 g， hexane-ethyl 

acetate 40: 1) 10 afford 3bぉ colorlessprisrns (176 mg， 89%) 

mp 32-33 oc. 
GC (CHROMPAK CP-Cyclod巴叩in-s-236-rn-19，50 m， carrier 伊 :N2 85 rnll rnin， H2 1.2 

kgfl crn2，担r0.8 kgfl crn2， ternp. i町.200oC， det. 200 oC， column 80 oC， 1 oCI rnin) 41 % ee (R). 

SR [αlO5 -42.2 (c 1.91， CHCI3) 

Table 6， run 2 (pyπolidine-lype norephedrine Li alkoxide). 

Under argon atrnosphere， to a solution of 21・OH(244 rng， 1.19 rnmol) in toluene (3 rnL)， 

BuLi (1.61 N solution in hex釦 e，0.74 mL， 1.19 rnrnol) was added al 0 oC and the rnixture was 

stirred for 30 min al roorn temperature. The whole was cooled to -78 oC， and a solution of di巴thyl

cyanornethylphosphonate (211 rng， 1.19 rnmol) in toluene (4 mL) was added within 2 rnin. After 

30 rnin， a solution of 4-tert-butylcyclohexanon巴(167rng， 1.08 rnrno1) in l01uene (4 rnL) wぉ added

within 2 rnin and the resultanl mixture was sli汀edfor 3 h al -78 oC， and lhen quenched wilh 

saturateq aqueous arnrnoniurn chloride (10 rnL). The organic layer was s巴parated釦 dthe aqu巴ous

layer was extracted with ethyl acetate (2 x 10 rnL). The organic layers were cornbined， washed 

successively wi出 10%aqueous citric acid (2 x 10 rnL)， saturated aqueous sodiurn bicarbonate (1 x 

10 rnL) and brine (1 x 10 rnL)， dried over sodiurn sulfate and concentrat巴din vacuo 10 leave 

colorless oil (223 rng).百leoil was purified by colurnn chromatography (Si02 20 g， hexane-ethyl 

acetate 40: 1) to afford 3b as ∞lorless need1es (179 mg， 93%) 

rnp 30-33 oC. 

HPLC (DAICEL CHlRALCEL OD-H， hexane-isoprop加 011000: 1， 0.6 rnLI rnin， 238 nrn) 

29% ee (R) 



Table 6， ru凹n3 (ωpi収P戸E叩n耐dine-勾 p院en】0町rJらph恥1児巴d耐nne児eLυ1a砧I比ko叩x幻id白制e的).
Under argon aunosphere， to a solutio，n of 22・OH(233 mg， 1.06 mmol) in tolu巴ne(4 mL)， 

BuLi (1.58 N solution in hexane， 0.67 mL， 1.06 mmol) was added at 0 oC and the mixture was 

StIπed for 30 min at room temperature. The whole was cooled to・78oC， and a solution of diethyl 

cyanome出ylphosphonate(188 mg， 1.06 mmol) in toluene (4 mL) was add巴dwithin 2 min. Aれ巴r

30 min， a solution of牛tert-butylcyclohex釦 one(149 mg， 0.97 mmol) in toluene (4 mL) was added 

within 2 min and the resultant mixture was stiπed for 3 h at -78 oC，加 dthen quenched with 

saturated aqu巴ousammonium chloride (10 mL). The organic layer was sep紅 ated釦 dthe aqueous 

layer was extracted with ethyl acetate (2 x 10 mL). The organic layers were combined， washed 

successively with 10% aqueous citric acid (2 x 10 mL)， saturated aqueous sodium bicarbonate (1 x 

10 mL)釦 dbrine (1 x 10 mL)， dried over sodium sulfate and concentrated in vacuo to leav巴

colorless oil (211 mg).百 eoil was purified by column chromatography (Si02 20 g， hexane-ethyl 

acetate 40:1) to afford 3b as colorless oil (157 mg， 92%). 

GC (CHROMPAK CP-Cyclodextrin-s-236・m-19，50 m， carrier gぉ:N285凶 /min，H21.2

kgf/ cm2， air 0.8 kgf/ cm2， temp. inj. 200 oC， det. 200 oC， column 80 oC， 1 oC/ min) 31 % ee (R)ー

SR [吋f}-27.0 (c 1.60， CHCI3) 

Table 6， run 4 (morpholine-type noreph巴drineLi alkoxide). 

Under argon atmosphere， to a solution of 23-0H (215 mg， 0.97 mmol) in toluene (4 mL)， 

BuLi (1.78 N solution in hexane， 0.55 mL， 0.97 mmol) was added at 0 oC and lhe mixture was 

s口rredfor 30 min at room temperature. The whole was cooled LO -78 oC， and a solution of di巴出yl

cyanome出ylphosphonate(172 mg， 0.97 mmol) in toluene (4 mL) was added within 2 min. After 

30 min， a solution of 4-tert-butylcyclohexanon巴(136mg， 0.88 mmol) in toluene (4 mL) was added 

within 2 min and the resul1ant mixture was stirred for 3 h at -78 oC， and then quench巴dwith 

saturated aqueous ammonium chloride (10 mL).百leorganic layer was separated and山eaqueous 

layer was extracted with ethyl ace凶te(2 x 10 mL). The org釦 iclayers w巴recombined， wash巴d

successively with 10% aqu巴ouscitric acid (2 x 10 mL)， saturated aqu巴oussodium bicarbonat巴(1x 

10 mL) and brine (1 x 10 mL)， dried over sodium sulfate and concentrated in vacuo 10 leave 

colorless oil (182 mg). The oil was purified by column chromatography (Si02 20 g， hexane-ethyl 

acetale 40: 1) to afford 3b as colorless prisms (127 mg， 81 %). 

mp 32-33 oC 

HPLC (DAICEL CHIRALCEL OD-H， hexane-isoprop釦 011000: 1，0.6 mL/ min， 238 nrn) 

49% ee (R) 

60 

Table 6， run S (N-neopentyl-N-methylnorephedrin巴LiaIkoxide). 

Under argon atmosphere， to a solution of 24・OH(241 mg， 1.03 mmol) in loluene (3 mL)， 

BuLi (1.61 N solution in hexane， 0.53 mL， 1.03 mmol) was added at 0 oC and the mixture was 

stirred for 30 min at room temperature. The whole wぉ cooledto -78 oC，加da solution of diethyl 

cy如 ome出ylphosphonate(183 mg， 1.03 mmol) in loluene (3 mL) was added within 2 min. Aft巴r

30 min， a solution of 4-tert-bu引cyclohexanone(145 mg， 0.94 mmol) in toluene (3 mL) wぉ added

within 2 min and出巴 resultantmixture was stirred for 3 h at・78oC， and then quenched with 

saturaled aqueous ammonium chloride (10 mL). The orgru甘clayer was s巴paraledand the aqueous 

layer was extracted with ethyl ac巴lale(2 x 10 mL). The organic layers were combined， washed 

successively wilh 10% aqueous citric acid (2 x 10 mL)， saturated aqueous sodium bicarbonat巴(1x 

10 mL) and brin巴(1x 10 mL)， dried over sodium sulfate and concentraled in νacuo to leave 

colorless oil (233 mg).百leoil was puri白edby column chromatography (Si02 20 g， hexane-e山yl

acetate 40:1) to afford 3b as colorless oil (147 mg， 88%). 

HPLC (DAICEL CHIRALCEL OD-H， hexane-isopropanol 1000: 1， 0.6 mL/ min， 238 nm) 

0% ee. 

Table 7， run 2 (N-neopentylal加 inolLi剖koxid巴).

Under argon atmosphere， to a solution of 2S・OH(135 mg， 1.04 mmol) in toluen巴(3mL)， 

BuLi (1.57 N solution in hexane， 0.67 mL， 1.04 mmol) was added at 0 oC and lhe mixture was 

st町 edfor 30 min at room temperature. The whole was cooled to -78 oC， and a solution of diethyl 

cyanome白ylphosphonate(185 mg， 1.04 mmol) in toluene (3 mL) was added within 2 min. After 

30 min， a solution of 4-terトbutylcyclohexanon巴(146mg， 0.95 mmol) in toluene (3 mL) was added 

within 2 min and the resultant mixture was stirred for 3 h at -78 oC， and th巴nquench巴dwith 

saturated aqueous ammonium chloride (10 mL). The organic layer was s巴paratedand the aqueous 

layer was extract巴dwith ethyl acetale (2 x 10 mL). The organic layers were combined， washed 

successively with 10% aqueous citric acid (2 x 10 mL)， saturated aqueous sodium bicarbonale (1 x 

10 mL) and brine (1 x 10 mL)， dried over sodium sulfate and concentrated inνacuo 10 leave 

colorless oil (233 mg). 1 H-Nl'I収 spectraof the oil showed yield of 3b is 81 %. 

HPLC (DAICEL CHIRALCEL OD-H， hexane-isoprop釦 011000: 1，0.6 mL/ min， 238 nm) 

23% ee (R). 

61 



Table 7， run 3 (m加 d巴ricacid derivauve Li a1koxide). 

Under argon atmosphere， to a solution of 26・0"(203 mg， 0.98 mmol) in toluene (3 mL)， 

BuLi (1.58 N solution in hexan巴， 0.62 mL， 0.98 mmol) was added at 0 oc and the mixture was 

sti汀edfor 30 min at room也mperature.引lewhole was cooled to -78 oC， and a soluuon of diethyl 

cyanomethylphosphonate (173 mg， 0.98 mmol) in toluene (3 mL) was added within 2 min. Aft巴r

30 min， a soluuon of 4-tert-butylcyclohexanon巴(137mg， 0.89 mmol) in tolu巴ne(3 mL) was add巴d

within 2 min and the resultant mixture was stirred for 3 h at -78 oC， and then quenched with 

saturated aqueous anunonium chJoride (10 mL). The organic layer was separated釦 d出eaqueous 

layer was extracted with ethyl acetate (2 x 10 mL). The organic layers were combined， washed 

successively with 10% aqueous citric acid (2 x 10 mL)， saturated aqu巴oussodium bicarbonat巴(1x 

10 mL) and brin巴(1x 10 mL)， dried over sodium sulfate and concentrated in vacuo to leave 

colorl巴ssoil (183 mg). The oil was purified by column chromatography (Si02 20 g， h巴xane-ethyl

acetat巴40:1) to afford 3b as colorless oil (146 mg， 93%) 

HPLC (DAICEL CHIRALCEL OD-H， hexane-isopropanol 1000: 1，0.6 mL/ min， 238 nm) 

14% ee (R) 

Table 7， run 4 (va1inol derivauve Li叫koxid巴).

Under argon atmospher巴，to a solution of 27・0"(182 mg， 1.05 mmol) in toluene (3 mL)， 

BuLi (1.67 N solution in hexane， 0.63 mL， 1.05 mmol) was added at 0 oC and the mixture was 

Sllπ巴dfor 30 min at room t巴mperature.The whole was cooled to -78 oC， and a soluuon of diethyl 

cyanome山ylphosphonate(186 mg， 1.05 mmol) in tolu巴ne(3 mL) was add巴dwithin 2 min. After 

30 min， a soluuon of 4-tert-butylcyclohexanone (147 mg， 0.94 mmol) in toluen巴(3mL) was add巴d

within 2 min and the resultant mixture was stirred for 3 h at -78 oC， and then quenched with 

saturaled aqueous ammonium chJoride (10 mL). The organic layer was separated and lhe aqu巴ous

layer was extracled wilh ethyl acetale (2 x 10 mL). The organic 1ayers were combined， washed 

successively with 10% aqueous cilric acid (2 x 10 mL)， saluraled aqueous sodium bicarbonale (1 x 

10 mL) and brine (1 x 10 mL)， dried over sodium sulfate and concentrated in vacuo to 1巴avea 

colorl巴ssoi 1 (226 mg) 羽leoil was purified by column chromatography (Si02 20 g， hexane-ethyl 

ac巴tale40: 1) to afford 3b as colorless oil (144 mg， 85%). 

HPLC (DAICEL CHIRALCEL OD-H， hexane-isopropanol 1000: 1，0.6 mL/ min， 238 nm) 

29%巴e(R) 

62 

Table 7， run 5 (phenyla1anio1 derivative Li alkoxide). 

Und巴rargon atmosphere， to a soluuon of 28・0"(197 mg， 0.89 mmol) in tolu巴ne(3 mL)， 

BuLi (1.67 N solution in hexane， 0.55 mL， 0.89 mmol) was added at 0 OC and山巴 mlxturewas 

st町 edfor 30 min at room temp唱rature.ηlewhole was cooled to -78 oC， and a solu口onof diethyl 

cyanome出ylphosphonate(158 mg， 0.89 mmol) in toluene (3 mL) was added within 2 min. After 

30 min， a soluuon of 4-tert-butylcyclohexanone (125 mg， 0.81 mmol) in toluen巴 (3mL) was added 

Wl出in2 min and the resultant mixture was stiπed for 3 h at -78 oC， and then quenched with 

saturated aqueous ammonium chJoride (10 mL).ηle organic layer was separated and the aqueous 

layer was extracted with ethyl acetate (2 x 10 mL). The organic layers were combin巴d，washed 

successively with 10% aqueous citric acid (2 x 10 mL)， saturated aqueous sodium bicarbonate (1 x 

10 mL)釦 dbrine (1 x 10 mL)， dried over sodium sulfate and concentrated in vacuo to leave a 

colorless oil (268 mg)ー明leoil was purified by column chromatography (Si02 20 g， hexane-e山yl

acetate 40: 1) to afford 3b as colorless oil (111 mg， 77%). 

HPLC (DAICEL CHlRALCEL OD-H， hexane-isopropanol 1000: 1， 0.6 mL/ min， 238 nm) 

23% ee (R). 

Table 7， run 6 (phenyllaclic acid derivative Li a1koxide). 

Under argon atmosph巴re，to a solution of 29・0"(224 mg， 1.01 mmol) in toluene (3 mL)， 

BuLi (1.57 N solution in hexane， 0.64 mL， 1.01 mmol) was added at 0 oC and lhe mixture was 

st町巴dfor 30 min at room lemperature. The whole was cooled to -78 oC， and a solution of dielhyl 

cyanomethy1phosphona臼(179mg， 1.01 mmol) in toluene (3 mL) was added within 2 min. Afler 

30 min， a soluuon of 4-/ert-butylcyclohexanone (142 mg， 0.92 mmol) in 101uene (3 mL) was added 

wilhin 2 min and lhe resultant mixlure was stirred for 3 h at -78 oC， and then quenched wilh 

saturated aqueous ammonium chJoride (10 mL). Th巴organiclayer was separal巴dand lhe aq ueous 

layer wぉ extractedwith ethyl acetate (2 x 10 mL). The org加 iclay巴rswere combined， washed 

successlv巴lywith 10% aqu巴ouscitric acid (2 x 10 mL)， saturat巴daqueous sodium bicarbonate (1 x 

10 mL) and brin巴(1x 10 mL)， dried over sodium sulfate and concentrated in vacuo to leave a 

colorless oil (185 mg).ηle oil was purified by ∞lumn chromatography (Si02 20 g， hexane-ethyl 

acetate 40: 1) to afford 3b as colorless oil (138 mg， 85%). 

HPLC (DAICEL CHIRALCEL OD-H， hexane-isopropanol 1∞0: 1，0.6 mL/ min， 238 nm) 

16% ee (S). 

63 
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Table 7， run 7 (pseudoeph巴drin巴 derivativeLi alkoxide). 

Under argon atmosphere， to a solution of 30・OH(250 mg， 1.13 mmol) in toluene (3 mL)， 

BuLi (1.58 N solution in hexane， 0.71 mL， 1.13 mmol) was added al 0 oC加 dlhe mixlure was 

Sl町 edfor 30 min al room 1巴mperature.The whole was cooled 10 -78 oC， and a solution of diethyl 

cyanome出ylphosphonale(200 mg， 1.13 mmol) in toluene (3 mL) was added wilhin 2 min. Afler 

30 min， a solution of 4-tert-butylcyclohexanone (158 mg， 1.03 mmol) in loluen巴(3mL) wぉ added

within 2 min and the resultanl mixture was sti汀巴dfor 3 h at -78 oC， and then quench巴dwi出

saturated aqueous ammonium cWoride (10 mL). The organic layer was separaled and出eaqueous 

layer was extracted with ethyl acetate (2 x 10 mL). The organic layers were combined， washed 

successively with 10% aqueous citric acid (2 x 10 mL)， salurated aqueous sodium bicarbonat巴(lx

10 mL)加 dbrine (1 x 10 mL)， dried over sodium sulfate and concentrated in vacuo to leave a 

colorless oil (253 mg).ηle oil was purified by column chromatography (Si02 20 g， hexan巴巴山yl

aceta也 40:1) 10 afford 3b as colorless n巴edles(138 mg， 88%) 

mp 51-53 oC. 

HPLC (DAICEL CHIRALCEL OD-H， hexane-isopropanol 1000: 1， 0.6 mL/ min， 238 nm) 

2% ee (R). 

Table 7， run8 (2・釘nino-l，2-diphenylelhanolderivative Li alkoxide). 

Under argon almosphere， to a solution of 31・OH(292 mg， 1.04 mmol) in loluene (3 mL)， 

BuLi (1.58 N Solulion in hexane， 0.66 mL， 1.13 mmol) was add巴dat 0 oC加 dthe mixlur巴was

stirred for 30 min al room lemperature. Th巴 wholewas coo1ed 10 -78 oC， and a solution of dielhyl 

cyanomethylphosphonal巴(183mg， 1.04 mmol) in toluene (3 mL) was added within 2 min. Afler 

30 min， a solution of 4-tert-butylcyclohexanone (145 mg， 1.04 mmol) in loluene (3 mL) was add巴d

within 2 min and lh巴resullanlmiXlUr巴wasSl町巴dfor 3 h al -78 oC， and then quenched wilh 

saturaled aq ueous創nmoniumcWoride (10 mL). The organic 1ayer was separaled and the aqueous 

layer was extracled with ethyl acetale (2 x 10 mL). The organic layers were combin巴d，washed 

successively wi山 10%aqueous citric acid (2 x 10 mL)， saturated aqueous sodium bicarbonate (1 x 

10 mL)加 dbrine (l x 10 mL)， dried over sodium sulfate and concentrated in vacuo to leave a 

colorless oil (253 mg)ーTheoi1 was purified by column chromatography (Si02 20 g， hexane-e出yl

acetate 40:1) to afford 3b as colorless needles (108 mg， 65%). 

mp 45-49 oc. 
HPLC (DA1CEL CHlRALCEL OD-H， hexane-isopropanol 1000: 1，0.6 mL/ min， 238 nm) 

20% ee (R) 
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Table 7， run9 (tetralone derivativ巴Lia1koxide). 

Under argon atrnosphe陀，to a solution of 32・OH(110 mg， 0.471 mmol) in toluene (2 mL)， 

BuLi (1.65 N solution in hexane， 0.29 mL， 0.471 mmol) was added at 0 oC and the mixture was 

stirred for 30 min al room lemperatur巴.ηlewhole wぉ cooled10 -78 oC， and a solution of dielhyl 

cyanomethylphosphonate (83 mg， 0.471mmol) in loluene (3 mL) was added within 2 min. After 

30 min， a solution of 4-tert-buty1cyclohexanone (66 mg， 0.43 mmol) in loluene (3 mL) was added 

within 2 min and the resultant mixture was stiπed for 3 h al -78 oC， and then quenched wilh 

saturated aqueous ammonium cWoride (10 mL). The organic layer was separaled and th巴aqueous

layer was ex甘actedwith ethy1 acetate (2 x 10 mL). Th巴org釘liclayers were combin巴d，washed 

successively wi出 10%aqueous citric acid (2 x 10 mL)， saturaled aqueous sodium bicarbonale (1 x 

10 mL)釦dbrine (1 x 10 mL)， dried over sodium sulfate and concentrated in vacuo to I巴avea 

colorless oil (150 mg). 1 H-NMR spectra of山eoil showed yield of山eoil is 83% 

GC (CHROMPAK CP-Cyclodex凶n-s-236-m-19，50 m， carrier gas: N2 85叫/min， H2 1.2 

kgf/ cm2， air 0.8 kgf! cm2， temp. inj. 200 oC， det. 2∞。C，column 80 oC， 1 oC/ min) 46% ee (R). 

Table 8， run 2 (BuLi 2 eq). 

Und巴rargon atmosph巴re，to a solution of 8・OH(160 mg， 0.72 mmol) in loluene (3 mL)， 

BuLi (1.65 N solution in hex釦巴，0.86 mL， 1.44 mmol) was added at 0 oC and lhe miXlure was 

stirred for 30 min at room temperature. The whole was cooled to -78 oC，釦da solution of diethyl 

cy釦 omethylphosphonate(183 mg， 0.72 mmo1) in to1uene (2 mL) was added within 2 min. After 

30 min， a solution of 4-tert-butylcyclohexanone (101 mg， 0.66 mmo1) in toluene (2 mL) was added 

within 2 min and th巴 resu1tantmixture was stirr巴dfor 3 h at -78 oC， and then quenched with 

saturated aqueous創nmoniumcWoride (10 mL)甘leorg創liclayer was separated and the aqueous 

lay巴rwas extracted with ethy1 acetate (2 x 10 mL). The org釦 iclayers were combined， washed 

successive1y wi出 10%aqueous citric acid (2 x 10 mL)， saturated aqueous sodium bicarbonate (1 x 

10 mL)加 dbrine (1 x 10 mL)， dried over sodium sulfate and concentrated in vacuo to leave a 

co10r1ess oi1 (177 mg).ηle oi1 was puri白edby co1umn chromatography (Si02 20 g， hexane-ethyl 

acetate 40・1)to afford 3b as co10rless needles (83 mg， 77%) 

mp 48-51 oC. 

HPLC (DAlCEL CHlRALCEL OD-H， hexane-isopropanol 1000: 1，0.6 mL/ min， 238 nm) 

4% ee (R). 

65 



Table 8， run 3 (methyl eth巴rLi amide). 

Under argon atmosphere， to a solution of 34・NH(230 mg， 0.98 mmol) in tolu巴ne(3 mL)， 

BuLi (1.58 N solution in hexane， 0.62 mL， 0.98 mmol) was added at 0 oC and the mixture was 

stirr巴dfor 30 min at room temperature.引lewhole was cooled to -78 oC， and a solution of diethyl 

cyanome曲折phosphonate(173 mg， 0.98 mmol) in toluene (2 mL) was added within 2 min. After 

30 min， a solution of 4-tert-butylcyclohexanone (137 mg， 0.89 mmol) in toluene (2 mL) was added 

within 2 min and the resultant mixture was sti汀edfor 3 h at -78 oC， and then quenched with 

saturated aqueous ammonium chloride (10 mL). The org白1iclayer was separated飢 dthe aqueous 

layer was extracted with ethyl acetate (2 x 10 mL). The organic layers were combin巴d，washed 

successively with 10% aqueous citric acid (2 x 10 mL)， saturated aqueous sodium bicarbonate (1 x 

10mL)釦 dbrine (1 x 10 mL)， dried over sodium sulfate and concentrated in vacuo to leave a 

colorless oil (227 mg).ηle oil was purified by column chromatography (Si02 20 g， hexane-巴thyl

ace凶te40:1) to afford 3b as a colorless oil (80 mg， 51%). 

HPLC (OAICEL CHlRALCEL OO-H， hex釦e-isopropanol1000: 1， 0.6 mL/ min， 238 nm) 

0% ee. 

