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         Reaction of N, N-Dialkylaminodimethylarsine and-stibine

                  with β‐Propiolactone ― A Kinetic Study

             Jugo KOKETSU*, Yoshiyuki SHIBATA*, and Kumao OHASHI*

                            (Received September 14,1976)

              The reaction of N,N-dialkylaminodimethylarsine and-stibine(metal

           amides:M-N)withβ‐propiolactone was studied by measuring the

           decrease of the amount of theβ 一propiolactone by IR spectrum. A 2nd

           order rate equation can be applied to this reaction. It was found that

           there was no linear relation between the rate constant and pKa value

           of the nitrogen atom of the metal amides. The reaction rate increased

           with increasing electron density on the nitrogen atom of the metal

           amides, and could be explained by Taft,s equation;however, it seemed

           that the additional hyperconjugation effect played an important role

           in the reaction.

1.Introduction

   During the course of studies of the reactions of group V organometal compounds,

we found that aminophosphines showed an ambident nature in their reactions. On

the other hand,β-propiolactone is well known to be cleaved at either the alkyl-

oxygen bond or the acyl-oxygen bond and the mode of ring opening depends on the

nature of the nucleophiles. McConnel and Coover reported thatβ 一propiolactone

reacted with trialkylphosphite to give 2-alkoxycarbonylethylphosphonate1)and it was

also reported the reaction of dialkylphosphite withβ 一propiolactone took place through

acyl-oxygen bond fission.2)In these reactions, the phosphorus atom itself worked as

anucleophilic site. In regard to the reaction3)of aminophosphine withβ.propiolactone,

we found previously that both the phosphorus atom and the nitrogen atom could be

anucleophilic site and the mode of the bond fission ofβ 一propiolactone Was explained

by the soft and hard acid and base concept(SHAB).4)

                          一→ 〔(RO)2(R'2N)P+CH2CH2CO-〕

                                                  m               -0

                                                  0   (RO)
2PNR'2十  .  -ー 〉               

-C=0        -→(RO)(R'2N)PCH2CH2COOR

                          →/(PO)・p.-'師      (・)
                              l R2'N…C-

                              1  お!
                                →(RO)2POCH2CH2CONR2'
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The reactions of aminoarsine and aminostibine withβ一propio1actonewere a1so studied

and the mode of ring opening of theβ一propio1actone was found to be different in the

two cases．In the case of the aminoarsine，β一propio1actone was c1eaved at the a1ky1－

oxygen bond as shown in eq．（2），

                 一〇

      Me．AsNR。十 i →Me，AsOCCH．CH，NR，            （2）
                 一C＝O        ll
                                   O

but the aminostibine gave reaction products which were obtained through the acy工一

bond fission of β一propio1actone（eq．（3））．

                rO

      Me，SbNR，十 1  一→Me，SbOCH，CH，CNR。           （3）
                 一C＝0             11
                                          0

The kinetic studies of these reactions wi11give information regarding the properties

of the group V e1ements．The reaction of W，W－dia1ky1aminodimethy1phosphine with

β一prOpiO1actone gave on1y the po1ymer ofβ一propio1actone．Therefore，direct comparison

of the three e1emets is impossib1e．In this work，the kinetic behavior of the reactions

of W，N－dia1ky1aminodimethy1arsine and－stibine withβ一propio1actone were studied

and the reaction mechanisms are discussed．

2．Experimenta1

   児eαgemおW，W－d1a1ky1ammodmethy1arsme D1methy1arsme ch1or1de m ten tmes

its vo1ume of dry ether was added to an equiva1ent amount of1ithium sa1t of

secondary amine in ether，coo1ed in ice，and then the mixture was set aside at room

temperature overnight．The1ithium ch1oride was removed，the so1vent was disti11ed

off，and the product was disti11ed．The physica1properties and the yie1d are tabu1ated

in Tab1eユ．

               Table1The Physica1Properties and Yie1d of Meta工Amides

           Compomds      ．C／mmHg      Yie1d       n名5

Me2AsNEt2

Me2AsNBu”里

Me2AsNBz2

Me．AsN
（cyc1o－CoH。。）2

Me2SbNMe2
Me2SbNEt2

Me2SbNPrm2

Me2SbNPri里

Me2SbNBu批。

Me2SbNBu毎2

Me2SbNBz2

Me．SbN
（cyc1o－CoH1工）2

 81－82／100              52，0

 55－56／0，2              56．2

118－119／O．1          77，4

 90－91／0，2            49，0

 53－55／40               34，8

 67－68／25                28，0

90－91／23               44，2

 72－73／18                67，5

 62－63／0．05              69，9

 44－45／0．18             53．2

 8ユー82／0，1              26．6

ユエ5－116／0．09             47．7

ユ．4623

1．4679

1．5799

1．4923

1．5157

1．4990

1．4983

1．4921

1．4951

1．4969

1．5036

ユ．5889

（2） Memoirs of Chubu
Institute of Techno1ogy
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M，M－D〃奴αm伽。必me肋ツZ∫肋クm，By the same method as in the case of aminoarsine，

the aminostibines were obtained from dimethy1stibine ch1oride and1ithium sa1t of

the secondary amine．The physica1properties and the yie1d－are a1so shown in Tab1e1．

