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1. Introduction

In the recent synthetic chemistry, the major objec-
tives have been aSsumed as follows.
1) The overall yield should be high.
2} The reaction conditions should be mild (in the air
.atmosphere at room teﬁperature, etc.).
3) The procedure should not.be complicated (tﬁe usual
.equipment, easy separation of thé products) .
-4). The reagents.should be easily available and inexpen-
sive. | |
5) The reaétion should be regio~.aﬁd stereo—selectiﬁe.
Despite the discovery in 1912 (Claiéen rearrangement),l)
the sigmatrbpic reérrangement has oﬁly since the midu
1960's become a useful tool to the synthefid organic
" chemist, this being due to the discovéfy of a series of
new reagents_of the points above. The sigmatropic re-
arrangement, particularly useful ones in the synthetic
chemistry being [2,3] and [3,3]-sigmatropic rearrangement,
is tﬁe one of ﬁhe'intramclecuiar rearrangement, and thus,.
it is considered as the powerful methodology of the
carbon—éérbon bond formation by the reorganization. Tﬁe
many elegant kinetic, stereodhemical and £he0retical

2}

studies that have provided the insight into and
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> > < - [2,3]-Sigmatropic rearrangement

- [3,3]-Sigmatropic rearrangement
X\Y&Z' | X\Y/Z :
appreciatioﬂ for thelsigmatfopic rearrangément prompted
many of the synthetic applications;"
.Many examples of I2;3}-Sigﬁatropic.réarraﬁgement_
which are already used as the synthetic methodlegf have

been reported.
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In [2,3]-sigmatropic rearrangement of allylsulfoxide (eq.l),

n



7)

‘which was developed mainly by Evans, it was demonstrat-

ed that the allylsulfoxide was the-synthetic equiﬁalent

8) As shown in eq.5, by reversible sigmaﬁropic

of 1.
rearrangement S—allylsulfox1de is conveniently prepared
from the readlly avallable O~allylsulfenate. The
alkylation of a-carbon and the following sigmatrepic

reorganization affords y-alkylated allylalcohol. Some

9) 10)

natural occuring products, nuciferal, prostaglandines,

J’ | (5)
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11) were synthesized by this method.

and cepharamine
The most elegant synthesis using S-allyl S~C ylids

(eq.2) was demonstrated by Vedeijs as the [2,3] -sigmatropic

CHES _ (6)

RO,C




12) 13)

“ring expansion reaction (eq.6). Terpenoid syntheses

1nc1u51ng highly stereo~select1ve synthe51s of bakkenolide-
14)

A, were also achleved by this method.
Wittig rearrangement (eq;3)15) and its carbene analog
(eq.4)16) have been studied in the same manner .

The typical [3,3]-sigmatropic rearrangements are

17) 1)

Cope rearrangement and Claisen rearrangement,

iradltlonally, the Claisen rearrangement has 1nvolved the
thermal s;gmatroplc reorganlzatlon of an allyl vinyl
ether 2 into a homoallylic eaibonyl compoundS'é'by a
concerted intramolecular process. This definition

. {a or d : oxygen) has been enpanded to include any re-

organization of type 4+5, in which at least a or d is

0" X 0o”

2 | 3
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4 )

an atom other than carbon, the all carbon case being
known as the Cope rearrangeﬁent. fSince the'appliCations
repented about {3,3]—sigmatropic rearfangement have beenrz
-more-than the ones about E2,3]wsigmatrepic rearrange- _;i

7)’13) many reviews for Claisen rearrangement.and_

18)

ment,

Cope rearrangement have been pnblished. These studies’



‘include the broad of stereospecific synthesis,lsa)

9)

mechanistic studies and so on.

Cope rearrangement has been utilized in the synthésis
and the structural determination of_terpenoids.' Thds,
sesquitefpenes,-ﬁhich ha§e cyclodecadiene ring'system_
(Germacrene type terpeneé) or which have divinylcyclo—
hexane rihg system (Elemene type terpenes), can be
synthesized, and their stereo chemistry can be determined
'by the stereospecificity of Cope rearrangement.zo)
Scheme I shows the simplified-principle of fhis_determina—

tion, Significant modification of Cope rearrangement is

Scheme I

3

1)

the oxy-Cope rearra_ngement,.2 especially its analogs of

22)

siloxy-Cope rearrangement and anionic oxy-Cope

23)

rearrangement which were developed to avoid the maior

sidé réacfion.of ﬁsual oxy-Cope rearrangement such as
retrd—éne gliminaﬁion,,and-to improve the reaction condif_
 tions.: Aithoﬁgh thé details'of anionic oxy-Cope -
‘rearrangement will be discussed in Chapter 4, the author

assumes that the anionic oxy-Cope rearrangement will be

remarkably useful! procedure in the synthetic chemistry

5}
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beéause of the mild conditions.