Table 8， run 4 (chiral Li amide neopentyl). 

Under argon atmosphere， to a solution of 35・NH(282 mg， 1.03 mmol) in tolu巴ne(3 mL)， 

BuLi (1.58 N solution in hexane， 0.65 mL， 1.03 mmol) was added at 0 oC釦 dth巴mlxturewas 

stirred for 30 min at room temperature.ηle whole was cooled to -78 oC， and a solution of diethyl 

cyanome山ylphosphonate(182 mg， 1.03 mmol) in tolu巴ne(2 mL) was added within 2 min. After 

30 min， a solution of 4-terr-butylcyclohexanone (144 mg， 0.93 mmol) in toluen巴(2mL) was added 

within 2 min and the resultant mixture was stirred for 3 h at -78 oC， and then quenched with 

saturated aqueous ammo凶umchlo吋de(10 mL). The organic layer was s巴p釘 ated加 dthe aqueous 

layer was extracted with ethyl acetate (2 x 10 mL). The org釦 iclay巴rswer巴 combined，washed 

successively wi出 10%aqueous citric acid (2 x 10 mL)， saturated aqu巴oussodi um bicarbonate (1 x 

10 mL) and brin巴(1x 10 mL)， dried over sodium sulfate and conc巴ntratedin vacuo to leave a 

colorl巴ssoil (261 mg). The oil was purified by column chromatography (Si02 20 g， hexane-e出yl

acetaほ 40:1) to afford 3b as colorless needles (127 mg， 77%). 

mp 48-51 oc. 
HPLC (OAICEL CHlRALCEL OO-H， hexane-isoprop加 011000: 1， 0.6 mL/ min， 238 nm) 

O%ee 
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Table 8， run 6 (chiral Li amid巴tetradentate).

Under argon atmosphere， to a solutiun of 36・NH(305 mg， 0.92 mmol) in toluene (3 mL)， 

BuLi (1.58 N solution in hexan巴，0.58 mL， 0.92 mmol) was added at 0 oC and the mixture was 

stirred for 30 min at room temperature. The whole was cooled to -78 oC， and a solution of di巴thyl

cyanome出ylphosphonate(164 mg， 0.92 mmol) in toluene (2 mL) was added within 2 min. After 

30 min， a solution of 4-tert-butylcyclohexanone (130 mg， 0.84 mmol) in toluene (2 mL) was added 

within 2 min and the resultant mixture wぉ su汀edfor 3 h at -78 oC， and then quenched with 

saturated aqueous包nmoniumchloride (10 mL)ー甘leorganic layer was separated and th巴aqueous

layer was extracted with ethyl acetate (2 x 10 mL). The organic layers were combin巴d，washed 

successively with 10% aqueous citric acid (2 x 10 mL)， saturated aqueous sodium bicarbonate (1 x 

10 mL)釦dbrin巴(1x 10 mL)，合iedover sodium sulfate and concentrated in vaCUD to leave a 

colorless oil (177 mg). The oil was purified by column chromatography (Si02 20 g， hexane-e山yl

acetate 40: 1) to afford 3b as colorless needles (127 mg， 85%). 

mp 48-51 oc. 
HPLC (OAICEL CHlRALCEL OO-H， hex加 e-isopropanol1000: 1， 0.6 mL/ min， 238 nm) 

9% ee (S). 

Table 8， run 7 (spartein+ BuLi). 

Under argon atmosphere， to a solution of (ー)-spartein(260 mg， 1.11 mmol) in toluene (6 mL) 

and diethyl cyanomethylphosphonate (197 mg， 1.11 mmol)， BuLi (1.58 N SolUlion in hexane， 0.70 

mL， 1.11 mmol) wぉ addedat -78 oC and出emixture was stirred for 30 min at -78 oc. A solution 

of 4-tert-butylcyclohexanone (156 mg， 1.01 mmol) in toluene (2 mL) wぉ addedwithin 2 min and 

the resultant mixture was stirred for 3 h at -78 oC， and then quench巴dwith saturated aqueous 

釘nmoniumchloride (10 mL). The organic lay巴rwas separaL巴dand the aqu巴ouslayer wぉ ex回 ct巴d

Wl出巴出ylacetate (2 x 10 mL). The organic layers w巴recombined， washed sucαssively with 10% 

aqueous Cl凶cacid (2 x 10 mL)， saturated aqueous sodium bicarbonate (1 x 10 mL)加 db吋ne(l x 

10mL)，むiedover sodium sulfate and concentrated in vacωto leave a colorless oil (229 mg)ηle 

oil was purified by column chromatography (Si02 20 g， hexane-ethyl acetate 40・1)to afford 3b as 

a colorless oil (158 mg， 88%). 

HPLC (OAICEL CHlRALCEL OO-H， h巴xane-isopropanol1000: 1，0.6 mL/ min， 238 nm) 

10% ee (S). 
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Table 9， run 2 (LiBr added) 

Under argon atmosphere， to a mixture of 8・OH(229 mg， 1.04 mmol) and lithium bromide 

(90 mg， 1.04 mmol) in tolu巴ne(3 mL)， BuLi (1.69 N solution in hex加に 0.61mL， 1.04 mmol) 

was added at 0 oC and the mixture was stiπed for 30 min at room temperature (li出umbromide 

insoluble). The whole wぉ cooledto -78 oC， and a solution of diethyl cyanomethylphosphonate 

(183 mg， 1.04 mmol) in toluene (3 mL) was added within 2 min. After 30 min， a solu白onof 4-

tert-butylcyclohexanone (145 mg， 0.94 mmol) in toluene (2 mL) was added within 2 min and the 

resultant mixture was stirred for 3 h at -78 oC， and then quenched with saturated aqueous 

創nmoniumcluoride (10 mL)ηle organic layer was separated and出eaqueous layer was extracted 

withe出ylacetate (2 x 10 mL).ηle organic layers were combined， washed successively with 10% 

aqueous citric acid (2 x 10 mL)， saturated aqu巴oussodium bicarbonate (1 x 10 mL)釦dbrine (1 x 

10 mL)， dried over sodium sulfate and concentrated in vacuo to leave cololess oil (231 mg). The 

oil was purified by column chromatography (Si02 20 g， hexane-巴thylacetate 40:1) to afford 3b as 

colorless needles (139 mg， 67%) 

mp4ト450C

HPLC (DAICEL CHIRALCEL OD-H， hexane-isopropanol 1000: 1，0.6 mL/ min， 238 nm) 

7%e巴 (R)

Table 9， run 3 (LiCl added) 

Under argon atmosphere， to a suspension of 8・OHhydrochloride (210 mg， 0.81 mmol) 

in tolu巴ne(2 mL)， BuLi (1.61 N solution in h口組e，1.02 mL， 0.81 mmol) was added at 0 oC加 d

the mixture was stirred for 30 min at room temperature. The whol巴wascool巴dto・78oC， and a 

solution of diethyl cyanomethylphosphonate (144 mg， 0.81 mmol) in toluene (2 mL) was added 

within 2 min. After 30 min， a solution of 4-terトbutylcyclohexanone(114 mg， 0.74 mmol) in 

toluene (2 mL) was added within 2 min and the resultant mixture was sti汀巴dfor 3 h at -78 oC， and 

then quench巴dwith saturated aqueous ammonium chloride (10 mL). The organic layer was 

separated and出eaqu巴ouslayer was extracted with ethyl acetate (2 x 10 mL). The organic layers 

were combin巴d，washed successively with 10% aqueous citric acid (2 x 10 mL)， saturated aqueous 

sodium bicarbonate (1 x 10 mL) and brin巴(1x 10 mL)，むiedover sodium sulfate and concentrated 

mνacuo to leave a yellow oil (217 mg). The oil was purified by column chromatography (Si02 20 

g， h巴X加 e-ethylacetate 40: 1)ωafford 3b as a colorless oil (88 mg， 67%). 

HPLC (DAlCEL CHIRALCEL OD-H， hexane-isopropanol 1000: 1， 0.6 mL/ min， 238 nm) 

7%巴巴 (R).
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Table 9， run 4 (Li phosphate added). 

Under釘 gonatmosphere， to a mixture of 8・OH(195 mg， 0.88 mmol) and phosphonic acid 

diethyl ester (136 mg， 0.88 mmol) in IOluene (2 mL)， BuLi (1.65 N solution in hex加 e，1.06 mL， 

0.88 mmol) was added at 0 oC and the mixture was stirred for 30 min at room temperature. The 

whole was cooled to -78 oC， and a solution of diethyl cyanomethylphosphonate (156 mg， 0.88 

mmol) in toluene (2 mL) was added within 2 min. After 30 min， a solution of 4-tert-

butylcyclohex釦 one(124 mg， 0.80 mmol) in toluen巴 (2mL) was added within 2 min and the 

resultant mixture wぉ stiπedfor 3 h at -78 oC， and then quenched with saturated aqueous 

=0凶umcluoride (10 mL) 百leorganic layer was separ百也dand出eaqueous layer was extr百ct巴d

with ethyl acetate (2 x 10 mL). The organic layers w巴recombined， washed successively with 10% 

aqueous citric acid (2 x 10 mL)， saturated aqueous sodium bicarbonate (1 x 10 mL)加 dbrine(lx

10mL)，合iedover sodium sulfate and concentrated in vacuo to leave a yellow oil (251 mg). I H-

NMR spectrum of the oil show巴dthat yield of 3b is 80% 

GC (CHROMPAK CP-Cyclodextrin-s・236・m-19，50 m， carri巴rgas: N2 85 ml/ min， H2 1.2 

kgf/ cm2，町0.8kgf/ cm2， temp. i町.200oC， d巴t.200 oC， column 80 oC， 1 oC/ min) 41 % ee (R). 
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Table 10， run 2 (solvent Et20). 

Under argon atmosphere， to a solution of 8・OH(180 mg， 0.81 mmol) in Et20 (2 mL)， BuLi 

(1.69 N solution in hexane， 0.48 mL， 0.81 mmol) was add巴dal 0 oc and a mixture was sti汀edfor 

30 min at room temperature. The whole was cooled to -78 oC， and a solution of diethyl 

cyanome出ylphosphonate(144 mg， 0.81 mmol) in Et20 (3 mL) was added withln 2 min. After 30 

min， a solution of 4-tert-butylcyclohexanone (114 mg， 0.74 mmol) in Et20 (3 mL) was added 

withln 2 mjn and lhe resultant mixture was stirred for 3 h at -78 oC， and then quenched wilh 

saturated aqueous ammoruum chloride (10 mL)百leorgar甘clayer was separated and出eaqueous 

lay巴rwぉ extractedwilh ethyl acetate (2 x 10 mL). The organic layers were combined， washed 

successively with 10% aqueous citric acid (2 x 10 mL)， saturated aqueous sodium bicarbonate (1 x 

10 mL) and brine (1 x 10 mL)， dried over sodium sulfate and concentraled in vacuo 10 leave a 

colorless oil (161 mg). The oil was purified by column chromatography (Si02 20 g， hexane-e出yl

acetate 40:1) to afford 3b as a colorless oil (123 mg， 94%). 

HPLC (DAICEL CHIRALCEL OD-H， hexane-isopropanol 1000: 1，0.6 mL/ min， 238 nm) 

34% ee (R) 

Table 10， run 3 (solvent 1，2-dimethoxyethan巴).
Under argon atmosphere， 10 a solution of 8・oH (177 mg， 0.80 mmol) in 1，2-

dimethoxye出釦e(2 mL)， BuLi (1.69 N solution in hexane， 0.47 mL， 0.80 mmol) was added al0 

。Candam山町ewas stirred for 30 mjn at room也mperature.The whole wぉ cooledto -78 oC， and 

a solution of diethyl cyanomethylphosphonate (142 mg， 0.80 mmol) in 1，2-dimethoxyethane (3 

mL) was added within 2 min. After 30 mjn， a solution of 4-terトbutylcyclohexanone(112 mg， 0.73 

mmol) in 1，2-dim巴thoxyethane(3 mL) was added within 2 min and the resultant mixture was 

stirred for 3 h al -78 oC， and then quenched with saturat巴daqueous ammonium chloride (10 mL) 

Th巴 org釦 iclayer was separated and the aqueous layer was extracted with ethyl acelale (2 x 10 

mL). The organic layers were combined， washed successively with 10% aqueous citric acid (2 x 

10 mL)， salurated aqu巴oussodium bicarbonale (1 x 10 mL)加 dbrine (1 x 10 mL)， dried over 

sodium sulfate釦 dconcentrat巴din vacω 10 leave a colorless oil (162 mg). Th巴 oilwas purified by 

column chromalography (Si02 20 g， hexane-ethyl acetat巴40:1)to a仔'ord3b as a colorless oil (120 

mg，90%). 

HPLC (DAICEL CHIRALCEL OD-H， hexane-isopropanol 1000: 1，0.6 mL/ min， 238 nm) 

1% ee (R). 
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Table 10， run 4 (solvent THF). 

Under argon atmosphere， to a solutio!l of 8・OH(179 mg， 0.81 mmol) in THF (2 mL)， BuLi 

(1.69 N solution in h巴xane，0.48 mL， 0.81 mmol) was added al 0 oC and a m印刷rewas stirred for 

30 min at room temperatur巴 Thewhole was cooled 10 -78 oC， and a solution of diethyl 

cyanome出ylphosphonat巴(143mg， 0.81 mmol) in THF (3 mL) was added within 2 min. Afler 30 

min， a solution of 4-tert-butylcyclohexanone (113 mg， 0.74 mmol) in THF (3 mL) was added 

within 2 min and the resultant mixture was stiπed for 3 h at -78 oC， and lhen quench巴dwith 

saturated aqueous創nmoniumchloride (10 mL). The organic layer was separaled and出eaqueous 

layer wぉ extract巴dwith巴thylacetale (2 x 10 mL). The organic layers were combined， wash巴d

successively with 10% aqueous citric acid (2 x 10 mL)， satura~巴d aqueous sodium bicarbonale (1 x 

10 mL)釦dbrin巴(1x 10 mL)， dried over sodium sulfate and concenlTaled in vacuo to leave a 

coloriess oil (180 mg).百leoil was purified by column chromalography (Si02 20 g， hexane-ethyl 

acetat巴 40:1) to afford 3bぉ acolorless prisms (114 mg， 87%) 

HPLC (DAICEL CHIRALCEL OD-H， h巴xane-isopropanol1000: 1， 0.6 mL/ min， 238 nm) 

0% ee. 

Table 10， run 5 (solvent toluene， HMPA added). 

Under argon almosphere， to a Solulion of 8・OH(200 mg， 0.90 mmol) in toluene (3 mL)， 

BuLi (1.69 N solution in hexane， 0.53 mL， 0.90 mmol) was added at 0 oC and a miXlUre was 

stirred for 30 min at room temperature. The whole was cooled 10 -78 oC， and a solu白onof diethyl 

cy加 om巴thylphosphonate(160 mg， 0.90 mmol) in toluen巴(3mL) was added withln 2 min. After 

20 min， hexamethylphosphoric triamide (0.16 mL， 162 mg， 0.90 mmol) was added and The 

whole was stirred for further 20min. A solution of 4-tert-bulylcyclohexanone (127 mg， 0.82 

mmol) in loluene (3 mL) was added wilhin 2 min and lhe resultant mixture was slirred for 3 h at 

-78 oC， and then quench巴dwilh saturated aqueous ammoruum chloride (10 mL). The organic layer 

was separated and lhe aqueous layer was extracted with ethyl acetate (2 x 10 mL). The org釦 ic

layers were combined， washed successively with 10% aqueous citric acid (2 x 10 mL)， saturat巴d

aqueous sodium bicarbonate (1 x 10 mL) and brine (1 x 10 mL)， dried over sodium sulfate and 

concentrated in vacuo 10 leav巴 acolorless oil (251 mg). The oil was purified by column 

chromatography (Si02 20 g， hexane-ethyl ace附 40:1) to afford olefin as a colorless prisms (138 

mg，95%). 

HPLC (DAICEL CHIRALCEL OD-H， hexane-isopropanol 1000: 1， 0.6 mL/ min， 238 nm) 

28% ee (R). 
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Table 11， run 1 (reaction time 10 min). 

Under argon atmosphere， to a solution of 8・OH(229 mg， 0.88 mmol) in toluene (3 mL)， 

BuLi (1.57 N solution in hexane， 0.56 mL， 0.88 mmol) was added al 0 oC and a mixlure was 

st註Tedfor 30 min at room temperature. The whole was cooled to -78 oC， and a solution of diethyl 

cyanome出ylphosphonale(181 mg， 0.88 mmol) in l01u巴ne(3 mL) was added within 2 min. After 

30 min， a solution of 4--tert-butylcyc10hexanone (124 mg， 0.80 mmol) in lolu巴ne(3 mL) was aded 

within 2 min and the resultant mix凶rewas stirred for 10 min at -78 oC，釦dthen quenched wi山

saturated aqu巴ousammonium chloride (10 mL) 百leorganic lay巴rwぉ separatedand出eaqueous 

layer was extracted with ethyl acetate (2 x 10 mL). The organic 1ayers were combined， washed 

successively with 10% aqueous citric acid (2 x 10 mL)， saturated aqueous sodium bicarbonat巴(1x

10 mL) and brin巴(1x 10 mL)， dried over sodium sulfate and conc巴ntratedin vacuo to leave 

co10r1ess oil (218 mg).ηle oil was purified by co1umn chromatography (Si02 20 g， hexane-ethyl 

acetale 40:1) to afford olefin as colorless oil (87 mg， 58%). 

HPLC (DAICEL CHIRALCEL OD-H， h巴xane-isopropanol1000:1，0.6 mL/ min， 238 nm) 

49% ee (R). 

Table 11， run 2 (reaction time 30 min). 

Under argon atmosphere， to a solution of 8・OH(188 mg， 0.85 mmol) in toluene (3 mL)， 

BuLi (1.61 N solution in hexane， 0.53 mL， 0.85 mmol) was added at 0 oC釦 da mixture was 

SI町巴dfor 30 min at room temperature. The whole was cooled to -78 oC， and a solution of diethyl 

cyanomethylphosphonate (150 mg， 0.85 mmol) in toluene (2 mL) was added within 2 min. After 

30 min， a solution of 4-tert-butylcyclohexanone (119 mg， 0.77 mmol) in toluene (2 mL) was aded 

within 2 min and山巴 resultantmixtur巴wassuπed for 30 min at -78 oC， and then quenched with 

saluraled aqueous ammonium chlorid巴(10mL). Th巴 organiclayer was separated and出巴 aqu巴ous

layer wお extractedwith ethyl acetate (2 x 10 mL). The organic layers were combined， washed 

successiv巴Jywith 10% aqueous citric acid (2 x 10 mL)， saturated aqueous sodium bicarbonate (1 x 

10 mL) and brine (1 x 10 mL)， dried over sodium sulfate and concentraled in vacuo to 1巴ave

colorless oil (174 mg). The oiJ was purified by column chromatography (Si02 20 g， hexane-ethyl 

acetate 40: 1) to afford 01巴finぉ colorlessoil (96 mg， 70%)目

HPLC (DAICEL CHIRALCEL OD-H， h巴xan巴ーisopropanol1000: 1， 0.6 mL/ min， 238 nm) 

51%巴e(R). 
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TabJe 11， run 3 (reaction time 1 h). 

Under argon atmosph巴re，to a solution of 8・OH(226 mg， 1.02 mmol) in toluene (3 mL)， 

BuLi (1.61 N solution in hexane， 0.60 mL， 1.02 mmol) was added at 0 oC and a mixture wぉ

sti汀edfor 30 min at room lemperature. The whole was cooled 10 -78 oC， and a sol ution of diethyl 

cyanomethylphosphonate (181 mg， 1.02 mmol) in toluene (3 mL) was added within 2 min. After 

30 min， a soJution of 4-tert-butylcycJohexanone (143 mg， 0.93 mmol) in toluene (3 mL) was aded 

within 2 min and the resultant mixture was stirred for 1 h at -78 oC， and then quenched with 

saturated aqueous arnmonium chloride (10 mL).ηle organic layer was sep釘atedand the aq ueous 

layer was extracted with ethyl acetat巴(2x 10 mL). The organic lay巴rswere combined， washed 

successiveJy with 10% aqueous citric acid (2 x 10 mL)， saturated aqueous sodium bicarbonate (1 x 

10 mL) and brine (1 x 10 mL)， dri巴dover sodium sulfate and concentrated in vacuo to leave 

colorless oil. The oil was purified by column chromatography (Si02 20 g， hexane-ethyl acetate 

40: 1) to afford olefrnぉ colorlessprisms (138 mg， 84%)目

mp41-450C. 

HPLC (DAICEL CHIRALCEL OD-H， hexane-isopropanol 1000・1，0.6 mL/ min， 238 nm) 

51% ee (R) 

Table 12， run 1 (reaction temp巴rature-20 OC). 

Under argon atmosphere， to a s01ution of 8・OH(223 mg， 1.01 mmol) in toluene (3 mL)， 

BuLi (1.57 N solution in hexane， 0.64πlL， 1.01 mmoJ) was added at 0 oC and a mixture was 

stirred for 30 min at room temperature.ηle whole was cooled to -78 oC，加da solution of diethyl 

cyanomethylphosphonate (178 mg， 1.01 mmol) in toluene (3 mL) was added within 2 min. After 

30 min， a soJution of 4・tert-butyJcycJohexanone(141 mg， 0.92 mmol) in toluene (3 mL) wぉ aded

within 2 min and th巴resultantmixture was stirred for 3 h at -20 oC， and then quenched with 

saturated aqueous ammonium chloride (10 mL)ηle organic layer was separated and the aqueous 

layer was extracted with ethyl ac巴tate(2 x 10 mL). The organic layers were combined， washed 

successively wi山 10%aqueous citric acid (2 x 10 mL)， saturated aqueous sodium bicarbonate (1 x 

10 mL) and brine (1 x 10 mL)， dri巴dover sodium sulfate and concentrated inνacuo to 1巴avea 

colorless oil (221 mg). The oi1 was purified by column chromatography (Si02 20 g， h巴X加巴ー巴thyl

acetate 40: 1) to a仔ordolefin as colorless prisms (172 mg， 98%). 

mp 32-35 oc. 
HPLC (DAICEL CHIRALCEL OD-H， hexane-isopropanol 1000: 1， 0.6 mL/ min， 238 nm) 

22% ee (R). 
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Table 12， run 2 (reaction temperature -60 oC). 

Under argon atmosphere， to a solution of 8・OH(223 mg， 1.01 mmol) in toluene (3 mL)， 

BuLi (1.57 N solution in hexane， 0.64 mL， 1.01 mmol) was add巴dat 0 oC and a mixture was 

mπed for 30 min at room temperature.甘lewhole was cooled to -78 oC， and a solution of di巴thyl

cy如 omethylphosphonate(178 mg， 1.01 mmol) in tolu巴ne(3 mL) was added within 2 min. After 

30 min， a solution of 4-tert-butylcyclohexanone (141 mg， 0.92 mmol) in toluer】巴 (3mL) wぉ aded

within 2 min and出eresultant mixture was stirred for 3 h at -60 oC， and then quenched with 

saturated aqueous ammonium chloride (10 mL).ηle organic layer was separated and the aqueous 

layer was ex汀actedwith ethyl acetate (2 x 10 mL). The organic layers were combin巴d，washed 

successively with 10% aqueous citric acid (2 x 10 mL)， saturated aqueous sodium bicarbonate (1 x 

10 mL) and brine (1 x 10 mL)， dried over sodium sulfate and concentrated in vacuo to leave a 

colorless oil. The oil was purified by column chromatography (Si02 20 g， hexane-ethyl acetat巴

40:1) to afford ole白1as colorless prisms (142 mg， 87%). 

mp 32-35 oc. 
HPLC (DAICEL CHIRALCEL OO-H， hexane-isopropanol 1000: 1，0.6 mL! min， 238 nm) 

44% ee (R). 