β一Pγ0が0Zα0左0m was obtained commercia11y and dried over ca1cium hydride and

disti11ed before use．

∫0Zmmおwere commercia1materia1s and purified a㏄ording to the standard methods．5）

λ妙枇αZ抑。oemm oア君んe肋玄e Meα∫memem姑．A so1ution containing a known amount

of W，W－dia1ky1aminodimethy1arsine or－stibine in a given so1vent and equiva1ent

amount ofβ一propio1actone in two separate f1asks were a11owed to stand at given

reactiOn temperature and then mixed quick1y to start the reaction．A1iquot（each

O．5m1）of this reaction mixture was pippeted out at re1evant interva1s of time and

the amount of the residua1β一propio1actone was determined by IR spectroscOpy．

3．Resu1ts

  ThereactionofN，N－dia1ky1aminodimethy1arsinewithβ一Propio1actonegavedimethy1ar－

senic3－dia1ky1aminopropionate which showed a strong carbony1absorption at1700cm一’．

Throughout the kinetic study in this experiment the carbony1absorption a1ways

appeared at1700cm■1in spite of the changeof the a1ky1group on the nitrogen atom

and this showed that the mode of ring opening of theβ一propio1actone was the same．

The same phenomena were observed in the reactions of N，W－dia1ky1aminodimethy1－

stibines withβ一propio1actone where amide groups were formed showing an IR absorp－

tion at1634cm一■．

   Tab1e2shows the effect of the change of the initia1concentrations of N，N－

dia1ky1aminodimethy1stibine and ofβ一propio1actone on the rate constants．

TabIe2Effect of initia1concentration of〃，ルdiethy1aminodimethylstibine

       andβ一propio1actone on the rate constantinch1orobenzeneat1000C

    日Me．SbNEt。コ（mo1／1）   ［β一PLコ（mo1／1）    k。（1／mo1・hr）

                  O．05                    0，05                9，43

                  0．025                    0．05               10，57

                  0，05                     0．025                9．94

These resu1ts suggest that the reaction obeys2nd order kinetics（eq．（1））．

  V＝＿．d［β一pL］二k，［M．N］［β．PL］                     （4）
         dt

The2nd order rate constants for severa1kinds of W，N－dia1ky1aminodimethy1arsine

and－stibine at various temperatures as we11as activation parameters are summarized

in Tab1e3and Tab1e4，respective1y，and in Fig．1，the Arrhenius p1ots for some

aminoarsines are shown．

The rate constants of the reaction between W，N－dia1ky1aminodimeth1yarsine and

－stibine andβ一Propio1actone in various so1vents at l00．C are shown in Tab1e5and

themva1uesoftheequation：1ogk、＝m（1／ε）areca1cu1atedtobe－2．36，and－3．36

for aminoarsine and aminostibine，respective1y．

                                   （3）
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       Tab1e3Second order rate constants of the reactions between〃，ルdisubstituted

