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                  General !ntroduction

     Development of new synthetic reactions using

organometa!lic compounds as reagents or catalysts has been

one of the main object in organic synthesis.

     Recently, nurnerous works on using transition m'etal

complexes as catalysts have remarkably progressed. In

contrast, as to the use of typical organometallic compounds,

equimolar amounts with substrates are, in general,

necessary, and their catalytic uses are hardly reported.

     The readily available erganotin reagents, which can be

prepared' readily in high yields and reasonably cheaply, are

oEten used as valuable reagents. [rheir many new

applications in synthetic chentstry are receiving more and

raore interest from synthetÅ}c chemists. However, in alr"ost

cases, equimolar amounts of organotin reagents with

substrates are required. Therefore, the use of organotin

reagent$ as catalysts is an important problem.

     The main purposes of the present research are to

prepare heterocyclic compounds using organotin compounds,

and to develop these syntheses as catalytic reactions.

     This thesis consists of four chapters. Chapter 1

deals with the preparation of heterocyclic compounds using

equirnolar amounts of organotinCJ-haloalkoxÅ}des. The

control of products and a plausible reaction rnechanism are

also described.

     chapter 2 refers the catalytic cyc!oaddition of cyclic
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ethers with heterocumulenes. Organotin halide--Lewis base

complexes are found to be efEicient catalysts which are

superior to those already reported.

     In chapter 3, a new method ior the regioselective ring

cieavage of oxiranes, catalyzed by organotin halide-Lewis

base complexes is descrÅ}bed.

     Furthermore, as applicatiens of organotina)-

ha!oalkoxide-base systems in organic synthesis, chapter 4

describes the preparation of different types of heterocyclic

compounds.
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Chapter 1. Reaction of TributyltinCV-Haloalkoxides

            <Bu3SnO<CH2)nX) with Heterocumulenes.

1-1 rntroductioR.

     As the Sn-O bond is reactive, it is useful in organic
synthesis.1 A variety of unsaturated substrates such as

RNCO, RNCS, C02, CS2, RCHO have been shown to undergo
insertion into the sn-o bond.1 These reactions have been
                                       'studied so far wÅ}'th trialky!tin alkoxides,2a bis(trialkyltin)

oxides,3 trialkyltin oximates,4 trialkyltÅ}n g!ycolates,5

dialkyltin dialkoxides,6 and tin (Il} dialkoxides.7 It

has been reported that the Sn-O bond reacts exotherrnally
with isoeyanates to give N-stannylcarbamates2-8 in all
                                 '
cases. Bloodworth et al. also assume the additio.n of the

Sn-O bond across N=C group rather than across C=O group,

although a possibÅ}lity for rearrangement is considered2

(eq 1).

       R3sn-N-fi--OR' = R3Sn-O-fi-OR' (o

            RO N                                          N                                            R

     However, no definitive evidence for the direction of

the addition has been obtained as yet.

     A tin atom favors bonding to halogens over oxygen such

that the elimination of tin-halogen bond leads to the

3



Scherne 1

                                 rCCH2)e

    Bu3SnO(CH2)nX + Y=C=Z --. OyY + BU3SnX

                                    z

     x= ci, Br, x y=c=z; R-N=c=o

     n= 2, 3 R-N=C=N-R
                    '                                R--N=C=S

                                R2C=C=O

cyc!ization in the thermolysis of trialkyltinCO-halogeno-
                                                        9a!koxides (R3SnO(CH2)nX), as described by Pommier et. aL.

     On the basis of these facts, this chapter describes

some novel reactions of Bu3SnO<CH2)nX with heterocumulenes

to give heterocyclic compounds as shown in Scheme 1.

1-2 Reaction of Bu3SnO(CH2)nX with Isocyanates.

     TributyltinCV-haloalkoxides (Bu3SnO(CH2)nX) were

allowed to react with isocyanates under dry nitrogen.

They reacted exothermally even at room temperature and the
characteristic IR absorption band at 2275 cm-1 due to

isocyanates immediately disappeared with the formation of
                       -1                         . After the reaction, productsnew band around 1700 cm

were readily precipitated by adding hexane. The
precipitates were almost pure as confirmed by means of IH-

                                4
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Table 1. Reaction of Bu3SnO{CH2)nXwith R'N'co.a

Bu3SnO(CH2)nX + R-N=C=O

rtcH2)?

Oxg/O

  :XR

+

tCH2)?

OyNxR
   o

2

Entry n x R
Solvent
 (ml}

Temp.
{oC} Product

Yiekib
.{1)

 1/2
ratioC

1

2

3

4

5

6

7

8

 9

10

11

a2

13

14

15

16

17

l8

19

20

21

22

23

24

25

26

27

28

2

2

2

2

2

2

2

2

2

2

2

.2

2

2

2

2

2

2

2

2

3

3.

3

3

3

3

3

3

Cl

Br

r

z

Cl

Br

I

CI

B

I

r

r

I

I

I

1

I

I

I

!

I

1

1

I

r

!

;

!

  Ph
   Ph

   Ph

   Ph

   Ph

   Ph

   Ph

   Ph

   Ph

   Ph

   Ph

p--CH3C6K4

p-CH3C6H4

p-CIC6H4

p-CIC6H4

p-N02C6H4

p-N02C6H4

   Me

   Me

   Me

   Ph

   Ph

   Ph

   Ph

p--CH3C6H4

p-clC6H4

p-N02C6H4

   Me

PhH (15)

PhH (IS}

PhH "5)

HMPA {3)

HMPA (3)

HMPA {3)

Hexane (15)

Hexane <IS)

HMPA (3}

Hexane {1S)

HMPA (3)

Hexane (IS)

HMPA {3)

PhH "S}
HMPA {3)

HMPA (3}

   .

60

 60

 60

 2S

 60

 60

 60

 2S

 2S

 25

 60

60

 25

 60

 25

 60

 2S

 25

 60

,25

 80

1OO

120

 25

1OO

1OO

1OO

100

laa 2aa   '
   "

   "

   n

   "

   "
   tt

   "

   "

   "

   "

lab. 2ab

  2ab

lac 2ac   '
  2ac

lad. 2ad

  2ad

lae 2ae   r
   "

   "

2ba

 "

 "

 "

2bb

2bc

2bd

2be

  2

 80

 89

 56

  o

 50

 55

 92

 92

 91

 59

 84

 81

 31

 92

 37

 93

 86

 84

1OO

  3

 85

 94

 93

 89

 79

 75

1OO

25/75

22/78

20/80

60/40

51149

OflOO

O/100

Olloo

26/74

57143

olloe

37163

OllOo

11/89

o/loe

92/8

95/5

42/58

O/100

O/100

olloo

olloo

O/100

o/loe

OllOo

O/100

aBu3SnO(CH2)nX

CDetermined by

10 mmol,

GLC and

RNCO 9

1H-NMR.

mmolr Time 1 h, bBased on RNCO, GLC yÅ}eld.
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NMR spectra.

     The results of the reactions between Bu3SnO(CH2)2X

and isocyanates are summarized in Table 1 {Entries 1-20).

     The yields and the ratio of the products were

drastical!y changed by the solvent, the kind of halogen or

the substituent on the isocyanate.

     When reactions were carried out in bulk, two types of

products, N-phenyl-2-dioxolanimine (laa) and 3-pheny!-2-

oxazolidinoRe (2aa) were obtained (entries 1-4). Xn

benzene, although the total yÅ}eld of laa and 2aa was lower,

the ratio of laa Å}ncreased up to 60X (entries 5-7). On the

other ha.nd, the use of hexamethylphosphoric triamide (HMPA)

led to quantitative iormation of 2aa even at room

temperature, no laa was obtained (entries 8-10).

     The ha!ogen atom in Bu3SnO(CH2)2X also affected the

reactivity. The iodide was most effective in yielding,the

heterocyclic compounds (entries 3 and 7). Preducts were

hardly obtained in the reaction with the chloride (entries 1

and 5). This order of halogen; Cl < Br < :, is the sarne

as the order in the formation of cyclic ethers from
Bu3SnO(CH2)nX reported by Pornnter et. al.9

     HMPA enhanced the reactivity so greatly that 2aa was

produced in 92g yield even in the case of the chloride, and

that the difference of the reactivity between halides could

not be observed (entrÅ}es 8-10}. In contrast to the effect

on reactivity, the laa12aa ratio was not affected by halogen

rnoieties.

     The reaction temperature did not affect the la12a

                               6



ratio. When the reaction of Bu3SnO(CH2)2I with phenyl

isocyanate was carried out at 25eC in bu!k, the yield

decreased to 56gr whereas the laa12aa ratio was alraost

unchanged in comparison with the ratio at 60eC (entries 3

and 4).

     Qther aryl isocyanates also gave the correspondÅ}ng

heterocyclic compounds (entries 12-17). Xt is apparent

that electron donating substituents on an aromatic ring

increased both the reactivity and the ratio of la in 'hexane

solution (entries 11, 12, 14 and 16}. For examp!e, p-tolyl
                                                   'isocyanate gave lab and 2ab in 846e yie!d (lab!2ab

ratio=57143) (entry 12). And p-nitropheny! isocyanate gave

thern in 37g yield (lac12ac= 11189) (entry 16). In HMPA,

the exclusive formation of 2a was observed as expected

(entry 13, 15 and 17).

     On the other hand, the reaction wÅ}th methyl isocyanate

gave noteworthy results (entries 18-20). First, its

reactivity is higher than that of the aryl isocyanate and

the total yield of the products was greater than 809o even Å}n

benzene (entry 19). Second, it is surprising that the

reaction Å}n benzene or in bulk resulted in the selective

formation oi lae, which was not observed in the reaction

with aryl isocyanates. Even in the reaction using HMPA as

solvent, the lae12ae ratio was 42158 (entry 20). Under the

extreme conditions (1500C for 2h)r only 2ae was obtained in

lower yield {27g). This rttay be because of the lability and
                               'facile polymerization oi la, which was confirmed with an

authentic sarnple.

                               7



     It is well known that 2-oxazolidinones are Eormed by
the rearrangernent of 2-dioxolanimines14-16 (eq 2).

         OxrrO pt OyNxR <2)
           Nx O              R

     So in this studyr the rearrangement might be

considered. Actually, the formation of 2aa was detected in

66g yield by heating laa at 800C Å}n the presence of Bu3SnZ.

However, at lower temperature {such as 600C and 250C>, no

rearrangement was observed even using any solvents !isted in

Table 1. Moreover, in the reaction of Bu3SnO(CH2)2I and

PhNCO in the presence of laa, neither the rearrangement of

laa nor the change in the yield of 2aa were recognized.

     From these results, once produced laa is not considered

to rearrange under the reaction conditions listed in Table 1.

     No intermolecular substitution was observed. It is

characterized by the fact that the adduct of tributyltin

methoxidie and PhNCO did not react with n-propyl iodide at

all.

     A plausible mechanism for the reaction of Bu3SnO(CH2)2X

with isocyanates is proposed as shown in Scheme 2.

     At firsti two types of adductsr A and B, are formed.

The former is the adduct of Sn-O bond across the C=O group
of an isocyanate and the latter is the adduct across the c=N

group.10 Although the adduet shows a strong IR absorv. tion

                   -1                      , this can not be assÅ}gned withband around 1700 crn
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Scheme 2

Bu3SnO(CH2)nX

    +-
 R-N=C=O r

Bu3Sn --O- ill --O<CH2 ) nX

       Nx
          R
       A

Bu3Sn-li-fi -O ( CH2 ) .X

     RO
       B

   a

   c

   d

   b

r( CH2)?

oyo
   N    XR

   1

ttecH2 ) ?

       XR

;

confidence to the N=C or the C=O groupr because the

stretching frequency in these adducts may overlap.

     OE courser there is a possibility for the

interconversion between A and B.

     In next stage, la and 2a are produced by the

intramolecular substitution in the adduct A and B,

respectively (path a and b). Of course, the path c and d

can be considered. However, in the reactions which have

been thought to proceed via stannylcarbamates, oniy the

formations of the compounds adding at the N atorn have been
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reported.2,8,12,13 • The adduct A can be considered to be

mere reactive and less stable than the adduct B.11 The

ratios of la are larger in the higher yield reactions as

shown in Table 1 (Entries 11, 12 and 16}. From these

facts, we may describe the reaction pathway yielding la via

the Å}ntermediate A. This fact is interesting because the

evidence of the addition across the C=O group has not been

reported.

     In the reaction using HMPA, 2a was produced

exclusively. This fact rnay indicate if the equilibrium

between A and B is fast and reversible the yieids of la and

2a will depend on the value of the equilibrium constant and

the rate constant for conversion of A to la and B to 2a.

The adduct B may be stabilized by the co-ordÅ}nation of HMPA

to the tin atom as a Lewis base. This co-ordination

increase the nuc!eophilicity of the nitrogen atom adjacent

to the tin atorn and accelerates the intramolecular

substitution, giving 2a predorninantly.

     Tributyltin )!-halopropoxides (Bu3SnO(CH2)3X) also

reacted with isocyanates (entries 21-28). The reactÅ}vity

was lower than that of Bu3SnO(CH2)2X, and high temperature

was necessary to obtain heterocyclic compounds in high

yields. Moreover, it is noteworthy that no 2-dioxanimine

derivative (lb) was produced even in the reaction with

MeNcO in contrast to the reaction with Bu3SnO(CH2)2X. rt

rnay be considered that this reaction temperature is high

(1000C) enough to perform the rearrangement from 2-

dioxanimines (lb) to 2-oxazinones (2b), or the adduct A may

                              10



be more stabilized under the severe condÅ}tion.

Consequently, 2b were obtained selectively in this case.

1--3 Reaction of Bu3SnO{CH2)nX with DÅ}phenylcarbodtimide.
                                                    '
     Diphenylcarbodiimide also reacted with Bu3SnO(CH2)nX

exothermally and gave the corresponding heterocyclic

compounds. Table 2 shows these resu!ts.

     These reactions took place under milder conditions than

the reactions of the Å}socyanates. Thus N-pheny-3--phenyl-2-

oxazolÅ}dinÅ}mÅ}ne (3a) or N-phenyl-3-phenyl-2-oxazinÅ}mine (3b>

were obtained in high yields at room temperature even when

HMPA•was not used as a solvent. These products also could

be easily isolated by adding hexane after the reaction.

     The rearrangement of 2-oxazolidinirnines to 2- '

imidazolidinones has been proposed under severe
          14conditions.

OyNxR
  Nx
    R

                  f-m"x
----:--•---- yNxR
                   o

(3)

    As expected, in our experiment, 1,3-diphenyl-2-

imidazolidinone (4a) was obtained selective!y at 2000c as

shown in Table 2 (entries 8 and 9). This product was

forrned vÅ}a an 3a, catalyzed by Bu3Snl.

11



Table 2.

Bu3SnO(CH2)nX

Reaction of Bu3SnO(CH2}nX with

+ Ph-N=C=N-Ph

    r(-cH2)?

. O yNxph
      Nx
         Ph

      3

PhNCNPh.a

      (.(-CH2 )

   Ph/

        o

        4

    nykx.,

Entry x n.
Temp.
(oC) Product

yieldb
 (g)

 3!4
ratioC

1

2

3

4

5

6

7

8

9

Cl

Cl

Br

Br

I

I

Br

Br

I

'2

3

2

3

2

3

2

2

2

 25

 25

 25

 25

 25

 25

150

200

200

 3a
 3b
  3a

 3b
  3a

  3b

  3a

3a, 4a

  4a

91

28

94

91

86

86

87

84

87

10olO

1oolO

1OOIO

1OOIO

1OOIO

1OOIO

1OO!O

56144

O!1 OO

aBu3SnO(CH2}nX 10 rnmol,

 on PhNCNPh. CDetermined

PhNCNPh 9 mmol,

 by IH-NMR•

Time 1 h. bBased

1-4 Reaction of Bu3SnO{CH2)nX with Isothiocyanates.