Table 12， run 4 (陀actiontemp巴rature-100 oC). 

Under argon atmosphere， to a solution of 8・OH(278 mg， 1.26 mmol) in toluene (3 mL)， 

BuLi (1.69 N solution in h巴xane，0.74 mL， 1.26 mmol) was add巴dat 0 oC and a mixture was 

stirred for 30 min at room t巴mperature.The whole was cooled to -78 oC， and a solu口onof diethyl 

cyanome出ylphosphonate(223 mg， 1.26 mmol) in toluene (3 mL) was add巴dwithin 2 min. After 

30 min， a solution of 4-tert-butylcyclohexanone (176 mg， 1.14 mmol) in toluene (3 mL) was aded 

within 2 min and the resultant mixture was stiπed for 3 h at -60 oC， and then quenched with 

saturated aqueous ammonium chloride (10 mL)ηle organic layer was separated and出eaqueous 

layer was extracted with ethyl acetate (2 x 10 mL). The organic layers were combin巴d，washed 

successively with 10% aqu巴ouscitric acid (2 x 10 mL)， saturat巴daqueous sodi um bicarbonate (1 x 

10 mL) and brine (1 x 10 mL)， dried over sodium sulfate and concentrated in vacuo to leave a 

colorless oil .刊eoil was purifi巴dby column chromatography (Si02 20 g， hexane-ethyl acetate 

40: 1) to afford olefin as colorless prisms (171 mg， 85%). 

mp 32-35 oc. 
HPLC (OAICEL CHlRALCEL OO-H， hexane-isopropanol 1000: 1，0.6 mL/ min， 238 tun) 

48% ee (R). 
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Table 13 run 2 (4-phenylcyclohexanone). 

Und巴rむ gonatrnosphere， to a solution of 8・OH(237 mg， 1.07 mmol) in toluene (3 mL)， 

BuLi (1.58 N solution in hexane， 0.68 mL， 1.07 mmol) was added at 0 oC and a mixture was 

stirred for 30 min at room temperature.ηle whole was cooled to -78 oC， and a solution of di巴thyl

cyanome出ylphosphonate(190 mg， 1.07 mmol) in toluene (3 mL) was add巴dwithin 2 min. After 

30 min， a solution of 4・phenylcyclohexanone(170 mg， 0.97 mmol) in toluene (3 mL) was aded 

within 2 min and the resultant mixture was stirred for 3 h at -78 oC， and then quenched with 

saturated aqueous ammonium chloride (10 mL).η1巴organiclayer was separated and出eaqueous 

layer was extracted with巴出ylacetate (2 x 10 mL). The org加 iclay巴rswere combined， washed 

successively with 10% aqueous citric acid (2 x 10 mL)， saturated aqueous sodium bicarbonate (1 x 

10 mL) and brin巴(1x 10 mL)， dried over sodium sulfate and concentrated inνaCllo 10 leave 

colorless oil (257 mg) ηle oil was puri白巴dby column chromatography (Si02 20 g， hexane-巴thyl

acetate 40: 1) to afford olefinぉ colorlessoil (169 mg， 88%). 

HPLC (OAICEL CHIRALCEL OO-H， hexane-isopropanol 300: 1，0.6 mL/ min， 254 tun) 

46% ee. 

IR (neat， cm-1) 2200，1630 

lH-NMR (270 MHz， COCI3) 01.54-1.73 (2H.， m)， 2.07・ 2.22(2H， m)， 2.27-2.54 (2H， 

m)， 2.49-2.54 (lH， m)， 2.79 (lH， dddd， J = 12.2 Hz， 12.2 Hz， 3.2 Hz， 3.2 Hz)， 3.05-3.10 

(lH， m)， 5.13 (lH， s)， 7.31 (l5H， m， Ph). 

13C-NMR (67.8 MHz， CDCI3 as 77.0 ppm) 032.87， 34.39， 34.84， 35.68， 43.38， 92.77， 

126.44， 126.67， 128.52， 145.11. 

MS m/z: 198 [(M+I)+]. 197 (M+). 

SR [αl65判 2(c 1.49， CHCI3) 

Anal. Calcd for CI4HI5N: C， 85.24; H， 7.66; N， 7.10. Found C， 85.23; H， 7.85; N， 6.91. 
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Table 13 run 3 (4-isopropylcydohexanone). 

Under argon atmosphere， to a solution of 8・OH(213 mg， 0.96 mmol) in tolu巴n巴(3mL)， 

BuLi (1.71 N solution in hexane， 0.56 mL， 0.96 mmol) was added at 0 oCωd a mixture was 

stirred for 30 min at room temperature. The whole was cooled to -78 oC，加da solution of diethyl 

cyanomethylphosphonat巴(171mg， 0.96 mmol) in toluene (3 mL) was added within 2 min. After 

30 min， a solution of 4-( I-methyle山yl)cydohex釦 one(123 mg， 0.87 mmol) in toluene (3 mL) wお

aded within 2 min and the resultant mixture wお S位打edfor 3 h at -78 oC，加dth巴nquenched with 

saturated aqu巴ousammonium chloride (10 mL). The organic layer was separated and山eaqueous 

layer was extracted with ethyl acetat巴(2x 10 mL). The organic layers were combined， washed 

successively with 10% aqueous citric acid (2 x 10 mL)， saturated aqueous sodium bicarbonate (1 x 

10 mL) and brine (1 x 10 mL)，むiedover sodium sulfate and concentrated in vacuo to leave a 

colorless oil (260 mg). 1 H-Nl'I在Rspectrum of th巴oilshowed yield of olefin is 94%. 

GC (CHROMPAK CP-Cyclodextrin-s-236-m-19， 50 m， carrier gas: N2 85凶/min， H2 1.2 

kgf/ cm2， air 0.8 kgf/ cm2， temp. i町.2OOoC， d巴t.200 oC， column 80 oC， 1 oC/ min) 47% ee. 

Table 13 run 4 (4-methylcyclohexanone). 

Under argon atmosphere， to a solution of 8・OH(221 mg， 1.00 mmol) in toluen巴(3mL)， 

BuLi (1.67 N solution in hexane， 0.60 mL， 1.00 mmol) was added at 0 oC and a mixture was 

stlπed for 30 min at room temperature.η1e whole was cooled to -78 oC， and a solution of diethyl 

cy加 omethylphosphonate(177 mg， 1.00 mmol) in tolu巴n巴 (3mL) was added within 2 min. After 

30 min， a solution of 4-me山ylcydohexanone(102 mg， 0.91 mmo1) in toluene (3 mL) was aded 

within 2 min and the resultant mixture was stiπed for 3 h at -78 oC， and then quenched with 

saturated aqu巴ous創nmoniumchloride (10 mL)η1e organic layer was separated and出eaqu巴ous

layer was extracted with ethyl acetate (2 x 10 mL). The organic 1ayers were combined， washed 

successively wi山 10%aqueous citric acid (2 x 10 mL)， saturaL巴daqueous sodium bicarbonate (1 x 

10 mL) and brine (1 x 10 mL)， dri巴dover sodium su1fate and concentrated in vacuo to leave 

colorless oil (405 mg). Th巴 oilwas purified by column chromatography (Si02 20 g， hexane-ethyl 

acetate 40: 1) to afford olefinぉ colorlessoil (103 mg， 88%). 

HPLC (DAICEL CHIRALCEL OD-H x 2， hexane-isopropanol 1000: 1，0.6 mL/ min， 238 

nm) 36% ee. 

IR (neat， cm-1) 3070， 2200. 
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Table 13 run 5 (bicido[3.3.0]octanon巴).

Under argon atmosphere， to a solution of 8・OH(217 mg， 0.98 mmol) in toluene (3 mL)， 

BuLi (1.69 N solution in hexane， 0.58 mL， 0.98 mmol) was added at 0 oC and a mixture was 

stirred for 30 min at room temperature 百 巴wholewas cooled to -78 oC， and a solution of diethyl 

cyanome山y1phosphonate(174 mg， 0.98 mmol) in toluen巴(3mL) was added within 2 min. After 

30 min， a solution of 7，7・ethylenedioxy-bicydo[3.3.0]octane-3-one(162 mg， 0.89 mmol) in 

tolu巴ne(3 mL) was aded within 2 min and the resultant mixture was sti汀巴dfor 3 h at -45 oC. and 

then quenched with saturated aqueous ammonium chlorid巴(10mL). The organic layer was 

separated釦 dthe aqueous layer was extracted with ethyl acetate (2 x 10 mL). The organic layers 

were combined， washed successively with 10% aqueous citric acid (2 x 10 mL)， saturated aqueous 

sodium bicarbonate (1 x 10 mL)加 dbrin巴(1x 10 mL)，出edover sodium sulfate and concentrated 

in vacuo to leav巴acolorless oil (251 mg). The oil was puri白edby column chromatography (Si02 

20 g， hexane-ethyl acetate 40: 1) to afford olefin俗 colorlessoil (186 mg， 98%). 

HPLC (DAICEL CHIRALCEL OD-H， hexane-isopropanol 100: 1， 0.5 mL/ min， 238 nm) 

14% ee. 

IR (neat， cm-1) 2210，1630 

lH-Nl'Iα(270 MHz， CDCI3) 8 1.60-1.67 (2H.， m)， 2.04-2.10 (2H， m)， 2.37-2.90 (6H， 

m)， 3.89 (4H， m)， 5.21 (1 H， dd， J = 2.0 Hz， 2.0 Hz) 

13C-NMR (67目8MHz， CDCI3 as 77.0 ppm) 839.26，41.15，40.34，41.86，41.95，64.01， 

64.55，91.39， 117.06， 118.27， 173.21. 

HRMS Calcd for C12H 15N02， m/Z: 205.1103. Found: 205.1145. 

SR [α]65 -16.0 (c 1.87， CHCI3) 
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Table 16 run 1 (dimethyl cy釦 ome出ylphosphonate).

Under argon atmosphere， to a solution of 8・0"(214 mg， 0.97 mmol) in toluene (3 mL)， 

BuLi (1.58 N solution in hexane， 0.61 mL， 0.97 mmol) was added at 0 oC飢 da mixture was 

stirred for 30 min at room temperature. The whole was cool巴dto -78 oC， and a solution of 

dimethyl cy釦 omethylphosphonat巴(144mg， 0.97 mmol) in toluene (3 mL) was added within 2 

min. After 30 min， a solution of 4-tert-butylcyclot】exanone(136 mg， 0.87 mmol) in toluene (3 

mL) was aded within 2 min and the resu凶 ntmixture was stirred for 3 h at -78 oC， and then 

quenched with saturated aqueous amrnonium chloride (10 mL)・ Theorg加に layerwas sepむated

and th巴aqu巴ouslayer was ex甘actedwith ethyl acetate (2 x 10 mL)・ Theorganic layers were 

combined， washed successively with 10% aqu巴ouscitric acid (2 x 10 mL)， saturated aqueous 

sodium bicarbonate (1 x 10 mL) and brine (1 x 10 mL)，むiedover sodium sulfate and con印 ntrated

in vacuo to leave colorless oil (260 mg)百花 oilwas purified by column chromatography (Si02 20 

g， hexane-e出ylacetaほ 40:1) to afford 3b as colorless n巴edles(122 mg， 78%) 

mp49-52 oC 

GC (CHROMPAK CP-Cyclodextrin-~-236-m-19 ， 50 m， carrier gas: N2 85凶/min， H2 1.2 

kgf/ cm2， air 0.8 kgf/ cm2， temp. i吋 200oC， det. 200 oC， column 80 oC， 1 oC/ min) 11 % ee (R)・

SR [α)55 -10.7 (c 1.23， CHCI3) 

Table 16 run 3 (diisopropyl cyanomethylphosphonate). 

Und巴rargon atmosphere， to a solution of 8・0"(222mg， 1.01 mmol) in toluen巴(3mL)， 

BuLi (1.58 N solution in hexane， 0.64 mL， 1.01 mmol) was added at 0 oC and a mixture was 

stirred for 30 min at room temperature. The whole was cooled to -78 oC， and a solution of bis(1-

m巴山yle出yl)cyanom巴出ylphosphonate(208 mg， 1.01 mrnol) in toluene (3 mL) was add巴dwithin 2 

min. After 30 min， a solution of 4-tert-butylcyclohexanone (141 mg， 0.91 mmol) in toluen巴(3

mL) was aded within 2 min and the resultant mixtur巴wasstirred for 3 h at -78 oC， and then 

quenched with saturated aqueous ammonium chlorid巴(10mL). The organic layer was s巴parated

and the aqu巴ouslay巴rwお巴xtractedwith ethyl acetate (2 x 10 mL). The organic layers w巴re

combined， washed successively with 10% aqu巴ouscitric acid (2 x 10 mL)， saturated aqueous 

sodium bicarbonat巴(1x 10 mL) and brine (1 x 10 mL)， dried ov巴rsodium sulfate and concentrated 

in vacuo to leave colorless oil (294 mg)・官3巴oilwas purified by column chromatography (Si02 20 

g， hexane-巴山ylace凶te40:1) to afford 3b as colorless needles (116 mg， 78%)・

mp 30-34 oC 

GC (CHROMPAK CP-Cyclodextrin-~-236-m-19 ， 50 m， c紅 n巴rgas: N2 85 ml/ min， H2 1.2 

kgf/ cm2， air 0.8 kgf! cm2， ~巴mp. inj. 200 oC， d巴t.200 oC， column 80 oC， 1 oC/ min) 31 % ee (R) 

SR [α)55 -30.7 (c 0.97， CHCI3) 
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Table 16 run 2 (diphenyl cyanomethylphosphonate). 

Und巴rargon atmosphere， to a solution of 8・0"(274 mg， 1.24 mmol) in toluene (3 mL)， 

BuLi (1.69 N solution in hexane， 0.73 mL， 1.24 mmol) was added at 0 oC釦 da mixture was 

stirred for 30 min at room temperature. The whole was cooled to -78 oC，ωd a solution of 

diphenyl cyanomethylphosphonate (300 mg， 1.10 mrnol) in toluene (3 mL) was added within 2 

min. After 30 min， a solution of 4・cert-butylcyclohexanone(174 mg， 1.13 mmol) in toluene (3 

mL) was aded within 2 min and山eresultant mixt町 ewas stirred for 3 h at -78 oC， and then 

quenched with saturated aqueous出nmoniumchloride (10 mL). Th巴organiclayer was separated 

and the aqueous lay巴rwas extracted wi出 ethylacetate (2 x 10 mL). The organic layers were 

combined， washed successively with 10% aqueous citric acid (2 x 10 mL)， saturated aqu巴ous

sodium bicarbonat巴(1x 10 mL) and brine (1 x 10 mL)，合i巴dover sodium sulfate and concentra~巴d

in vacuo to leave colorless oil (671 mg). The oil was purified by column chromatography (Si02 20 

g， hexane-e出ylac巴tate40: 1) to afford 3bぉ colorlessneedles (163 mg， 84%) 

mp 29-300C 

HPLC (DAICEL CHIRALCEL OD-H， hex印刷soprop釦 011000: 1，0.6 mL/ min， 238 nm) 

23%巴巴 (S).

SR [α)55 +24.0 (c 1.19， CHCI3) 

Table 16 run 5 (bis(2ム2-trifluoroethyl) cyanomethyl phosphonate). 

Under argon atmosphere， to a solution of 8・OH(194 mg， 0.88 mmol) in toluene (3 mL)， 

BuLi (1.67 N solution in hexane， 0.52 mL， 0.88 mmol) was add巴dat 0 oC and a mは turewas 

stirred for 30 min at room temperature. The whole was cooled to -78 oC， and a solution of 

bis(2，2，2-trifluoroethyl) cyanomethylphosphonate (223 mg， 0.88 mmol) in toluene (3 mL) was 

add巴dwithin 2 min. After 30 min， a solution of 4・tert-butylcyclohexanon巴(123mg， 0.80 mmol) 

in toluene (3 mL) was aded wi出 n2 min and th巴resultantmixture was stirred for 3 h at -78 oC， and 

th巴nquench巴dwith saturat巴daqueous ammonium chloride (10 mL). The organic layer was 

separated釦 dthe aqueous layer wお ex甘actedwith e血ylacetate (2 x 10 mL). The organic lay巴rs

were combined， washed successively with 10% aqu巴ouscitric acid (2 x 10 mL)， saturated aqu巴ous

sodium bicarbonate (1 x 10 mL) and brine (1 x 10 mL)， dri巴dover sodium sulfate and concentrated 

in vacuo to 1巴avecolorless oil (243 mg). The oil was purified by column chromatography (Si02 20 

g， hexane-ethyl acetaw 40: 1) to afford 3bぉ colorlessn巴edles(128 mg， 90%). 

mp29-33 oC 

HPLC (DAICEL CHIRALCEL OD-H， h巴X釦 e-isopropanol1∞0・1，0.6 mL/ min， 238 nm) 

17% ee (S) 

SR [α)55 +17.4 (c 1.15， CHCI3). 
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Synthesis of aldol intermediates 

Scheme 9 (synthesis of aldol intennediate in THF). 

Under釘gonatmosphere， to a solution of diethyl cyanomethylphosphonate (1.77 g， 10.0 

mmol) in THF (20 mL)， methylmagnesiumbromide (2.23 M in Et20， 4.48 mL， 10.0 mmol) was 

added within 10 min. The resultant suspension was stirred for 1 h， and a solution of 4-lert-

butylcyclohexanone (1.46 g， 9.50 mmol) in THF (10 mL) was added within 4 min and th巴

resultant mixture was sti汀edfor 1 h at・780C，如dthen quenched with 10% aqueous citric acid (20 

mL). The organic layer wぉ S巴paratedand the aqueous layer was extracted with巴thylac巴tate(2 x 

10 mL). The organ.ic layers were combined， washed successively with water (2 x 20 mL)加 d

brin巴(1x 20 mL)， dried over sodium sulfate釦 dconcentrated in vacuo to leave colorless oil (3.19 

g)ー Theoil wぉ purifiedby column chromathography (Si02 120 g， hexane-ethyl acetate 10: 1) to 

afford olefin (yeUow oil， 0.54 g， 32%)釦 daldol (cis isomer) as colorless prisms (1.69 g， 54%). 

The solid wぉ recrys凶 zedfrom hex蹴 togive au山口氏 sample.

mp 77-78 oc. 
IR (KBr， cm-1) 3400， 2230， 1240. 

lH-NMR (270 MHz， CDCI3) O 0.87 (9H， s， CH3)， 1.39 (3H， t， J = 7.0 Hz， CH3 in ester)， 

1.42 (3H， t， J = 7.0 Hz， CH3 in ester)， 1.42-1.48 (2H， m， C(3)-ax-H， C(5)-ax-H)， 1.60-1.80 

(5H， m， C(2)-ax-H， C(3)-eq-H， C(4)-H， C(5)-eq-H， C(6)-ax-H)， 1.95 (lH， m， C(2)-eq-H)， 2.05 

(lH， m， C(6)-eq-H)， 3.03 (lH， d， J = 23目oHz， CH)， 4.21 (2H， dq， J = 8.3 Hz， 7.0 Hz， CH2)， 

4.31 (2H， dq， J = 8.3 Hz， 7.0 Hz， CH2). 

Anal. Calcd for C16H30N04P: C， 57.97; H， 9.12; N， 4.23. Found C， 57.84; H， 8.98; N， 

4.11 

Scheme 10 (synthesis of aldol intennediate in THF， 4-Ph). 

Under argon atmosphere， to a solution of diethyl cyanomethylphosphonate (1.70 g， 11.2 

mmol) in THF (80 mL)， methylmagnesiumbromide (2.23 M in Et20， 5.00 mL， 11.2 mmol) was 

added within 10 min. The resultant suspension was stiπed for 20 min， and a solution of 4 

phenylcyclohex加 one(1.43 g， 10.1 mmol) in THF (20 mL) was added within 5 min and the 

resultant mixture was stirred for 1 h at -78 oC， and quenched with 10% aqueous citric acid (20 mL). 

The organic layer was separated釦 dthe aqueous layer was extracted with巴thylacetate (2 x 10 

mL). The organ.ic layers were combined， washed successively with water (2 x 20 mL)加dbrine (1 

x 20mL)，合iedover sodium sulfate and concentrated in vacuo to leave colorless oil (3.82 g). The 

oil was purified by column chromathography (SiUz 60 g， hexane-ethyl acetate 5:1) to afford 01巴白n

(colorless solid， 1.12 g) and aldol (cis isomer) as colorless solid (989 mg， 28%). The solid was 

recrystalized合omwater-isopropanol (5: 3) to give authentic sample as colorles prisms 

mp 99-100 oC (dec.). 
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IR (nujol， cm-1) 3330， 2230，1595，1250 

lH-N恥依 (270MHz， CDCI3) O 1.41 (3H， t， J = 6.8 Hz， CH3 in eSler)， 1.43 (3H， 1， J = 6.8 
Hz， CH3 in ester)， 1.76-2.04 (7H. m， C(2)ー以-H，C(6)-ax-H ，C(3)-H2， C(4)-H， C(5)-H2)， 2.16-

2.21 (lH， m， C(2)-eq-H)， 2.46-2.56 (lH， m， C(6)-eq-H)， 3.09 (IH， d， J = 22.4 Hz， CH)， 3.30 

(IH， br， OH)， 4.22 (2H， dq， J = 8.4 Hz， 6.8Hz， CH2)， 4.31 (2H， dq， J = 8.4 Hz， 6.8Hz， CH2)， 

7.17 (5H， m， Ph). 

MS rn/z: 351 (M+)， 350 [(M+J)+) 

Anal. Calcd for C1SH26N04P: C， 61.53; H， 7.46; N， 3.99. Found C， 61.31; H， 7.26; N， 

3.73. 

Scheme 11 (synthesis of a1dol intennediate in IOluen巴).

Und巴rargon atmosph巴re，to a Solulion of diethyl cyanomethylphosphonate (167 mg， 0.94 

mmol) in toluene (3 mL)， methylmagnesiumbromid巴(2.23M in Et20， 0.42 mL， 0.94 mmol) was 

add巴dwithin 3 min. The resultant suspension was stirred for 1 h， and a solution of 4-lerト

butylcyclohexanone (132 mg， 0.86 mmol) in IOluene (2 mL) was added within 2 min and the 

resultant mixture was allowed to stand for 26 h at -20 oC，加dthen quenched with 10% aqueous 

citric acid (10 mL). The org釦 iclayer wぉ separat巴dand the aqueous 1ay巴rwas extracted wi山 ethyl

ac巴凶te(2 x 10 mL). The org加 iclayers were combined， washed successively with waler (2 x 20 

mL)加 dbrine (1 x 20 mL)， dried over sodium sulfate and concentrated in vacuo to leave a 

co10rl巴ssoil (299 mg). 1H-NルIRspectra of山巴 oilshowed that yield of 3b is 10%. The oil was 

purified by co1umn chromathography (Si02 50 g， hexane-elhyl acetale 15:1-1: 1) to afford (::!:)-cis-

37 (56 mg， 20%)釦 d(士)ーIrans-37(51 mg， 18%) as a colorless oil. 