-Claisen rearrangement may have the more spread
applications than Cope rearrangement. The ready avail—-
ability of allylic alcohols in organic chemiétry; cbupléd
with thérgeneration of two_fuhctional'groups of different_
' chémospecificity such as carbonyl (électrophilic) and
olefine (nucleophilic) allows for a.diversity of.selectiVe
transformations. Since the latént carbonyl residué_
(viﬁyl ether) is appended to the allylic aiqohdl, its
oxidation level,,functionélity andISubstituﬁion pattern
cén be conveniently altered by the judicious application
of the appropriate carbdnyl enol equivalent. Tﬁe most
common methods for ﬁreparing unsaturated carbonyl
compdunds, amides, esters,; and carboxylic acids are
iiluétfated in eq.(7)-(11). These methods are modifica-
tion on the témpéfaﬁure5 of the rearrangement éé Well.aé

the induction of the various functionalities.
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The high stereo-selectivity of the sigmatropic
rearrangement is well explained by the;confbrmatibn:df
the intermediates. 1In the case of [2,3]-sigmatropic
rearrangement, it is known that the most stable inter-

23)

mediate is "exofolded envelope"”™ rather than its "endo"

type (Scheme II} Similarly, [3,3]-sigmatropic rearrange-
ment goes on via the most stable chair like transition

state {Scheme IIIL30¥
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In the thesis, the'auther ﬁas deVelopedlfhé new
synthetic methods using the sigmétropic rearrangement on
the points of view as follows;

1) The réactioh céﬁditiqn should be remarkably mild.

.2) The starting“materiais should be'available_and thé
pfoducts should be difficult to preparé_by ordinary
procedﬁre. |

3) _The‘reaction’shouid proceed in regio- and stereo-
selective manner .

_Iﬁ Chapter 2, synthesis of éllyltosylamides via
[2,3]-sigmatropic rearrangement of ailylsulfilimines_will.

be described.

o Rr? ' - _ .
: : . 8=NTs
| le)Lv/L\R3 —_— R1_£g¥_<(R2 E——

_ r>
e N
Ar .
- Ng=NTs HNTS
1 2 R
R {ﬂ,R A
3 _ R R
R . R
. -~

This method.is éonvénient for the transférmation of
carbonyl compounds to allyltosylamides. The characteris-
tic poiht of this method is that S-allylsulfilimines .which
are not prepared conveniently are synthesized in situ from
readi;Y available Sévinylsulfilimines;' Allylamines, which
should be derivéd ffom allyltosylamides, are sometimes:
difficuit to be synthesized., Typically allylamihes are’

preparéd as eqg.l2 by the classical_methods.Sl)



2 4 '
rY RS r2 g4 g5

R
rl \ Ny + RNH, ———=> L NIR (12)
R®

But this reaction possesses some problems such as diallyl-
ation of amine (eqg.13), elimination of HX {eqg.l4) and

possibility of undesired SN'.reaction (eq.15). When the

Rl 5 '
—_—r> . R (14)
4
al g2 R : _
—— . R . {15)
RNH
|
R> _

sigmatropic rearrangement is used for the synthesis of

allylamines, these problems might be avoided because the
reaction proceeds via the cyclic intermediate.32) |
The newly improved method of the transposition of
'allylalcoﬁols.tb rearranged allylamines via [3,3]-
sigmatropic rearrangement of allylcyanates will be described

in Chapter 3. This transposition reaction is also the

convenient method for the preparation of allylamines.