     Treatment of Bu3SnO(CH2)2X with phenyl isothiocyanate

gave a mixture of N-phenyl-2-oxathiolanÅ}mine (5aa) and 3-

phenyl-2-oxazolidinthÅ}one <6aa). The proportion of these

12



Table 3. Reaction of Bu3SnO(CH2)nX

Bu3SnO(CH2)nX +

              recH2}

R-N=C=S ----,-• O              Y

                Nx

                5

with

ni

s+

R

RNcs.a

      '  CH2)nre i
OyNxR

   s

    6

Entry n X R Solv. (ml) Product
Yieldb
 (g)

 516
RatioC

1

2

3

4

5

6

7

8

9

10

11

12

13

2

Tt

tl

lt

lt

rt

lt

ll

li

11

3

tt

ll

Cl

Cl

Br

I

[

Br

Br

Br

Br

i

Br

Br

]

 Ph

 Ph

 Ph

 Ph

 Ph

PhCH2

PhCH2

 Me

 Me

 Me

 Ph

 Ph

 Ph

hexane (10)

 DMF (5)

hexane {10)

hexane (1O)

 DMF (5)

hexane <1O)

 DMF (5)

hexane (10)

 DMF (5)

 DMF (5}

hexane (1O)

 DMF (5)

hexane (10)

5aa,

   st

   lt

   le

   fl

5abr

   tl

5ac,

   tt

   lt

  6ba

   lt

   vt

6aa

6ab

6ac

 43

 god

 68

 80

1ood

 41

 91

 15

 33

 56

 14

 57

 73

7193

49!51

17!83

34166

83117

68132

77123

20180

90!1O

1oOIO

O/1OO

OII oo

Olloo

aBu3SnO(CH2)nX 10 rnmol, RNCS

bBased on RNco. CDetermined
8 mmol,

by GLC.

 13

 Temp.
d2soc.

4oec, Tirne 1 h,



products appeared te be dependent on the nature of

substrates and solvents as shown in Table 3.

     The order of the reactivity of halogen species was Cl <

Br < I, and the proportion of 6aa was decreased in this

order (entries 1, 3 and 4). The use of the chloride in

hexane induced the predorninant formation of 6aa (entry 1).

Meanwhile, DMF, when used as a solvent, accelerated the

reaction, and the proportion of 5aa was greater than in

hexane (entries 2 and 5}. Similar effects of DMF were

observed in the reactions with alkyl isothiocyanates,

although, the reactivÅ}ty of which was low (entries 6-10).

     At the initial stage of the reaction, the addition to

isothiocyanates proceeded exothermically, and the IR

absorption band of NCS immediately disappeared and the new
band around 16oo cm-1 <c=N) was recognized.17

     In the case of isocyanates, two types of adducts were
                                            'considered. However, because of the great affinity of tin
 '
toward sulfur atoms,1 the addition of may take place only

across the C=S group of RNCS as described by Davies et
al.,2b giving c as an interrnediate (scheme 3). In next

stage, the intramolecular alkylation at the sulfur atom and

at the nitrogen atom gives 5a and 6a, respectively.

Although the formation of 6a was generally predominant, DMF

Å}ncreased the proportion of 5a. This is explained by the

co--ordination of DMF to the tin atom in C as a Lewis base.

The basicity of the sulfur atom adjacent to the tin is thus

increased, thereforei the intramolecular S-alkylation is

accelerated, giving 5 predorninantly.
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Scheme 3

Bu3SnO(CH2)nX +

x=

n=

R-N=C=S -

C!r Brr I

2, 3

Bu3Sn-S-il/ -O ( CH2 ) nX

       NxR
       c

lt('CH2)"

oys
   Nx
     R
   5

+

r<'cH2 ) ?

OyNxR
2

     This is not the case, however, in the case oÅí Y-

halopropoxides (Bu3SnO(CH2)3X}. Compound 6b was produced

in a higher selectivity than Bu3SnO(CH2)2X even when DMF was

used (entries 11-13).

     Alternatively, the isomerization of initially formed 5

to 6 catalyzed by Bu3Snl, which is a by-product of the

reaction, can be considered. However, no isomerization was

recognized by the treatment of 5ac with an equimolar Bu3Sn!

at 400C for 1 h, and 5ac was recovered quantitatÅ}veiy.

     On the other hand, treatment of 5ac with an equimolar

Bu3Snl at 1OOOC for 1 h induced the formation of the

15



2-thiazo!idinone 7 in 50X yield as descrlbed by Sakai et
      18(eq 4).

al.

         n Bu3snl n        OX"!S loooc, lh SxrrNx M. (4)
           Å~             Me

          5ac 7
                                 '                                               '                  '     In this case, formation of 6ac could not be recognized.

We thus conclude that no isomerÅ}zation of 5 to 6 occurred

under present conditions.

1-5 Reaction of Bu3SnO(CH2)nX with Diphenyketene.

     The resuits of the reactions of Bu3SnO(CH2)2X with

diphenylketene are summarized in Table 4 <entries 1-8).

The types of products and the reactivity varÅ}ed with

ternperature, addÅ}tives and the kind of halogen.

Y-Butyrolactone <9a) was obtained in only the reactÅ}ons with

Å}odide derivative (entries 1-3), and the 1,3-dioxolane 8a

was exclusively produced from the bromÅ}de (entry 4).

Moreover, the ratio of 9a to 8a was increased with lowering

the reaction temperature, however the reaction proceeded

very slowly be!ow 60eC. The presence of Lewis bases

allowed the reaction to proceed in high yie!ds under

significantly milder conditions, in addition, giving 8a

exclusively (entries 6-8).
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Table 4. Reaction of Bu3SnO(CH2)nX with Diphenylketene.a

Bu3SnO{CH2)nX +
Ph  N   c=c=o .  /Ph

recH2)?

Å~
Ph Ph

8

   reCH2)?/ph

" O YCXph
     :

Entry n x Base
Temp.(oc) Product

yieldb 819
 k) ratÅ}oC

1

2

3

4

5

6

7

8

9

10

2

ll

tl

ll

et

Tl

ll

lt

3

ve

I

[

I

Br

Cl

[

Br

Br

I[

I

HMPAe

Et3Nd

Ph3pd

HMPAe

 80

1OO

150

1OO

120

 60

 40

 40

120

1OO

8a, 9a
  ll

  tt

  8a
  lt

  tt

  tt

  tt

  9b

  8b

60

52

51

43

12

67

78

93

77

52

40160

50!50

85115

1OOIO

1oOIO

1oOIO

1oOIO

1oolO

OII Oo

1oOIO

aBu3SnO(CH2)nX 5 ramol, Ph2CCO 4 mmol, Time 1 h. bBased on

 Ph2CCO. CDetermined by IH-NMR. ds rnmol, e3 ml.

     The effect of the number of methylene groups was very

definitive as shown in the reaction with IY-halopropoxides

<Bu3SnO(CH2)3X). rn sharp contrast to the 1,3-dioxolane

forraation from the reaction of Bu3SnO(CH2)2X, 6-

valerolactone (9b) was selectÅ}vely obtained (entries 9).
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Moreover, the effect oE base was more remarkable, and the

product was completely changed frorn the lactone 9b to the

1,3-dioxane 8b (entry 10). This drastic change is very

characteristic of the reaction of diphenylketene. Thus, no

change of products by the addition of bases was observed Å}n

the reaction with isocyanates or isothiocyanates.
     As Bleodworth et. al have reported,2 these reactions

are thought to proceed via stannyl ester type of adduct D as

shown in Scheme 4

     Products, 8 and 9, may be forrned by intramolecular O-

and C aikylations, respective!y. As to the formation of 8,

stannyl enolate type oE adduct E can be considered.
However, IR spectrurn showed the absorption at 173o cm'1

(c=O) in the intermmediate, where no cyclization occurred.

And this absorption was a!so observed in the case using HMPA

as a solvent. Frorn these facts, we propose D as an
interrnediate rather than E.11 whUe it is unclear exactly

why the remarkable alternation of products occurred, the

significant effect of the number of methylene group seems to

suggest an important role of the intramolecular eo-ordination

of the terrninal halide to the tin atorn. The characteristic

reaction mode of diphenylketene may be rationalized by the

lower ability of an intermolecu!ar co-ordination of D in

comparison with the adducts with an isocyanate. Namely,

the nitrogen atorn in the adduct of isocyanates,

Bu3SnN(R)COO(CH2)nX, can bring an interrnolecular co-
ordination toward another tin atom,2a whereas the carbon

atom adjacent to Sn atom in D has no co-ordinative ability.
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 Scheme 4

                                       Ph
                   Phx l                    ph-C=C=O ' BU3Sn'<i-fl/O(CH2>nX Bu3SnO<CH2}nX +

                                       Ph O

   X= Cl, Br, I

                                     Bu3SnOx. /ph
                                             c=c                                                Å~-                                           /                                    x<cH2>.o ph

                                   .E
      r('CH2)?                     ltCH2)"/ph

           o+o     Ox YCXph
           Ph O     Ph

        89

1-6 Experimental Section.

General. Mps were obtained by using a Yanaco Micromelting

point apparatus, which are uncorrected. IR spectra were

recorded on a HITACHI 260-30 spectrometer using KBr pe!ets
or KRs-s cens. IH-NMR and 13c-NMR spectra were performed

on a JEOL Mode! PS-1OO and on a JEOL Mode! FX-60

spectrometer, respectively or Hitachi RMU-6E model.

Analytyca! GLC was performed on a Eollowing instrument by

using 2m * 3mm glass column packed with Silicone OV-1 or Ov-
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17 on Uniport KS (5g, 60-80 rnesh); a SHIMADZU GC-3B with

TCD, Herium as a carrier gas. Column chromatography was

done with silica gel (Wakogel C-200). Elemental analysis

were performed by the section of elemental ana!ysÅ}s in the

department of Osaka University.

Materials. Commercially available isocyanates and

isothioeyanate were used without further purification.
Diphenylcarbodiimide,19 diphenylketene20 were synthesized by

a described method.
     Tributy!tin(D-haloalkoxides9 were synthesized in good

yield as follows. Tributyltin inethoxide (O.04 mol), which
                                                       22was prepared as a described method by A!leston and Davies,

and the corresponding haloalkylacetates (n= 2,3, O.05 mol)

were stirred at room temperature for about 10 rnin under

nitrogen, and then heated at 500C under reduced pressure
<100 rnmHg) for 2 h. AdditÅ}onal heating for 2 h at 10-3

mrnHg removed the unconverted starting esters, giving almost

pure tributyltin di-haloalkoxides.

Tributyltin 19-chloroethoxide (Bu3SnO(CH2)2Cl): bp 780C
"o-'4 mmHg); IR (neat) 1070 crn-1; IH NMR (CDCI3) 6=O.90-1.80

(m, 27H), 3.50 (t, 2H), 3.90 (t, 2H).

Tributyltin B-bromoethoxide {Bu3SnO(CH2)2Br}: bp 1100C
"o-4 rnmHg); zR (neat) 1070 cm-1; IH NMR (CDC13) 6=O.90-1.80

(m, 27H), 3.40 (t, 2H), 3.90 (t, 2H).

TributyltinB-iodoethoxide (Bu3SnO(CH2)2I): IR (neat) 1070
cm-1; IH NMR (cDc13) 6=O.90-1.80 <m, 27H), 3.05 (t, 2H),

3.80 (t, 2H).
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Tri.buty!tin Y-chloro-propoxide {Bu3SnO(CH2)3Cl): bp 800C
(lo-4 mmHg); m {neat} lo7o cm-1; IH NMR (cpcl3) 6=O•90-1•80

(m, 27H), 1.90 (t, 2H), 3.65 (t, 2H), 3.80 (t, 2H).

Tributyltin Y-bromopropoxide {Bu3SnO<CH2)3Br}: bp 108eC
oo-4 mmHg); IR {neat} 1070 cm-1; IH NMR (cDCI3) 6=O.90-1.80

(m, 27H), 2.00 (rn, 2H), 3.50 (t, 2H}, 3.80 {t, 2H).

Tributyltin Y-iodopropoxide (Bu3SnO(CH2)3I}: IR <neat) 1070
cm-1; IH NMR (cDcl3) 6=O.90-1.80 (m, 27H}, 1.90 (t, 2H},

3.30 (t, 2H), 3.63-(t, 2H).

Reaction of TributyltinCD-Haloalkoxides with Zsocyanates

(Typical Procedure).

     All reactions were carried out under dry nitrogen. A

typical procedure is described for the reaction of

tributyltin /9-iodoethoxide (Bu3SnO(CH2)21) with phenyl

isocyanate.
                           '
     A rnixture of Bu3SnO(CH2)2I (4.55 g, 9.87 mmol) and

phenyl isocyanate (1.05 g, 8.82 mmol) was stirred by a

magnetic stirrer in a 50 ml round bottomed flask. Heat was

evolved. The infrared spectrum showed disappearanee of the
characteristic of NcO at 2275 cm-1, and the presence of a

new band at 1660 cm-1. After the reaction for lh at 6oOc,

hexane was added on cooling, then 1.28 g (89g) of a white

precipStates was obtained immediately. This was collected

by filtration, washed with hexane and dried in vacuo. The

precipitates turned out to be N-pheny-1,3-dÅ}oxolan-2-imine

(laa) (20g yield), and 3-phenyl-2-oxazolidinone (2aa) (69g
yield). The laa12aa ratÅ}o was determined by IH-NMR

spectrum. The cornpound laa was decomposed readily to
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ethylene carbonate and aniline on standing. When the

reaction was carried out in a solvent, tributyltin CV-

haloa!koxide, an isocyanate and a solvent were charged in

this order.

N-Phenyl-1,3-dioxolan-2-irnine (laa): bp 1300c {10-4 mmHg)

(lit.18 14s-lso (ls mmHg)); !R (neat) 172o. cm-1; IH NMR

(CDCI3) (S`=4•38 (Sr 4H)t 6•90-7.40 (rn r5H); 13C NMR {CDC13)

6=66.49, 64.73, 122.95, 123.39, 128.58, 145.41, 153.48.

N-p-Tolyl-1,3-dioxolan-2-imine (lab}; This compound was
obtaÅ}ned as a raixÅíure with 3-p-toly!-2-oxazolidinone.

However, this compound was labi!e to decompose to ethylene

carbonate and p-toluidine on column chromathography, so the

pure compound could not be obtained. The yÅ}eld of N-p-
tolyl-1,3-dioxolan-2-imine was determined by GLC or by IH-

NMR {64.40)

N--p-Chlorophenyl-1,3-dioxolan-2-irnine (lac): rnp 850c; m
{KBr} 1695 cm-1; IH NMR (CDC13) 6=4•45 (sr4H}, 6.82-7.32 (m

4H); 13c NMR (cDcl3) (8=64.s7, 66.73, 124.56, 128.67, 144.04

153.82; Anal. Calcd for CgHsN02Cl: Cr 54.70; H, 4.08; N,

7.09. Found: C, 54.87; H, 4.09; N, 6.99.

N-p-Nitrophenyl-1,3-dioxolan-2-imine (lad}: This compound

is labile and pure product could not be obtained. The
yield was determined as ethylene carbonate by GLc or IH-NMR

(64.4o).