(::!:)-lrans-37 

IR (n巴at，cm-1) 3420， 2230， 1240 

lH-Nt-侭 (270MHz， CDCI3) O 0.87 (9H， s， CH3)， 0.90-1.10 (2H， m， C(3)ー似ーH，C(5)-ax-

H)， 1.39 (3H， t， J = 7.0 Hz， CH3 in ester)， 1.42 (3H， t， J = 7.0 Hz， CH3 in ester)， 1.50・1.65

(3H， m， C(3)-eq-H， C(4)-H， C(5)-eq-H)， 1.70-1.85 (2H， m， C(2)-ax-H， C(6)-ax-H)， 2.10・ 2.30

(3H， m， C(2)-eq-H， C(6)-eq-H)， 3.44 (lH， d， J = 24.1 Hz， CH)， 4.23 (2H， dq， J = 7.3 Hz， 7.3 

Hz， CH2)， 4.38 (2H， dq， J = 7.3 Hz， 7.3 Hz， CH2). 
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Elimination reactions of aldol inter-
mediates 

Table 14， run 1 (cis aldol 1.1 eq base). 

Under argon atmosphere， to a solution of 8・OH(156 mg， 0.71 mmol) in toluene (3 mL)， 

BuLi (1.57 N solution in hexanι0.41 mL， 0.71 mmol) was added at room temperature， and the 

mixture was allowed to stand for 30 min at room lemp巴rature.The whole was add巴d10 a solution 

of (:1:)ーcis-37(212 mg， 0.64 mmol) in toluene (3 mL) within 2 min at -78 oc. The resultant 

mlxture was stlrr巴dfor 1 h at -78 oC， and then quenched with saturated aquerous ammonium 

chloride (10 mL). The organic layer was separated釦 d出eaquerous layer was extracted with巴thyl

acetale (2 x 10 mL). The org釦 iclayers were combined， washed successively with 10% aquerous 

citric acid (2 x 10 mL)， saturated aquerous sodium bicarbonate (1 x 10 mL)釦dbrine (1 x 10 mL)， 

dried over sodium sulfate and concentrated in vacuo to leave a colorless oil (129 mg). 1 H-NMR 

spec町umof出eoil showed that yield of 3b is 89% 

GC (CHROMPAK CP-Cyclod巴加n-s-236-m-19，50 m， carri巴rgぉ:N2 85 ml/ min， H2 1.2 

kgf/ cm2， air 0.8 kgf/ cm2， temp. i町.200 oC， det. 200 oC， column 80 oC， 1 oC/ min) 52%巴e(R). 

Tab1e 14， run 2 (cis aldol 0.5 eq base). 

Under argon atmosphere， to a solution of 8・OH(106.5 mg， 0.48 mmol) in toluen巴(5mL)， 

BuLi (1.66 N solution in hexane， 0.29 mL， 0.48 mmol) was added at room temperature， and the 

mixture was allowed to stand for 30 min at room temperature. The whole was added to a solution 

of (:1:)-cis・37(319 mg， 0.91 mmol) in loluene (3 mL) wilhin 2 min at -78 oc. Th巴resultant

mixture was stiπ巴dfor 1 h at -78 oC， and th巴nquenched with saturated aquerous ammonium 

chloride (10 mL).百leorganic layer was separated and出eaquerous 1ayer was ex甘actedwi山 ethyl

acetate (2 x 10 mL). The org加 iclayers were combin巴d，washed successively with 10% aquerous 

citric acid (2 x 10 mL)， saturated aquerous sodium bicarbonate (1 x 10 mL)釦 dbrine (1 x 10 mL)， 

dried over sodium sulfate and concen回 ledin νacuo to leave a colorless oil (210 mg). The oil was 

purified with column chromatography (Si02 20 g， hex加 e-ethylacetat巴40:1)to afford 3b as 

colorless needles (88 mg， 51 %台omaldol) 

mp28-32 oC 

HPLC (DAICEL CHIRALCEL OD-H， hexane-isopropanol 1000: 1， 0.6 mL/ min， 238 nm) 

52% ee (R). 
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Table 14， run 3 (cis aldol 1.0 eq bas巴wihbenzaldehyde). 

Und巴rargon atmosphere， to a solution of 8-0H (153 mg， 0.69 mmol) in toluene (3 mL)， 

BuLi (1.57 N solution in hexane， 0.41 mL， 0.69 mmol) was add巴dat room temperature，釦d山e

mixture was alIowed to stand for 30 min at room temperature. The whole was added to a solution 

of (:1:)-cis・37(209 mg， 0.63 mmol) and benzaldehyde (67.0 mg， 0.63 mmol) in toluene (3 mL) 

within 2πlin at -78 oC. The resultant mixture wお stirredfor I h at -78 oC， and then quench巴dwith 

saturated aquerous ammonium chloride (10 mL). The organic layer was separated and the 

aquerous layer wお巴xtract巴dwith ethyl acetate (2 x 10 mL) 甘leorganic layers wer巴combined，

washed successiv巴Iywith 10% aquerous citric acid (2 x 10 mL)， saturated aquerous sodium 

bicarbonate (1 x 10 mL) and brine (1 x 10 mL)， dri巴dover sodium sulfate and concentrated in 

vacuo to leave a colorless oil (205 mg). 1 H-NMR spectrum of th巴 oilshowed yield of 3b (40%)， 

(E)ー cinnamate(18%)釦 d(めーcinnnamate(2%) 

GC (CHROMPAK CP-Cyclodextrin-s-236-m-19， 50 m， carri巴rgぉ N285 ml/ min， H2 1.2 

kgf/ cm2， air 0.8 kgf/ cm2， temp. i町.200oC， d巴L200 oC， column 80 oC， I oC/ min) 18%巴e(R) 

Scheme 13 

Under argon atrnosphere， to a solution of 8・OH(187 mg， 0.85 mmol) in loluene (3 mL)， 

BuLi (1.65 N solution in hexane， 0.51 mL， 0.85 mmol) was added at room temperatur巴，加dthe 

mixture was allowed to stand for 30 min al room temperature. The solution was cooled al -78 oC， 

and a solution of diethyl cyanomethylphosphona也(150mg， 0.85 mmol) was added within 1 min. 

The whole wお stirredfor 30 min， and a mixture ofιlerl-butylcyclohexanone (119 ng， 0.77 mg) 

and benzald巴hyde(81.5 mg， 0.77 mmol) in 10lu巴ne(3 mL) within 2 min at -78 oCηle resultant 

mixture was stirred for 3 h at -78 oC， and then quenched with saturated aquerous ammonium 

chlorid巴(10mL).明leorg創ticlayer was separated and山eaqu巴rouslayer wお巴xtract巴dwith ethyl 

acetate (2 x 10 mL). The organic layers were combined， washed successively with 10% aquerous 

CI凶cacid (2 x 10 mL)， saturated aquerous sodium bicarbonale (1 x 10 mL) and brine (J x 10 mL)， 

dried over sodium sulfate and concentrated in vacuo 10 leave a colorless oil (240 mg). lH-NMR 

spectrum of出eoil showed yield of 3b (17%)， (E)-cinnamate (50%)加d(2)-cinnnamal巴(11%).

GC (CHROMPAK CP-Cyclodextrin-s-236-m-19， 50 m， carrier gぉ・ N285 ml/ min， H2 1.2 

kgf/ cm2， air 0.8 kgf/ cm2， lemp. inj. 200 oC， det. 200 oC， column 80 oC， 1 oC/ min) 25% ee (R). 
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Table 15， run 1 (trans aldol 1.1 eq base). 

Under argon atmosphere， 10 a solution of 8・OH(141 mg， 0.64 mmol) in loluene (5 mL)， 

BuLi (1.57 N solution in h巴X加巴，0.41mL， 0.64 mmol) was added at room temperature， and山E

mixture was allowed to stand for 30 min al room temperature. The whol巴wasadded to a solution 

of (:1:)-trans-37 (192 mg， 0.58 mmol) in 10luene (3 mL) within 2 min at -78 oC. The resultant 

mixture was stirred for 1 h at -78 oC， and then quenched with saturated aquerous ammoruum 

chloride (10 mL)目Th巴 org創1Iclayer was separated and出eaquerous layer was extract巴dwith ethyJ 

acetate (2 x 10 mL). The org飢 iclayers w巴recombined， washed successively with 10% aquerous 

citric acid (2 x 10 mL)， saturated aquerous sodium bicarbonate (1 x 10 mL) and brine (1 x 10 mL)， 

dried over sodium sulfate and concentrated in vacuo to leave colorless oil (115 mg). The oil was 

purified with column chromatography (Si02 20 g， hexan巴巴thylacetate 40: 1) to afford 3b as 

colorless needles (84 mg， 84%) 

mp 41-44 oC 

HPLC (DAICEL CHlRALCEL OD-H， hexane-isopropanol 1000: 1，0.6 mL/ min， 238 nm) 

12% ee (R). 

Table 15， run 2 (trans aldol 0.5 eq base). 

Und巴rargon atrnosphere， to a solution of 8・OH(106 mg， 0.46 mmol) in toluene (5 mL)， 

BuLi (1.57 N solution in hexane， 0.30 mL， 0.46 mmol) was added al room temperature，加dthe 

mixture was allow巴d10 stand for 30 min at room temperature. The ，whole was added to a solution 

of (土)ーtrans-37(317 mg， 0.96 mmol) in toluen巴(3mL) within 2 min at -78 oC. The resultant 

mixture was stiπed for 1 h at -78 oC， and then quenched with saturated aquerous ammomum 

chlorid巴(10mL)ーTheorgar甘clayer wぉ separated釦 d出巴 aquerouslayer was extracted with e出yl

ac巴tate(2 x 10 mL). The organic layers w巴recombined， wash巴dsuccessively with 10% aquerous 

citric acid (2 x 10 mL)， saturated aquerous sodium bicarbonat巴(1x 10mL)釦 dbrine (1 x 10 mL)， 

dried over sodium sulfate and concentrat巴din vacuo to leav巴colorlessoil (268 mg). lH-NMR 

sp巴ctrumof the oil showed出atyield of 3b is 41 %. 

GC (CHROMPAK CP-Cyclodextrin-s-236-m-19， 50 m， carrier gぉ・ N285凶/min， H2 1.2 

kgf/ cm2，釦0.8kgf/ cm2， temp. inj. 200 oC， det. 200 oC， column 80 oC， 1 oC/ min) 3% ee (S) 
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Table 15， run 3 (trans aldol 1.0 eq base wih benzaldehyd巴).

Und巴rargon atrnosphere， to a solution of 8・OH(132 mg， 0.60 mmol) in IOluene (3 mL)， 

BuLi (1.57 N solution in hexane， 0.35 mL， 0.60 mmol) was added al room temperature， and the 

mixture was allowed to stand for 30 min at room temperature. The whole was added to a solution 

of(:1:)ーtrans-37(180 mg， 0.54 mmol)釦 dbenzaldehyde (57.6 mg， 0.54 mmol) in toluene (3 mL) 

within 2 min at -78 oC. The resultant mixture wお st町巴dfor 1 h at -78 oC， and then quenched with 

saturated aquerous ammonium chloride (10 mL). The organic layer was separated and出巴

aquerous lay巴rwas extracted with ethyl acetate (2 x 10 mL).廿leorganic layers were combined， 

washed successively with 10% aquerous citric acid (2 x 10 mL)， saturated aqu巴roussodium 

bicarbonate (1 x 10 mL)加dbrine (1 x 10 mL)， dried over sodium sulfate and concentrated in 

vacuo to leave a colorless oil (268 mg). lH-NMR spec汀umof出eoil showed yield of 3b (58%)， 

(めー cifU1amate(16%) and (幻ー cifU1namate(3%). 

GC (CHROMPAK CP-Cyclode悶 in-s-236-m-19，50 m， carrier gぉ:N2 85 ml! min， H2 1.2 

kgf/ cm2， air 0.8 kgf/ cm2， temp. i町 200oC， det. 200 oC， column 80 oC， 1 oC/ min) 0% ee. 
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Syntheses of Chiral Alcohols 

(1R，2S)・2・(1・Methy1ethy1amino)・1・phenyl-1・propanol (7・OH)

To a solution of (IR，2S)-2-創nino-1-phenyl-1-propanol(2.27 g， 15 mmo1) in me由加01(30 

mL)， 36% hydrochJoric acid (1.40 mL， 16.5 mmo1)， acetone (11.0 mし8.71g， 150 mmol)， and 

sodium cy釦 oborohydride(95%， 1.09 g， 16.5 mmol) were added in this order at 0 oC， and th巴

mixture was stiπed for 11 h at room temperatur巴. Th巴 solventwas evaporated in vacuo， and 10% 

aqueous potassium hydroxide (20 mL) was added to th巴residue.The whole was extracted with 

benzene (1 x 50 mL， 1 x 30 mL， 2 x 20 mL). The org釦 iclayers were combined， washed with 

brine (1 x 20 mL)，合iedover potassium carbonate and concentrated in vacuo to giv巴co10rless

needles (2.90 g， qu加 t)

IR (KBr， cm-1) 3400，1600 

lH-NMR (270 MHz， CDCI3) 1) 0.79 (3H， d， J = 6.6 Hz， CH3(ephedrine))， 1.08 (3H， d， J = 

4.3 Hz， CH3 (isopropyl))， 1.10 (3H， d， J = 4.3 Hz， CH3 (isopropyl))， 2.97 (1H， dq， J = 4.3 Hz， 

4.3 Hz， CH (isopropyl))， 3.04 (1H， qd， J = 6.6 Hz， 4.0 Hz， CHN)， 4.68 (IH， d J = 4.0 Hz， 

PhCH)， 7.31 (5H， m， Ph). 

13C-NMR (67.8 MHz， CDCI3 as 77.0 ppm) 1) 16.00， 24.68，46.72，56.15，74.12，127.24， 

128.03， 129.06. 

MS m/Z: 194 [(M+J)+) 

SR [α)65 +4.5 (c 5.00， EtOH) 

To a solution of the salt (2.31 g， 12.0 mmol) in ethanol (30 mL)， 15% hydrochJoric acid 

(1.5 mL in e山anol)was add巴d.The whole was concentrated in vacuo to leave co1or1ess n巴巴dles

(2.75 g)， which was recrystalized from ethanol (10 mL)， concentrated to 5 mL to give colorless 

n巴edles(2.00 g， 73%). 

mp 222-225 oc. 
IR (KBr， cm-1) 3260， 1600， 1565. 

SR [α)65 ー13.4(c 5.30， H20) 

Anal. Calcd for CI2H20CINO: C， 62.73; H， 8.77; N， 6.10. Found C， 62.64; H， 8目89;N， 

6.01. 

(lR，2S)・2・(2，2・Dimethyl p ropy lam ino)・1・pheny1-1・propanol (8・OH)

Trim巴thylacetaldehyde(2.06 mL， 1.64 g， 19 mmol) was added to a solution of (IR，2S)-2司

amino-I-phenyトI-propanol(2.27 g， 15 mmo1) in benzene (30 mL)， and the mixture was st町巴d

for 1 h at room temperature. Anhydrous sodium sulfate (10 g) was added and the mixture was 

stirred for 30 min，出回目Itered.The fiJtrate was concentrated in vacuo to give a colorless oil (3.73 

g). The oi1 was disso1ved in eth加。I(30 mL)， and sodium borohydride (1.13 g， 30 mmol) wぉ
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added. The mixture was stiπed for 11 h at r∞m temperature. The who1e was concentrated in 

vacuo，釦 d10% aqueous potassium hydroxide (20 mL) wぉ addedto the residue. The who1e was 

extracted with benzene (1 x 50 mL， 1 x 30 mL， 2 x 20 mL). The organic 1ayer was washed with 

brine (1 x 20 mL)，合iedover potassium carbonate and concen町atedin vacuo to give a colorless oil 

(3.26 g， qu釦 t).

IR (neat， cm-1) 3420，1475，700 

1 H-NMR (270 MHz， CDCI3) 1) 0.79 (3H， d， J = 6.6 Hz， CH3(ephedrine))， 0.93 (9H， s， 

/Bu)， 2.37 (1H， d， J = 11.2 Hz， CH2)， 2.53 (1H， d， J = 11.2 Hz， CH2)， 2.86 (1H， qd， J = 6.6 

Hz， 3.6 Hz， CHN)， 4.72 (1H， d J = 3.6 Hz， PhCH)， 7.31 (5H， m， Ph). 

!3C-NMR (67.8 MHz， CDCI3 as 77.0 ppm) 1) 15.00， 27.63， 31.38， 58.89， 59.50， 72.48， 

125.97， 126.84， 127.96. 

MS rn/z: 222 [(M+W)， 220 (M+). 

SR [α)65 +12.2 (c 2.55， EtOH) 

To a solution of the oil (2.63 g， 11.9 mmol) in ethanol (50 mL)， 15% hydrochloric acid in 

ethanol (1.5 mL) was added， and the solution was evaporated inνacuo. The residue was 

reαystalized合ome出ano1(50 mL). The whole was concen汀atedto 20 mL to give colorless p1ates 

(1.82 g， 58%， 2 steps). 

mp 222-224 oC. 

IR (KBr， cm-1) 3260， 1600 

SR [α)65 -21.6 (c 5.50， H20) 

Anal. Calcd for CI4H24C1NO: C， 65.23; H， 9.38; N， 5.43. Found C， 65.20; H， 9.34; N， 

5.43. 

(1R，2S)・2・(Dipheny1methylamino)・1・phenyl-l・propano1 (9・OH)

A mixture of (IR，2S)-2-amino-l-phenyl-1-propanol (3.02 g， 20 mmol)， benzophenone 

(3.64 g， 20 mmo1)加 dzinc chJoride (100 mg) in toluene (100 mL) was reflux巴dfor 48 h with 

Dean-Stark apparatus， and the whole was concentrated inνacuo to leave imine as y巴llowoil. To 

the solution of the imine in methanol (60 mL)， aqueous hydrochloric acid (28%， 1.5 mL) and 

sodium cy釦 oborohydride(2.51 g) were added at 0 oC. The mixture was stirred for 12 h at room 

temperature and concentrated inνacuo， and aqueous sodium hydroxide (50 mL) was added to th巴

r巴sidue.The whole was extracted with methy1ene chloride (1 x 100 mL， 2 x 50 mL)η1e organic 

1ayers wer巴 combined，washed with brine (1 x 20 mL)， dried over potassium carbonat巴 and

concentrated inνacuo to leave a yellow oi1 (6.72 g)， which was purified by column 

chromatography (Si02 150 g， hexane-AcOEt 20: 1) 10 give a yellow oil (6.18 g， 98%). 

IR (neal， cm-1) 3420， 3320， 1590， 1485 
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lH-NM1ミ (270MHz， CDCI3) Ii 0.86 (3H， d， J = 6.9 Hz， CH3)， 1.62 (lH， br， NH)， 2.91 

(IH， qd， J = 6.9 Hz， 4.0 Hz， CHN)， 3.42 (lH， br， OH)， 4.70 (lH， d J = 4.0 Hz， PhCH)， 5.02 

(1 H， s， Ph2CH)， 7.31 (l5H， m， Ph). 

13C-Nt.α(67.8 MHz， CDCI3 as 77.0 ppm) Ii 14.81， 55.76， 63.97， 73.87，126.13，127.05， 

127.14，127.19， 127.43， 128.03， 128.54， 128.64， 141.32， 143.49， 143.89 

MS m/Z: 210 [(M-PhCHOH)+)， 223 [(Ph2CH)+). 

SR [α)o5 +34.6 (c 1.10， EtOH) 

Anal. Calcd for C22H23NO: C， 83.25; H， 7.30; N， 4.41. Found C， 83.14; H， 7.47; N， 

4.38. 

(IR，2S)・2・(Phenylmethylamino)・1・phenyl-l・propanol (10・OH)

A mixture of (IR，2S)ー2-amino・I-phenyl-I-propanol(6.05 g， 40 mmol) and benzald巴hyde

(4.6 mL， 4.78 g， 45 mmol) in benzene (80 mL) was heated to reflux for 1 h with D巴an-Stark 

app釘 atus，and the whole was concentrated inνacuo to leave iπune as a yellow oil. To the solution 

of the imine in e山anol(100 mL)， sodium borohy合id巴 (3.02g， 80 mmol) was add巴dat 0 oC.引le

mixture wお sti汀edfor 12 h at room temperature and concentrated in vacuo， and wat巴r(50 mL) 

was added to th巴residu巴 Thewhole was extract巴dwith methylene chloride (4 x 50 mL). Th巴

organic layers were combined， washed with brine (1 x 20 mL)，合iedover potass山 mcarbonate and 

concentrat巴din νacuo to leave a slightJy yellow oil (11.52 g)， which was purified by column 

chromatography 10 give a colorless oil (9.48 g， 98%). 

TR (neal， cm-1) 3300-3400，1600，1485，740 

lH-NMR (270 MHz， CDCI3) Ii 0.85 (3H， d， J = 6.6 Hz， CH3)， 3.00 (lH， qd， J = 6.6 Hz， 

3.6 Hz， CHN)， 3.88 (2H， s， CH2)， 4.79 (1H， d J = 3.6 Hz， PhCH)， 7.31 (10H， m， Ph). 

13C-NMR (67.8 MHz， CDCI3 as 77.0 ppm) Ii 14.62， 51.22， 57.50， 73.07， 126.04， 126.98， 

127.09， 128.Ql， 128.26， 128.47， 140.06， 141.27. 

HRMS Calcd. for CI6H19NO: mJz: 241.1467. Found: 241.1432. 

SR [α)55 +15.6 (c 5.04， EtOH) 

(IR，2S)・2・(1・Adamantylcarboxamido)・1・phenyl-l・propanol (40) 

To the solution of (1R，2S)ー2-amino-1-ph巴nyl-l-propano1(3.08 g， 20 mmo1) in巴出y1acetale 

(100 mL)， the solution of pOlassium carbonate (5.53 g， 40 mmol) in water (50 mL) was added. 

The solution of l-adamantanecarboxy1 chloride (4.37 g， 22 mmol) in ethyl acetate (20 mL) wお

added at 0 oC and the mixture was st町 edfor 5 min， then fi1ter，巴doff.ηle preclplta~巴 was dried to 

give crude product (4.34 g)， which was陀 crystalizedfrom benzene (30 mL) and hexane (15 mL) to 

give colorless needles (3.76 g， 60%). mp 147-149 oC.羽lefiltrate was separated， and the organic 

lay巴rwas washed successively with 10% hydrochrolic acid (1 x 30 mL)， water (1 x 30 mL)， 

88 

saturated aqueous sodium bicarbonate (1 x 30 mL)， water (1 x 30 mL)加 dbrine (1 x 30 mL)， 

dried over sodium sulfate and concentraled in vacuo to leave colorless solid (2.89 g)， which wぉ

r巴crys凶 izedfrom be位巴n巴 (20mL) and hexane (15 mL) 10 give colorless needles (2.73 g， 

44%).mp 147-149 oC. 

IR (n巴at，cm-1) 3300-3400， 1600， 1485，740 

lH-NMR (270 MHz， CDCI3) Ii 1.03 (3H， d， J = 7.0 Hz， CH3)， 1.65-1.83 (12 H， m， CH2 

at adamantyl)， 2.04 (3H， br， CH at adam釦 tyl)，4.17 (1 H， d， J = 4.3 Hz， OH)， 4.37 (1 H， ddq， J = 
7.0 Hz， 7.0 Hz， 2.6 Hz， CH3CH)， 4.81 (lH， dd J = 3.0 Hz， 3.0 Hz， PhCH)， 7.25-7.38 (5H. m， 

Ph) 

13C-NMR (67.8 MHz， CDCI3 as 77.0 ppm) Ii 15.53， 28.05， 36.44， 39.21， 40.52， 50.86， 

126.63， 127.53， 127.99， 140.49， 179.30. 