10



‘Allylgyanafes canrbe synthesized in situ by the simple
reaction between readily availabie allylalcohols and
cyanogenchloride. The stable rearranged allyisocyanates,
which are isolated in good yield, can be hydrolyzed by

alkali to afford allylamines. Compared with traditional

1.2 3.4 1.2 3.4

R R C;CR([IR R C1CN - R™R C=CR$R R
OH NzC-0

. RlRZCCR=CR3R4 ~OH - R1R2(‘2CR=CR3 R4

: ]

— N=C=0 T NH,

O0-N functional transposition reaction,?z)

the reacfioﬁ
condition is remarkably imprbve& {137°C — < 25°C) . 'Thé
significant improveﬁent is.that the highly hindered o-
trigubstituted allylamine, which was synthesized in only
20 3 yie1d by the previoué method, can be obtained in
ca. 50 $ yield.

In Chapter 4, the new pyrrolidine synthesis through
2-aza~[3,3]-sigmatropic reafrangement will be discussed.
The pyrroiidine ring system constructs the various

alkaloids,33)

 for instance, pyrrolidine alkaloids, indole
alkaloids, amaryllidaceae alkaloids, tropane alkaloids,
etc.. The pyrrolidines have been synthesized mainly by

the reduction of y-lactam or the reduction of pyrrole

derivatives. Scheme IV shows some of the traditional

11



-synthesis of pyrrolidines.34)

Scheme IV

NHR Base ) '
x/\/\/w >Z§

¥

R
OR' ' / \
RNH/\/\O( — [ . Xoj—é N

(y—=45

The author's strategy of the pyrrolidine synthesis

35) of

is, as shown in Scheme V, Mannich type cyclization
iminium salt Z, Tﬁé'key intermediate Z can be synthesized
via 2—azénia—{3,3}—sigmatropic'rearrangement36) (quarteriz-
ed 2-aza-[3,3]-sigmatropic rearrangement in acid Condition)
of iminium salt 8. While the problem faced on should be
how td control the equilibrium of the sigmatropic re-
arrangement'(gaz), the désired‘pyrrolidines E are syn-—.
thesized even from the thermodynamically less stable
sigmatropié isomer 7 (R=aromatic). It is found that the
starting sigmatfopic isomef g'can be prepared from carbonyl.
compounds and ammonium salt 2 by the simple procédure, but

the limitation was that the carbonyl compounds should be

"unhindered aldehydes. To improve the limitation, 5=~

12



‘vinyloxazolidines 12, which are obtainable conveniently

Scheme V
. 3 . ] |
R ‘ R\\“- (Rlzﬂ)
firir? + ©
s 1/‘ |
OR ‘ _ . R .
9

A
Vi

N R R
R RT _ B: I W R
ot Ly
- = 3 1 4 =
) R o ) RO
11 8
12
2-azonia-[3,3]
2 N R
3
_ R Rl
R4O
7

even from hindered aldehydes,Aare used as the precursor

of 6, and the synthesis of 6 from’lg is examined under

both the acidic condition (1258-7-»6)and the basic
condition‘{lg—»ll;}igféé). Whereas i—aza—spiro{4,5]decanes
' lz.whOSe structure is difficult to construct can be syn-
thesized from'ég_under the acidic condition, other pyrroli-
dines can be prepared in only low yields by acid catalyzed |

2-azonia-{[3,3] ~sigmatropic rearrangement. On the cher

hand, pyrrolidines g-should be synthesiéed by the anionic

13



—cyClizationrreaction of enolate
anion 10, VFurthermore,ﬂ}Q_should be
the sigmatropic isomer of alkoxide
11 which is clearly'the starting

structure of antonic oxy-Cope re-

7)

arrangement, Thus, the pyrrolidine
synthesis is remarkably improﬁed by anionic 4~oxy—2ueéa—
Cope rearrangement, end especially the pyrrolidines which
can not be_pxepared by acid cetelyzed 2-azonia-{3,3]-
sigmatropic rearrangement were synthesized in good yields
under the remarkably mild condltlons |
The contxol of the eguilibrium may be one of the
problems in synthetic chemistry, which the author sometimes
.-have faced on through the work. in Chapter 2;-the equiiib—
rium of vinYlsulfilimines‘lﬁ and allylsulfilimines 15
where the equilibrium shoeld lie to‘}é_because-of-the'
conjugetion in \C=C/ and \SzN—, and the equilibrium between

37) were successfully controlled.