N-Methyl-1,3-dioxolan-2-imine (lae): bp 990C (25 mrnHg)
ait.18 gs-looOc (2smmHg)); IR (neat) w4o cm-1; IH NMR

(CDC13> 6=2.85 (s, 3H), 4.38 (s, 4H); 13C NMR (cDc!3)

                               22

'

r



 =32.93, 65.46, 154.41.
3-Phenyl-1,3-oxazolidin-2-one (2aa}: mp 12oOc (lit.22 11s-

121ec); IR (KBr> 1735 cm-1; IH NMR (cDc!3) 6=3.96 (t, 2H),

4.2o (t, 2H), 7.00-7.60 (m, sH>; 13c NMR (CDcl3) 6.44.13,

60•47r 117-91t 123•49, 128•97, 139•34r 154•70•
3-p-Tolyl-1,3-oxazolidin-2-one (2ab): mp ssOc (lit.22

goOc}; xR {KBr} 173s crn-1; IH NMR (cDcl3) 6=2.28 <s, 3H),

3.94 (t, 2H), 4.40 (t, 2H), 7.14 (d, 2H), 7.4o (d, 2H); 13c

NMR (CDCI3} (S`=22•67r 45•28, 61•28, 118•33, 129•54t 133•68r

135.80, 155.37.

3-p-Chlorophenyl-1,3-oxazolidin-2-one {2ac): m.p. 1180c
ait.22 M6-1170c); IR (KBr) 1740 drn-1; IH NMR (cDc13)

6=3.97 (t, 2H), 4.44 (t, 2H), 7.lo-7.6o (m, 4H); 13c NMR

(cDcl3) 6=45.11, 61.30, 119.38, 129.01, 129.21, 136.g4,

155.1 4.

3-p-Nitrophenyl-1,3-oxazolidin-2-one <2ad): mp 1550C
ait.22 lssO c); IR (KBr) 17so cm-1; IH NMR (cDcl3) 6=4.14

                                              13{M, 2H), 4•51 (Mt 2H)t 7•80 (dr 2H), 8•20 (dr 2H);                                                C NMR
(CDCI3) 6=46•25r 63•14, 118•86, 125•96, 144•14r 146•29,

156;07.

3-Methyl-1,3-oxazolidin-2-one (2ae): bp 1020C <4 mmHg)
{lit.22 s7-goOc "mmHg)>; IR (neat) 17so cm-1; IH NMR

(CDCI3) 6=2.88 (s, 3H), 3.56 (t, 2H), 4.3o (t, 2H); 13c NMR

(cDc13) 6=30.63, 4'6.43, 61.21, lss.s2.

3-phenyl-1,3-oxazin-2-one (2ba): mp 950C; IR {KBr) 1680 crn'1;

IH NMR (CDC13) 6=2•16 (M, 2H}, 3•70 (tr 2H), 4•40 (t, 2H)r

7.32 (m, 5H); 13C NMR (CDCI3) 6=22•26r 48•49r 66•78, 125•64,

126.42, ' 128.s7, 142.91, 152.55; Anal. Calcd for CloHlIN02:
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C, 67.78; H, 6.26; Ns 7.90. Found: C, 67.87; H, 6.29; N,

7.85.

3-p-[Volyl-1,3-oxazin-2-one (2bb): mp 1270C; IR (KBr} 1695
crn-1; IH NMR <cDcl3) 6=2.13 (m, 2H), 2.32 (s, 3H), 3•65 {t,

2H), 4.38 (t, 2H), 7.17 (s, 4H); 13c NMR (cDc13) 6=20.84,

22•41, 48•78, 66•83r 125•64, 129•65, 136-45, 140•41t 152.79;

Anal. Calcd for CllH13N02: C, 69.09; H, 6.85; N, 7.32.

Found: C, 69.65; H, 6.90; N, 7.22.

3-p-Chlorophenyl-1,3-oxazin-2-one (2bc): mp 111eC; !R (KBr)
         "t167o cm-1;"IH NMR (cDc13) 6=2.15 (m, 2H), 3.66 (t, 2H), 4.18

<t, 2H), 7.30 <s, 4H); 13C NMR {CDC13) 6=22.36, 48.58,

67.03, 127.06, 129.16, 132.04, 141.49, 152.50; AnaL Ca!cd

for CloHloN02Cl: C, 56.75; H, 4.76; N, 6.62; cl, 16.7s.

Found: C, 56.77; H, 4.80; N, 6.49; Cl, 16.48.

3-p-Nitrophenyl-1,3-oxazin-2-one (2bd): mp 1250C; IR (KBr)
1680 cm'1; IH NMR (CDC13) 6=2•26 (Mr 2H)r 3•83 (tt 2H>, 4•46

(t, 2H), 7•56 (dr 2H)t 8•23 (dr 2H); 13C NMR(CDCI3) 6=23•66,

49.65, 68.41, 125.15, 126.33, 145.86, 151.07, 152.74; Anal.

Calcd fOr CloHloN204: C, 54.05; H, 4.54; N, 12.61. Found: c,

54.07; H, 4.52; N, 12.57. -
3-Methyl-1,3-oxazin-2-one (2be>: bp 1030C (2 mmHg); m
(KBr) 1680 cm-1; IH NMR {CDCI3) 6=2.08 <rn, 2H), 3.00 (s,

3H), 3.36 (t, 2H), 4.28 (t, 2H); 13c NMR (CDCI3) 6.21.67,

36.ol, 46.48, 66.00, 153.48; Ana!. Calcd for CsHgN02: Ct

52.16; H, 7.88; N, 12.17. Found: C, 51.9e; H, 7.87; N, 12.oo.

The Rearrangement of laa to 2aa.

 In the presence of Bu3Snr; In a 50 ml round bottomed

flask, N-phenyl-1,3-dioxolan-2-imine <laa) (O.51 g, 3.10

                            24



mmoP and Bu3Snl (2.59 g, 6.21 rnmol) were placed under

nitrogen. The mixture was heated with stirring. The
reaction mixture was homogeneous throughout the heating.

After heating for 1 h, white precipitates were obtained by

addÅ}ng hexane. The so!Å}d was collected by fÅ}ltration,

washed with hexane and dried in vacuo (O.42 g). Tt

contained only laa and 2aa, and the ratio was determined by
1H-NMR.

 In the presence of Bu3SnO(CH2}2X and PhNCO; Bu3SnO(CH2)2Z

(1.23 g, 2.67 mmol), phenyl isocyanate (O,23 g, 1.93 mmol)

and N-phenyl--1,3-dioxolan-2-imine (O.32 g, 1.96 mmol) were

charged in thi$ order. The reaction was carried out at

60ec for 1 h, laa (O.38 g, 2.33 rarnol) and 2aa {O.21 g, 1.29

mRtol) were obtained.

Reaction of Bu3SnO(CH2)nX with Diphenylcarbodiimide (Typical

Procedure}.

     Bu3SnO(CH2)2I (2.61 g, 5.66 rnmol) and

diphenylcarbodÅ}imide (O.92 g, 4.74 mrnol) were rnixed in a 50

ml round bottomed flask. Heat was evolved and the mixture

became white Å}n color. After stirring Eor 1 h at room

temperature, hexane was added on cooling, giving whÅ}te

precipitates O.97 g (86g) of N-phenyl-3-phenyl--1,3-

oxazolidin-2-imine (3a). When the reaction was carried out

at 200eC, the product was 1.02 g (87g) of 1,3-diphenyl-2-

imidazolidinone (4a).

N-Phenyl-3-phenyl-1,3-oxazolidin-2-Å}rnine <3a): mp 1150c
(lit.23 11sec" !R (KBr) 167s cm-1; IH NMR (cDcl3) 6=3.90
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(t, 2H), 4.34 (t, 2H), 6.90-7.90 (m, 10H); 13c NMR (cDcl3)

6=46.43, 63.7e, 118•84, 122•51, 123•OOr 123•34r 128•58,

128.87, 139.83, 147.50, 149.13.

N-Phenyl-3-phenyl-1,3-oxazin-2-imine (3b>: rkp 106ec; m

(KBr) 1630 cm-1; IH NMR (CDC13) 6=2.10 {m, 2H), 3•65 {t,

2H), 4.2o (t, 2H), 6.80-7.so (m, 10H); 13c NMR (cDcl3)

6=23•53r 47.26, 65•85, 121.68t 123-44, 125•39, 128•33r

128.97, 144.96, 148.20, 149.46.
                                  'lt3-Diphenyl-1,3-imidazolidin-2-one <4a): mp 2o30c (lit.14

211Oc); IR (KBr) 1700 cm-1; IH NMR (CDel3) 6=3.95 (s, 4H),

6.90-7.70 {M, 10H); 13C NMR (CDC13) (S`=42•08, 118.20r 123.19r

128.97, 140.22, 155.09.

Reaction of Bu3SnO<CH2)nX with rsothiocyanates <Typical

Procedure).

     BU3SnO(CH2)2T (3.70 g, 10 mmoÅ}) and pheny!

isothiocyanate (1.08 g, 8 mmol) were stirred under dry

nitrogen on coo!ing, then heat was evolved about 400C. The

infra-red spectrum showed the disappearance of the
                                               -1characteristic absorption band of NCS at 2100 cm                                                  and the
presence oi a new band around 1600 cm'1. After additional

5 min, DMF (5 ml) was added and the stirring was continued

for ' 1 h at 250C. The addition of excess amounts of hexane

on cooling induced 1.'79 g of white precipitates immediately,

which were filtered, washed with hexane and dried in vacuo.

The precipitates contained N-pheny!-1,3-oxathiolan-2-imine

(5aa) as a mixture wÅ}th 6aa (100g, 5aa:6aa= 83:17, entry 5}.

The 516 ratio was determined by GLC. Analytically pure
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sample of 5aa was obtained by column chromatography (Silica

gelr CHCI3). Compound 6aa was obtained as the major

product from the reaction of Bu3SnO(CH2>2Cl <Table 3, entry

1).

N-Phenyl-1,3-oxathioZan-2-imine (5aa}: mp 6s-670c ait.18

6s-6s.50c); IR <KBr) 1035, 1110, 1640 cm-1; IH NMR (cDc13)

6=3.40 <t, 2H>. 4.50 (t, 2H), 6.90-7.50 (m, 5H).
N-Benzyl-1,3-oxathio!an-2-imine (5ab): bp 113-11sOc "o'-3

rrtmHg); IR {neat) 1060, 1660 cra-1; IH NMR (cDc13) 6=3.40 (t,

2H}, 4.40 (t, 4H), 7.20-7.40 {m, 5H); 13c NMR (cDcl3}

6=31.7, 58.0, 68.8r 126•7, 127.5, 128•2r 139•4t 163.1; MS,

mle 193 (M').

N-Methyl-1,3-oxathiolan-2-imine (5ac): bp 66-670C <2 rnrRHg)

ait.18 117-11sOc (2o mrnHg)); IR <neat) loso, 167o crn-1; IH

NMR {CDCI3) 6=3.00 (s, 3H), 3.40 <t{ 2H), 4.30 (t, 2H).

3-Phenyl-lt3-oxazolidin-2-thione (6aa): mp g70c (lit.24

95.5eC); IR (KBr) 1180, 1300, 1430, 1495 cm"'-1; IH NMR

(cDcl3) 6=4.20 <t, 2H), 4.6Q (t, 2H), 7.20-7.60 (m, sH).

3-Benzyl-1,3-oxazolidin--2-thione (6ab): mp 90-91ec; m
(KBr) 1160, 1330, 1520 cm'-1; IH NMR (CDC13) 6=3.60 (t, 2H),

4.50 {t, 2H), 4.82 {s, 2H), 7.30-7.40 (m, 5H); 13c NMR

(CDC13) 6"47•2, 52•O, 65e9, 128.lt 128.3, 128.8, 134.5,

188.0; MS, mle 193 (M')

3--Methyl-1,3-oxazolidin-2-thiene (6ac): bp 1200c <O.3 rnmHg)

ait.25 127oc (o.4 mrnHg)); rR (neat) 11so cm-1; IH NMR •
                                                    '{CDC13) 6=3e21 (S, 3H), 3•82 (t, 2H), 4.52 (t, 2H).

3-Phenyl-1,3-oxazine-2-thione (6ba): mp 138-139eC; rR (KBr}
13oo, 132o, 14so, lsoo cm-'1; IH NMR <cDcl3) 6`=2.lo--2.4o (m,
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2H), 3.70 <t, 2H), 4.50 (t, 2H}, 7.20-7.sO {m, sH); 13c NMR

(CDC13) 6=21.4, 50.7, 67.7, 126.6, 127.8, 129.4, 145.5,

187.1; MS, mle 193 {M+).

The rsorTterization of 5.

    N-Methyl-1,3-oxathiolan-2-imine 5ac <O.56 g, 5 mmel)

and Bu3Snl (2.08 g, 5 mmo!) were stirred under N2 in a 50 ml

round bottomed flask, after 1 hour at 100eC, the GLC
              'analysis showed the disappearance of 5acr and 3-methyl-2-

thiazolidinone 7 was formed in 50e6 yield, this was purified

by column chrornatography (silica gei, CHC13) and

distillation. The spectral dara for 7 is as fpllows: bp
6soc "o-3 mmHg) ait.18 73-7sOc (e.2 mmHg)}; IR (neat)

1240r 1690 cM-1; IH NMR (CDC13} 6=2.88 (S, 3H)r 3•30 (t,

2H)r 3•60 <t, 2H).

Reaction of Bu3SnO(CH2)nX with Diphenylketene (TypicaZ

Procedure}.

     Bu3SnO(CH2)nX {2.30 gt 5 mmol) and diphenylketene {o.7s

g, 4 mmol) were stirred in a 50 ml round bottomed flask,

then heat was evolved about 400C. The infrared spectrum

showed disappearance of the characteristic absorption band
                -1                  , and the presence of the new band ato,f CCo at 21OO cm

1730 crn-1. After 1 hour at 80eCt addition of excess

arnounts of hexane on cooiing induced O.57 g {60g) of white

precipitates imrnediately, which were collected by

fUtration, washed with hexane and dried in vacuo. The

precipitates were turned out to 2-diphenylmethylene-1,3-

dioxolane (8a) (24rg yÅ}eld) and a,a-diphenyl--Y-butyrolactone
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(9a) (362 yield}. The 8a19a ratio was deterrnined by IH-NMR

spectra.

2-Diphenylmethylene-1,3-dioxolane (8a): rnp 148-149ec
ait.14 mp 14g-lslac>; iR {KBr} 166o cm'1;

IH NMR {CDC13) 6=4.20 <s, 4H), 7.00-7.40 (m, 10H).

2-Diphenylmethylene-1,3-dioxane {8b): mp 80-81eC; !R (KBr)
1640cm-'1; IH NMR (CDCI3} 6=1.95-2.25 (m, 2H), 4.15 <t, 4H),

7.10-7.40 (s, 10H); MS, m/e 252 (M+).

a,a-Diphenyl-)i-butyrolactone {9a): Pure sample was isolated

by cloumn chrornatography (Silica--gel, CHC13). mp 80-810C

ait.26 77-7gOc); IR (KBr) 17so cm-1; IH NMR (cDC13} d"=2.98

(t, 2H), 4.22 (t, 2H), 7.32 (s, 10H); MS, mle 238 <M+}.

a,a-Diphenyl-6-valeroiactone (gb): rnp 116ec (lit,27 112oc);

!R (KBr) 1730 cm-1; IH NMR (CDC13) 6=1.88 (m, 2H), 2.62 (t,

2H}, 4.22 (t, 2H), 7.22 (s, 10H); MS, mle 252 (M+).
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chapter 2 Cyc!oaddition Reaction of Cyclic Ethers with

           Heterocumulenes Catalyzed by Organotin Halide-

           Lewis Base Complex.

2-1 !ntroduction.