MS m/Z: 314 [(M+l)+]， 296 [(M-H20+1)+) 

SR [α)o5羽 2(c 2.01， CHCI3) 

(IR，2S)・2・(1・Adamantylmethylamino)・1・phenyl-l・propanol (11・OH)

To a suspension of (1 R ，2S)ー2・(I-adamantylcarboxamido)ーI-phenyトトpropanol(3.54 g， 

11.3 mmol) and sodium borohydride (4.27 g， 110 mmol) in THF (200 mL)， boron trifluoride 

etherate (15.7 mL， 18.2 g， 128 mmo1) was added at 0 oc. The whole was healed 10 reflux for II 

h， then added waler (20 mL)加 dhydrochloric acid (10%， 30 mL). The whole was heated 10 reflux 

for 1.5 h. Sodium hydroxide (93%， ca. 15 g) was added， and the whole was extracted with Et20 

(1 x 50 mL， 2 x 30 mL). The organic layers were combined， washed successively with water (1 x 

20mL)加 dbrine (1 x 20 mL)，合iedover po凶 5iumcar加 nat巴加dconcen回 tedin vacuo to leave a 

colorl巴55oil (3.87 g)， which was purified by column chromalOgraphy (Si02 50 g， hexane-AcOEt 

4: 1) to give a colorless oil (3.33 g). 

IR (neat， cm-1) 3400， 1595， 1445，695 

lH-NMR (270 MHz， CDCI3) Ii 0.77 (3H， d， J = 6.6 Hz， IBu)，卜47・1.76(12H， m， 6 x 

CH2)， 1.98 (3H， brs， 3 x CH)， 2.28 (1H， d， J = 11.2 Hz， CHiBu)， 2.42 (1 H， d， J = 11.2 Hz， 

CHiBu)， 2.83 (1H， qd， J= 6.6 Hz， 4.0 Hz， CHN)， 4.00 (2H， br， NH， OH)， 4.72 (1H， d， J = 

4.0 Hz， PhCH)， 7.31 (5H， m， Ph). 

13C-Nt.在R(67.8 MHz， CDCI3 as 77.0 ppm) Ii 14.92， 28.39， 33.32， 37.18， 40.77， 58.89， 

59.93， 72.35， 125.95， 126.77， 127.92， 141.40. 

MS m/z: 298 [(M+l)+)， 280 [(M-H20)+). 

The oil was dissolved in ethanol (10 mL)，加dhydrochloric acid (17% EtOH solulion， 10 

mL)was added. The solvent was evaporated inνacuo. The residue was recrystalized from ethanol 

(45 mL) to give colorless needles (2.02 g， 54%). 

mp >250 oC. 
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IR (nujol， cm-1) 3270，1565. 

SR [α]65 -21.9 (c 1.99， MeOH) 

Anal. Calcd for C20H30CINO: C， 71.51; H， 9.00; N， 4.17. Found C， 71.72; H， 9.09; N， 

4.34. 

(lR，2S)・2・(1・Methylcyclohexylcarboxamido)・1・phenyl-l・propanol (41) 

A mixture of (lR ，2S)-2-amino-1-phenyト1-propanol (3.20 g， 20 mmol)， 1-

methylcyclohenanecarboxylic acid (3.13 g， 22 mmol)， diethyl cyanophosphonate (93%， 3.51 mL， 

3.78 g， 22 mmol)， triethylamine (3.07 mL， 22 mmol) in N，N-dimethylformamide (100 mL) was 

stirred for 12 h at room temperature. The solvent was evaporated in vacuo. The residue was 

dissolved in e出ylacetate (50 mL) and washed with water ( 1 x 30 mL).明leaqueous layer was 

ex町act巴dwith ethyl acetate (2 x 30 mL).ηle organic layers were combin巴d，wash巴dsuccessively 

with aqueous hydrochloric acid (5%， 1 x 10 mL)， water (1 x 10 mL)， saturated aqueous sodium 

bicarbonate (1 x 10 mL)， wat巴r(1 x 10 mL) and brine (1 x 10 mL)， dri巴dover sodium sulfate釦d

concentrated in vacuo to leave a yellow oil (7.12 g)， which was purified by column 

chromatography (Si02 200 g， hexane-AcOEt 7:1) to give a colorless oil (5.53 g， quant.) 

IR (neat， cm.1) 3400，1750， 1640 

lH-NMR (270 MHz， CDCI3) O 1.04 (3H， d， J = 7.0 Hz， CH3CH)， 1.13 (3H， s， CH3)， 

1.25-1.86 (lOH， m， cyclohexyl)， 4∞(IH， br， OH)， 4.36 (IH， qdd， J = 7.0 Hz， 7.0 Hz， 3.0 Hz， 

CHN)， 4.81 (lH， d J = 3.0 Hz， PhCH)， 5.64 (IH， br， NH)， 7.31 (5H， m， Ph) 

I3C-NMR (67.8 MHz， CDCI3 as 77.0 ppm) O 15.37， 22.73， 22.79， 25.70， 26.32， 35.46， 

35.55，42.57，50.95，77.14，126.52，127.51，128.03， 140.59， 178.92. 

SR [α]65 -13.4 (c 1.40， EtOH) 

MS m/Z: 276 [(M+W]， 258 [(M-H20+W]. 

Anal. Calcd for CI7H2SN02: C， 74.14; H， 9.15; N， 5.09. Found C， 73.95; H， 8.86; N， 

4.81. 

(1R，2S)・2・(1・Methylcyc1ohexy1methylamino)・1・phenyl-1・propanol (12・OH)

To a suspension of (lR，2S)-2-(l-methylcyclohexy1carboxamido)ー1-phenylートpropanol(4.53 

g， 16.4 mmol)加 dsodium borohydride (3.12 g， 82 mmol) in THF (100 mL)， boron trifluoride 

etherate (13.5 mL， 15.56 g， ](汐 mmol)was added at 0 oc. Th巴wholewas refluxed for 11 h， then 

added water (10 mL)釦dhydrochloric acid (10%， 20 mL). The whol巴washeated to r，巴fluxfor 1.5 

h. The s101vent was concentrated in vacuo to a small volume， and aqueous potassium hydroxide 

(20%， 50 mL) was added. The who1e was ex町actedwith hexane (3 x 50 mL). The organic 1ay巴rs

wer巴combined，washed successively with water (1 x 20 mL) and brine (1 x 20 mL)， dri巴dover 

potassium carbonate佃 dconcentrated in vacuo to leave a colorless oil (3.80 g)， which was purified 
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by column chromatography (Si02 100 g， hexane-isopropy凶nin巴 10:1) !O give a colorless oil 

(3.68 g， 86%) 

IR (neat， cm-1) 3420， 3350，1595， 1485. 

lH-NMR (270 MHz， CDCI3) O 0.78 (3H， d， J = 6.6 Hz， CH3)， 0.93 (3H， s， CH3)， 1.31 

1.48 (6H， m， cycloh巴xy1)，2.46 (lH， d， J = 11.5 Hz， NCHz)， 2.55 (IH， d， J = 11.5 Hz， NCH2)， 

2.86 (lH， qd， J = 7.3 Hz， 4.0 Hz， CHN)， 4.01 (lH， br， OH)， 4.73 (lH， d J = 4.0 Hz， PhCH)， 

7.31 (5H， m， Ph). 

I3C-N恥1R(67.8 MHz， CDCI3お77.0ppm) O 15.07， 21.88， 23.65， 26.49， 33.79， 35.84， 

36.01，58.12， 58.91， 72.46， 125.99， 126.84， 127.98， 141.37 

SR [α]65 +12.7 (c 2∞， EtOH) 

MS rn/z: 262 [(M+W]， 260 [(M-W] 

Anal. Calcd for C17HZ7NO・C，78.11; H， 10.41; N， 5.36. Found C， 78.09; H， 10.31; N， 

5.40 

(lR，2S)・2・(1・Methylpropionamido)・1・phenyl-l・propanol (42) 

A soluion of isobutyl ch10ride (3.46 mL， 3.52 g， 33 mmo1) in ethy1 acetate (25 mL) was 

added to a solution of (lR，2S)ー2-amino-l-phenyl-l-propanol(4.53 g， 30 mmo1) in ethy1 acetate 

(100 mL) and saturated aqueous sodium bicarbonate (100 mL) under ice-water bath. The mixture 

was stirred for 1 h at room temperature.ηle org加 iclayer was separated， and the aqueous 1ayer 

was extract巴dwith ethyl acetate (2 x 20 mL). The organic layers were combined， washed 

successively with aqueous hydrochloric acid (5%， 2 x 50 mL)， saturated aqueous sodium 

bicarbonate (1 x 50 mL)， water (1 x 50 mL)， brine (1 x 50 mL)， dried over sodium sulfate and 

concentrated inνacuo to leave colorless solid (5.96 g)， which was r巴crystalizedfrom benzene (50 

mL) and hexane (20 mL) to give colorless needles (5.94g， 95%). 

mp 120-122 oC 

IR (KBr， cm-1) 3360， 3280， 1635. 

lH-NMR (270 MHz， CDCI3) O 1.01 (3H， d， J = 6.9 Hz， CH3CHN)， 1.13 (3H， d， J = 6.9 

Hz， CH3CHCH3)， 1.14 (3H， d， J = 6.9 Hz， CH3CHCH3)， 2.33 (IH， ddq， J = 6.9 Hz， 6.9 Hz， 

6.9 Hz， CH3CHCH3)， 4.05 (lH， d， J = 4.1 Hz， OH)， 4.31 (lH， qdd， J = 6.9 Hz， 4.1 Hz， 2.7 

Hz， CH3CHN)， 4.80 (lH， dd， J = 4.1 Hz， 4.1 Hz， PhCH)， 5.62 (lH， br， NH)， 7.31 (5H， m， 

Ph) 

I3C-Nl¥皿 (67.8MHz， CDC13 as 77.0 ppm) O 14.97， 19.40， 19.63，35.53，50.89，76.93， 

126.39， 127.46， 128.03， 140.59， 178.01 

MS m/z: 222 [(M+W]， 204 [(M-H20+1)+]. 

SR [α]65 -34.9 (c 1.73， MeOH) 

Anal. Calcd for CI3H19N02: C， 70.56; H， 8.65; N， 6.33. Found C， 70.60; H， 8.95; N， 

6.27. 
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(lR，2S)・2・(2・Methyl-l-propylamino)ー1・phenyl-l・propanol (13・OH)

To a solution of (IR，2S)ー2-(1-methy Ipropionamido)ーl-phenyl-1-prop釦 01(3.12 g， 15 mmol) 

in THF (100 mL)， bor釦 e-THF complex (1 M soluion in THF， 36.0 mL， 36.0 mmol)was add巴d

under ice-water bath. The mxtur巴washeated to reflux for 10 h， then quenched wi山 methaol(25 

mL) after cooling wi山 Jce-wat巴rbath. The solvent was evaporated in vacuo. Me由加01(20 mL) 

was added， and the whole was concentrated in vacuo to leave colorless oil (3.53 g). The oil was 

disolved in methanol (20 mL)， and hydrochloric acid (20% solution in M巴OH，40 mL) was added. 

The solution was concentrat巴din vacuo to leave colorless solid， which was recrystalized from 

ethanol (20 mL) and Et20 (5 mL) 10 give colorless needles (3.18 g， 87%. 2nd crop 0.21 g， 6%). 

mp >200 oc. 
IR (KBr， cm-1) 3280，1460. 

SR [α]65剖 5(c 5.31， MeOH) 

Anal. Calcd for C13H22CINO: C， 64.05; H， 9.10; N， 5.75. Found C， 63.99; H， 8.91; N， 

5.74 

A solution of 13・OHhydrochloride (1.41 g) in aqueous sodium hydroxide (20%， 30 mL) 

was extract巴dfrom hexane (1 x 50 mL， 2 x 20 mL) 百 eorganic layers were combined， washed 

successively wi山 water(1 x 20 mL) and brine (1 x 20 mL)， dried over po凶 siumcarbonate and 

concentrated in vacuo to leave a colorless oil (1.18 g). 

IR (neat， cm-1) 3300， 1595 

lH-NMR (270 MHz， CDCI3) O 0.80 (3H， d， ] = 6.3 Hz， CH3CHN)， 0.92 (3H， d， ] = 6.6 

Hz， CH3CHCH3)， 0.94 (3H， d， ] = 6.6 Hz， CH3CHCH3)， 1.71 (1H， ddq， ] = 6.6 Hz， 6.6 Hz， 

6.6 Hz， CH3CHCH3)， 2.44 (IH， d， ] = 11.2 Hz， 6.6 Hz， CH2)， 2.56 (1H， d， ] = 11.2 Hz， 6.6 

Hz， CH2)， 2.88 (lH， qd， ] = 6.3 Hz， 4.0 Hz， CH3CHN)， 3.80 (2H， br， NH， OH)， 4.71 (1H， d， 

] = 4.0 Hz， PhCH)， 5.62 (1H， br， NH)， 7.31 (5H， m， Ph). 

13C-NMR (67.8 MHz， CDCI3 as 77.0 ppm) O 14.86， 20.61， 28.74， 55.22， 58.42， 72.80， 

126.02. 126.90. 128.00. 141.46. 

MS rn/z: 208 [(M+ J)+]， 206 [(M-J)+]， 190 [(M争H20+1)+].

SR [α]?，s +10.4 (c 3.54， EIOH) 

(lR，2S)・2・(Diphenylacetamido)・1・phenyl-l・propanol (43) 

1-(3-Dimethylaminopropyl)-3-elhylcarbodiimide hydrochloride (6.33 g， 33 mmol) was 

added 10 a suspension of (lR，2S)-2-amino-l-phenyl-l-propanol (4.53 g， 30 mmol) and 

diphenylacetic acid (7.00 g， 33 mmol) in melhyl巴nechloride (80 mL) at 0 oC. The mixture was 

stirred for 3 h at room temperature. The mixture was diluted wi出 Et20(50 mL)， and aqueous 

hydrochloric acid (5%， 50 mL) was added. The precipitate was filtered， washed with EI20 and 

dried. The organic layer was separaled from山巴 filtrate，washed successively wilh aqueous 
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hydrochloric acid (5%， 1 x 50 mL)， water (1 x 50 mL)， saturaled aqueous sodium bicarbonale (1 x 

50 mL)， water (1 x 50 mL)， brin巴(1x 50 mL)， dried over sodium sulfate and concentraled in 

vacuo to leave colorless solid (5.96 g)， which was combin巴dwith the former precipitale，加d

recrystalized合omchlorofoπn (150 mL) and hexane (50 mL) 10 give colorless n巴edles(8.38g， 

81%). 

mp 143-145 oc. 
IR (KBr， cm-1) 3370，1640 

lH-NMR (270 MHz， CDCI3) O 0.96 (3H， d， ] = 7.6 Hz， CH3CHN)， 2.63 (IH， br， OH)， 

4.38 (lH， m" CH3CHN)， 4.77 (lH， m， PhCH)， 4.89 (IH， s， CHPh2). 5.77 (1 H， br， NH)， 7.31 

(5H， m， Ph). 

13C-Nt-.狙ミ (67.8MHz， CDCI3 as 77.0 ppm) O 15.01， 51.14， 59.03， 76.53，126.34，127.24， 

127.30，127.55，128.16，128.73，128.82，129.04， 139.16， 140.27， 172.54. 

MS m/Z: 345 (M+)， 326 [(M-H20-1)+]， 238 [(M-PhOH)勺

SR [α]子24.6(c 2.40， MeOH) 

(lR，2S)・2・(2，2・Diphenylethylamino)・1・phenyl-l・propanol (14・OH)

To a solution of (lR，2S)-2-(diphenylac巴tamido)ーI-phenyl-I-propanol(5.00 g， 14.5 mmol) 

in THF (100 mL)， bor釦 e-THF complex (1 M soluion in THF， 36.0 mL， 36.0 mmol) was added 

under ice-water ba出.百1巴mixturewas heated 10 reflux for 10 h，出巴nquenched wilh me出anol(25 

mL) after cooling wi出 ice-water ba出 The solvent was evaporaled in vacuo. Me由加01(20 mL) 

was added， and the whole was concentrated inνacuo to leave colorl巴ssn巴edles(4.83 g)， which 

was recrys凶 izedfrom benzene (10 mL) and hexane (25 mL) 10 give colorless needles (4.10 g， 

85%) 

mp 107-1090C. 

IR (KBr， cm-1) 3400， 1590， 1485. 

lH-NMR (270 MHz， CDCI3) O 0.76 (3H， d， ] = 6.3 Hz， CH3CHN)， 2.94 (IH， qd， ] = 6.3 
Hz， 4.0 Hz， CH3CHN)， 3.29 (lH， dd， ] = 11.9 Hz， 7.5 Hz， CH2)， 3.36 (1 H， dd， ] = 11.9 Hz， 

7.5 Hz， CH2)， 4.15 (lH， dd， ] = 7.5 Hz， 7.5 Hz， CHPh2)， 4.71 (IH， d， ] = 4.0 Hz， PhCH)， 

5.62 (lH， br， NH)， 7.31 (5H， m， Ph). 

13C-NMR (67.8 MHz， CDCI3 as 77.0 ppm) O 14.60， 51.47， 51.80， 58.45， 73.09， 125.97， 

126.56， 126.65， 127.00， 127.89， 127.96， 128.03， 128.61， 128.69 

MS rn/z: 331 (M+)， 313 [(M-H20)+] 

(lR，2S)・2・(3，3・Dimethylbutanamido)ーl-phenyl-l・propanol (44) 

(IR，2S)ー2・Amino-I-phenyトI-propanol(3.02 g， 20 mmol)， diethyl cyanophosphonate (93%， 

3.58 mL， 22 mmol)， triethylamine (3.07 mL， 22mmol) were added 10 a Solulion of 2，2-
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dimethylbutanoic acid (2.56 g， 22 mmol) in Nμdimethylfonnamide (50 mL) under ice-water 

ba出Thewhole was stirred for 2 h. The solvent was evapora也dinνacuo. Water (30 mL) wお

added to出eresidue， and whole was extracted with ethyl ac巴ta低 (3x 50 mL). The organic layers 

wer巴combined，washed successively with saturated aqueous sodium bicarbonate (1 x 30 mL)， 

water (1 x 20 mL) and brine (1 x 20 mL)，合iedover sodium sulfate and concentrated in vacuo to 

leave a yellow oil (5.83 g)η1e oil was purified by column chromatography (Si02 100 g， h巴xane-

AcOEt 10: 1-1: 1) to afford colorless needles (4.60 g， mp 56-57.5 oC). The solid was 

recrystalized from benzene and hexane to afford colroless needles (4.31 g，86%). 

mp 57-58 oC. 

IR (nujol， cm-1) 3270，1625. 

lH-NMR (270 MHz， CDCI3) Oト02(3H， d， J = 6.8 Hz， CH3CHN)， 1.04 (9H， s， CH3)， 

2.03 (IH， d， J = 13.8 Hz， CH2)， 2.08 (IH， d， J = 13.8 Hz， CH2)， 3.59 (lH， br， OH)， 4.33 (lH， 

qdd， J = 6.8 Hz， 6.8 Hz， 3.0 Hz， CHN)， 4.84 (IH， d， J = 3.0 Hz， PhCH)， 5.51 (IH， br， NH)， 

7.31 (5H， m， Ph). 

I3C-NMR (67.8 MHz， CDCI3 as 77.0 ppm) O 14.83， 29.80， 30.89， 50.55， 50.96， 76.73， 

126.36， 127.53， 128.14， 140.68， 172.54. 

MS m/z: 250 [(M+1)+]， 233 [(M-H20)+] 

SR [α]b5 -95.1 (c 1.56， CHCI3) 

Anal. Calcd for C15H23N02: C， 72.25; H， 9.30; N， 5.62. Found C， 72.37; H， 9.26; N， 

5.34. 

(IR，2S)・2・(3，3・Dimethyl-l・butanamino)・1・phenyl-l・propanol (15・OH)

A solution of (IR，2S)-2-(3，3-dimethylbutylamido)ーl-phenyl-1-propanol(4.10 g， 16.4 

mmol) in THF (10 mL) was added to a suspension of lithium a1uminum hydrid巴(1.52g， 40 mmol) 

in THF (40 mL) under ice-water bath. The whole was h巴at巴dto r巴f1uxfor 8 hr. Aft巴rcooling， 

water (1.5 mL)， 15% aqueous sodium hydroxide (1.5 mL) and water (4.5 mL) were added 

successively to the reaction mixture. Potassium carbonat巴wasadded， and出巴 mixturewas futered 

off. The precipitate was wash巴dwith Et20. The filtrate and washings were combined and 

concentrated in vacuo to leave color1ess needles (4.06 g)， which was recrys凶 ized台omhexane (50 

mL) to afford colorless needles (2.85 g， 74%) 

mp 107-109 oc. 
IR (KBr， cm-1) 3280， 1595. 

lH-N恥fR(270 MHz， CDCI3) O 0.81 (3H， d， J = 6.5 Hz， CH3)， 0.92 (9H， s， IBu)， 1.29-

1.51 (2H， m， CH2IBu)， 2.64-2.74 (2H， m， CH2CH2IBu) 2.92 (lH， qd， J = 6.5 Hz， 4.1 Hz， 

CHN)， 4.73 (IH， d， J = 4.1 Hz， CHPh)， 7.22-7.33 (5H， m， Ph) 

I3C-Nl¥収 (67.8MHz， CDCI3 as 77.0 ppm) O 14.81，29.63，29.89，43.43，44.55，58.64， 

73.10， 126.07， 126.95， 128.03， 141.49. 
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MS m/Z: 236 [(M+W]， 220 [(M-CH3)+]. 

SR [α]b5 +9.9 (c 6.30， EtOH) 

Anal. Calcd for CI5H25NO: C， 76.54; H， 10.71; N， 5.95. Found C， 76.65; H， 10.53; N， 

5.76. 

恥1ethoxyacetylchloride(45) 

Methoxyacetic acid (4.60 mL， 5.04 g， 60 mmo1) was added to山ionylch10ride (18.24 mL， 

29.74 g， 250 mmol). The mixture was ref1uxed for 1 h and concentrated in vacuo to 1eave a 

co10rless oil (4.16 g， 63%). 

IR (neat， cm-1) 1800. 

(IR，2S)・2・(Methoxyacetamido)・1・phenyl-l・propanol (46) 

To a solution of (lR，2S)-2-amino-l-phenyトI-propanol(4.10 g， 27 mmol) in methylene 

chloride (40 mL)， a solu臼onof methoxyacetylchlorid巴(4.16g， 38 mmol) in methylene chloride (12 

mL)釦 dtrie出ylamine(5.58 mL， 4.05 g， 40 mmol) were added successively at 0 oC. The mixture 

was stirred for 2 h and diluted with methylene chloride (40 mL). The whole was washed 

successively with water (1 x 20 mL)， 10% aqueous citric acid (1 x 20 mL)， water (1 x 20 mL)， 

saturated aqueous sodium bicarbonate (1 x 20 mL)釦dbrine (1 x 20 mL). The organic 1ayer was 

dried over magnesium sulfate and concentra~巴d in vacωto leave a yellow oil (7.96 g， quant). 