               aminodimethy1stibine andβ一propio1actone in ch1orobenzene

                           ［Me．SbNR。コ。＝［β一PLコ。＝0．05mo1／1

     R    Me   Et   Prm  Bu刑 CoH5CH2 Bui  prづ  cyc1o－C6H■。

pKa   10．64
σ＊     O．00

Es     0．00

k2（1／mo1・hr）

80oC  10，7

90．C  19．6

1000C  23．2

110．C    ＿

ユ20．C   一

10．98

－0，100

－0．07

3，48

6，58

9．43

 11．00    11．25

－O，115   －0，130

－0．36    －0．38

5，72

9．57

16．2

8．00

ユ5，3

22．0

 一    ユ0．63

＋0，215  －0，125

－0．38   －0．93

1，33

2，52

4．57

2，12

3，31

7．37

10．64

－O．198

－0．47

0，27

1，07

1．46

一0．15

－0．79

1，00

1，80

3．80

   Ea

（Kca1／mo1）

 1og A

10．2

7．35

13．1

8．65

15，2    14．8

 9，66     9．60

18，0    18，1

10，7    10．9

24，8

14，0

19，5

11．4

丁挑1e4Second order rate constants of the reactions between W，W－dia1ky1aminodi－

       methy1arsine andβ一propio1actone in ch1orobenzene

                     ［Me．AsNR。コ。＝［β一PLコ。＝O．05mo1／1

       R      Et      Bum    CoH5CH2    cyc1o－CoHu

     PKa

     σ＊

     Es

k2（1／mo1・hr）

     100．C

     11O．C

     120．C

 10．98

－0，100

－O．07

4．01

 11．25

－0，130

－0．39

2，43

4，74

7．28

斗0，215

－O．38

1，00

1，97

3．27

一0．15

－0．79

0．38

Ea（Kca1／mo1）
     1og A

16．0

9．80

17，3

10．2

  1．o

ミO．5

   0

C拮HヨCH壬

Bu■

Fig．

              2．5．             2．6              2．7 （xlo－3〕．

                          1／T l∵K■1）

1Arrhenius p1ots for the reactions of M，〃一dia1ky1aminodimethy1arsine

 withβ一Propio1actone in ch1orobenzene．

TabeI5So1vent effect on the reaction of〃，W－diethy1－

     aminodimethy1arsine withβ一propio1actone a亡100℃

                            ε        k。

o－dich1orobenzene

ch1orobenzene

π一buty1ether

9，93

5．621

3．083

6，14

4．01

ユ．868

（4） Memoirs of Chubu
Institute of Techno1ogy



      Reaction of W，W－Dia1ky1aminodimethy1arsine and－stibine withβ一Propio1actone

4．Disc皿ssion

111

   In the reaction of M－N compounds（M：P，As，Sb and Bi），severa1reaction paths

are possib1e because the e1ements M’s and N be1ong to the group V e1ements and

both have a1one pair of e1ectrons and can act as nuc1eophi1ic sites，and a1so the

e1ements M’s can expand their octet and act as e1ectrophi1ic site．As regards the

reaction of M－N compounds with carbony1compounds，severa1reaction paths wi11be

considered，i．e．，a：mc1eophi1ic attack of the nitrogen atom on the carbon atom，b：

nuc1eophi1icattackofMonthecarbonatom，c：e1ectrophi1icattackofMonthe
carbony1oresteroxygenatomwiththeoctetexpansionoftheMe1ement．Infact，
we have reported3）that both the nitrogen atom and the phosphorus atom can act as

a nuc1eophi1ic site in the reaction of dia1ky1dimethy1phosphoramidate withβ一propio1ac－

tone，as shown in eq．（1）．A kinetic study6）of the reaction of W，W－dia1ky1amino－

diPheny1phosphine with acetic anhydride suggested the four－centered reaction path

where the nitrogen atom p1ayed an important ro1e as a nuc1eophi1ic site and the

phosphorus atom attacked the oxygen atom，expanding its octet．The reaction of

aminoarsine and aminostibine withβ一propio1actone can proceed through paths a or c，

judging from the reaction products shoWn in eqs （2） and （3）・ so the reaction

mechanism b can be discounted．If the－r舎action proceeds through the path c，the

effect of the substituents on the nitrogen乞tom of M－N compound wi11differ great1y

from the path a．When the nitrogen atom acts as a nuc1eophi1ic site，there are two

kinds of e1ectronic effects．If the transition state is much c1oser to the initia1state，

a1inear re1ationship between the basicity of the amino group and the reaction rate

wi11be exPected．On the other hand，if the transition state is much c1oser to the

product，Taft’s equation wi11ho1d for these reactions．In the experiments reported

                                         here， there is no c1ose re1ationship

1．5

1．0

0．5

b
来q

          B㎜i

｛   0     o
帥
。

一〇．5

Me
O

C6H5CH2  o

  θ   Et
Bun o
    Prn

ocyclo・CβH11

between the reactivity and the basicity7）

of the amino groups．Taft’s equations

can ho1d for both reactions when the

substituents are primary groups as

O，5

証b   0

一 一〇、5

 C．H≡CHヨ
Bu

Et

ocycIo・C直HII

一〇．8

一1．O           oPri

        一1．O一Ω．50
                Tafピs Es

Fig．2The Taft re工ationship for the reactions

  of〃，〃一dia1ky1aminodimethy］stibine with

  β一propio1actone．

      一1・0    －O・5     q
                Ta伍’s Es

Fig．3The Taft re工ationship for the reactions

    of W，W－dia1ky1aminodimethy1stibines

    withβ一propio1actone

（5）
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shown in Figs2and3．The va1ues ofρ＊are ca1cu1ated to be －1．ユ2 and－2．26