     Oxiranes are useful intermediates in organÅ}c synthesis

because of their easy accessibility and high reactivity
being accompanÅ}ed with their ring opening.1 In particular,

oxiranes react with heterocumulenes in a fashion of the 1,3-
cycloaddition, giving five-membered heterocyclic compeunds,2

and a number of catalyst$ have been developed with varying

degrees of success. However, in the reactions using these

catalysts, vigorous reaction temperatures and sometimes,
reactive polar solvents are requiredr2 and so they are

accornpanied by undesirab!e reactions such as the

trirnerization of isocyanates and addition to solvents.

     As described in chapter 1, heterocyclic compounds were

obtained from the equimolar reactions of tributyltinCD-

haloalkoxides (Bu3SnO(CH2)nX, n= 2, 3, X= halogen) with

heterocumulenes. This type of tin reagent can be regarded
as an adduct of oxirane or oxetane with Bu3snx.3 of

importance is that the addition of Lewis bases significantly

accelerates this reaction. A facile complex forrnation of

organotin halides with Lewis bases is widely known. These

facts led to investigate whether complexes of organotin

halides and Lewis bases can be ernployed as excellent
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Scheme 5

                         R, Rt,
R' xs7+y-c-z -ll5Eii-•. -i ).ff/y or ll)Iy-->z

                             zy

              Y=C=Z; R-N=C=O
                       R---N=C=S

                       R-N=C=N-R"

                        R2C=C=O

catalysts for the cycloaddition of cyciic ethers with

heterocumulenes. Although the structures and stabUities
have been intensively investigated,4 these complexes are not

used extensively in organic synthesis.5 on the basis of

these facts, this chapter describes the cycloaddition of

cyclic ethers with heterocumuienes, cata!yzed by organotin

halide-Lewis base compiexes (Scheme 5).

2-2 Cycloaddition of Oxiranes with Heterocumulenes.

2-2-1gt]LEtl,g2gsl!Lt!ls2I!1 ddt glfLOxiraneswithslgggzgugl!gE,-soc nat

     Initially, the catalytic activity of in situ generated

organotin halide-Lewis base complexes (10 rnol g) was

investigated Å}n terms of the cycloaddition of propylene

oxide with PhNCO. Table 5 shows these results (entries 1-
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10>. The organotin iodide aione had low.activity (entry

1), but satisfactory results were obtained by complexation

with Lewis bases. The cycloadditien was performed under

very mUd conditions <40eC, 2h} to yield 5-methyl-3-phenyl-

2--oxazolidinone 10 in excellent yields. This is remarkable

because very severe conditions are necessary using previous
catalysts such as lithium halides,6 quaternary arnmoniurn

salts,7 Lewis bases8 and Lewis acids.9 . Even the current

raethod of choice uses UBr-Bu3PO or LiBr-HMPA as a catalyst
at above sooc.6e,f

     One disturbing side reaction using these catalysts is

the trimerization of isocyanates. This trimerization
proceeds so smoethly in the presence of Lewis baseslO that

dropwise addition is necessary to depress it when using the
ucl-DMF6C,d or the l]iBr-Bu3po6e,f systern as a eatalyst.

Without dropwise addition of the isocyanate, we observed

that LiBr-HMPA gave 1O in only 34% yield at 400C for 2 h and

that the rest of isocyanate was converted to its trimer, as
was confirmed by IR spectra (1700 cm"1 c=o). zn contrast

with these systemst our catalysts are very effective toward

the cycloaddition, and the trimerization of PhNCO is no

longer a problem. Thereiore, the dropwise addition of

PhNCO is not necessary.

     The combination of organotin halides and Lewis basGs is

very important. TributyZtin iodide (Bu3Snr) was inore

effective with Ph3PO than with Ph3P, whereas, this order was

reversed in the case of dibutyltin diiodide {Bu2Snl2)

(entries 2, 3, 8 and 9). Reaction proceeded more srnoothly
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Table 5. Cycloaddition of Oxiranes with PhNco.a

Entry Oxirane Cat. System Product Yield {g)b

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

Me  M
     o

Et  M
     o

ci- Nv
     o

PhM  o
vo'Nv
        o

"ys. o' XV
     o

ph-O'" Xx<-7

        o

  Me
Mexlysc7

     o

  Meth
    o

9
 o

  Bu3Snr

Bu3Snl-Ph3P

Bu3Snl-Ph3PO

Bu3Snl--Et3N

Bu3Snl-DBU

Bu3SnCl--Ph3P

Bu3SnBr-Ph3P

Bu2Snl2--Ph3P

Bu2Snl2-Ph3PO

Bu2Snl2-Et3N

Bu3Snl-Ph3P

Bu3Snl-Ph3PO

Bu3Snl-?h3P

Bu3Snl-Ph3PO

Bu3Snl-Ph3P

Bu3Snl-Ph3PO

Bu3Snl-Ph3PO

Bu3Snl-Ph3PO

Bu3Snl-Ph3PO

Bu3Snl-Ph3PO

Bu2Snl2-Ph3P

Me2Snl2-HMPA

Bu3Snl-Ph3PO

Me2Snl2-HMPA

Bu3Snl-Ph3PO

Me2Sn12-H.MPA

Ph

MehO>rNxph
  o

  Et    h
   OxrrNxph
     o
ei"N >-x
    Oxn-Nxph

     o

hoyNxph '
  o
       13a

vo-Nh       oo xniNÅ~ph

Mo-Xh       OxniNÅ~

         o

ph-o
       OyNx
         o
    Me
  MeS
    oyNxph
    Me O

    ON     Xrr Xph
      o

9
OyNNph
  o

Ph

Ph

10

11

12

/--(Ph

OyN.
  o

17

i8

19

14

15

16

Ph

 13b

 tr.

 73

 96

 34

 41

 10

 3S

 94

 76

 69

 97

1OO

39

90

.tr.

 S8

1OO

89

88

 12

 13

1OO

  9

 22

tr.

tr.

(37:63)C

{7o)d

aphNco
bBased

10

on

mmel,

PhNCO,

Oxirane 50

GLC yield.

rnmol Tin halide 1    t
CDetermined by GLC.

mmol, Base 1
 dphNco was

36

mrnol

added

, Temp. 400c,

dropwise at

Time 2 h.

800c.



when catalyzed by the iodide than the chloride or the

bromide (entries 2, 6 and 7). Strong Lewis bases such as

Et3N and DBU were unfavorable {entries 4, 5 and 10).

     Table 5 shows the results of the cyeloaddÅ}tion of

oxiranes with PhNCO to yield 2-oxazolidinones 11-19 (Table

5, entrÅ}es 11-26}, in which PhNCO was added at once. The

reactivity of monosubstituted oxiranes could be compared by

using Bu3Snl-Ph3P as a catalyst, which is less effective

than Bu3Snl-Ph3PO and Bu2Snl2-Ph3P. Buty!ene oxide, with

an electron-donating substituent, was very reactive (entry

M), whereas, epichlorohydrin, with an electron-withdrawing

one, showed relatively poor reactÅ}vity (entry 13}, and

styrene oxide hardly reacted <entry 15). However, an

active complex, Bu3Snl-Ph3PO, afforded good yie!ds of 2--

oxazolidinones 11-16 frorn the cycloaddition of various

monosubstituted oxiranes with PhNCO (entries 11-19).

ReactÅ}ons of aliphatic oxiranes proceeded via the

regioselective cleavage at the unsubstituted carbon-oxygen
                                     'bond of the oxÅ}rane (B-cleavage), gÅ}ving 5-substituted-2-

oxazolidinones only. On the other hand, styrene oxide gave

4-$ubstituted-2-oxazoiidinone 13b as a rnixture with 5-

substituted isomer 13a (entries 15 and 16). Disubstituted

oxiranes showed poor reactivity in comparison with

monosubstituted oxiranes. For instancet isobutylene oxide

gave low yields of 17 (entries 20 and 21). However, the

cornplex Me2Sn!2-HMPA led to 17 in a quantitative yield

(entry 22). This complex has a significant catalytic

activity in comparison with other complexes mentioned above.
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Cyclohexene oxide did not gave 19 at all under the same

conditions (entries 25 and 26), howevert compound 19 could

be obtained in 702 yield by adding PhNCO dropwise at 800C in

order to depress the trimerization of PhNCO {entry 26 in

parenthesis). Isoprene oxide gave 18 in a poor yield even

when Me2Sn!2-HMPA was used as a catalyst (entry 24).

     Other isocyanates also yielded cycloadducts with

propylene oxÅ}de when catalyzed by Bu3Sn!--Ph3PO ([rable 6).

Aromatic- and benzoyl isocyanates gave the corresponding 2-
             -soxazolidinones 20-22 (entries 1-3). An electron-

withdrawing substituent on the aromatic ring of an

isocyanate decreased the reactivity. For example, p-

nitrophenyl isocyanate gave 21 in 21g yield (entry 2),

although p-tolyl isocyanate gave 20 in a quantitative yÅ}eld

(entry 1).

     On the other hand, the formation of 2-dioxolanimÅ}nes,

23, 25 and 27 in the reaction oE propylene oxide with

aliphatic isocyanates, such as MeNCO, BuNCO and PhCH2NCO, is

very noteworthy (entries 4-6). 2-Dioxolanimines have not

been isolated in the reactions activated by previous
catalysts,11 although they are considered as a precursor in

the formation of 2-oxazolidinones6b,12 (eq s).

Ri-V '
    o

            R'                         Rt             hh
R-N=c=O - O yO ' OYNxR
                Nx O                   R

<5)

38



Table 6. Cycloaddition of Propylene Oxide with RNco.a

Entry R-N=C=O Product Yield (z)b

1

2

3

4

5

6

 Me@N=c=o

N02@N=C=O

 Ph-C-N=C=O
    ll
    o

 Me-N=c=o

 Bu-N=C=O

 PhCH2-N=C=O

Me

Me

   Me     h     O.ff.N@Me

       O 20
   Me     h     Oxr{/N@No2

       O 21
   Me     h
     OyN-fi -Ph

       O O 22
          Me

OxK-O OXTrNXM.
  Nx O        23                 24    Me
         Me

oyO OyNxB.
  NXBu 2s O 26

    Me     h
     oyo
               27'       NX
          Bn

1OO

 21

 85

1OO
<89111)C

1OO
(74!26)C

 57

arsocyanate 10 mmol, Propylene oxide 50

 1 mmol, Ph3PO 1 rnmolt Ternp. 400C, Time

 RNCO, GLC yield. CDetermined by GLC.
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mmol,

     b2 h.

Bu3Sn!

Based on



Table 7. Cyc!oadditien of Propylene Oxide with MeNco.a

Entry Additive Yield (g)b 23124C

1

2

3

4

  Bu3Snl

Bu3Snl-Ph3P

Bu3Snr-Bu3P

Bu3Snl-Ph3PO

1OO

1OO

 90

 93

44156

62!38

88112

94!6

aMeNco 5 mmol, Propylene oxide

 Base 5 mmol, Temp. 250C, Time
                       ' GLC yield. CDetermÅ}ned by GLC.

50

1

MMOIr BU3Snl 5 mmOlr
h. bBased on MeNCO,

     Zn the stoichiometric reaction of propylene oxide with

MeNCO in the presence of an equimo!ar arnount of Bu3Snl, a

mixture of 2-dÅ}oxolanimÅ}ne 23 and 2-oxazolidinone 24 was

obtained ([ffable 7, entry 1), the addition of Lewis bases

lowered the proportion of 24 (entries 2-4).

     rn these reactions, compound 24 may be iormed by the

isomerization of 23. AUthentic compound 23 is transforraed

into 24 in 61 rg yield after 3 hours upon treatment with an

equimolar arnount of Bu3Snl (Fig. 1). It is noteworthy that

the isomerization was depressed by adding basest especialiy

Ph3PO.

     Contrary to the N-alkyl-2-dÅ}oxolanimÅ}nes above

mentioned, we confirmed that no isomerization of N-phenyi-2-

dioxolanimine 28 to the correspondÅ}ng N-phenyl-2-

oxazolidinone 10 takes place in the presence of an equimolar
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    Figure 1. The rsomerization of 23 to 24.

                                  '                              Me     Me

      o.".O ' Ox"/NxM.
           Me

                                / no base

                       -

  v

          -
     20 7/.eieO././m-ph3po

       l /B/

        v

                Time (h)

23 5 mmol, Bu3Snr 5 mmol, Base 5 mmol, Propylene oxide

50 Tnrnol, Temp. 250c.
                                        '
              '
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amount of Bu3Snr and an excess of propylene oxide under

conditÅ}ons sirnilar to those noted in Tab!e 5 (eq 6).

       O>x'"/-XO ;,rs;slll)llg:II-sfizigL'n 'propy!eneoxide oX)N-il/-XNxph (6)

         Nx ph 40 0C,. 2h o

         28 10
A higher reaction temperature is necessary to achieve this

isomerization, as described in chapter 1.

     Frorn these facts, in the catalytic cycloaddition (Table

6), it appears that N-alkyl-2-dioxolanimines, 23, 25 and 27,

are forrned first and then N-alkyl-2-oxazolidinones, 24, 26

may be formed via the isomerization. On the other hand, N-

aryl-2-oxazolidinones are thought to be formed directly, and

not via the isornerization of the corresponding 2-

dioxo!animÅ}nes.

2-2-2gtMgl,ggsl!!Llntgalddt glfLOxiranewith!tEg!El!Sggysothcnte

     Isothiocyanates reacted with propylene oxide across the

C=S group catalyzed by organotin halide-Lewis base

complexes to yield 2-oxathiolanimines (Table 8). This is

noteworthy, because in the cyc!oaddition of oxiranes with

isothiocyanatest 2--oxathiolanimines are detected only when

using activated isothiocyanates such as acetyl- and benzoyl
isothiocyanates.13 Arornatic- and aliphatic isothiocyanates
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Table 8. Cycloaddition of Propylene Oxide with RNcs.a

Entry R-N=C=S Cat. Systern
Time
 (h) Product

Yieldb
 (x)

1

2

3

4

5

6

Ph-N=C=S

PhCH2N=C=S

Me-N=c=s

Bu3Snl-Ph3PO

      lt

Me2Sn12-HMPA

      lt

      lt

      lt

 2 Me
24

2

2

 2

30

      Me

o. ifS ONnzN

  NO   Å~     Ph
 29 10
  Me    ss),----X

    os     Y 3o
      Nx
         Bn
  Me    ")X"-""N

    OyNÅ~Me
      o
           24

Å~Ph

  9

 88
(7212s)C

1OO
(10o:o)C

 59

 tr.

 75

alsothiocyanate 10 mmol, Propylene oxide 50 mmol, Tin halide

 1 mmol, Base 1 mmol, temp. 400C. bBased on RNCS, GLC yield.

CDetermined by GLC.

usually do not give 2-oxathiolanimines14 because of the

facile conversion to 2-oxazolidi,nones in the presence of
oxiranes15 (eq 7).

R'"x,<

g7 . R.N.c.s ----.,.R').ll/s R'X
.S"S<7t R')yNxR (7>

                             NO                               XR
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     With the organotin halide-Lewis base complex as

catalysts, isothiocyanates showed lower reactivity in

comparison with isocyanates. For example, PhNCS reacted

with propylene oxide to give 2-oxathiolanirnine 29 in 9Z

yield when catalyzed by Bu3Sn!-Ph3PO at 40eC for 2 h <entry
1)' ,16 although phNco gave 10 quantitatively (Table 5t entry

3). A pro!onged reaction- tirne (24 h) was necessary to

achieve a higher yield <entry 2). !n this case, 2-

oxazolidinone 10 was formed as a by-product.

     However, complex Me2Snl2-HMPA showed a greater

catalytic activity to yield 2-oxathiolanimine 29 in a

quantitative yield at 40eC for 2 h <entry 3). This complex

is so active that the cycloaddition is eomp!ete under mild

conditions before the isomerization of 29 to 10 takes piace.