IR (neat， cm-1) 3400， 1750， 1655. 

lH-NMR (270 MHz， CDCI3) O 1.03 (3H， d， J = 6.6 Hz， CH3)， 3.20 (IH， br， OH)， 3.38 

(3H， s， OCH3)， 3.89 (2H， s CH2)， 4.33 (lH， m， CHN)， 4.86 (lH， d， J = 2.9 Hz， CHPh)， 7.31 

(5H， m， Ph). 

I3C-NM1ミ (67.8MHz， CDCI3 as 77.0 ppm) O 14.25， 50.35， 59.09， 71.74， 126.22， 127.49， 

128.12， 140.70， 169.94. 

MS m/Z: 224 [(M+W]， 206 [(M-H20+1)+] 

SR [α]b5 -14.3 (c 1.08， EtOH) 

Anal. Calcd for CI2H17N03: C， 64.56; H， 7.67; N， 6.27. Found C， 64.60; H， 7.66; N， 

6.05. 

(IR，2S)・2・(2・Methoxyethylamino)・1・phenyl-l・propanol (16・OH)

To a suspension of lithium alminum hydride (3.17 g， 75 mmol) in THF (100 mL)， a solution 

of (lR，2S)-2-(me出oxyacetamido)ー1-phenyl-1-propanol(7.66 g) in THF (40 mL) was added. The 

mixture was heated to ref1ux for 1 h. Water (3.1 mL)， 15% aqueous sodium hydroxide (3.1 mL)， 

water (9.3 mL) was added successively to the reaction mixture. Potassium carbonate was added 
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加 dfiltered. The precipitate wお washedwi出 Et20.The filtrtate and the washing were combined 

加 dconcentrated in vacuo. The residue wぉ dissolvedin ethanol (30 mL)釦 d15% hydrochloric 

acid in ethanol (5 mL) was added to the solution. The whole was concen汀atedin vacuo to leave 

colorless solid， which was recrystalized針。methanol to give colorless plat巴s(2.46 g， 40%. 2nd 

crop: 1.28 g， 21%). 

mp 185-186 oc. 
IR (nujol， cm-1) 3320，1595，1555. 

25 
SR [α]o" -28.4 (c 1.98， MeOH) 

The s剖twas dissolved in 5% aqueous potassium hydroxide (20 mL). The whole was 

extracted with benzene (3 x 20 mL). The org釦 iclay巴rwas washed with brine (1 x 20 mL)， dried 

over potassium carbonate and concentrated in vacuo to 1巴av巴 ayellow oil， which was distilled 

(bulb-to-bulb， 190-200 oC/ 0.9 mmHg) to give colorless needles (981 mg，94%). 

IR (KBr， cm-1) 3400， 3120， 1600目

1 H-NMR (270 MHz， CDCI3) 0 0.82 (3H， d， J = 6.3 Hz， CH3)， 2.90 (3H， m， CHN ， 

CH2N)， 3.36 (3H， s， OCH3)， 3.51 (2H， m， OCH2)， 4.75 (IH， d， J = 4.0 Hz， PhCH)， 7.31 (5H， 

m， Ph) 

13C-NMR (67.8 MHz， CDCI3 as 77.0 ppm) 0 14.33， 46.65， 58.42， 58.77， 72.09， 72.93， 

125.99， 126目91，128.01， 141.41. 

MS mJz: 210 [(M+W]. 

SR [α]5
5 
-23.8 (c 3.74， EtOH) 

Anal. Calcd for C12H19N02: C， 68.87; H， 9.15; N， 6.69. Found C， 68.89; H， 9.22; N， 

6.81 

(IR，2S)・2・[(N'，N'-Dimethylaminoethyl)-N・methylanimoacetylamido]-1・
phenyl-l・propanol (47) 

Triethylamine (13.9 mL， 99 mmol) was add巴dto a suspension of (IR，2S)-2-amino-1-

phenyトI-propanol(4.54 g， 30 mmol) and N'，N'-dimethylaminoethyl)-N-methylglycine 

hydrochloride (7.69 g， 33mmol) in N，N-dimethylformamide (100 mL) at room t巴mperature.After 

cooling with ice-water bath， diethyl cyanophosphonate (7.69 g， 33 mmol) was add巴d.The whole 

was stirred at room temp巴raturefor 7 h. The mixture was poured into ice-water (200 mL) and 

ex回 ctedwith e出ylacetate (3 x 1∞mL， 2 x 50 mL). Basified with 10% sodium hydroxide (pH 

10)，由eaqu巴ouslayer was extracted wi出 m巴thylenechloride (2 x 200 mL)目 Theorganic layers 

were combined， washed with brin巴(1x 50 mL)， dried over potassium carbonate and concentrated 

Lnνacuo to leave a yellow oiJ (10.98 g)， which was puri白edby column chromatography (Si02 100 

g，hex釦 e-isopropylamine 5: 1) to afford a yellow oiJ (9.77 g， quant). 

IR (neat， cm-1) 3350， 3050，1650 
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lH-NMR (270 MHz， CDCI3) 0 0.99 (3H， d， J = 7.0 Hz， CH3)， 2.20 (6H， s， Me2N)， 2.31 

(3H， s， NMe)， 2.30-2.54 (4H， m， NCH2CH2N)， 3.00 (IH， d. J = 16.5 Hz， CH2CO)， 3.10 (1 H， 

d， J = 16.5 Hz， CH2CO)， 4.31 (IH， m， CHN)， 4.82 (IH， d， J = 4.0 Hz， CHPh)， 7.31 (5H， m， 

Ph). 

MS mJz: 293 (M+) 

(IR，2S)・2・[[N・(N'，N'-Dimethylaminoethyl)-N・methylanimo]ethylamino ]-1・
phenyl-l・propanol (17・OH)

A solution of (IR，2S)ー2-[(N'，N'ーdimethylaminoethyl)-N-methy lanimoacetylamido]-I-

phenyト1-propanolin THF (25 mL) was added to the suspension of lithium a1uminum hydride 

(2.36 g， 58 mmol) at 0 oC within 5 min. The whole was heated to ref1ux for 1 h. After cooling， 

wa記r(2.5 mL)， 15% sodium hydroxide (2.5 mL)， and water (7.5 mL) were added successively 

Potassium carbonate was added and filtered， and th巴 precipitatewas washed with Et20. Th巴

fil trate and the was凶ngswere combined and concentrated inνacuo to 1巴avea yellow oil (7.72 g). 

A part of the oil (3.03 g) was purified by column chlomatography (Si02 160 g， Et20-

lsopropy加nine10: 1) to afford a slighuy yellow oil (2.66 g). The oil was dissolved in ethanol (20 

mL)， and a solution of picric acid (80%， 8.2 g) in eth釦 01(100 mL) was added. The whol巴was

digested to afford yellow ne巴dles(8.28 g， 75%) 

mp 133-135 oC (dec). 

IR (KBr， cm-1) 3425， 3020， 1605， 1560， 1310 

SR [α]55 +5.6 (c 1.30， acetone) 

Anal. Calcd for C34H3SN12022: C， 42.37; H， 3.66; N， 17.44. Found C， 42.10; H， 3.88; 

N. 17.25. 

The salt (3.25 g) was suspended in aqueous ammonia (28%， 50 mL)， and extracted with 

Et20 (3 x 50 mL). The organic layers were combined， washed with brine (1 x 50 mL) and dried 

over potassium carbonate. The solvent was evaporated in vacuo. The residue was puri日巴dby 

column chromatography (Si02 20 g， Et20-isopropylamin巴)to afford a colorless oil (0.79g， 80%) 

IR (neat， cm-1) 3300， 2940， 1450. 

lH-NMR (270 MHz， CDCI3) 0 0.80 (3H， d， J = 6.9 Hz， CH3)， 2.24 (6H， s， Me2N)， 2.26 

(3H， s， NMe)， 2.37-2.51 (6H， m， NCH2CH2NCH2)， 2.79 (2H， d， J = 5.4 Hz， CH2N)， 2.88 

(IH， m， CHN)， 4.78 (IH， d， J = 3.2 Hz， CHPh)， 7.31 (5H， m， Ph). 

13C-NMR (67.8 MHz， CDCI3 as 77.0 ppm) 0 14.52，42.48，44.31，45.64，55.40， 57.21， 

57.38， 58.56， 73.08， 125.98， 126.62， 127.79， 142.05. 

SR [α]55 +2.7 (c 2.82， EtOH) 
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(IR，2S)・2-Pyrrolidyl・l-phenyl-propanol (21・OH)

A rrrixture of (1R，2S)ー2-arrllno-トphenyトl-prop釦 01(3.02 g， 20 mmol)， 1，4-dibromobutane 

(5.40 g， 25 mmol) and triethylamine (6.97 mL， 60 mmol) in e出anol(20 mL) was heated to ref1ux 

for 24 h. The solvent was evaporated in vacuo. The r巴siduewas dissolved in 15% aqueous 

sodium hydroxide (30 mL)釦 dextract巴dwith Et20 (3 x 20 mL). The organic lay巴rswere 

combined， wash巴dwith brine (1 x 20 mL)， dried ov巴rpotassium carbonate and concentrated in 

vacuo to leave a yellow oil (3.30 g)， which was purified by column chromatography (Si02 100 g， 

CH2CI2-MeOH 10: 1-3: 1) to afford a colorless oil (3.28 g， 80%) 

IR (neat， cm-1) 3400，1595. 

lH-NMR (270 MHz， CDCI3) 8 0.79 (3H， d， J = 6.6 Hz， CH3)， 1.82 (4H， m， 2 x 

CH2CH2N)， 2.48 (1 H， qd， J = 6.6 Hz， 3.0 Hz， CHN)， 2.63 (2H， m， 2 x CH2CH2N)， 2.80 (2H， 

m， 2 x CH2CH2N)， 3.61 (1H， br， OH)， 5.50 (1H， d， J = 3.0 Hz， PhCH)， 7.31 (5H， m， Ph). 

13C-NMR (67.8 MHz， CDCI3 as 77.0 ppm) 8 12.03，27.49，51.80，65.28，72.63， 125.67， 

127.96， 141.78. 
25 SR [α]o" -1.4 (c 5.25， EtOH). 

Anal. Calcd for CI3H19NO: C， 76.06， H， 9.33; N， 6.82. Found C， 75.80 ; H， 9.57; N， 

6.72 

(IR，2S)・2-Piperidyl・l-phenyl-propanol (22・OH)

A mixture of (1R，2S)ー2ー釘nino-1-phenyl-l-propanol(4.54 g， 30 mmo1)， 1，5-dibromopentane 

(6.90 g， 30 mmol)加 dpotassium carbonate (8.29 g， 60 mmol) in acetonitri1e (30 mL) was heated 

to ref1ux for 24 h. The reaction mixture was fi1tered， and the precipitate was wash巴dwith 

acetonittrile. The fi1trat巴and山ewashing were combin巴dand concentrated inνacuo to leav巴

colorless solids (4.70 g)， which was r巴crystalizedfrom benzene (8 mL) to afford colorless needles 

(2.65 g， 36%， 2nd crop 1.00 g， 14%). 

mp 97-98 oC目

IR (KBr， cm-1) 3130，16∞， 1440， 1350 

lH-NMR (270 MHz， CDCI3) 80.82 (3H， d， J = 6.9 Hz， CH3)， 1.44-1.62 (6H， m， 3 x 

CH2)， 2.45-2.55 (4H， m， 3 x CH2)， 2.69 (IH， qd， J = 6.9 Hz， 4.3Hz， CHN)， 4.83 (1H， d， J = 

4.3 Hz， CHPh) ， 7.31 (5H， m， Ph). 

13C-NMR (67.8 MHz， CDCI3 as 77.0 ppm) 810.91，24.57，26.58，51.75，64.58，72.18， 

126.00， 126.07， 127.65， 142.26 

6.41 

MS m/z: 220 [(M+J)+]， 219 (M+). 

SR [α)65 -3.7 (c 6.00， EtOH) 
Anal. Calcd for CI4H21NO: C， 76.66， H， 9.65; N， 6.39. Found C， 76.92 ; H， 9.43; N， 
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(IR，2S)・2・Morphonyl・l-phenyl-propanol (23-0H) 

A mixture of (lR ，2S)ー2-amino-1 -phenyl-1 -propanol (2.27 g， 15 mmol)， bis(2-

ch1oro巴出yl)巴ther(2.14 g， 15 mmol)，lithium brorrrid巴(1.30g， 15 mmol)加dpo凶 slUmc釘 bonate

(4.15 g， 30 mmol) in ethanol (30 mL) was heated to reflux for 24 h. The reaction mixture was 

fi1t巴redoff.ηle p陀 cipitatewas washed wi出巴由加01.ηle日Itrateand the washing were combined 

and concentrated inνacuo to leave a colorless oil (3.53 g)， which was purified by column 

chromatography (A1203 70 g， hexane-AcOEt 1: 1) to afford a colorless oil (2.35 g). The oil was 

dissolved in methanol (10 mL)， and hydroch1oric acid (15% in MeOH， 20 mL) was added. The 

solvent was evaporated in vacuo. The residue was recrystalized with巴thanolto afford colorless 

needles (1.51 g， 39%， 2nd crop 0.35 g， 9%) 

mp >2OOoC. 

IR (KBr， cm-1) 3130，1600， 1440， 1350 

SR [α)6
5 
-23.5 (c 2.57， EtOH) 

The salt (0.61 g) was dissolved in 20% potassium hydroxide (20 mL). The whole was 

ex町actedwith benzene (3 x 20 mL). Th巴 organiclayers were combin巴d，加ddried over potassium 

carbonate. The sol vent was evaporated in vacuo.百leresidue was distill巴d(220 oC， 3mmHg) to 

gi ve a co10r1ess oil 

lH-NMR (270 MHz， CDCI3) 8 0.83 (3H， d， J = 6.9 Hz， CH3)， 2.54-2.70 (5H， m， 2 x 

CH2， CHN)， 3.52 (IH， br， OH)， 3.73 (4H， t， J = 4.6 Hz， CH20CH2)， 4.92 (1H， d， J = 3.6 Hz， 

PhCH)， 7.31 (5H， m， Ph). 

13C-NMR (67.8 MHz， CDCI3 as 77.0 ppm) 8 9.87， 50 .95， 64.82， 67.42， 71.70， 125.86， 

126.94， 128目05，141.71. 
25 

SR [α]o" -5.4 (c 1.43， EtOH) 

MS m/Z: 222 [(M+J)+). 221 (M+) 

Anal. Calcd for Cl3HI9N02: C， 70.36， H， 8.85; N， 6.33. Found C， 70.32 ; H， 3.88; N， 

6.41. 

(lR，2S)・2・[N-Methyl-N -(2，2・dimethylpropyl)amin 0]・1・phenyl-l・propanol
(24-0H) 

A mixture of (1R，2S)ー2ー(2，2一dimethlpropyl釘nino)ートpheny卜I-propanol(1.54 g， 6.0 mmol)， 

formalin (34%， 1.8 mL， 24 mmol)， and formic acid (2.0 mL， 48 mmol) was heated to reflux for 9 

h. After cooling， the mixture was basified with 10% aqueous sodium hydroxide (pH 11) and 

ex町act巴dwith Et20 (3 x 20 mL). The organic layers were combin巴d，washed with brin巴(1x 30 

mL)， dried over potassium carbonate and concentrated in vacuo to leave a colorless oil (1.48 g)， 

which was purified by column chromatography (Si02 45 g， CH2CI2-MeOH 20・1)to afford a 

colorless oil (1.34 g， 95%) 
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IR (neat， cm-J) 3400， 2940， 1450. 

J H-NMR (270 MHz， CDC13) 8 0.83 (3H， s， tBu)， 0.94 (3H， d， J = 6.9 Hz， CH3)， 2.19 

(IH， d， J = 13.8 Hz， CH2)， 2.28 (3H， s， NCH3)， 2.30 (IH， d， J = 13.8 Hz， CH2)， 2.77 (IH， qd， 

J = 6.9 Hz， 4.9 Hz， CHN)， 4.78 (lH， d， J = 4.9 Hz， PhCH)， 7.31 (5H， m， Ph). 

13C-NMR (67.8 MHz， CDC13 as 77.0 ppm) 8 10.04，28.21， 30.03，40.94，66.43，74.36， 

126.20， 126.83， 127.87， 143.04 

SR [吋"f/-4.4 (c 1.21， EtOH) 

Anal. Calcd for CJ5H25NO: C， 76.55， H， 10.71; N， 5.95. Found C， 76.33 ; H， 10.91; N， 

5.72. 
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(R)・α-Hydroxyphenylacetamide(43)34. 35 

98% Sulfric acid (2.20 mL， 40 mmol) was add巴dto a solution of (R)ーmandericacid (3.04 g， 

20 mmol) in acetone (20 mL) at -5 oC within 10 min. The mixt町 ewas stirred at r∞m temperature 

for 10 min. Th巴 wholewas poured into aqu巴oussodium carbonate (8.4 g， 80 mmol in 50 mL 

water)，出巴nfilter巴d.The precipitate was dried in vacuo釦 ddissolved in m巴山知01(25 mL)・28%

Aqueous ammonia (10 mL) was added to the solution， and the mixture was stirred at room 

temperature for 4 h. The solvent was concentrated in vacuo to a smaIl volume and the residue was 

extracted with ethyl acetate (2 x 50 mL)ー Theorganic layers were combin巴d，dried over 

magnesium sulfat巴andconcen汀atedin vacuo・ η1巴residuewas recrystaIized from eth釦 01to give 

colorless needles (2.00 g， 65%). 

mp 117-119 oC 

IR (KBr， cm-J) 3695， 32∞， 1645， 1590，690. 

lH-NMR (270 MHz， acetone-d6) 5.01 (IH， s， CH)， 7.31 (5H， m， Ph) 

MS m/z: 151 (M+) 

SR [α]5
5

判 .6(c 1.70， acetone)ー

(R)・2・Amino-l・phenylethanol (44)35 

To a suspension of lithium aIuminum hydride (0.80 g， 20 mmol) in 1壬[f(10 mL)， a solution 

of(R)ーαhydroxyphenylacetamide(1.00 g， 6.62 mmol) in THF (5 mL) was added. The mixture 

was h巴atedto refl ux for 5 h. After cooling， wa包r(0.8 mL)， 15% aqueous sodium hydroxide (0.8 

mL)加 d川町(2.4mL) was added successively to the reaction m以 ture.Potassium carbonate was 

add巴d釦 dfiltered. The precipitate was washed wi出 Et20.The filtrate and the washing were 

combined and concentrated in vacuo. The residue was recrys凶 izedfrom Et20 to give colorless 

needles (623 mg， 69%). 

mp 55・570C.

IR (KBr， cm-J) 3300，1630 

lH-NM1ミ (270MHz， CDCI3) 82.20 (3H， br， NH2， OH)， 2.81 (lH， dd， J = 12.9 Hz， 7.9 

Hz， CH2)， 3.00 (IH， dd， J = 12.9 Hz， 4.0 Hz， CH2)， 4.63 (1 H， dd， J = 7.9 Hz， 4.0 Hz， CH)， 

7.35 (5H， m， Ph). 

MS m/Z: 137 (M+). 

SR [α]55 -47.4 (c 2.30， EtOH) 

(R)・2・(2，2・Dimethyl propy la min 0)・1・phenylethanol (25・OH)

To a solution of (R)ー2-amino-1-phenylethanol(2.56 g， 18.6 mmol) in methanol (40 mL)， 

trirnethylacetaIdehyde (1. 72 g， 200 mmoりwasadded at room temperature. The whole was stirred 

for 20 min. Sodium borohydrid巴(1.53g， 40. 5 mmol) was added at room temperature. The 

101 



mixture was stirred for 24 hr at room temperature. The solvent was evaporated inνacuo. The 

residue was dissolved in water (30 mL)釦 dextracted with methylene chloride (4 x 20 mL). The 

organic layers were combined， washed wi出 brine(1 x 20 mL)，合t巴dover po凶ssiumcarbonate and 

concentrated inνacuo to leave a slightly yellow oil (3.99 g). The oil was purifi巴dby column 

chromathography (Si02， 100 g， CH2CI2-MeOH 30: 1-10: 1) to give colorl巴ssneedles (3.52 g， 

91%). 

mp 55-57 oC 

rn. (KBr， cm-I) 3300， 1630 

IH-NMJミ(270MHz， CDCI3) O 0.92 (9H， s， CH3)， 2.34 (lH， d， J = 11.2 Hz， CH21Bu)， 

2.44 (lH， d， J = 11.2 Hz， CH21Bu)， 2.66 (lH， dd， J = 11.9Hz， 9.2 Hz， CH2CH)， 2.86 (lH， dd， 

J = 11.9Hz， 3.3 Hz， CH2CH)， 4.65 (lH， dd， J = 9.3 Hz， 3.3 Hz， CH)， 7.35 (5H， m， Ph). 

13C-NMR (67.8 MHz， CDCI3お77.0ppm) O 21.66，31.54，57.88，61.57，71.12， 125.77， 

127.35， 128.28， 142.57 

MS m/z: 208 [(M+l)+]， 207 (M+)， 206 [(M+W)， 189 [(M-H20)+). 

SR [α)l/ -27.5 (c 2.10， EのH)

Anal. Calcd for CI3H21NO: C， 75.32; H， 10.21; N， 6.75. Found C， 75.49; H， 10.31; N， 

6.66. 

(S)・2・Amino-l・propanol(45) 

To a suspension of lithium aluminum hydride (4.04 g， 0.10 mol) in THF (150 mL)， (S)-

alanine (4.45 g， 50 mmol) wぉ addedby small portions. The mixture was heated to r巴fluxfor 4 h 

After cooling， wa也r(4.1 mL)， 15% aqueous sodium hydroxide (4.1 mL)， wat巴r(12.3 mL) were 

added successive1y to出巴 reactlOnmlxtur，巴. Potassium carbonate was added and fi1t巴red.Th巴

preclpltate wぉ washedwith Et20. The fi1trate and the washing were combined and concentrated in 

vacuo to leave a colorless oil (3.64 g， 97%) 

rn. (neat， cm-I) 3500， 3350， 1590， 1455 

IH-NMR (270 MHz， CDCI3) O 1.04 (3H， d， J = 6.3 Hz， CH3)， 2.45 (3H， br， NH2， OH)， 

3.03 (lH， m， CH)， 3.24 (lH， m， CH2)， 3.52 (lH， m， CH2). 

MS m/z: 44 [(CH3CHNH2)+J 

SR [αJl/ + 18 (neat). 

(S)-2-(2，2・Dimethylpropylamino)・1・propanol(26・OH)

Trimethylacetaldehyde (1.30 mL， 1.03 g， 12 mmol) was added to a susp巴nsionof (S)ー2-

創ninopropanol(751 mg， 10 mmol) in benzene (20 mL) at 0 oc. The whole was stirred at room 

temperature for I h. Sodium sulfate was added and th巴 reactionmixture was filtered. The 

precipitat巴 waswashed with benzene. The filtrate and the washing wer巴 combinedand 
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concentrated in vacuo to leave a yellow oil (1.17 g)ー ηleoil was dissolved in ethanol (20 mL).釦d

sodium borohydride (757 mg， 20 mL) was added to出esolution at 0 oc. The whol巴wasS!lπ巴dat 

room temp巴raturefor 20 h. The reaction mixture was concentrat巴dinνacuo. The residue was 

dissolved in 10% aqueous potassium hydroxide (10 mL)， and the who1e was extracted with 

benzene (4 x 15 mL). The organic 1ayers were combined， washed with brine (2 x 20 mL)， dried 

over potasssium carbonat巴 adnconcentrated inνacuo to aff ord 26・OHas a colorless oil (930 mg， 

64%). 

rn. (neat， cm.1) 3300. 

lH-NMR (270 MHz， CDCI3) O 0.91 (9H， s， lBu)， 1.05 (3H， d， J = 6.3 Hz， CH3CH)， 1.90 

(2H， br， NH， OH)， 2.10 (lH， d， J = 11.2 Hz， CH21Bu)， 2.52 (IH， d， J = 11.2 Hz， CH21BU)， 

2.72 (IH， ddq， J = 6.9 Hz， 6.9 Hz， 4.9 Hz， CH)， 3.19 (lH， dd， J = 10.6 Hz， 6.9 Hz， CH2)， 

3.57 (lH， dd， J = 10.6 Hz， 4.3 Hz， CH2) 

13C-NMR (67.8 MHz， CDC13お77.0ppm) O 17.50，27.64，31.43，54.92，59.09，65.12. 