; 15 and 16 which lies to 16
Thermodynamically unstable'£§ should rearrange to ;g
smoothly, as 16 is cleaved when the thiophilic‘reagent

attacks 16 and the overall reaction which includes two

equlllbrlum processes (14”915 15 >l6) affords allyltosyl-

\ AN
5=NTs 5=NTs ~5-NTs HNTs
{ : - -_— X
- —
\ « DA —
15 16 17

14



'amides‘lz.conveniently because of the irreversible-prbcess
_f}g—ail). |

A similar control technic of thé eqﬁilibrium is also
examined in Chapter'4. Thus, the pyvrrolidines are
convéniently synthesizedxeven from the 1ess stable sigma-
tropic isomers by the simple incorpofation of the irrevers-

ible processes (18 —»19, 20—»21).

0, H H

CEN Nt g

o <—
HO ™y
18 19

H

N><R_>. Nvg N @<§

< e —>
O R - = - .
0 (I $—7<

20

Thus, the author has devéloped-some new synthetic
methods by means of the Sigmatropic_rearrahgement, While .
they are the simple and basic methods, théy have their .
own characﬁeriétics and have the abilities of the wide

_applications.

15
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N

synthesis. of N-Allyltosylamides from Carbonyl
Compounds,  [2,3] -Sigmatropic Rearrangement of
Allylsulfilimines,

2-1 Introduction
Yamamoto and his coworkers have studiéd the syntheses
- and the reactions of various.sulfiliﬁines.l) N-Tosyi-
sulfilimine moiety ( :S=N—Ts)2) has the electron with-
drawing ability, and it is found that S-vinyl sulfilimines
are the acceptors of Michael addition reaction., Thus,
N-tosyl-8-vinylsulfilimine 1 reacted with various protic

nucleophiles such as alecohols, thiols, amines and active

-methylene compounds, affording the corresponding Michael

adducts 2 in high yields.B) Olefindic products were
Ax  Ar
~ ~ A~
S=NTs NuH S=NTs O
| - [ > N+ Ar-S-NHTsS
, : , Nu
Nu .
L 2

Nu : OR, SR, NR,, etc.

'/produced'quantitatively by the pyrolysis of these Michael
adducts. The author investigated the reaction of S-vinyl-
'sulfilimines with Grignard reagents in the point of view

4)

of carbhon~carbon bond formation. In the reaction

between S-vinylsulfilimines and Grignard reagents, B~

19



subsiﬁuted vinyl'sulfides-were obtained in 50-80% yield |
{eg. 1). However, in the case of S—l-proPenflsulfilimine,
unexpected Nnallyltosylemide'z_was obtained in 10% yield
in addition to the desired vinylsulfide (21% yield)(eg.Zj.

This result suggests that 3 was formed via intramolecular

rearragement. .
Ax Ar
“S=NTs RMgX ~s.
”/ —— > J( + NH,Ts ()
. R . ) : ’ ’ -
Ar
~

S=NTs PhMgBr

| fl( JJK .+ NH,Ts + \\/\ﬁHTs - (2)

21% 103

[2L3}—Sigmatropie,rearrangements.oﬁ_allylsulfgxides5)

and allylsulfilimines®’

are well known. . Although the
trasformation from vinjlsulfoxide to rearraged allylalcohol
was reported,7) to the guthor's knoWledge the synthesis of
N-allyltosylamides from S-vinylsulfilimines has not'been.
reported. The transformatibns) from s—(ZASubstituted vinyl)
sulfilimines g te NuellyltoeylamideS'Z_must comprise the -
novel isomerization of 4 to S—allyl—N—tosylSulfilimines

'3 and follow1ng {2, 3} 51gmatrop1c rearrangement to N allylm
ulfenamldes 6, which are cleaved by the reaction w1th
thiophilic reagent. The result of the reaction l-propenyl-
sulfilimine and phenylmegnesiumbromide suggests that the

isomerization 4 5 might be catalyzed by base. When S~




Vvinylsuifilimings 4 were treated,with'sodium ethoxide in
' ethanbl, cdrrésponding ﬁ-allyltosylamides 7 ﬁere obtainéd
Cin godd yields. |