N-Benzy!-2-oxathio!anirnine 3e was also obtained from the

cycloaddition of propylene oxide with PhCH2NCS (entry 4),

akhough the reactivity was lower than PhNCS. !n the case

of MeNCS, the reactivity was much lower, and N-methyl-2-

oxathiolanimine could not be isolatedr and only 24, the

converted product, was obtained (entry 6).

2-2-3 pmtcloaddting2fLOxiranewithCarbodiimides.

     The cycXoaddition of propy!ene oxide with carbodiimides

yielded 2-oxazolidinÅ}mines (Table 9). In the reaction of

phNCNPh, the complex Bu2Snl2-Ph3P was most effective,

affording 31 in high yield (entry 4).
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Table 9. Cycloaddition of PropyÅ}ene oxide with RNcNR'.a

Entry R-N=C=N-R Cat. System Product Yield (g)b

1

2

3

4

5

6

7

Ph-N=C=N-Ph

Bu-N=C=N-Ph

Bu-N=C=N-Bu

  Bu3Snl

Bu3Snl-Ph3P

Bu3Snl-Ph3PO

Bu2SnX2-Ph3P

Bu2Snl2-Ph3P

Bu3Sn:-Ph3P

Bu2Snl2-Ph3P

Me

  OxrrNxph

    Nx
       Ph

De

  ON   xn/ Xph
    Nx
       Bu
Me  h
  OyNx Bu
    Nx
       Bu

31

32

33

 44

 57

 80

 92

1OO

  9

 85

aRNcNR' 10 rnrnol, Propylene oxide 50 mmol, Tin halide 1 mrnol,

 Base 1 mmol, Temp. 400c, Time 2 h. bBased on RNcNR', GLc

 yield.

     From ear!ier observations, 2-irnidazolidinones are major

products under severe conditions using several catalysts,17

and they are considered to be forrned by isomerization of 2-
oxazolidinimines18 (eq s).

                          R'                                            R' R'xxE7 + R-N=c=N-R . Il]lyT){NxR 'R/)yNxR (8)

                              NO                                XR
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     These results indicate that the catalytic activity

oforganotin ha!ide-Lewis base complexes is very high, and

hence the reaction conditions are mild enough to trap the

intermediate quantitatively without the isomerization.

     In the reaction with an unsymmetrical carbodiimide such

as BuNCNPh, the cycloaddition took p!ace selectively across

the Ph-N=C group of BuNCNPh rather than the Bu-N=C group to

yield 3-phenyl-2--oxazolidin-N-butylimÅ}ne (32) (entry 5}.
      'Structura! evidence was afforded by hydrolysis to give 2-

oxazolidinone 10 (eq 9).

       Me                                    Me         h H,o .h         O.il/N.ph . OxH/N.ph (9)
            Å~              Bu

           32 10
     Aliphatic carbodiimides were less reactive than

PhNCNPh. The cycloaddition of BuNCNBu gave 33 in 92 yield

when catalyzed by Bu3Snl-Ph3P (entry 6), although cornpound

31 was obtained frorn PhNCNPh in 57g yield under the same

conditions (entry 2). Howeverr Bu2Sn12-Ph3P was more
                     '
active, affording 33 in 85g yield (entry 7). Other bulky

carbodiimides such as diisopropyl- and dicyclohexyl-

carbodiimide did not give cycloadducts. Treatrnent of these

carbodiirnides with an equirnolar arnount of Bu2SnZ2 and

propylene oxide fo!lowed by hydrolysis gave acyclic

iminocarbamate adducts (eq 10).
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Me   X'K7 + R-N=C=N-R + BU2Snl2
     o
               1} 400C, 2 h.

               2) H20 RNHcoCH<Me)CH2I
                                       ll
                                       NxR

                       R= isopropyl 34 64 g
                           cyclohexyl 35 56 06
                                           '

                                                 '
2-2-4gtzsllR2gslLj.!Eiggiddt gLfOxiraneswÅ}thIti!M!!gl!z!Kgllgl}g:-h !kt

     As shown in Table 10, cycloaddition proceeded under

mi!d conditions using Bu3Snl-HMPA as a catalyst, aBd a

    Table 10. Cycloaddition of Oxiranes with Ph2cCO.a
                                            R2
      Rt% + P,h,>c-c-o -ll:'il;lll;i i;".Z Ripty.

                                           PhAPh

(10)

very

Entry Rl R2 Product yieid {s)b

1

2

3

4

5

6

 Me

 Et

 Me

CH2Cl

phOCH2

 Ph

H

H

Me

H

H

H

36

37

38

39

40

41

1OO

 93

 73

 88

 82

 94

aph2cco s

 1 mmol,

mmol

Temp.

, Oxirane 25

 400C, Time

mmol

1 hr

 47

, Bu3Snl 1 rnrnol, HMpA

bBased on phpcco.



variety of 1,3-dioxolanes (36-41) were obtained in good to
           'excellent yields. These reactions generally requires very
severe conditions (ca. 2ooOc) using Licl as a catalyst.17

2-2-s A piausible Catal,)lt!lg !Ci>Lgg-t-l

     As described in chapter 1, organotin B-haloethoxides
                          'can be regard as the synthon of oxiranes. The features of

the reaction using Bu3SnO<CH2)2X are similar with the direct

addition of oxiranes with heterocumulenes such that the

cycloaddition may proceed via an organotin /3-haloethoxides.

     Accordingly, the followÅ}ng mechanisrn can be proposed

(Scheme 6}.

 (1) InÅ}tially, an organotiq 19-iodoalkoxide is formed vÅ}a

the cleavage of an oxirane by the tin-halogen bond.

 (2) This is fol!owed by the addÅ}tion of the Sn-O bond to

heterocumulenes to yield intermediates A-E.

 (3) The intramolecular alkylation produces five-membered

heterocyciic cornpounds.

     In this catalytic cycle, step 2 and step 3 are

consistent with the reaction path described in chapter 1.

So, step 1 is important for the completion of this catalytic

cycle. OrganotÅ}n halides are effective for ring openÅ}ng of
oxÅ}ranest such as the polymerization of cvxi;anes19 and the

formation of halohydrins.20 .Morenza et al. have reported

that Me3Snl cleaves propylene oxide to give trimethyltin 19-
iodoalkoxide (Me3SnOCH2CHMel).20b They have reported

cleavage at the hindered MeCH-O bond (Cr-cleavage) rather
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than at the CH2-O bond (29-c!eavage) of propylene oxide.

Contrary to this fact, in this study, the heterocyclic

compounds obtained are 5-substituted ones only, which are

formed vÅ}aB-cleavage of oxiranes. Actually, we confirmed

that treatrnent of Bu3Snl with propylene oxide followed

by destannylation with malonic acid afforded 1-methyl-2-iodo-

ethanol 42a selectively, and especially, addition of Ph3PO

increased the yield <eq 11).

Sn-!

  Mei> X V7
       o

400C, 1 h.

    Me
sn-oALi

2) Malonic acid

  Bu3Snl

Bu3SnZ-Ph3PO

   Me
HO -iV !

42a

47 }

77 g

      Me
+ HO "I

42b

og
og

(11)

This fact indicates that the reaction proceeds via an

organotÅ}nB-iodoethoxide which. is' forrned by the

regiospecific B-cleavage of oxiranes (Step 1}. In the case

of styrene oxide, because of the stabilization of a positive

charge by conjugative electron release from the 7r-orbital of
an aromatic substituenti21 B-cleavage rnay accompany a-

cleavage, giving 4-phenyl-2-oxazolidinone 13b along with the

5-phenyl-isorner 13a.
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    The types of products are determined in step 2. Zn

the case of isocyanates, two types of intermediates, A and

B, can be considered, and the features were interpreted in

chapter 1. In the case of isothiocyanates, 2-

oxathio!anirninbs are obtained via intramolecu!ar S-

alkylation in the intermrnediate C. The order of the

reactivity of RNCS in the cyc!oaddition was R= aryl- >

benzyl- > alkyl, which is consistent with the order of
reactivity in the addition of the Sn-O bond to RNCS'  as

described by sakai et al.15 As for carbodiirnides,

Å}nterinediate D is proposed. This was trapped as

destannylated compounds, 34 and 35, in the reaction of

diisopropy!- or dicyclohexylcarbodiimide. In this case,

bulky substituents on the nitrogen atom may prevent the

intramolecular cyclization. The addition of the Sn-O bond

occurs across the Aryl-N=C group rather than the Alkyl-N=C

group in the reaction of BuNCNPh. Finally, the reaction
wÅ}th ketene addords the stanny!ester type of intermmediate

E, as explained in 1-5.

     zn next stage of step 3, Lewis bases p!ay an important

role. The co-ordination of a base, to the tin atom

increases the basicity of the adjacent hetero atom, and

hence the intrarnolecular al,kylation is accelerated, gÅ}ving

heterocyclic cornpounds. The Sn-I bond is formed in this

step.

     In conclusion, organotin ha!ide-Lewis base cornplexes

are efficient catalysts for cycloaddÅ}tion of oxiranes with

heterocumulenes under mild and neutral conditions.
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2-3 Cycloaddition of Oxetanes with Heterocumulenes.

     Cycloaddition of oxetanes with heterocumuienes can be

considered as a useful method for preparation of six-

membered heterocyclic compounds. However, few examples are

reported on this type of cycloaddition because of the lower

reactivity of oxetanes for ring opening in cornparison with

oxiranes. Only one patent reported the reaction of oxetane
             'with carbodtimides in the presence of triethylamine.22 In

fact, equimolar amounts of the complex of Bu2Sn!2 with Ph3PO

was necessary to achieve the cycloaddition of oxetane with

PhNCO, where 69g yield of 3-phenyl-2-oxazinone (2ba) was

achieved at 400C for 3 h. This is the first example of the

cycloaddition of oxetanes with isocyanates. However, when

a catalytic amount of this tin comp!ex was used, desired 2-

oxazinones were scarcely obtained. This might be due to
the trimerÅ}zation of isocyanates.10 Accordingly, it is

necessary to develop more effective tin complexes for

completing this catalytic reaction without trimerization of

isocyanates.

     Fortunately, the catalytic activity was increased by

the selection of the combination bdtween organotin iodides

and Lewis bases. Among the catalysts exarnined in the

reaction of oxetane with PhNCO, the most eEfective cata!yst

was the complex of diphenykin dÅ}iodide <Ph2Snl2) with HMPA,

which afforded 77g yield of 2-oxazinone (2ba) at 800C for 1 h.

     As described in 2-2, similar catalytic cyc!e rnay be

also applied in the case of oxetanest involving the
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Table 11. Cycloaddition of Oxetanes wÅ}th Heterocurrtulenes . a

EntrY Substrate Temp.
{oC)

Time
(h) Product

Yieldb
 (g)

1

2

3

•4

5

6

7

8

9

<(8>

<[8>

<{])>

<8>

    Me6
    o

Me--<>
     o

ph---<t>

     o

Oo

<(8>

   Ph-•N=C=O

 p-Tol-N=C=O

p-CIC6H4N=C=O

   Bu-N=C=O

   Ph-N=C=O

   Ph-N=C=O

   Ph-N=C=O

  Ph-N=C=N-Ph

  Bu-N=C=N-Bu

80

80

80

80

80

80

80

40

40

1

1

3

3

3

3

3

1

1

`Ph

   A
  ON   Xn! Xph 2ba
    o

OxrrN@Me
   O 2bb
O?N@Ci

   O 2bc
   A
  OxuzNxBu 43
    OMe

    A
   ON    X"- Xph 44
     o
 Me   Y'X,
   O.".Nxph 45
     o
               PhYA rfYOxTrNÅ~phOxn-NÅ~ph

   O 46 O 47
    A
    OxrrNÅ~ph

     Nx
        Ph 3b    A
    OyNÅ~Bu

     Nx
        Bu 48

 77

1OO

 46

 63

 68

1OO

 66

<63/37)C

 93

 91

aHeterocumulene 10

 HMPA lmmol, bBased

rnmo1

 on

, Oxetane 15 mmo!, Ph2Snl2 1
Heterocumuiene. cDetermihed
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formation of an organotin Y-iodoalkoxide followed by the

insertion of an isoeyanate. Howevert the ring cleavage of

oxetane and the regeneration of catalyst are eonsiderab!e

ploblems because the reactivity of oxetanes is lower than

that of oxiranes. The choice of the cornbination of

organotin iodide and Lewis base, therefiore, is more

signifieant in comparison with the reaction of oxiranes.

     Table 11 shows the yields of various heterocycles

prepared Åírom the cycloaddition of oxetanes with isocyanates

or carbodlimides, catalyzed by Ph2Snl2-HMPA comp!ex. As to

isocyanates, the one bearing an e,lectron donating

substituent, p-tolyl isocyanate, showed the highest

reactivity, and yielded 2bb quantitatively (entxy 2). The

reaction of substÅ}tuted oxetanes includes a prob!em of the

regiQselectivity in the ring cleavage. In t'ne reaction of

2-methyloxirane, the cleavage occurred regioselectively to

form 6-methyl-2-oxazinone 45 as a sole product. This may

be because of the ability of the tin complex to prornote the

cleavage at the unhindered C-O bond, and similar phenomena

was also observed in 2-2-1. The 2-oxazinone 45 was
confirmed by the comparison of IH•-NMR spectra with that of

the 4-methyl isomer.23 on the other hand, 2-phenyloxetane

gave both of the isomers, 46 and 47. This is because,of

the stabilization of a positive charge by conjugative

electron release from the 7r-orbital of an aromatic

substituent as described in 2-2-1.

     Next, we tried the cycloaddition of oxetane with

carbodiimides (entry 8 and 9). The reactivity of
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carbodiimides was higher than that of isocyanates, and the

reactions were clean and gave exellent yields. Thus, 2-

oxazinimine derivativest 3b and 48, were obtained almost

quantitatively even at 400C for 1 h.

     In conclusiont the catalytic cycloaddition of oxetanes

with isocyanates or'carbodiimides was achieved by using

Ph2Snl2--HMPA compiex as a catalyst, and offers a convenient

and useful methods for the preparation of six rnembered

                                         'heterocycles. '
2-4 Experimental Section.

Materials. All oxiranes were freshly distiUed from CaH2.

All Lewis bases were purified by general procedures.
phcoNcor24 phcH2Nco,25 BuNcNBu,26 BuNcNph26 and phNcNph27

were prepared according to descrÅ}bed rnethods. Other

isocyanates and isothiocyanates were commercial ones and
             'used without further purÅ}fication. Organotin iodÅ}des,

Bu3Snl, Bu2Snl2 and Me2Snl2, were produced according to
described methods.28

Cycloaddition of Oxiranes with Isocyanate (Typical

Procedure).

     To a solution of Bu3Sn! {O.42 g, 1 friinol) and Ph3PO

(O.27 g, 1 mmol) in propylene oxtde (2.90 g, 50 mmol) was

added PhNCO (1.19 g, 10 rnmol) with stirring under dry

nitrogen. The resulting rnixture was stÅ}rred at 400C for 2

h, and the yield of 1O was monitored by GYC (1.70 g, 96g).

The reaction rnixture no longer contained the isocyanate.
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The excess propylene oxide was removed in vacuo and the

residue was subjected to purification by column

chromatography on $ilica gel. Compound 10 {1.65 g, 93g) was

obtained as white needles, which were recrystallized from

benzene-hexane:

5-Methyi-3-phenyl-1,3-oxazolidin-2-one (10): mp 78--800C
ait.2b so-s20c}; IR (KBr) 174o cm-1; IH NMR (cDcl3) 6=1.50

(d, 3H), 3.60 '(dd, IH>, 4.10 {t, IH), 4.60-4.95 (m, IH),

7.00-7.60 (m, 5H); MS, mle 177 (M+).