SR [αJ5
5 
+36.1 (c 1.62， MeOH) 

ηle oi1 (650 mg， 4.4 mmol) was disso1ved in aceωn巴(10mL)， and a solution of oxalic acid 

(720 mg， 8.8 mmo1) in acetone (20 mL) was added. The whole wぉ filter巴dand the pr巴cipitatewぉ

washed with acetone and recrystalized from ethanol (10 mL) 10 afford colorless need1es (510 mg， 

64%). 

mp 180-190 oC (dec). 

rn. (KBr， cm-1) 3300， 2960， 1595. 

SR [α)5
5 
+13.2 (c 1.01， MeOH). 

Anal. Calcd for C18H40N206: C， 56.82; H， 10.49; N， 7.36. Found C， 56.78; H， 10.49; N， 

7.28. 

(S)・2・Amino-3・methyl-l・butanol (46) 

To a suspension of lithium aluminum hydride (4.04 g， 0.10 mo1) in THF (150 mL)， (S)-

valine (5.86 g， 50 mmo1) was added by small portions. The mixture was heat巴dto reflux for 2 h. 

After coo1ing， water (4.1 mL)， 15% aqueous sodium hydroxide (4.1 mL)， water (12.3 mL) was 

added successive1y to the reaction mixture. Potassium carbonate was added and filtered. The 

precipitate was washed with Et20.ηle filtrate and the washing were combined and concentrated in 

vacuo to give a yellow oil (6.54 g)， which was distilled (83-85 oC/ 10 mmHg) to give a colorless 

oi1 (4.35 g， 85%) 

rn. (neat， cm-I) 3350， 3280， 1585 

IH-NMR (270 MHz， CDCI3) O 0.95 (6H， d， J = 6.0 Hz， CH3)， 1.50 (IH， m， CHMe2)， 

2.25 (3H， br， NH2， OH)， 2.60 (1 H， m， CHN)， 3.37 (1 H， dd， J = 9.0 Hz， 9.0 Hz， CH2)， 3.62 

(1 H， dd， J = 9.0 Hz， 4.0 Hz， CH2). 
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MS m/z: 104 [(M+W) 
25 SR [α)oJ +16.9 (c 9.85， EtOH). 

(5)・2・(2，2・Dimethy I propylamin 0)・3・methyl-l・butanol (27・OH)

Trimethylacetaldehyde (1.73 g， 22 mmol) was added to the solution of (S)ー2-amino-3-

methylbutanol (2.06 g， 20 mmol) inほnzen巴(20mL).η1ewhole was stiπed for 1 h， and sodium 

sulfate was added.η1巴wholewぉ filほredoff， and山efiltra包 wasconcentrated inνacuo to I巴avea 

yellow oil (3.01 g). The oil was dissolved in ethanol (30 mL)， and sodium borohydride (1.51 g) 

was added at ooC. The whole was stirred for 10 h at room temperature. The solvent was 

evaporated in vacuo. The residue was dissolved in wat巴r(30 mL) and extracted with hexane (3 x 

30 mL). The organic layers were combined， washed successiv巴Iywith water (1 x 10 mL) and 

brine (1 x 10 mL)， dried over potassium carbonate and concentrated in vacuo to leave a colorless 

oil (2.97 g). The oil was purified by column chromatography (Si02 50 g， hexane-AcOEt 10: 1) to 

afford a colorless oil (2.66 g， 76%) 

1R (neat， cm-I) 3270， 1465. 

IH-NMR (270 MHz， CDCI3) O 0.88 (3H， d， J = 6.9 Hz， CH3 (isopropyl))， 0.92 (9H， s， 

IBu)， 0.96 (3H， d， J = 6.9 Hz， CH3 (isopropyl))， 1.79 (lH， dq， J = 6.9 Hz， 6.9 Hz， CHMe2)， 

2.22 (IH， d， J = 11.2 Hz， IBuCH2)， 2.31-2.38 (lH， m， CHN)， 2.48 (IH， d， J = Il.2 Hz， 

IBuCH2)， 3.27 (1H， dd， J = 10.2 Hz， 7.9 Hz， CH20H)， 3.40 (1H， br， NH or OH)， 3.58 (1H， 

dd， J = 10.2 Hz， 4.6 Hz， CH20H). 

I3C-NMR (67.8 MHz， CDCI3 as 77.0 ppm) 18.37， 19.61，27.59，28.92，31.52，59.03， 

60.25， 64.69 

MS m/Z: 172 [(M-W)， 158 [(M-CH3)+)， 142 [(M-CH20H)+]， 130 [(M-CH3CHCH3)+]， 

116 [(M_IBu)+). 
25 

SR [α)o
J 
+17.3 (c 1.81， EtOH). 

The oil (2.05 g) was dissolved in acetone (20 mL)， and a solution of oxalic acid (1.09 g， 

12.3 mmol) in acetone (10 mL) was added. The pr巴cipitatewas washed with acetone， dried in 

vacuo and recrys凶 izedfrom methanol (30 mL) to afford colorless needles (g， %). 

mp 192 oC (dec.). 

1R (nujol， cm-I) 3350， 3175，1610. 

SR [α)s5 +9.3 (c 1.89， MeOH) 

(S)・2・Amino-3・phenyl-l・propanol (47) 

To a suspension of sodium borohydride (11.3 g， 0.30 mol) in THF (400 mL)， (S)-

phenyla1anine (16.5 g， 0.10 mol)ωd trifluorobor釦 eetherate (49.0 mL， 0.40 mmol) were added 
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in this ord巴r. The mixture was stiπed for 2 h at room lemperature. Wat巴r(50 mL) and 

hydrochloric acid (36%， 50 ml) were added successiv巴Iyto the reaction mixture al 0 oC. The 

resultant mixture was refluxed for 1 h. The solvent was concentrated in vacuo to sma11 volum巴

The r巴sidur，巴 wasbasified wilh sodium hydroxide pellete (pH 11)加 dfillered wi山 Celilepad. The 

iltlate was extracled with methylene ch10ride (3 x 100 mL). The organic layers were combined， 

washed with water (1 x 50 mL) and brin巴 (1x 50 ml)， dried over potassium carbonate and 

concen汀atedin vacuo 10 leave colorless solid (11.96 g)， which was recrysta1ized from benzene (15 

mL) and hexane (20 mL) to give colorless prisms (11.59 g， 77%). 

mp 82-83 oC 

IR (nujol， cm-I) 3340， 3280， 3000， 1565，1055. 

IH-NMR (270 MHz， CDCI3) O 1.78 (3H， br， NH2， OH)， 2.52 (lH， dd， J = 13.0 Hz， 8.6 

Hz， PhCH2)， 2.80 (1 H， dd， J = 13.0 Hz， 5.0 Hz， PhCH2)， 3.12 (1 H， dddd， J = 8.6 Hz， 7.3 Hz， 

5.0 Hz， 3.6 Hz， CH)， 3.38 (1H， dd， J = 10.6 Hz， 7.3 Hz， CH20H)， 3.63 (IH， dd， J = 10.6 Hz， 

3.6 Hz， CH20H)， 7.33 (5H， m， Ph). 

I3C-NMR (67.8 MHz， CDCI3 as 77.0 ppm) O 40.99， 54.16， 66.40， 126.40， 126.57， 

129.18， 138.69 

MS m/Z: 152 [(M+W)目

25 
SR [α)o

J 

-22.6 (c 1.20， 1 N HCI) 

(S)・2・(2，2・Dimethylpropylamino)・3・phenyl-l・propanol (28・OH)

Trimethylacetaldehyde (1.19 mL， 11 mmol) was added to a solution of (S)-2-amino-3-

phenylpropanol (1.51 g， 10 mmol) in benzene (20 mL)， and the mixture wぉ stiπ.edfor 1 h at room 

temperature. A叶1ydroussodium sulfate (10 g) was add巴d，and出巴 m以 turewas stirred for 30 min， 

then filtered. The filtrate was concen甘atedinνacuo 10 leave a colorless oil. The oil was dissolv巴d

in ethanol (30 mL) and sodium borohydride (1.13 g， 30 mmol) wぉ added. The miXlure was 

stirred for 11 h at room temperature. The solvent was evaporated in vacuo， and 10% aqueous 

potassium hydroxid巴(20mL) was added to the residu巴. The whole was extract巴dwith benzene (3 

x 50 mL). The organic layers were combined， washed with brine (1 x 20 mL)， dried over 

potassium carbonate and concen町atedin vacuo to leave a yellow oil (2.30 g). To the solution of 

the oil in e出釦01(50 mL)， 15% hydroch1oric acid in ethanol (1.5 mL) was added. The solvent was 

巴vaporat巴din vacuo. The residue was recrysta1ized from ethanol (10 mL) and hexane (15 mL) to 

give colorless needles (1.39 g， 54%， 2 s同ps).

mp 187・1890C.

IR (nujol， cm-I) 3300，1595，1580. 

SR [α)s5 -4.5 (c 2.23， EtOH) 

Anal. Ca1cd for C!4H24C1NO: C， 65.23; H， 9.38; N， 5.43. Found C， 65.51; H， 9.27; 

5.26 
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The salt (1.45 g) was dissolved in 15% aqu巴oussodium hydroxide (10 mL)，釦dextracted 

with hexane (3 x 20 mL). The organic layers were combined， washed with wa町 (1x 10mL)加d

brine (1 x 10 mL)， dried over potassium carbonate and concentrated inνacuo to leave a colorless 

oil (1.00 g， 80%)， which was distilled (150 oCI 0.4 mmHg) to give a colorless oil 

IR (nujol， cm-1) 3250， 3050， 3010 

lH-NMR (270 MHz， CDCI3) 8 0.86 (9H， s， 'Bu)， 2.26 (1H， d， J = 11.1 Hz， 'BuCH2)， 

2.39 (lH， d， J = 11.1 Hz， fBuCH2)， 2.67-2.89 (3H， m， PhCH2CH)， 3.27 (1H， dd， J = 10.5 Hz， 

5.7 Hz， CH20H)， 3.59 (1H， dd， J = 10.5 Hz， 4.1 Hz， CH20H)， 7.33 (5H， m， Ph) 

13C-NMR (67.8 MHz， CDCI3 as 77.0 ppm) 827.57， 31.45， 38.22， 59.16， 60.60， 62.28， 

126.36，128.50，129.13，138.53 

MS m/Z: 222 [(M+l)勺，220[(M-J)+]， 206 [(M-CH3)+]，. 

SR [α]o5 -6.8 (c 2.32， EtOH). 

(S)・1・Hydroxy-2・phenyl-N-(2，2・dimetylpropyl)propionamide (48) 

2，2-Dim巴thyトトpropylamine(4.96 mg， 5.7 mmol)， diethyl cyanophosphonate (929 mg， 

5.70 mmol) were added to a solution of (S)ーl-hydroxy-2-phenylpropionicacid (860 mg， 5.20 

mmol)inNμdim巴削yformamide(10 mL) at 0 oc. Trie出y凶nine(0.79 mL， 576 mg， 5.70 mmol) 

was added within 5 min. The whole was stirred at room temperature for 15 h. The solvent was 

evaporated in vaCllO. Water (20 mL) wぉ addedto出eresidue， and extracted with e出ylacetate (1 x 

50 mL， 2 x 20 mL). The org釦 iclayers were combined， washed with saturated aqueous sodium 

bicarbonate (1 x 10 mL)， water (l x 10 mL)， 10% aqueous hydrochloric acid (1 x 10 mL)， 

saturated aqu巴oussod山 mbicarbonate (l x 10 mL)， water (1 x 10 mL) and brine (l x 10 mL)， 

dried over sodium sulfate and concentrated inνacuo to leave slightly yellow solids (1.16 g)， which 

was recrys凶 izedfrom hexane to afford colorless 1巴afletts(830 mg， 68%) 

mp 76-78 oc. 
IR (nujol， cm-1) 3350， 3260， 1630， 1535. 

lH-NMR (270 MHz， CDCI3) 8 0.87 (9H， s， 'Bu)， 2.44-2.51 (IH， m， OH excahngable with 

D20)， 2.90 (lH， dd， J = 14.2 Hz， 8.6 Hz， PhCH2)， 3.03 (IH， dd， J = 13.2 Hz， 6.3 Hz， 

'BuCH2)， 3.10 (lH， dd， J = 13.2 Hz， 6.3 Hz， 'BuCH2)， 3.26 (IH， dd， J = 14.2 Hz， 4.3 Hz， 

PhCH2)， 4.33 (lH， ddd， J = 8.6 Hz， 4.3 Hz， 4.3 Hz， CH)， 6.52 (lH， br， NH)， 7.24-7.37 (5H， 

m， Ph). 

13C-NMR (67.8 MHz， CDCI3 as 77.0 ppm) 8 21.12， 31.72， 41.06，50.21，72.99，127.06， 

128.82， 129.49， 136.87. 

5.71. 

MS m!z: 236 [(M+J)+]， 220 [(M-CH3)+]， 217 [(M-H20)+]. 

SR [α]65 -75.6 (c 1.53， CHC13) 

Anal. Calcd for C14H21N02: C， 71.46; H， 8.99; N， 5.95. Found C， 71.60; H， 9.05; N， 
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(S)・1・(2，2・Dimethylprop y lamino)・3・phenyl-2・propanol (29・OH)

To a suspension of (S)ー1・hydroxy-2-phenyl-N-(2，2-dimethylpropyl)propionamide(766 mg， 

3.26 mmol) and sodium borohydride (1.23 g， 32.6 mol) in THF (30 mL)， trifluoroborane etherate 

(4.67 mL， 38.0 mmol) was add巴dat 0 oc. The mixture was heat巴dto reflux for 2 h. Water (10 

mL)叩 d10% aqueous hydrochloric acid (20 mL) were added successively to the reaction mixture 

at 0 oc. Th巴 resultantmixture was r巴fluxedfor 1 h. The solvent was concentrat巴din vacuoto a 

small volum巴百leresidue was basified with sodium hydroxide (pH 11) and extracted with Et20 

(4 x 20 mL). The orgar甘clayers were combined， washed with water (1 x 50 mL)加 dbrine (1 x 50 

ml)，合iedover po凶 siumcarbonate and concentrated in vacuo to leave a colorless oil (0.78 g)， 

which was purified by column chromatography (Si02 10 g， CHCI3・MeOH20: 1-10・1)to give a 

colorless 凶 (727mg， quant). 

IR (neat， cm-1) 3340， 3280， 3000， 1565， 1055 

lH-NMR (270 MHz， CDCI3) 8 0.89 (9H， s， CH3)， 2.28 (IH， d， J = 11.3 Hz， 'BuCH2)， 

2.37 (lH， d， J = 11.3 Hz， 'BuCH2)， 2.49 (IH， dd， J = 11.9 Hz， 9.2 Hz， CH2)， 2.67-2.75 (2H， 

m， CH2)， 2.81 (1H， dd， J = 13.5 Hz， 7.3 Hz， CH2)， 3.79 (IH， m， CH)， 7.24-7.37 (5H， m， Ph). 

13C-NMR (67.8 MHz， CDCI3 as 77.0 ppm) 8 24.67，31.48，41.51，55.22，61.85，69.94， 

126.25， 128.36， 129.33， 138.47. 

HRMS Calcd for CI4B23NO: m/z: 221.1780. Found: 221.1812. 

SR [α]6
5 
+12.2 (c 2.22， EtOH) 

(lR，2R)・2・(2，2-Dimethylpropylamino)・1・phenyl-l・propanol (30・OH)

To a solution of (lR，2R)ー2-amino-I-ph巴nyトトpropanol(0.92 g， 6.1 mmol) in benzene (20 

mL)， a solution of trimethylacetald巴hyde(0.60 g， 6.9 mmol) in b巴nzene(10 mL) was add巴d.The 

mlxtur巴wasstirred for 30 min. Sodium sulfat巴 (10g) was add巴dto the reaction mixture and 

filt巴red 百lesolvent was evaporated in νacuo to give colorless oil (1.48 g). The oil was dissolved 

in e山anol(20 mL)，加dsodium borohydride (0.46 g， 12 mmol) was added to the solution. The 

mixture was stirred for 3 h at room temperature. The solvent was evaporated in vacuo， and 10% 

aqueous potass】umhydroxide (20 mL) was added to the residue. The whole was extracted with 

benzene (3 x 50 mL). The organic layers were combined， washed with brine (1 x 20 mL)， dried 

over po凶 siumcarbonate and concentrated in vacuo to give colorless solid (1.34 g)， which was 

recrystalized針。mhexane (2.5 mL) to give colorless needles (1.29 g， 96%). 

mp 49-51 oC 

民 (KBr，cm-1) 3180， 1600， 1450，700. 

lH-NMR (270 MHz， CDCI3) 8 0.94 (3H， d J = 6.3 Hz， CH3)， 0.94 (9H， s， 'Bu)， 2.16 

(lH， d， J = 11.2 Hz， 'BuCH2)， 2.58 (l H， m， CH3CH)， 2.60 (1 H， d， J = 11.2 Hz， 'BuCH2)， 

4.12 (IH， d， J = 8.6 Hz， PhCH)， 7.26-7.37 (5H， m， Ph) 
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13C-NMR (67.8 MHz， CDCI3 as 77.0 ppm) O 16.53，27.66，31.57，59.30，61.15，77.90， 

127.10， 127.58，128.19，142.17. 

MS m/z: 222 [(M+I)+)， 203 [(M-H20)+) 

SR [α)55 +2.7 (c 2.84， EtOH) 

Anal. Calcd for CI4H23NO: C， 75.97; H， 10.47; N， 6.33. Found C， 75.95; H， 10.18; N， 

6.24. 

(IR，2S)・2・(2，2・Dimethyl prop ylamino)・1，2・diphenylethanol (31-0H) 

To a solution of (lR，2S)ー2・amino-I，2-diph巴nyleth釦 01(3.20 g， 15 mmol) in benzene (20 

rnL)釦dmethylene chloride (20mL)， a solution of trimethylacetaldehyde (1.49 g， 17.5 mmol) in 

benzene (10 mL) was added. The mixture was stirred for 20 min. Sodium sulfate (10 g) was 

add巴dto the reaction mixture and filtered. The filtrate wぉ concentratedinνacuo.百ler巴siduewas 

dissolved in eth加01(40 mL)，加dsodium borohydride (1.13 g， 30 mmol) was added to the 

solution. The mixture was stiπ巴dfor 11 h at room temperature and concentrated in vacuo， and 

10% aqu巴ouspotassium hydroxid巴(20mL) was added to the residue. The whole was extracted 

with benzene (3 x 50 mL). The organic layers were combined， washed with brin巴(1x 20 mL)， 

dried over potassium carbonat巴andconc巴ntrat巴din vacuo to leave colorless solid (4.39 g)， which 

was recrystalized from hexane (50 rnL) to afford colorless n巴edles(4.09 g， 96%). 

mp 96-97 oC. 

1R (KBr， cm-I) 3180，1600，1450，700. 

1 H-NMR (270 MHz， CDCI3) O 0.90 (9H， s， CH3)， 2.19 (1 H， d， J = 11.5 Hz， one of CH2)， 

2.31 (IH， d， J = 11.5 Hz， one of CH2)， 3.86 (IH， d， J = 5.3 Hz， CHN)， 4.81 (IH， d， J = 5.3 

Hz， PhCH)， 7.06-7.26 (IOH， m， Ph) 

I3C-NMR (67.8 MHz， CDCI3 as 77.0 ppm) O 27.62， 31.52， 59.62， 69.31， 76.12，126.65， 

127.37，127.78，127.98，128.01，139.64，140.40. 

MS m/Z: 284 [(M+J)+)， 268 [(M-H20+J)+]， 266 [(M-H20ーJ)+)

SR [α.)5
5 
+2.7 (c 2.84， EtOH) 

Anal. Calcd for CI9H2SNO: C， 80.52; H， 8.89; N， 4.94. Found C， 80.36; H， 9.18; N， 

5.09. 

α-Tetra10ne-s・oxime(49)36 

Title compoundwas synthesized from αーtetralon巴(65.8g， 0.45 mo1)， buty1 nitrit巴(59.7g， 

0.58 mo1)，加dpotassium ten-butoxide (50 g， 0.45 mo1) following山e1iteratur巴(slightlybrown 

solid (46.0 g， 58%)). 

mp 138-140 oC 

1R (nujo1， cm-I) 3170，1695，1610. 
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lH-N~在R (270 MHz， CDCI3) O 2.98 (4H， m， CH2CH2)， 7.30 (IH， d司 J= 7.6 Hz， C[5)-H)， 

7.38 (1H， m， C[6)-H)， 7.55 (IH， m， C[7)-H)， 8.13 (IH， d， J = 6.6 Hz， C[8)-H). 

MS m/Z: 177 (M+)， 176 [(M-J)+]. 

(士)-s-Acetamido・α・tetralone(50)36 

Title compoundwas syn出esizedfrom αーtetralone-s-oxime(77.45 g， 0.44 mo1)， aClivaled 

zinc dust (202 g， 3.09 mo1)， acetic anhydrid巴(1.3L， 11.5 mo1) in acetid acid (750 mL) following 

the li teratur巴(slightlyyellow needles (41.85 g， 47%)) 

mp 122-124 oC 

1R (nujol， cm-I) 3270，1690，凶40.

IH-NMR (270 MHz， CDCI3) O 1.89 (IH， dddd， J = 13.2 Hz， 13.2 Hz， 13.2 Hz， 4.6 Hz， 

C[3)-H)， 2.10 (lH， m， C[3)-H)， 2.81 (IH， m， C[4)-H)， 3.00 (lH， ddd， J = 17.5 Hz， 13.2 Hz， 

4.6 Hz， C[4)-H)， 3.28 (IH， ddd， J = 13.2 Hz， 13.2 Hz， 4.6 Hz， C[2)-H)， 6.65 (IH， br， NH)， 

7.27 (IH， d， J = 7.6 Hz， C[6)-H)， 8.01 (IH， d， J = 7.6 Hz， C[8)-H) 

MS m/z: 204 [(M+J)+)， 203 (M+) 

(IR，2R)・2・Acetamido・1，2，3，4・tetrahydronaphtha1enol (51)36 

Tit1e compound was synthesized from (:t)-s-acetamido-α-tetralone (40 g， 0.20 mo1) and 

sodium borohydride (12 g， 317 mmo1) in巴thanol(500 mL) following the literature (colorless 

need1es (24.00 g， 58%)). 

mp 176-179 oC (dec). 