Considering that S-(2-substituted vinyl) sulfilimines

4 are synthesized from carbonyl compounds via v1nylsulf1des

'8,9)

this transformation to 7 is hlgh.potentlal methodology

10}

for synthesis of allylamines from carbonyl compounds

{(allylamines should be prepared from allyltosylamides-by

11) 12))

the reduction or the hydrolysis under acidic condition.
Clearly vinylsulfides 8 are much easier to get than allyl-

sulfides, and the chemistry of vinylsulfides has been

~developed recehtly.g)
_ 2 Ar_ Ar_
1)0'\/1?\\ 3 | le(s 2.3 RW[S NZS3 %Eigia
R R CHR™R CHR™R ~
g 4
Ar\ . Ar—-5-NTs ENTs
. s-_-N'gs [2,3], R:L\/\J\,Rz EtONa \/\](’
\C'/R < Q'?’
\\ = 3 X
R /
5 il 7

2-~2 Preparation of_S-(Z—substituted_vinyl) sulfilimineS.

Synthesis of vinylsulfilimine has been well investi-

13)

gated as Scheme I. In this project, the reaction

between vinvlsulfides and chloramine T was employed for

4)

the preparation of vinylsulfilimines.l Although vinyl-
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Scheme I

» * NaClNTs
RS 515
B:195%
R, -
_RSNa_ S=NTs
Br\/\Br ==2> RSV Br 55> [
1.00% E
PBr3 100'5 | \j V
R R
e om B2, RSV/\OH ——D NTs _
1603 T4% I
OH
A
Ac,0|100% Ac,0]100%
' v
R
S=NTs B:

' ' ~
R/ 0Ac ~ > [O 1608
. AcC .

sulfilimines are not obtained in_solgood yield by this
method, the progess has the benefit that Sm(2-substitﬁted
vinyl) sulfides 8 can be syhtheéizédffrOmiavaiiableicakbbny1
compounds with aryl thiols by easy procedures,g)

" Synthesis of'Svfz—substituted'vinyl)'sulfideS'ﬁL

The results of the preparation of S$-{2-substitutéd
vinyl) sulfides 8 are summarized in Table 1. And the
spectral data of 8 are summarized in Table 2.

Phenyl-l~propenylsulfide §§ was synthesized from allyl-
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,phenylsuifide with sodium ethoxide in the manner of the .
descriptioﬂ.ls) Other S-~{2-substituted vinyl} éulfides
wefe prepared from carbonylrcompounds. Thus, when carbonyl
compounds were reacted with 2 equv. of arylthiol under

the condition of-azeotr§pic removal of water in toluene
with catalytic amount of p—toluenesulfonié acid oi simple

stirrihg'with excess phosphorus pentoxide in CH,Cl., at

2772

255C;;corresponding dithioacetals were obtained. Thermal

8] R2- ArS SAr ,& ArS R
! ArSH _ 2
1/’\/J\ 3 T 7 1 R — 1/k§/k\ 3
R R R R R
R3

décompoéition.(%200°C) of dithioacetals afforded S~ (2~sub-
stitﬁted vinfl) sulfides 8.. |

MMR spectrum of 8b showed'gg was the mixture of E
and 7 isomefs (ca. 2:1). Identification of the structure
gé was as follows; two allylic methyl peaks were_obser&ed
at 1.65.and l.87 ppm, and the couplin§ constants of these
doublets were 7;0 Hi-andTG.OVHz.respectively. These.vqlﬁes
are_the almost same as the ones in the literature (5.0—
7.0 Hz for E, 6.0-8.0 Hz for 7).7%)

‘ SynthesiS‘0f‘S~(2hsubsti£uted vinyl) sulfilimines 4

S—(2—substituted vinyl) sulfilimines 4 were prepared
by the reaction between corresponding S-(2-substituted

14)

vinyl) sulfides and chloramine T in methanol. The

major problem of this reaction was the low yield. Generally
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_Table 1. Preparation of 8- (2-substituted vinyl)sul‘fi-des 8