5-Ethyl-3-phenyl-1,3-oxazolidin-2-one (11): bp 124ec {1.5
mmHg}; xR (neat) 1750 cm-1; IH NMR (cDcl3} 6=O.98 (t, 3H),

1.50-1.90 (m, 2 H), 3.50 (dd, 1 H), 3.95 (t, IH), 4.30-4.65
<m, IH), 7.0e-7.60 {m,'  5H); 13C NMR (cDcl3) 6=8.3 (q), 27.5

(t)i 49-6 (t)i 73•9 (d>t 117•8 (d), 123r4 (d), 128•6 (d)r

138.2 (s), 154.7 (s); MS, rn/e 191 {M+): Anal. Calcd for

CllH1302N: C, 69.09; H, 6.85; N, 7.33. Found: c, 6s.6g; H,

6.77; N, 7.47.

5-Chiorornethyl-3-phenyl-1,3-oxazolidin-2-one (12): rnp 98-
looec (lit.2b lo3ec); iR (KBr) 174o cm-1; IH NMR (cDcl3)

6=3.78 (d, 2H), 3.80--4.30 <m, 2H}i 4.70-5.00 (m, IH), 7.00-

7.60 {m, 5H); MS, mle 211.5 (M+).

compounds 13a and 13b were identified by comparison with the
authentic data.6d

3t5-Diphenyl-1,3-oxazolidin-2-one (13a): mp 13oOc ait.6d

12s-12gOc); zR (KBr} 1740cm-'1; IH NMR (CDCI3) 6=3.90 (dd,

IH), 4.30 (t, IH), 5.60 (dd, IH), 7.10-7.60 (rn, 10H); Ms,

rnle 239 (M').
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3,4-Dipheny!-1,3-oxazolidine-2-one (13b): mp 7gOc ait.6d

7s-7gOc); IR (KBr) 1750 cm-1; IH NMR (cDCI3) 6=4.15 <dd,

IH), 4.75 <t, IH)i 5.40 (dd, IH), 7.00-7.50 {m, 10H}; MS, mle

5-Ethoxyrnethyl-3-phenyl-1,3-oxazolidin-2-one (14): bp 1240C
(1.5 rnmHg); rR (neat} 1750 cm-1; IH NMR (cDC13) 6=1.18 (t,

3H), 3-40-3.65 (Mr 4H), 3.70-4.10 (Mt 2H), 4.55-4•85 (Mr
IH), 7.00-7.60 <rn, 5H); 13C NMR (CDCI3> 6=14,7 (q)r 46.8

(t), 66.9 (t), 70.3 (t)-, 71.3 (d), 117.9 (d), 1'23.6 (d),

128.7 (d), 138.1 (s), 154.5 <s); MS, mle 221 (M"); Anal.

CalCd fOr C12Hls03N: Ct 65.14; H, 6.83; N, 6.33. Found: c,

64.96; H, 6.72; N, 6.03.

5-Ailyloxymethyl-3-phenyl-1,3-oxazolidin-2-one (15}: bp
lsgOc "o-3 ramHg) (lit.2b 1760c (o.o6 mmHg)); IR <neat) 1750

crm-1; IH NMR <CDC13) 6=3.60 (d, 2H), 3.70-4.10 (rrt, 4H),

4.50""4.90 (Mr IH), 5eOO-5.40 <Mr 2H), 5.60-6.10 (M, IH},

7.00-7.60 (rn, 5H); MS, m/e 233 {M'>.

3-Phenyl-5-phenoxymethyl-1,3-oxazolidin-2-one (16): mp
13goc ait.2b 137-13sOc); iR (KBr) 174o cm-1; IH NMR (cDcl3)

(S`=3.95•-4.30 (m, 4H), 4.90-5.10 (m, IH), 6.80-b7.65 (m, 10H};

MS, mle 269 (M+). .
5,5-Diraethyl-3-phenyl-1,3-oxazolidin-2-one (17): mp 94-950c
ait.32 mp gs-gg.sOc); IR (KBr) 1740 cm'1; IH NMR <cDc13}

6=1.50 (s, 6H), 3.75 <st 2H), 7.00-7.60 (m, 5H); Ms, m/e 191

(M+}.

5-Methyl-3-pheny!-5-vinyl-1,3-oxazolidin-2-one (18): bp

s30c {lo-3 mmHg); rR (neat) 17sO cm-1; IH NMR (cDc13} 6=1.60

(s, 3 H), 3.75 {d, IH), 3.90 (dt IH)t 5.15-5.60 <rn, 2H),
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S.80'6.20 (ddt IH)r 7.00-7•60 (Mr 5H); 13C NMR (CDCi3)

6=25.7 (q), 56.4 <t)r 77.9 (s), 115.1 (t}, 118.5 {d), 124.1

(d), 129.1 {d), 138.7 (s), 139.1 (d), 154.3 (s); MS, m!e 203

(M'}.

4,5-Hexahydrobenzo-3-phenyl-1,3-oxazolidin-2-one (19>: mp
g3-94ec; IR (KBr) 1740 cm-1; IH NMR (cDcl3) (8=1.05-2.30 (m,

8H}, 4.15-4.40 (m, IH), 4.55--4.80 (m, IH), 7.00-7.60 (m,
sH); 13c NMR (cDc13) 6=lg.1 (t}, 19.9 (t), 26.0 (t), 26.6

<t), 5S.9 (d>, 73.2 (d>, 120.9 (d), 124.6 (d), 329.1 (d),

137.2 (s), 155.9 (s); MS, mle 217 <M+); Anal. Calcd for

C13Hls02N: C, 71.87; Ht 6.96; Nt 6.45. Found: c, 71.4s;

                    'Hr6.93; N, 6.36.

5-Methyl-3-p-tolyl-1,3-oxazolidin--2-one (20}: mp 65-660c
ait.2b mp 67.sec); zR (KBr) 174o cm-1;IH NMR (cDcl3)

6=1•52 <d, 3H}, 2.30 {Sr 3H)r 3.58 <dd, IH), 4.08 <tt IH),

4.60--5.0e (m, IH}, 7.00--7.80 (Tn, 4H); MS, mle 191 (M+).

5-Methyi-3-p-nitrophenyl-1,3-oxazolidin-2-one (21): mp
131ec; IR <KBr) 1750 cm-1; IH NMR (DMSO--d6) (8=1.45 (d, 3H),

                                ,3.79 {dd, IH}, 4.28 {t, IH), 4.85-5.00 <m, IH), 7.60--8.40
{mr 4H}; 13C NMR (DMSO-d6) 6=2d•O <q), 50•9 (t)r 70•2 <d)r

117.6 (d), 124.8 (d), 142.2 (s), .144.4 (s}, 154.1 (s); MS,

mle 222 (M').

3-Benzoyl-5-rnethyl-1,3-oxazolidin-2-one (22): mp 105-1060c
ait.2b IGIOc); IR (KBr) 17gO, 1680 cm-1; IH NMR (cDcl3)

6=1.50 (d, 3H), 3.70 (dd, IH), 4.18 (t, IH), 4.60-4.90 (m,

IH), 7e20-8e20 (Mr 5H); MS rnle 205 (M').

N,4-Dimethyl-1,3-dioxolan--2-imine (23}. In a simi!ar manner

described abovet compound 23 was prepared in 869. GLC yield
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as a mixture with 24 <23:24 = 89:11). Purification was

accornplished by distillation: bp 45-480C (1 mmHg); xR
(neat) 16gO crn-1; IH NMR <CDCI3) a=1.40 (d, 3H), 2.85 <s,

3H}, 3.75-4.00 (m, IH), 4.30-4.90 (m, 2H); MS, m!e 115 (M+);

Anal. Calcd for CsHg02N: C, 52.16; H, 7.88; N, 12.17. Found:

C, 51.89; H, 8.04; N, 12.42.

N-Butyl-4-methyl-1,3-dioxolan-2-imine (25): bp 82-84ec {1
mmHg); IR (neat) 1720 cm-1; IH NMR (CDCI3) 6=O.90 (t, 3H),

1.20-1.60 (rn, 7H), 3.15 (t, 2H), 3.70-4.00 <m, IH), 4.20-

4.ss (rn, 2H); Ms, m!e 157 (M+); Anal. Calcd for CsHls02N: C,
                                    '                                                     '61.12; Hr 9.62; N, 8.91. FOUnd: C, 60•89; Hr 9.69; N, 8.83.

N-Benzyl-4-methyl-1,3-dioxelan-2-imine (27): bp 1350C (1
mmHg); rR (neat) 1750 cm-1;IH NMR (CDCI3) 6=1.35 (dr 3H),

2•92 (ddr IH), 3.47 {t, IH)t 4•40 (Sr 2H), 4.40-4.80 <M,
IH), 7.20-7.40 <m, 5H); 13C NMR (CDC13) 6=20.6 (q), 48.2

(t)r 50•7 (t), 70•1 (d)r 127•5 (d)r 128•1 <d)t 128•9 (d),

135.9 (s), 158.2 (s)7 MS, mle 191 (M").

3,5-DimethyZ-1,3-oxazolidin-2-one (24). A mixture of 23

(O.57 g, 5 rnmol) and Bu3Snl (2.10 g, 5 mmol) was stirred

under dry nitrogen at room temperature. After 24 h, the

compound 23 was completely transformed to 24 (1006e yield by

GLC). Purification was performed by colurnn chromatography
on Si02 with CHC13: bp 94--96ee {s mmHg) (iit.2b g2ec

(1.5 mmHg)}; IR (neat) 1740 cm'1; IH NMR (CDCZ3) 6=1.40 (d,

3H), 2.82 <s, 3H), 3.10 {t, IH), 3.65 (t, IH), 4.50•-4.70 <m,

IH); MS, mle 115 (M').

3-Butyl-5-methyl-1,3-oxazolidin-2-one (26). This compound

was also obtained by the transformation of 25: bp 93-950c
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(3 mmHg); !R (neat) 1740 cm-1; IH NMR (CDC13) 6=O.80--1.70

(m, 10H), 3.00--3.40 (m, 3H), 3.65 (t, IH), 4.45-4.80 (m,
IH); 13e NMR (CDCI3) 6=13.4 (q), 19.5 (q), 20.4 (t), 29.1

{t), 43.4 (t), 51.0 (t), 69.7 (d), 157.9 (s); MS, mle 157

(M'}.

Cycloaddition of Propylene Oxide with Isothiocyanates

(Typical Procedure).
                                           '
' To a mixture of Me2Snl2 (O.40 g, 1 mmoi) and HMPA (O.18

g, 1 mrnol} in propylene oxÅ}de <2.90 g, 50 rnmol) was added

PhNCS (1.35 g, 10 mmol) with stirring under dry nitrogen.

The resulting mÅ}xture was stirred at 400C for 2 h. The
disappearance of characteristic band of phNcs at 21oo cm-1

was observed in IR spectra. The yield of product was

deterrnined by GLC (1.93 g, 100rg). .P.xcess propylene oxide

was removed in vacuo, and the residual high viscosity oil
was chromatographed, yielding 1.go gL  (gsg} of 2g as a

colourless clear wax.

N-Phenyl-5-methyl-1,3-oxathiolan--2-imine (29}: IR {neat)
166o cm-1; IH NMR <cDc13) 6=1.45 (d, 3H), 2.95 <dd, IH),

3.30 {ddt IH), 4.50'-4.90 (Mr IH)t 6.95-7.60 <Mr 5H); 13C NMR

(CDCI3) 6=18•7 (q)r 37•3 (t), 78•4 (d), 121.0 (d), 123.8

(d), 128.7 (d), 148.7 (s), 163.6 <s}; MS, mle 193 {M").

N-Benzyl-5-methy!-1,3-oxathiolan-2-imine (30): IR (neat)
1660 crn-1; IH NMR (CDCI3) 6=1.45 (d, 3H), 3.00 {dd, IH),

3.35 <dd, IH), 4.40 (s, 2H), 4.50-4.80 (m, IH), 7.20--7.40
(s, sH); 13c NMR <cDc13) 6=19.0 {q), 37.7 {t), 57.3 {t)t

77•6 (d), 126•6 (d), 127•4 (d)r 128•2 <d), 139•5 <s), 162•5
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(s); MS, mle 207 (M').

                                        '
Cyc!oaddition od Propylene OxÅ}de with Carbodiimides (Typicai

Procedure).

     To the solution of Bu3Snr {O.42 g, 1 mmol) and Ph3PO

(O.27 g,.1 mmol) in propylene oxide (2.90 g, 50 mrnol) was

added PhNCNPh {1.94 g, 10 mrno!) with stirring under dry

nitrogen. The resulting mixture was stirred.at 400C for 2

h. IR spectra showed the dÅ}sappearance of characteristic
band of PhNCNPh at 2150 cm-1. The yield of product was

monitored by GLC (2.52 g, 100V. Excess oE propy!ene oxide

was removed in vacuo and the residue was chromatographed,

yielding 31 (2.14 g, 85g) as white needles, which were

purified by recrystallization from benzene-hexane:

N-Phenyl-3-phenyl-5-methyl-1,3-oxazolidin-2-imine (31): mp
72-730c ait.17 76-770c); iR (KBr) lr67o cm-i; iH NMR (cDc13)

6=1•45 (d, 3H), 3•55 {ddr IH)r 4•05 (ti IH), 4•50-4•90 <Mr

IH), 6.90-7.80 (m, 10H>; MS, m/e 252 (M").

N-Butyl-3-phenyl-5-methyl-1,3-oxazolidin-2-irnine (32): bp
goOc (2 mmHg); IR (neat) 1700 cm-1; IH NMR <CDCI3) 6=O.95-

1.70 (m, 10H), 3.30 {t, 2H), 3.45 (t, IH), 3.95 <t, IH),
4•50-4•80 (Mr IH), 6.80-7•80 (rn, 5H>; 13C NMR (CDCI3) CSr=14eO

(q), 20.1 (q), 20.6 (t), 34.0 (t), 46•5 {t),52.9 (t), 70.9

(d), 118.0 (d), 121.8 (d), 128.6 (d), 140.7 <s), 149.5 (s);,

MS, mle 232 (M').

N,3d-Dibuthyl-5-methyl-1,3-oxazolidin-2•-imine (33): bp 680c
(2 mmHg); zR (neat) 1700 cm-1; IH NMR {CDc13) 6=O.80-1.70 (m,

17H)r 2•95-3•50 <Mr 5H), 3•65 (tr IH), 4•60-4•90 (M, IH);
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13c NMR (CDC13) 6=13.8 (q, 2C}, 19.9 <q), 20.2 (t, 2C), 29.2

{t, 2C), 33.4 (t), 45.3 (t)r 53•2 {t)t 73.6 {d)t 155.5 (S};

MS, mle 212 (M+).

B-lodoisopropyl-N,N'-diisopropylcarbamamimidate (34): mp
12sOc; m (KBr) 16sO cm-1; IH NMR (cDc13) 6=1.20-1.70 (m,

15H), 3.45 (t, IH), 4.00-4.30 (rn, 2H}, 4.90-5.10 (m, IH),

5.20-5.50 (rn, IH), 7.50 (br, IH}; Anal. Caled for

CloH210N2I: C, 38.47; Hr 6.78; Nt 8.97. Found: C, 38.15; H,

6.72; N, 8.92.

/9-rodoisopropyl-N,N'-dicyclohexylcarbamimidate (35): mp
2og-211ec; !R (KBr) 167o crn-'1; IH NMR (cDc!3) 6=1.00-2.10 (m,

24H), 3.42 {dd, IH), 3.50-3.90 (m, IH}, 4.15 (t, IH), 4.60-

s.oo (m, IH), 5.15--5.50 (m, GH); Anal. Calcd for C16H2gON2Z:

Cs 48-98; H, 7.45; Nr 7.14. FOUnd: C, 48•79; H, 7.29; Nr

6.82.