1R (nujo1， cm-1) 3280，1640. 

lH-NMR (270 MHz， CDCI3) O 1.79 (lH， dddd， J = 12.9 Hz， 10.3 Hz， 10.3 Hz， 5.3 Hz， 

C[3)-H)， 2.04 (3H， s， CH3)， 2.12-2.20 (1 H， m， C[3)-H)， 2.83 (1 H， ddd， J = 16.8 Hz， 5.3 Hz， 

5.3 Hz， C[4)-H)， 4.08 (1 H， dddd， J = 10.3 Hz， 7.6 Hz， 7.6 Hz， 3.6 Hz， C[2)-H)， 4.59 (I H， d， J 

= 7.6 Hz， C[I)-H)， 7.21-7.56 (4H， m， Ph) 

(18，28)・1・[(十Men ty loxyca r bony 10xy)・1，2ふ4・tetrahydro-n aph tha lene・2-

acetamide (52) 

(ー)-Mentylch1oroformate (32.17 mL， 150 mmo1) was added to a solution of (:t)-(lR，2R)ふ

acet釘nido-l，2ム4-tetrahydronaphthalenol(20.53 g， 100 mmo1) in pyridin巴(300mL) under ice-

water bath. The whole was stirred at room t巴mperatur巴for1 h， then quenched with methanol (50 

mL). Saturated aqueous sodium bicarbonate (1∞ mL) was added， and the who1e was extracted 

Wl出 chJoroform(1 x 300 mL， 2川 00mL). The org削 c1ayers were combined， washed with 10% 

aqueous hydroch10ric acid (4 x 300 mL)釦 dbrin巴(1x 100 mL)， dri巴dover sodium su1fate and 
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concentrated in vacuo to leave slightly brown solid (62.76g)， which was recrystalized from ethyl 

acetate (6∞mL) to afford cololress needles (16.61 g，43%) 

mp 172-175 oc. 
IR (KBr， cm-1) 3240，1728，1550，1250. 

lH-Nt-.依 (270MHz， COCI3) 8 0.83 (3H， d， ] = 7.3 Hz)， 0.91 (3H， d， ] = 6.9 Hz)， 0.94 

(3H， d， ] = 6.9 Hz)， 0.9-1.2 (2H， m)， 1.04-2.10 (1IH， m)， 2.20 (lH， m)， 2.83 (IH， ddd， ] = 
17.5 Hz， 5.6 Hz， 5.6Hz)， 3.10 (1 H， ddd， ] = 17.5 Hz， 8.9 Hz， 5.6 Hz)， 4.38 (IH， dddd， ] = 9.6 

Hz， 7.9 Hz， 7.9 Hz， 5.3 Hz)， 4.58 (lH， ddd， ] = 9.6 Hz， 10.9 Hz， 10.9 Hz， 4.3 Hz)， 5.77(IH， 

d， ] = 7.6 Hz)， 5.80 (1 H， br)， 7.13-7.28 (4H， m). 

13C-NMR (67.8 MHz， COC13 as 77.0 ppm) 8 16.35，20.65，21.98，23.40，23.47，26.20， 

26.27， 26.62， 31.42， 34.02， 40.63， 40.87， 50.21， 75.87， 79.08， 126.43， 128.41， 128.80， 

132.49， 136.50， 155.88， 169.68. 

SR [α]l} -46.9 (c 0.59， CHCI3). 

Anal. Calcd for C23H33N04: C， 71.29; H， 8.58; N， 3.61. Found C， 71.35; H， 8.73; N， 

3.45. 

(IS，2S)-2-Acetamido・1，2，3，4-tetrahydro-l・naphtalenol (53) 

PO凶 siumlerl-buloxide (0.40g， 4.0 mmol) was added 10 a suspension of (IS，2S)ーlー[(ー)-

mentyloxycarbonyloxy]-1 ，2，3，4-1etrahydronaphlhalene-2-acetamide (790 mg， 2.0 mmol). The 

whole was stiπed al room temperature for 24 h. Water (10 mL) was added， and lhe who1e was 

extracted with chloroform (1 x 50 mL， 2 x 20 mL). The organic layers were combined， washed 

with brine (1 x 20 mL)， dried over sodium su1fate and concentrated inνacuo to 1巴avecolorless 

solid (0.73 g)， which was suspended in Et20 (20 mL)， th巴nfil1巴red.The precipilal巴wasdried in 

vacuo to afford colorless solid (330 mg， 79%). 

mp 181-185 oC 

IR (nujol， cm-I) 3280， 1640 

1 H-NMR is identical with thal of (:t)ー formexcept: d 3.63 (IH， d， ] = 5.4 Hz)， 4.61 (1H， 

dd， ] = 7.6 Hz， 5.4 Hz). 

SR [α]55 +147.6 (c 0.50， CHCI3). 

HPLC (Opti-pak XC， hexane-isopropanol 20: 1， 10 mL/ min， 254 nm) Only single pe広 at

22.26 min was obse円 ed(anolher peは shouldbe obsereved at 17 minふ

(IR，2S)・2・Amino-l，2，3，4・tetrahydro-l・naphthalenol (54)37 

A solution of (1S，2S)-2-acetamido-1 ，2，3，4-1e甘ahydrか l-naphtalenol(2.00 g， 14.9 mmol) in 

0.3 N hydrochloric acid (80 mL) was heated 10 reflux for 5 h. After cooling， the whole was 

washed with ethy1 acetate (1 x 50 mL)， basified with potassium hydroxide (pH 11)， and further 
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ex町actedwith benzene (1 x 100 mL， 2 x 50 mL). Th巴organiclayers were combined， dri巴dover 

potassJUm c紅 bonate加 dconcentrated in νacuo to leave colorless needles (0.86 g)， which was 

r巴crystalized仕omety1 aCetale (10 mL) and petloeum ether (3 mL) lO afford slighlly purple n巴edles

(495 mg， 20%). 

mp12ト 1230C.

取 (KBr，cm-1) 335， 3280， 3120， 1585. 

lH-NMR (270 MHz， COCI3) 81.77-2.04 (5H， m， C[3]-H. OH， NH2)， 2.81 (IH， ddd， ] = 

17.2Hz， 9.9 Hz， 6.2 Hz， C[4]-H)， 2.90 (1H， ddd， ] = 17.2Hz， 10.6 Hz， 5.9 Hz， C[4]-H)， 3.18 

(lH， ddd， ] = 10.2Hz， 3.6 Hz， 3.6 Hz， C[2]-H)， 4.55 (1H， d， ] = 3.6 Hz， C[I]-H)， 7.12-7.45 

(4H， m). 

13C-NMR (67.8 MHz， CDCI3 as 77.0 ppm) 8 26.53， 27.51， 50.62， 69.78，126.22，127.84， 

128.63，130.19，135.92，137.13 

SR [α]55明 .6(c 2.28， EtOH) 

MS m/z: 163 (M+)， 145 [(M-H20)+] 

Anal. Calcd for C1QH 13NO: C， 73.59; H， 8.07; N， 8.58. Found C， 73.41; H， 8.07; N， 

8.58. 

(lS，2R)・2・Methoxy-l・methyl-2・pheny1ethylamine hydrochloride (54) 

To a suspension of sodium hydride (60%， 3.03 g 75.7 mmol， washed with hexane) in THF 

(80 mL)， (IR， 2S)-2・釘nino-1-phenyl-1-propanol(9.54 g， 63.1 mmol) in THF (25 mL) was added 

at 0 oC within 5 min.ηle mixture was sti汀edfor 1 h at room ~巴mperature. lodomethan巴(4.1mL， 

66.3 mmol) was add巴d，and出emixture was refluxed for 3 h， and quenched with saluraled 

aqueous ammonium chloride (100 mL). The organic layer was separaled， and lhe aqoueous lay巴r

was extracted with El20 (3 x 50 mL). The org加 iclayers were combin巴d，dried over pOlassium 

carbonale and concentrated in vacuo 10 leave a yellow oil (10.74 g)， which was puη日edwilh 

column chromalography (Si02 200 g， CHCI3-M巴OH10: 1)ωgive a colorless oil (6.91 g) 

To the solution of創百inein methanol (20 mL)， hydrochloric acid (20% MeOH Solulion， 20 

mL) was added， and the solvenl was evaporated in vacuo. The residure was recrys凶 izedfrom 

eth釦 01(20 mL) and Et20 (20 mL)ωgi ve colorless n巴巴dles(3.81 g，30%) 

mp >200oC. 

IR (KBr， cm-1) 3400， 1590， 1500， 1090 

lH-NMR (270 MHz， 020 as 4.80 ppm) 8 1.19 (3H， d， ] = 6.9 Hz， CH3)， 3.37 (3H， s， 

OM巴)， 3.68(IH， qd， ] = 6.9 Hz， 3.6 Hz， CH3CH)， 7.39-7.53 (5H， m， Ar). 

13C-Nt-.尽 (67.8MHz， 020， CH3CN as -1.96 ppm) 89.56，48.66， 54.14， 79.66， 124.31， 

126.07， 126.12， 132.68. 

SR [α]55 -97.1 (c 1.61， MeOH) 

Anal. Calcd for C1QHI6NO: C， 59.55; H， 8.00; N， 6.94. Found C， 59.29; H， 7.82; N， 

6.87. 
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(lS，2R)・N-(2・Methoxy-l・methyl・2・phenylethyl)・2，2・dimethylpropyトamine

hydrochloride (34-NH) 

To a suspension of (1 S，2R)-2-methoxy-l-methyl-2-phenylethylamine hydro-chloride (2.02 

g， 10 mmol) and triethylamine (1.60 mL， 11 mmol) in methylene chloride (30 mL)， 

trimethylac巴taldehyde(1.21 mL， 0.95 g， 11 mmol) was add巴dat 0 oC. The whole was stirred for 

40 min， and magnesium sulfate was added. The mixtur巴wasfiJtered， and the precipitate was 

washed明白 methyl巴nechloride. The filtrate and出ewashings were combined and concentrated in 

νacuo， and the residue was suspended in Et20 (20 mL) and filt巴redoff. The filtrate was 

concen町atedin vacuo to leave imine as a colorless oil (1.82 g). To出巴 soluionof imin巴inethanol 

(10 mL)， sodium borohydrid巴(0.83g， 11 mmo1) was addeed at 0 oC，加dthe who1e was sti汀'ed

for 12 h at room temperature. The solvent was evaporated in vacuo， and the residue was dissolved 

in water (20mL). The whole was ex甘actedwith Et20 (5 x 20 mL). The organic layers were 

combined，合iedover potassi um carbona記， and concentrated inνacuo to leave a colorless oil (1.76 

g)， which was purified by coJumn chromatography (Si02 60 g， hexane-isopropy凶 nine20: 1) to 

give a colorless oil (1.59 g， 68%). 

民 (neat，cm-1) 3300， 1470，695. 

lH-NMR (270 MHz， CDCI3) O 0.80 (9H， s， CH3)， 1.03 (3H， d， J = 6.6 Hz， CH3CH)， 

2.20 (IH， d， J = 11.2 Hz， CH2)， 2.37 (IH， d， J = 11.2 Hz， CH2)， 2.71 (1H， qd， J = 6.6 Hz， 5.3 

Hz， CH3CH)， 3.25 (3H， s， OMe)， 4.11 (1H， d， J = 5.3 Hz， CHPh)， 7，24-7.37 (5H， m， Ph). 

13C-NMJミ(67.8MHz， CDCI3 as 77.0 ppm) O 15.84，27.61，31.40，57.23，59.48，59.78， 

86.55， 127.28， 127.40， 128.15， 140.20. 
25 SR [α]oJ -40.5 (c 2.45， EtOH). 

MS m/z: 236 [(M+W]， 220 [(M-CH3)+]， 204 [(M-OMe)+]， 178 [(M_IBu)+]. 
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Synthesis of ketone 

Tetramethyl 3，7・dihyd roxy bicyclo [3 .3.0] octa-2，6・diene・2，4，6，8・tetracarbo・

xylate38 

Title compoundwas synthesized from glyox剖 (40%soJution in wat巴r，11.8 g， 81 mmoJ) and 

dimethyl1， 3-acetonedicalboxylate (25 g， 0.14 mol) following the literatur巴(abrown oiJ (25.1 g， 

84%)). 

lH-NMR (270 MHz， CDCI3) O 3.64 (2H， t， J = 2.6 Hz， CH)， 3.78 (6H， s， CH3)， 3.88 

(2H， t， J = 2.6 Hz， CH). 

cis・Bicyclo[3.3.0]octane-3，7・dione38

Titl巴 compoundwas synthesized from tetramethyl 3，7-dihydroxybicycJo[3.3.0]octa-2，6-

dien巴ー2人6，8-te汀acarboxylate(25.1 g， 68 mmol) following the literature (colorless needles (2.66 

g， 28%， 2nd crop 1.32 g， total 42%). 

mp72-730C 

IR (KBr， cm-1) 1730， 1395， 1175， 1140. 

lH-NMJミ(270MHz， CDCI3) O 2.15 (4H， dd， J = 19.1 Hz， 5.0 Hz， concave H)， 2.58 (4H， 

dd， J = 19.1 Hz， 8.6 Hz， convex H)， 3.04 (2H， m， CH) 

7，7・Ethylenedioxy-cis・bicycl 0 [3 .3.0] octan e・3・one

To a solution of cis-bicycJo[3.3.0]octane-3，7-dion巴 (3.87g， 28 mmol) in b色nzene(20 mL)， 

ethy1en巴glycol(4.9 g， 78.5 mmol) and p-toluenesulfonic acid monohydrate (19 mg， 0.1 mmol) 

was add巴d.The whole was heated for reflux for 4 h with 0巴an-Starkapparatus. The resultant 

mixture was dilut巴dwith b巴nzene(20 mL)， and washed successively wilh saturat巴daqueous 

sodium bicarbonate (2 x 20 mL)， water (1 x 20 mL)， and brine (1 x 20 mL)， dried over sodium 

sulfate and concentrated in vacuo to leave diacetal as colorless needJes (6.25 g). This compound 

was dissolved in acetone-H20 (3: 1， 60 mL)加dp-toluenesulfonic acid monohydrate (99 mg， 0.55 

mmol) added to the solution. The whole wぉ stirredfor 1.5 h at room temperature. The resuJt加 1

mixture was diluted with benzene (50 mL)， and washed successiveJy with saturated aqueous 

sodium bicarbonate (2 x 20 mL)， water (1 x 20 mL)，加dbrine (1 x 20 mL)， d吋edover sodium 

sulfate and concentrated in vacuo to leav巴acolorless oil (7.61 g). The oil wぉ purifiedby column 

chromaωgraphy (Si02， 250g， hexane-AcOEt 3: 1-1: 1) to give a colorless oil (1.49 g， 30%). 

IR (n巴at，cm-J) 1730， 1105， 1020 

J H-NMR (270 MHz， CDCI3) O 1.73 (2H， dd， J = 13.8 Hz， 5.6 Hz， acetal α-position 

(concave))， 2.18 (2H， dd， J = 13.8 Hz， 5.6 Hz，α-position (conv巴x))，2.21 (2H， dd， J = 18.5 Hz， 

4.9 Hz， keton巴 α-pOSltlO日 (concave))，2.18 (2H， dd， J = 18.5 Hz， 4.9 Hz， ketoneα-position 

(convex))， 2.85 (2H， br， CH)， 3.90 (4H， s， CH2CH2) 
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Syntheses of phosphonates 

Cyanomethylphosphonic acid diethly ester (2b) 

A mixture of triethyl phoshite (6.17 g， 51.4 mmo1) and bromoacetonitril巴 (8.55g， 51.4 

mmo1) was heated to reflux for 23 h. The resultant oil was distilled (bpg 136-138 oc) to give a 

co10rless oil (8.19 g， 90%). 

IR (neat， cm-I) 2245， 1550，1260， 1020，970 

IH-NMR (270 MHz， CDCI3) 0 1.40 (6H， t， J = 6.9 Hz， CH3)， 2.89 (2H， d， J = 20.5 Hz， 

CH2CN)， 4.25 (4H， dq， J = 6.3 Hz， 6.3 Hz， CH20). 

13C-NルlR(67.8 MHz， CDCI3 as 77.0 ppm) 0 16.22 (d， J = 6.1 Hz， CH3)， 16.42 (d， J = 
143 Hz， CH2CN)， 63.84 (d， J = 6.1 Hz， CH20)， 112.57 (d， J = 11 Hz， CN). 

MS m/z: 178 [(M+W]， 150 [(M-HCN)+]. 

Cyanomethylphosphonic acid dimethyl esler (2c) 

A mixture of trimethyl phoshite (6.20 g， 50 mmol)加 dbromoacetonitrile (7.20 g. 60mmol) 

was stirred for 3 h at 100 oc. The resultant mixture was distilled (bpIO 140-142 oc) to give a 

colorless oil (4.32 g， 58%). (By-product: methy1phosphonic acid dimethyl eSler， bPIO 65 oC， 

4.60 g) 

IR (neal， cm-1) 2245，1640，1260，1190，1040. 

1 H-NMR (270 MHz， CDCI3) 0 2.89 (2H， d， J = 11.1 Hz， CH2)， 3.89 (6H， d， J = 11.1 

Hz，CH3). 

I3C-NMR (67.8 MHz， CDCI3お77.0ppm) 0 15.35 (d， J = 134 Hz， CH2)， 54.00 (d， J = 
7.3 Hz， CH3)， 112.28 (d， J = 11.0 Hz， CN). 

MS m!Z: 150 [(M+1)+]， 149 (M+)， 124 [(M-CN+1)+] 

Cyanomethylphosphonic acid bis(l・methylethyl)esler (2d) 

A mixlure of tris( I-melhylelhyl) phoshile (9.21 g， 44 mmol)創ldbromoacetoniLrile (5.31 g， 

45mmol) was stirred for 11 h at 120 oC. The resullanl mixlure was distilled (bp4 129-130 oc) to 

give a colorless oil (6.00 g， 60%). 

IR (neat， cm-1) 2250，1260，995. 

IH-NMR (270 MHz， CDCI3) 01.40 (I2H， dd， J = 6.3Hz， 2.7Hz， CH3)， 2.82 (2H， d， J = 

10.8 Hz， CH2)， 4.83 (2H， ddq， J = 6.3 Hz， 6.3 Hz， 6.3 Hz， CH) 

13C-NMR (67.8 MHz， CDCI3 as 77.0 ppm) 017.50 (d， J = 144 Hz， CH2)， 23.81 (d， J = 
4.9Hz， CH2)， 23.88 (d， J = 4.9 Hz， CH3)， 73.02 (d， J = 8.1Hz， CH). 

MS m/z: 206 [(M+1)+]， 205 (M+)， 204 [(M-1)+]. 
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Anal. Calcd for CgHI6N03P: C， 46.83; H， 7.86; N， 6.83. Found: C， 46.64; H. 7.61; N， 

6.60 

Cyanomethylphosphonic acid diphenyl ester (2e) 

A mixture of niphenyl phosphit巴(15.5g， 50 mmol)， bromoac巴tonini1e(3.83 mL， 55 mmol)， 

ethanol (4.10 mL， 70 mmol)， and p-toluenesulfonic acid monohydrate (0.10 g， 0.50 mmol) was 

st町 edfor 16 h at 150 oC羽leresultant oil was purified by column chromatography (Si02 200 g， 

CHCI30凶y-CHCI3-MeOH 30: 1) to give a brown oil (12.0 g). The oil was triturated with 

benzene (20 mL) to give brown solid， which wぉ r巴CrySL仙 zedfrom benzen巴 (50mL) and hexane 

(50 mL) to give colorless ne巴d1es(3.84 g， 28%) 

mp 67-68 oC 

IR (nujol， cm-1) 2250， 1280 

IH-NMR (270 MHz， CDCI3) 0 3.18 (2H， d， J = 21.1 Hz， CH2)， 7.24-7.41 (IOH， m， Ph) 

I3C-NMR (67.8 MHz， CDCI3 as 77.0 ppm) 0 16.36 (d， J = 148 Hz)， 111.56 (s， CN)， 

120.39 (d， J = 5.0 Hz)， 126.16 (s)， 130.12 (s)， 149.41 (d， J = 8.5 Hz) 

MS m/Z: 273 (M+)， 272 [(Mー1)+].247 [(M-CN)+]. 

Anal. Calcd for C14H 12N03P: C， 61.54; H， 4.43; N， 5.13. Found: C， 61.52; H， 4.39; N， 

4.84. 

Chlorophosphonic acid bis(2，2，2・trifluoloelhyl)esler 

To a solution of phosphorus oxychloride (12.8 mL， 21.1 g， 0.137 mol) in benzen巴 (100

mL)， a solution of 2ム2・nifluoloe出anol(12.5 g， 0.125 mol) and pyridine (10.1 mL， 0.125 mol) 

in benzene (20 mL) was added within 1 min at 0 oc. The suspension was stirred for 1 h. The 

r巴sultantmixture was filt巴r巴doff， and Ih巴precipitalewas washed with benzene. The fillrate and 

the washing were combined and concentraled under ambient almosphere. The residure was 

distilled (52 mmHg) 

-79 oC colorless oil benzene 

79-83 oC colorless oil monoesler 

92-95 oC colorless oil diest巴r(30% from 2ム2-nifluolo巴由加01)

IH-NMR (270 MHz， CDCI3) 4.39-4.65 (4H， m， CH2). 

Cyanomethylphosphonic acid bis(2，2，2-trifluoloethyl) ester (2f) 

Under ni汀ogenalmosphere， 10 a solution of acelonilrile (2.00 mL， 1.57 g， 38.3 mmol) in 

THF (30 mL)， BuLi (1.62 N in hexane， 21.6 mL， 35 mmol) was added wiLhin 15 min al -78 oC. 

The sluπy was slirred for 1 h， and出esolulion of chlorophosphonic acid bis(2，2，2-lrifluoloethyl) 

eSler (4.20 g， 15.0 mmol) in THF (10 mL) wぉ addedwithin 5 min. The whole was stirred for 1 
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h， and quenched with saturated aqueous ammonium chloride (10 mL). The org釦 iclayer was 

separated， and the aqueous layer was extracted wi出 ethylacetate (2 x 50 mL). The organic layers 

were combined， washed successively with water (2 x 30 mL) and brine (1 x 30 mL)， dried over 

sodium sulfate and concentrated in νacuo to 1巴avea brown oil (5.21 g)ηle crude oil was purified 

by column chromatography (Si02 200 g， hexane-AcOEt 10: 1) to give a co10rless oil (1.77 g)， 

which was distilled (bulb-to-bulb， 200 oC/ 0.7 mmHg) to give a colorless oil (1.52 g， 36%). 

IR (n巴at，cm-1) 2250. 

lH-NMIミ(270MHz， CDCI3) 3.19 (2H， d， J = 22.1 Hz， CH2)， 4.53 (4H， dq， J = 10.3 Hz， 

7.8 Hz， CH2) 

13C-N?-.正R(67.8恥ffiz，CDCI3 as 77.0 ppm) 15 16.68 (d， J = 151 Hz， CH2CN)， 63.37 (qd， J 

= 39 Hz， 6.1 Hz， CF3CH2)， 110.63 (d， J = 12 Hz， CN)， 126.99 (qd， J = 277 Hz， 7.3 Hz， CF3). 

HRMS Calcd. for C6H6F6N03P: m/z: 284.9990. Found: 285.0026. 
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X線結晶構造解析のデータ

アルドール中間体(:t)-cis・38について，大正製薬株式会社，書IJ薬研究所の森本繁夫氏，

松本慶太氏に， x乱時古品構造解析を依頼し，測定を行っていただいた.

ここに示すデータは，以下の通りである.

結晶学的データ

原子座標，結合距離および結合角度

異方性温度因子

立体構造図
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