Carbonyl Vinylsulfide B.p.(°C/mnHg) Yield(%)
a I Nspn 61~69/1.5 92
0 © SPh ,
b . ' 83-84/2 68
Al \\/l§y~/ /
: -0 . _
c | A~y W\ gp,  103-106/1 89
o] - SPh _ _
a [ii]' [fij ' 86-~90/1 86
0 SPh _
e \[jij, , \ti:j, 95-98/1 - 79
Table 2. Spectral data of § 7
IR (em™ ) Iy NMr (S, cDC1,)
gs | 3010, 1588, 1478 1.73(d,3H), 5.85(m,2H)
T | 1447, 1023, 747 7.10 (m, 5H)
o, | 2990, 1585, 1476 1.10(t,3H), 1.65,1.87(a,d,3H)
~ } 1439, 1021, 738 2,17(q,2H), 5.90(g,1H), 7.20(m,5H)
gc | 2930, 1595, 1490 | 0.63-1.6 (m,9H), 2.10(m,2H), 2.30
— | 1453, 1011, 805 (s,3H), 5.83(m,2H), 7.10(m,4H)
gq | 2940, 1583, 1475 1.60(m,4H), 2.27 {m, 4H)
T | 1436, 1020, 740 6.00(m,1H), 7.23({m,5H)
ge | 2870, 1584, 1475 1.10(d,38), 1.26-2.47 (m,10H)
™ {1438, 1021, 735 7.13(m, 5H)
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2 : 1 8 ppm.(CDCl3)_
l .

Fig. 1, H NMR spectrum of 8b
in the reaction of chloramine ' with sulfldes which have

the electron withdrawing substitutions, sulfilimines are
obtained in poor yield.z) .
The results of the preparation ef S-—(2-substituted
vihyl)-sulfiliminesji,are summarized in Table 3 and these
spectral data are shown in Table 4, In NMR spectrum of:gé,
the different chemical shifts_(l;SZ and 0.91 ppm) .and the
different coupling constants (6.0 Hz and 8.0 Hz) of each

allylic methyls (E and Z) were observed as in the case of

sulfide‘ggé

- 2-3 Synthesis of N-allyltosylamldes from S- (2—subst1tuted
v1nyl) sulflllmlnes
Treatment S-(2-substituted vinyly eulfiiimineS'g_With
sodiuﬁ ethoxide'ih ethanol at 257V§O°C afforded rearranged
allyltosylamides_z inrgood yield. The yield of 7 and the
spectral data are summarized in Table,S and 6, - As minor

products, S-2-ethoxy-alkyl sulfilimines'g which should be
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Table

3. Prepatation of S~ {2-substituted Vinyl)sulfilimines 4

Sulfilimines 4 M.p. (°C)  Yield(s)
§ }_‘)h\ .
S
a )(” NTs 96-100 45
b Ph-S=NTs 111-112 50
Sy
c \f\iji;ixNTs 128-130 67
Ph-8=NTs .
a x\] 101,5-102 78
Ph-S8=NTs
e 110-112 63
-Tablé'4. Spectral data of 4
TR (cm ™) | 1y wur (s, cDCl,)
4 | 1293, 1280, 1140 1.90, 2.02(d,d,3H), 2.36(s,3H)
— | 970, 808, 743 6.19 (m,2H), 7.24 (m,9H)
ap | 1278, 1136, 1086 | 0.75(t,3H), 1.82,1.91(d,d,3H)
| 985, 811, 760 2.20(m,2H), 2.36(s,3H), 6.54,
' 6.16(g,q,1H), 7.49 (m,9H)
4c | 1295, 1280, 1135 | 0.75-1.60 (m,9H), 2.38 (s, 3H)
| 1075, 960, 810 2,40(s,3H), 6.12{m,1lH)
o 6.65(m,1H), 7.50(m,8H)
4q | 1285, 1139, 1085 | 1.53(m,4H), 2.17(m,4H), 2.40
| 960, 815, 750 (s,3H), 6.83(m,1H), 7.47(m,9H)
4o | 1280, 1135, 1083 | 0.40(d,3H), 1.46(m,6H), 2.13

950, 812, 754

{m,6H), 2.37(s,3H), 7.48(m,9H)
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Table 5. Preparation of N-allyltosylamides 7