Cycloaddition of Oxiranes with Diphenylketene (TypÅ}eal

Procedure}.
                                       '
    To a solution of Bu3Snl (O.42 g, 1 mmol) and HMPA (O.18

g, 1 mmol) in propylene oxide {1.45 g, 25 mmol) was added

diphenylketene (O.97 g, 5 mmol) with stirring under dry

nitrogen. The resulting mixture was stirred at 400c for 2

h and the yield was monitored by GLC. Diphenylketene was

no longer detectedt whj.ch was conEirmed by the disappearance
of !R absorptÅ}on band of ketene (2100 cm-1). Excess

arnounts of hexane was added on cooling to the reaction

mixture, then 1.12 g (89rg) of white precipitates were

obtained irnrnediately. This was collected by filtration,
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washed with hexane and dried in vacuo. The precipitates

was 2-diphenylrnethylene-4-rnethyl-1,3-dioxolane (36}.

cornpounds 37 and 38 were isolated by a similar method.

Compounds 39, 40 and 41 were isolated by distillation from

the reaction mixture.

2-Diphenylmethylene-4-methyl-1,3-dioxolane (36): mp 88-
sgec; IR (KBr) 1660 cm-1; IH NMR (cDcl3) (S=1.42 (d, IH),

3.82 (t, IH), 4.38 (dd, IH), 4.70 (m, IH>, 7.00-1.40 (m,

10H); MS, mle 252 (M').

2-Diphenylmethylene-4-ethyl-1,3-dioxolane (37): mp 57-580C;
IR (KBr) 166o cm'1; IH NMR <cDc13) (S`=1.00 (t, 3H>, 1.50-1.go

{Mr 2H), 3•90 <t, IH)t 4•30 <t, IH), 4.30-4.60 (Mr IH)t

7.00-7.40 (m, 10H); MS, rn/e 266 <M+).

2-Diphenyimethylene-4,4--dirT!ethyZ-lr3-dioxoZane (38): mp 98-
1ooOc; IR (KBr) 1660 cm-1; 1H NMR (eDC13) 6=1.15 <s, 3H),

1.45 (s, 3H)t 4.00 (dt 2H), 7.00-7.40 (m, 10H); MS, mle 266

(M").

2-Dipheny!methylene-4-chloromethy!-1,3-dioxolane (39}: bp
1420c oo-3 mmHg); !R (KBr) 1660 cm'1; IH NMR {CDCI3) 6=3.60

(d, 2H)r 4.30 (tr 2H), 4.60-4.80 (M, IH), 7.00-7.60 (Mt

10H}; MS, mle 286.5 (M').

2-Dipheny!methyiene-4-phenoxyrnethy!-lt3-dioxolane (40): bp
14oec (lo-3 mmHg) (lit.17 22o--26oec (o.s rnmHg)); !R (neat)

166o cm•-1; IH NMR (cDc13) 6=4.10 (d, 2H}, 4.30 (dd, 2H},

4.70-5.00 <rn, IH), 6.70-7.40 (m, 15H); MS, mle 344 (M')

2-Diphenylmethylene-4-phenyl-1,3-dioxolane (41): bp 1320c
(lo-3 mmHg} {iit,17 bp 225-2300c {O.8 mmHg)); IR {neat} 166o

cm-1; IH NMR {cDc13} 6=4.10 (t, IH), 4.60 {t, IH), 5.50 (t,
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IH), 7.00--7.40 (m, 15H); MS, mle 314 (M').

1-!odo-2-propanol {42a). The solution of Bu3Snl (2.10 gt 5

mmol) and Ph3PO (1.35 g, 5mmol) in propylene oxide <2.90 g,

50 mmol} was stirred under dry nitrogen at 400C for 1 h.
Malonie acid (O.38 g, 2.5mmol) was added20b to the reaction

rnixture and the stirring was continued for 2 h. GLC

analysis showed the formation ofi 1-iodo-2-prQpanoZ (42a,

O.72 g, 77$), which was purified by distillation. Spectral

data of 42a were identical with the authentic sample derived

frorn the iodation of 1-chloro-2-propanol: bp 600C (10
mrnHg); rR (neat) 3350, 1050 cm-1; IH NMR (CDC13) 6=1.30 (d,

3H)t 3.20-3.40 (Mr 3H}, 3.60-3•90 {M, IH)e

Cycloaddition of Oxetanes with rsocyanates (Typical

Procedure).

     The reactions were performed in a sealed tube. To a

solution of Ph2Snl2 (O.52 g, 1 mrnol) and HMPA (O.18 g, 1

mmol) in oxetane {15 mmoÅ}) was added an isocyanate (10 mmol)

with sirring under dry nitrogen. The tube was sealed and

heated at 800C for the time indicated in Table 11. After

the reaction, the resulting mixture was chromathographed on

silica gel with chloroform as eluent. The yields of

products were determined by GLC based on isocyanates used.

3-Butyl-1,3-oxazine-2-one (43): bp 81-82eC (O.Ol rnmHg); IR
(neat) 1680 cm-1; IH NMR (CDC13) 6=O.80-1.90 (m, 7H), 1.90-

2.30 (m, 2H), 3.20-3.60 (m, 4H)t 4.25 (t, 2H); MS, mle 157

(M").
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5-Methyl-3-phenyl-1,3-oxazin-2-one <44): mp 920C; IR <KBr)
16so cm-1; IH NMR (cDC13) 6t=1.10 (d, 3H}, 2.20-2.60 (m, IH),

3•20-3-90 {Mr 2H), 3•90-4•50 {Mf 2H), 7•20-7•60 (Mr 5H); MSr

mle 191 (M+); AnaL CaÅ}cd for CllH13N02: C, 69.09; Hr 6•85;

N, 7.32. Found: C. 69.07; H, 6.79; N, 7.19.

6--Methyl--3-phenyl-1,3-oxazin-2-one (45): rnp 78-790C; IR

(KBr) 16ss cm'1; IH NMR (cDcl3) 6=1.so <d, 3H), 2.00-2.30

(Mr 2H), 3•50-3•90 (Mr 2H), 4•40-4•80 (M, IH), 7•20-7•80 (Mr

sH); Ms, m/e 191 <M'); Anal. Calcd for CllH13N02: Ct 69•09;

H, 6.85; N, 7.32. Found: C, 68.97; H, 6.70; N, 7.45.

 Compounds 46 and 47 were separated by colurnn

chromathography.

3,4-Diphenyl-1,3-oxazin-2-one (46): mp 143-144OC; IR <KBr)
16so cm-1; IH NMR (cDcl3) (5'=2.00-2.80 (m, 2H), 4.30-4.50 (m,

2H), 5.00-5.20 (m, IH), 7.20-7.60 (m, 10H); MS, rnle 253

(M+); Anal. Calcd. for C16HlsN02: er 75.87; H, 5.97; N,

5.53. Found: C, 75.64; H, 5.86; N, 5.83.

3,6-Diphenyl-1,3--oxazin--2--one (47): mp 196--197eC, ZR (KBr)

16so cm-1; IH NMR <cDc13) 6=2.00-2.sO (m, 2H>, 3.50-4.00 (m,

2H), 5.40-5.60 (m, IH), 7.00-7•60 (m, 10H); MS, mle 253

(M'); Anal. Calcd. Eor C16HlsN02: C, 75.87; H, 5.97; N,

5.53. Found: C, 75.68; H, 5.88; N, 5.51.

Cycloaddition of Oxetane with Carbodiimides (Typical

Procedure).

     To a solution of Ph2Sn12 (O.52 g, 1 mrnol) and HMPA

(O.18 g, 1 mmol) in oxetane {15 mmol) was added a

carbodiimide <10 mmol). The rnixture was stirred for an

hour at 400C in a 30 ml round bottomed flask under dry
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nitrogen. The compound 3b was isolated as precipitates by

adding a large arnount of hexane to the reaction rnixture, and

purified by recrystalization frorn benzene-hexane. The

compound 48 was isolated by column chromathography, and

purified by distillation. The yields were determined by

GLC based on carbodiimides used.

N--Phenyl-3-phenyi-1,3-oxazine-2-imine (48): bp 65 (O.1
mrnHg); IR (neat) 1660 crn-1; IH NMR (CDC13> 6=O.80-1.80 (m,

14H}, 1.80-2.20 (m, 2H), 3.00-3.SO (m, 6H), 4.10 (t, 2H);

Ms! m/e 212 (M+); Anal. ealcd for C12H24N20: C, 67.44; H,

11.43; N, 13.01. Found: C, 67.88; H, 11.39; N, 13.19.
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Chapter 3 Regioselective Ring Cleavage of Oxiranes

           Catalyzed by Organotin Halide-Lewis Base Complex.

3-1 lntroduction.

     Regioselective ring cleavage of oxiranes is a subject

of current interest due to the wide application in organic
synthesis.1 Although a variety of reagents are useful, the

exp!oration of new catalysts must be studied because of the

general importance of this cleavage reaction. In chapter

2, it was revealed that organotin halides, when comp!exed

with Lewis bases, played as effÅ}cient catalysts for

cycloaddition of heterocumu!enes with oxiranes. In the

course of these studies, this organotin halide comp!ex was

found to be efiective for regioselective ring cleavage of
oxiranes producing organotin B-haloethoxides.2,3

     Thusr this chapter describes the forrnation of vicinal
ch!oroesters4 from the reaction oE oxiranes with acid

chlorides in the presence of cata!ytic amounts of Bu2SnCl2

and Ph3P {eq 12). In addition, this method has several

advantages in terms of neutral and mild reaction conditions,

stability of the catalyst and high regioselectivÅ}ty.
                                      '

                                  RR
Rxy7 . phcocl dlll'leEEIEIILe-.2 .SnCl2 phco/<vcl . phcovtlxcl "2)

                                H                                              H    O Ph3P                                o o.
                                  ab
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3--2 Results and Discussion.

     Table 12 shows the results of the reaction of propylene

oxide with benzoyl chloride to produceB-chloroetn.ter (49).

Organotin ch!orides alone have low catalytic activities, and

cleavages are not regiospecific (entries 1-3).

Triphenylphosphine has also no catalytic activity (entry 4).

on the contrary, the complexed catalyst, Bu2SnC12-Ph3P gave

49 quantitatively via regioselective cleavage at the less-

substitut'ed carbon (B-cleavage) (entry 5).

Table 12. Reaction of

Me  N'-x<-]7

     o
+ PhCOCI

Propylene Oxide with Benzoyl Chloride.a

           Me

--
-. phco/kvci

        ll
        o

          49a

+

      Me
phco x/kci

  il

  o

    49b

Entry Cat. System
Time
 (h)

yieldb
 (g)

RatioC
 alb

1

2

3

4

5

  Bu2SnC!2

  Me2SnC12

    snC12

    Ph3P

Bu2SnCl2-Ph3P

24

 5

 5

24

 1

 13

 23

 55

  o

1OO

46!54

46154

43!57

94!6

apropylene oxide 50 mrnol, PhCOCI 10 mmol, Catalyst 1 mmol,

 Benzene 5 ml, Ternp. 600C. bBased on PhCOCI, GLc yields.

CDeterrnined by IH-NMR.
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Table 13. Reaction of Oxiranes and Acid Chlorides.a

Entry Oxirane Cat. System Time
 (h) Product

Yieldb
  {g)

RatioC
 alb

1

2

3

4

5

6

7

8

9

10

'Yo"
          o

  Et    x"'xs7

ci

      o
ph-o -Xr7
       o

.g

Me-N7
      o

  Ph    "'-""K"7

       o

Bu2SnCl2--Ph3P

      lt

      lt

      lt

      tt

  Bu2SnC12

Bu2SnCl2-Ph3P

 Bu3SnCl-DBu

Bu2SnC12 --Ph3P

      tt

1

1

1

1

6

24

4

24

 1

 6

50a,

  51a

  52a

  53a

54ar

  55b

55a,

   lt

  56

  57

50b

54b

55b

1OO

1OO

1OO

1OO

 56
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 90
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 Oll oo

 33167
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     Moreover, as shown in Table 13, exclusive formations of

type a compounds (50-53) were achieved for the reactions of

butylene oxide (entry 1>, epichlorohydrin (entry 2),

glycidyl ether (entry 3) and glycidyl ester (entries 4).

Thus, the presence of certain functional group, such as

ether, viny! ester and halogen rnoieties can be tolerated in

this reaction system. Genera!ly, isobutylene oxide and

styrene oxÅ}de favors a-cleavage because of the electronic

eEfect. In factt only 55b was forrned wÅ}thout bases (entry

6), however, the ratio of 55a was increased by the addition

of bases (entries 7 and 8) in the reaction of styrene oxide.

The tin complexes have a property to promote B-cleavage of

oxiranes. Using cyclohexene oxide, or cyclopentene oxide,

the oxirane bridge was cleaved quite stereoselectively

leading only to trans-chloroester, 56 and 57, resulting from

the usual anti-opening of the ring (entries 9 and 10).

Scherne 7

Rxv7
    o

D: + Sn-Cl . D:.Sn--Cl

    R
phco !K. ci

  8i

l D:

         R
D:.sn---o! VC1

PhCOCI
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    The course of the overall reaction can be interpreted

as fol!ows <Scheme 7). In the Bu2SnCl2 complext the

halogen is activated by the co-ordination of a Lewes base

toward a tin atom, and the positive tin atom attack the

oxirane oxygen. Thi' s ts followed by a nucleophilic attack

by the halide ion whÅ}ch has been formed in situ at the less

substituted carbon atom of the stannylated oxirane ringt and

an organotinf9-haloalkoxide is formed. The aqdition of
                           'benzoyl chloride finally accomplishes a rapid

esterificatÅ}on, accompanied by the regeneratÅ}on of the

catalyst.

     In summary, the organotin haiide-Lewis base complexes

proved to be a high!y practical and effectÅ}ve catalyst for

regioselective ring cleavage oE oxiranes with acid chlorides.

3--3 Experimental Section.

Ring Cleavage oi Oxiranes with Benzoyl Chloride

(Typical Procedure).

     Oxirane (10 mmol) and benzoyl chloride (1.40 g, 10

mraol) were successively added to a stirred solutÅ}on oE

Bu2SnCl2 (O.31 g, 1 mmol) and Ph3P (O.26 g, 1 rnmol) in

benzene (5 ml), the reaction mixture was stirred at 600c.

The formation of product was rnonitored by GLC analysis.

After the reactiont the so!utuion was concentrated under
                                                 'reduced pressure and the residue was chromatQgraphed (silica

gel, eluted by benzene) to give vicinal chlorobenzoates.
The regioselectivity was determined by IH-NMR spectra.
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Table 14. Spectral Data of !S?-Chloroesters.

Compound
 No.

IR '
(cm-1)

1
H NMR

 (ppm)

49a

49b

50a

50b

51a

52a

53a

54a

54b

55a

55b

56

57

1730

1730

1730

1730

1730

1720

1730

1730

1730

1720

1720

1720

1730

1.45 (d, 3H}, 3.65 (d, 2H}, 5.10--5.50 (m,

IH), 7.10-8.20 {m,5H).

1.55' (d, 3H}, 4.10-4.50 (rn, 3H), 7.10-8.20

(m, 5H).

 1•OO (ti 3H), 1.70-2•10 (Mr 2H), 3•75 (dr

2H), 5.10--5.40 (m, IH), 7.20-8.30 (m, 5H).

1.00 (t, 3H), 1.70-2.10 (m, 2H}, 4.30-4.70

(m, 3H), 7.20-8.30 (m, 5H).