for the reactions of the aminoarsine and the aminostibine，respectiveエy．Note

th・ti・th・・…th・t・m・thy1g…台．i・th…b・tit…t・… it・・g… t・m，

the reaction is more rapid than predicted by Taft’s equation．On the other hand，

the reactions are1ess rapid than predicted by Taft’s equation，when substituents are

secondary a1ky1grou－ps such as isopropy1and cyc1ohexy1groups．These phenomena can

be exp1ained by assuming that the e1ectron density of the nitrogen atom is affected

by the hyper－conjugation of the hydrogen atoms on theα一。arbon atom．A methy1

group has three hydrogen atoms and contributes to a great increase of the eユectron

density on the nitrogen atom by the hyper－conjugation effect．Secondary a1ky1groups

have on1y one hydrogen atom，so the reactions are retarded great1y in the case that

isopropy1or cyc1ohexy1groups are substituents．Simi1ar phenomena were observed in

the reactions of amines with methy1acetate8）or ethyIene carbonate，9）and a1so in the

reactions of W，W－dia1ky1aminodiphenyIphosphine with acetic anhydride‘5）where theρ＊

va1ue was fomd to be－0，194．This lρ＊l va1ue is rather sma11compared with the

va1ues for the amino1yses of methy1acetate and ethy1ene carbonate（1．53and3．5respec－

tive1y）．The steric requirement in the reaction of aminophosphine was much severer

・h・・和・h・・・…f・h・・・…i…f・mi・…Th・m・・1…i・・・・・・・・…ibi1i…f・h・

reactibn rate to the so1vent po1arity，was fomd to be－1．3．These phenomena sup－

port6d the conc1usion that in the reaction of a P－N compomd with carbony1com－

pomd§，the nitrogen atom played an important ro1e as a mc1eophi1e，but there was an

interaction between the phosphorus atom of the aminophosphine and the carbony1

or ester oxygen，i．e．the reaction proceeded through a four－centered mechanism．The

important ro1es of the nitrogen atom in the reactions of aminoarsine and aminostibine

are we11ref1ected in the1arge lρ＊l and lml va1ues and in the fact that the main

factor which contro1s these reactions is the e1ectron density on the nitrogen atom．

Therefore the path a is considered to be the main route for these reactions，and

the fo11owing reaction scheme is supPorted by the above discussion．

                一〇
                       s1ow           fast
      Me，MNR，十 1 →［Transition state1→product
                 －C＝O

              M＝As or Sb

As regards the transition state，we can picture two possib1e structures［1コand［2コ，

for aminoarsine，and［3コand［4コ，for aminostibine．In the case of the phosphorus

amide，we have proposed the four－centered mechanism，but in the reaction of amino・

arsine and aminostibine withβ一propio1actone，the presence of ionic dipo1ar inter－

mediates［1コand［3コ。an be reasonab1y infered from the above discussions．

In order to exp1ain the drastic change of fission mode ofβ一propio1actone，the

princip1e of SHAB4）attracts our attention，becauseβ一propio1actone possesses both

“hard”sp2carbony1carbon atoms and・1“soft”sp3carbon atoms in the same mo1ecu1e．

Nuc1eophi1ic reagents such as nitrogen or oxygen are known to behave as“hard

bases”，when they react as free anionミ．The meta1－nitrogen bonds of meta1amides are

                                    （6）            Memo1rs of Chubu
                                                            Institute of Techno1ogy
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0

     δ十   δ一

  Me．As  O  C
        δ一

R・  N」… C宣，  CH，

       ’  δ十

R”  d・… H

        R・・     」

          〔1〕

    δ十  δ一    、

  Me．Sb   O   CH。．
       ：     l l
        δ一

R’ Nト…・C  CH，！
            ll    i

         δ十〇

R”  C…H

R’’’

  〔3〕

  Me．As O  CO

        δ一  1

      Nl……CH。一CH。

          δ十

R”  C…H

R’”       ノ

        〔2〕

  Me・§b’’’’’’9 gH・

        δ一

R’  N’1……6   CH，
            li

         δ十〇

R”  C…H

Rw

                                                         〔4〕

essentia1Iy cova1ent，so the degree of ionization is important in determining the

hardness of the nitrogen atoms in meta1amides．The degree of ionization is inf1uenced

by difference in e1ectronegativity and in atomic size．Both effects give higher po1ar

character to the Sb－N bond than to As－N bond．Therefore the nitrogen atom in

aminostibines possesses a hard base character compared to that of aminoarsine，and

c1eaves the acy1－oxygen bond ofβ一propio1actone．
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