7 - M.p.(°C) Yield(%) of 7 Yield(s) of 9
7a N NS 62~63 69 31
7b \\/Q§/A\NHTS oil 84 0
7c HATs 0il 57 39
7
7d [:::L 95-97 83 7
NHTS :
7e \I:::IT 105-107 80 0
‘NHTs
Table 6, Spectral data of 7
'IR(cm’l) lu NMR (8, CDC1,)
2, | 3250, 1422, 1324 | 2.42(s,3H), 3.57(t,2H)
~™ | 1160, 1090, 810 5,46 (m,4H), 7.54(dd,4H)
- ' 3280, 1425, 1322 | 0.84(t,3H), 1.92(m,2H), 2.40(s,3H)
T | 1160, 1091, 810 3.54 (t,2H), 5.50(m,4H), 7.58(dd,4H)
e | 3290, 1425, 1325 1.11(m,9H), 2.38(s,3H), 3.68(t,3H)
— | 1155, 10906, 810 | 5.23(m,3H), 5.30(d,1H), 7.47(dd,4H)
2q | 3290, 1420, 1321 1.89(m,6H), 2.44(s,3H), 3.82(m,1H)
— } 1158, 1087, 808 5.19(d,1H), 5.58{m,2H), 7.52(dd,4H)
2o | 3275, 1435, 1322 | 0.87(d,3H), 1.48(s,3H), 0.83~2.30
e (m,5H), 2.37(s,3H), 3.60(m,1H),

1159, 1090,

808

4,75(d,1H), 5.33(m,2H), 7.50(dd,4H)



4)

produced by the normal Michael addition reaction®’ were

obtained. To avoid the. formation of undesired product‘Q,

~ ,
S=NTs TsNH S=NTs
1 . 1
R~4/ 2 FtONa; R~
\axi EtOH + =2
3 L
ELO
3
7 S

sodium t-butoxide which has little nucléophilicity wés
‘employed as the base instead of so&ium ethoxide. Thus,
when S-vinylsulfilimine gé_Was treated with eqﬁal mole
of sodium t-butoxide in t-butanol at room temperatuﬁe
for 24 hr, 4e was recovered in the yield of 50% ana only
27% of N—allyltosylamidé ig_was obtained.

While the mechaniém of-the transformation (g;az) was
outlined in 2-1, thé meghanism of isomerization £e>§ are
supposed; 1) as depicted in Scheme I, allyl anion formed
at y-position of S-vinylsulfilimine g should be in equili-
brium with allyl anion at a-position, and S-allylsulfilimine

5 was produced by protonation. 2) S-2-ethoxyalkyl sulfili-

Scheme IT

Ar An\ Ar
- = EtO 5=NT
Rl S Ngs EtONa Rl £ Ngs E'Rl __S ﬂgs H m[:;’N g
\TI:</R From R* < R =<
- = _
R R’ RS

%ulﬁ'

2
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mines 9 might be produced by the'nérmal Michéel addition,
and the elimination of ethanol might'afford.g..;ln@this
meéhanism, unacceptable points are thaﬁ Michael adducﬁs

- 9 should be_very_stable and the eliminatidn should afford

"4 but 5 predominantly.

Scheme TIIX

Ar_ A | Ar
1__CS=NTs EtONa 1 SS=NTs © 1 S=NTs
R SRR gl > R
5 |
R EtOH L/Rz ' LR?‘
3 Bt0” .3 T3
& '8 S]

Through the reaction {4>7), a few equilibriﬁm steps

seem to be contained (eqg. 3).' These equilibriums are
Ar\ _ Ar\ Ar-5-NTs o ANTs
Rl S=N’£sw9 Rl S=Ng$ Agkz " OEL RZ
. R” <&— | RT T e 1/\ 3 - 1 3
=3 23 R R R R (3
4 B 6 1

.+ Ar-S-OEt

controlled by the final cleavage of Nuallylsulfenamidé 6
with thiophilic reagent (NaOEt). When sodium t-butoxide
was used as the base in this reaction, 7 was obtained ih
low yield. it is why sodium t-butoxide has .the far_small
thiophilicity cémpared With sodium ethoxide.

According to the NMR spectrum of 7b using decoupling
technique, double bond of'zé_was construéﬁed by E comformer

only. This result means that the rearrangement 4 -7 proceeds
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Scheme IV

Ph_ . .Ph |
S=NTs _OEt, S=NTs Ph b E

4b _5,9 | \_\. — 3 '~ Ph-§
' ;S;:T; N /AE:/A\&TS

s
/
h

"7b 2

P

in very high stereoselective manner via ®folded envalope™

form intermediate.l7)

In this theory, the configuration

- of g-position of sulfur atom decides the stereochemistry
of producing olefine. As showen in.Schéﬁe IV, all the
substitutions should be exo-position inlﬁhe most stable
intermediaté, Considering that only E isomer was obtained
in this reaction, fhe equilibrium éxists between 4b and