3.85 (d, 4H), 5.20-5.60 (m, IH), 7.00-8.20

(m, 5H).

 3.90 (d, 2H), 4.20 (d, 2H), 5.40-5.70 (m,

IH}, 6.8e-8.20 <ra, 10H}.

 1.90 (Si 3H), 3•80 (ddr 2H)r 4;60 (dd, 2H),

5.20-5.70 (m, 2H), 6.00-6.30 <rn, IH),7.20-

8.20 (m, 5H).

 1.60 <s, 6H), 3.90 (s, 2H>, 7.20-8.20 (m, 5H}
                     ' 1.60 (s, 6H>, 4.40 (s, 2H), 7.20-8.20 (m, 5H)

3.60'4•OO (M, 2H)r 6.00-6•40 (Mr IH), 7•OO-

8.20 (m, 10H).

4.50-4.70 (m, 10H), 5.00---5.30 (m, IH), 7.00-

8.20 {ra, 10H).

1.20-2.60 (m, 10H), 3.90--4.30 {m, IH), 4.90-

5.30 <m, IH), 7.3e-8.30 {rrt, 5H).

 1.20-2.80 (m, 8H), 4.20-4.50 (m, IH), 5.25--

5.55 (m, IH), 7.20-8.30 <rn, 5H).

.

.
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    Sharpless, Tetrahedron :Lt=,,..-,ett 40, 3523 (1977).
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Chapter 4 Synthetic Application of OrganotinCO-Haloalkoxides.

4-1 rntreduction.

     As described in chapter 1, owing to the high reactivity

of the Sn-O bond and the affinity of Sn atom toward the

terminal halogen, a variety of five- and six membered

'heterocyclic compounds were readily produced under mild

conditions. The enhancement observed on adding Lewis bases

to these cyclizations is explained in terms of the co-

ordination to the sn atom. !n connection with the interest

on the use of this types of organotÅ}naJ-halogeno compounds,

this chapter describes the synthetic application of

organotin W-haloalkoxides.

4-2 Formation of N-Tributylstannyl--2-oxazolidinone.

     As shown in Scheme 8, IS?-Halogeno-N-stannylcarbarnate (A)

could be readily forrned from the reaction of (Bu3Sn)20 with

2-chloroethyl isocyanate. The cyclization of A proceeds

easily in the presence of HMPA, and N-[rributylstannyl-2-

oxazoiidinone (58> is formed. Although, N-Trimethylsilyl-
2-oxazoiidinone is widely used as a silylating agent,1 the

forrnation of the N-Stannylated analogue has not been

reported so far.

     The cornpound 58 is so labile that it was readily

hydrolyzed by the ordinal work-up for isolation, and 2-

oxazolidinone was obtained quantitatively, which showed the
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Scheme 8

Bu3Sn-O-SnBu3 + Cl!NvN=c=o .

 Bu3Sn
     x
     N -Å~.- Cl
o'-.'-c/ xoZi<snBu3

      A

HMPA
- Bu3SnCl

/-'"-x

Oxn/NXsnBu3

  :8

R-X

- Bu3SnX
nOxrrNÅ~R

  o

59-68

m band at 1720 cm-'1 (c=O>. As shown in Table 15,

reactions of (58) with equimolar amounts of acid chlorides

comp!eted clearly at roorn temperature, yie!ding .the

corresponding N-acyl-2-oxazolidinones (59-6S) (entries 1-7).

The use of HMPA is essential. Otherwise, the cyclization

hardly occurred, and 61 was obtained in only 506 yield.

This important role of HMPA may be explained in terms of the

co--ordination to the Sn atorn in the stannyicarbamate (A).

This co-ordination increases the basicity of the oxygen atom

adjacent to the Sn and accelerates the intramolecular

alkylatien.
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Table 15. Reaction of 58 with Electrophiles.a

Entry Electrophiles ConditionS Product Yield (*)b

1

2

3

4

5

6

7

8

9

10

 Mecocl

iprcOCI

 PhCOCI

PhCH2COCI

PhOCH2COCI

PhCH=CHCOCI

PhCH20COCI

PhCOCH2Br

CH2=CHCH2B=

 PhCH2Br

r.t. 10min

    tl

    tt

    tl

    !l

    rt

    lr

800C, l5 h

    tl

    tt

nOxn!N- fi-Me

  OO 59
    N-C-PriOY ll
  OO 60/-'nvN

OxlrN-fi -Ph

  OO 61/'---x

OyN-fi-CH2P,h

  OO 62nOyN-fi-CH20Ph

  OO 63mO xtl/ N- fi -CH=CHph

  OO 64IM-"-X

O.".N- fi -OCH2Ph

  OO 65
OyN-CH2fiPh

  O 0 66nOyN-CH2CH=CH2

  O 67nOyN-CH2Ph

  O 68

1OO

1OO

 86

 94

 99

 88

1OO

 76

 81

 60

a(Bu3sn>2O

 10 mrnol,

10 rnmo!, Cl/VNCO
HMPA 4 rn1. bBased

10

on

 80

rnmol, Electrophiles

electrophiles.



     when phenacyi-, allyl- and benzyi bromides were used as

electrophi!es, although the reaction conditions (80eC, 15 h)

were not so rnild as the case of acid chlorides, the

corresponding 2;oxazolidinones {66-68) were obtained'{76, 81

and 60rg, respectively> (entries 8-10). 4 !n general, the N-

alkylation of 2-oxazolidinone rnust be carried out in strong

alkaline media.2 Thus activation of the nitrogen through

stanny!ation is effectivet and sirnilar activation has also
been reported for some heterocycles.3

     In conclusion, this method has seveyal advantages in

terms of mild and neutral conditions, high yields of

products and operational convenience.

              '4-3 Synthesis of 2-Oxazinones via the Cleavage of

     Halolactone Promoted by Organotin Alkoxide.

     Lactons are known to be cleavaged by organotin

alkoxides to afford Y-ketosubstituted alkoxyalkyltin

compounds. This regioselective ring-opening reactions for
lactones is well interpreted in terrns of HsAB principle.4

                                                      'Namely, organotin alkoxÅ}des aet as "hard" nucleophiles,

giving the adduct through acyl-oxygen bond cleavage. This

forrnation of organotin alkoxides lead to investigate the

further use for the preparation of six-membered heterocyclic

compoundst as shown in Scheme 9.

     ThiS reaction proceeds via an tributyltin Y-

bromoalkoxide {B) generated frorn the cleavage of the

halolactone by the Sn-O bond. The formed B, without

isolation, reacts with an isocyanate spontaneously, and gave
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Scherne 9

Bu3SnOMe+ o7Br
     o

1000c

 lh

         cooMe
Bu3snoAvJxBr

B

R-N=C=O
r.t. 10 min

Bu3Sn-5-f/-O

      RO
        C

cooMe
/vkBr                      COOMe  HMPA nv

               oyNxR +
 400c, l h.
                 o

     69; R= Ph 86Z
     70; p-Tol 86k
     71; p-CIC6H4 62g

Bu3SnBr

the adduct C. This intermrnediate is cyclized smoothly in

the presence of HMPA, and 2-oxazinone is oDi tained,

accompanied by the forrnation of Bu3SnBr. From this

reaction, 2-oxazinones (69-71) were obtained, respectively.

In these cases, without HMPA, 69 was scarcely obtained under

the sarne conditions.
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4-4 Experirnental Section.

Forrnation ef N-Tributylstannyl-2-oxazolidinone (Typical

Procedure).

     2-Chloroethyl i$ocyanate (10 mmoi) was added slowly to

Bis(tributyltin> oxide (10 mmol) under dry nitrogen. Then

heat was evolved, and a !9-halogeno-N-stanny!carbamate was

                                                  'forrned, which was confirmed by the appearance of ZR
absorption band at 1600 cm-1 in place of the disappearance

of NCO group <2280 cm-1). Next, HMPA (4 rrtl} was added, and

heating at 400C for 1 h induced the cyclizatien, to form N-

tributylstannyl--2-oxazolidinone (58). IR spectra showed
the appearance at 177o crn-1 (e=o). Furthermore, the

reactions with electrophiles were carrÅ}ed out without the

isolation oi 58, under the condÅ}tions listed in Table 15.

     The products (59-68) were isolated by column

chromatography. The yields and spectral data of the
compoilnds obtaind are as Eollows.

3-Acetyl-' lr3-oxazolidin-2-one (59): mp 54-550C; zR (KBr)
                                              '16gO, 1780 cm-'1; IH NMR <cDcl3) (S'=2.55 (s, 3H), 3.90-4.30

(rnr 2H)t 4.30"k4.60 {Mr 2H); MS, M!e 129 (M+).

3-Isobutyryl-1,3-oxazolidin-2-one (60>: wax; ZR (neat)
17oo, 17so crn-1; IH NMR (cDc13) 6=1.20 (d, 6H)t 3.60-3.90

(m, IH), 3.90-4.20 (rn, 2H), 4.40-4.60 (m, 2H); Ms, mle 157

(M+).

3-Benzoyi-1,3-oxazolidin-2-one (61): mp 166-1680c; m (KBr}
1670, 1770 cra-1; IH NMR (CDcl3) 6=3.80-4.35 (m, 2H), 4.35-

4.90 <m, 2H), 7.10-8.00 (m, 5H); MS, mle 191 (M+}.
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3-Phenylacetyl-1,3--oxazolidin-2-one (62): mp 55-560C; IR
(KBr) 1690, 1760 cm-1; IH NMR (CDCI3) 6=3.60-4.10 (m, 2H),

4.10-4.60 (rn, 4H}, 6.90-7.60 (rn, 5H); MS, m!e 205 (M+}.

3-Phenoxyacetyl-1,3-oxazolidin-2-one (63}: mp 93-950C; IR
{KBr) 1720, 1800 crn-1; IH NMR <CDC13) 6`=4.05 <t, 2H), 4.50

(t, 2H), 5.25 (s, 2H), 6.80-7.50 <m, 5H); MS, mle 221 (M+).

3-Cinnarnoyl-lt3-oxazolidin-2-one {64): mp 148-149eC; IR
(KBr} 1620, 1770 cm-1; IH NMR (cDci3) 8=4.00-4.30 (m, 2H),

4.30-4.60 (m, 2H}, 7.00-8.00 (m, 7H); MS, mle 217 <M").

3-Carbobenzoxy-1,3-exazolidin-2-one (65): mp 98-1000C; IR
{KBr} 1800 cm-1; IH NMR (CDc13} 6=3.80-4.20 (m, 2H), 4.20-

4.60 (Mr 2H), 5.30 <S, 2H}t 7.20-7.60 (Mt 5H); MSr M!e 221

(M").

3-Phenacyl-1,3-oxazolidin-2-one <66}: mp 105-1080C; IR
{KBr) 1700, 1750 cm-1; IH NMR (CDc13) 6=3.50-3.90 <rn, 2H),

4.30-4.60 <rn, 2H), 4.70 (s, 2H)t 7.20--8.30 {m, 5H); MS, m!e

2e5 (M+).

3-Allyl--1,3-oxazolidin-2-one (67): wax; !R (neat) 1750 cm-1

IH NMR (CDCI3) 6=3.40-3.70 (rn, 2H}, 3.80-4.00 (rn, 2H), 4.20-h-

4.40 {m, 2H), 5.10-5.50 (rn, 2H) 5.50-6.00 (m, IH); MS, mle

127 (M+).

3-Benzyl-1,3-oxazolidin-2-one (68): rnp 77-780C; IR <KBr)
17so cm-1 (c=o); IH NMR (cDcl3) 6=3.40 (dd, 2H), 4.25 (dd,

2H), 4.30(s, 2H), 7.40-7.60 (m, 5H); MS, m!e 177 (M+).

conversion of Halolactone to 2-Oxazinones <Typical

Procedure).

     A raixture of Bu3SnOMe (10 mmol) and a-bromo-Y-
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butyrolactone {1O mmol) was heated at 1OOOC for 1 h under

dry nitrogen. After cooling down to roorn temperaturet to

this reaction mixture was added 10 mmol of an isocyanate.

This reaction proceeds smoothly. After 10 min, HMPA

(1O mrnol> was added and heating was continued at 800C for 1

h. The products are isolated by column chromathography on

silica gel eluted with chloroform, and are purified by

recrystalization irom benzene-hexane.

3-Phenyl-4-carbemethoxy-1,3-oxazin-2-one (69): mp 113-
1140c; IR (KBr) 1680, 1740 cm-1; IH NMR (cDC13} cS'=2.30 (m,

2H), 3•67 (Sr-3H), 4.30-4.60 (Mr 3H}, 7e20-7.40 (mt 5H); 13C

NMR (CDC13) 6=25.5, 52.6, 60.5, 64.0, 127.0, 127.4, 129.1,

141.7r 151.9r 170.7; MSt Mle 235 (M').

3-p-Tolyl-4-carberaethoxy-1,3-exazin-2-one.<70): mp 69-71eC;
17oO, 1740 cm-1; IH NMR {cDc13) 6=2.33 (s, 3H), 2.30-2.60

(m, 2H); 3.71 (s, 3H); 4.34-4.55 (rn, 3H), 7.15-7.40 (m, 4H};
13c NMR (cDcl3) 6=21.1, 25.5, 52.7, 60.7, 64.1, 126.9,

329.9r 137.5r 139.3r 152•2t 171.0; MSt Mle 249 (M+).

3-p-Chlorophenyl-4-carbomethoxy-lt3-oxazin-2-one (71}: 84-
s6ec; IR (KBr) 1690, 1740 cm'1; IH NMR (cDcl3) 6=2.40--2.60

(M, 2H)r 3•72 (Sr 3H), 4.35-4.55 {Mt 3H)r 7-15-7.40 {Mr 4H);
13c NMR (cDc13) 6=25.7, 52.9, 60.6, 64.2, 128.6, 129.4,

133.3, 140.2, 152.0, 170.6; MS, mle 270 <M+).
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                       Conclusion

    The purpose of this research was to develop new

synthetic reaction using organotin halide-base systems.

    The important results mentioned in each chapter of

these reactions are sumraarized as follows.

     In chapter 1, the reaction of organotinco-haloalkoxides

with heterocumulenes leading to 5- or 6-membered

heterocyclic compounds is described. The reactivity and

compounds are controlled by the substrate and reaction
                                  'conditions. It is further revealed that basic solvents,

such as fiMPA, p!ay an important role to carry out these

reaction in high yields under mild conditions.

     In chapter 2, it is found that organotin halide-Lewis

base cornplexes are characterÅ}stically effective catalysts

for cycloaddition of cyclic ethers with heterocumulenes.

Various heterocyclic compounds are obtained in high yields

under neutral and mild conditions. Moreover, several new

types of heterocyclic compounds which have not been obtained

with conventional catalysts can be isolated.

     In chapter 3, the organotin halide-Lewis base compiexes

have proved to be highly practical and effective catalysts

for chemo- and regioselective ring cleavage of oxiranes with

acid ' chlorides.

     rn chapter 4, as an app!ication of organotin co-

haloalkoxides, a new method for synthesis of N-substituted-

2-oxazolidinones via N-stanny!-2-oxazolidinone is described.
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Furtherrnore, a convenient one-pot synthesis of 2-oxazinone

derivatives is developed using the regioselectÅ}ve ring

cleavage of a halolactone promoted by an organotin

alkoxide.

     In surnmary, the co-ordination of Lewis base towards a

tin atom increases the nucleophilicity of polar substituents,
  '
such as heteroatoms or haiogens, adjacent to the tin atorn.

   'Hence, the intramolecular substitution or ring opening of
                                                ' 'cyclic ethers is accelerated.' I bel;eve that several '
                     'important Eeatures, obtained through the present
    'investigation would develop a new area in synthetÅ}c

chemistry.
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