" 5h and only one configuration at a-position can rearrange

smoothly..
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2-4 Ekperimental Section

Tetrahydrofuran (THf) was purified by distillation -
from lithium aluminum hydride.. Tolﬁene was purified by
distillation'fro@ sodium. Ethanol waé purified by
distillatipn frdm sodium. Sodim hydride was previousiy
washed by n-hexane. | | |

1H NMR spectra were determined with a Varian EM 360

spectrometer and JNM~PS-100. spectrometer. IH NMR shifts
are reporﬁéd d-values in parts per million félative to.
internal tetramethylsilane. Abbreviationé used are :

s, singlet; d, doublet; t, triplet; g, quartet; and m,
--comﬁlex multiplet.

Infrared spectra (IR) were detérmines with a Hi£achi
"Model API-S2 spectrophotoneter. Absorption valuesrare

reported in cmt.

Melting points are not corrected.

Phenyl~l-propenylsulfide 8a

28.g {1 mol) of SOdium:hydroxide waé dissolved in
500 ml of water in 1 L three necked flask fitted with
dropping funnel and nitrogen inlet, which was well boiled
and cooled down under nitrogen atmosphére. 110 g (llmol)
of thiophenol was added dropwise over 15 min. to the |
solution at 25°C under nitrogen. 121 g (1l mol) of allyl-
bromide was added dropwise at 0°C.0ve: 30 min., and the
soiution was stirred_forVG hr at 25°C. After the aQeous-
layer was separated,-extracted thrée timeé by 100 ml

portion of ether. The combined extraction was dried
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over unhydrous sodium sulfate. The crude allylphenylsulfide
was obtainea by the evaporation df the solven£ in gquantita-
tive yield; The crude sulfide was-dissolved in 500 ml of
ethanol in 1 L flask, and 1 g of sodium hydride was added
carefully, The solution.was refluxed for 6 hr, the soivent
was evaporated. The oily product was dissolved in 200 ml

of ethér and washed with 50 ml of water. After the solution
was dried ovexr unhydrous sodium sulfate, pure phenyl-1-
propenylsulfide was distilled at 61-69°C/1l.5 mmHg in the
yield of 138 g (92 2).

IR{NaCl f£ilm) : 3010, 1588, 1478, 1447, 1023, 747

NMR(CDC13) : 1.73(4, 3H), 5.85(m, 2H), 7.10(m, 5H)

1- Ethyl l-propenylphenylsulflde 8b

A)' A solution of 17.2 g (0.2 mol) of 3—pﬁntanone,
44 g (0.4 mol) of thlophenol, 500 mg of p-toluenesulfonic
acid and 100 ml of £oluene was heated at reflux for 12 hr
with azeotropic removal of watef. The sclution was washed
with 50 ml of 10 % sodium hydroxide solutioﬁ and 50_mi of
water. The solution was dried over ynhydrous sodium sulfate
and the solvent was evaporated. . The crude.3—pentanone
diphenylthiocacetal (recrystalized product; m.p. 76—77°C)
was heated and the mixture of thlophenol and the product
was distilled at 150~200°C/5 mmHg . Thlophenol was dlstlll—
ed from the mixture at 45°C/5 mmHg and pure l-ethyl-l- |
propenylphenylsulfide was distilled at 83-84°C/2 mmHg

in the yield of 22.2 g (63 %).

32



B) 3.5 g (41 mmol) bf.3~pen£anone,-8.96.g (82 mﬁol)
of thiophenocl, and 6 g of phosphorouspentoxide in 30 ml
of methylenechloride was stirfed for 24 hr at 25°C, The
procipitate was filteredland rinsed with 30 ml of methylene
chloride. 3~pen£ﬁnone diphenylthiocacetal was obtained
by the evaporation of the solwvent. lnEthyl-l—yroéenylphenyl
sulfide was obtained by the thermal decomposition of 3-
pentanone diphenylthioacetal as described in method A).
IR(NaCl £ilm)} : 2990, 1585,'1476, 1439, 1021, 738
NMR(CDCl,) : 1.10(t, 3H), 1.65 and 1.87(d,d, 3H), 2.17(q, 2H)

5.90(g, 1H), 7.20(m, 5H)

1-Heptenyltolylsulfide 8c

"Hydrogen chloride gas was passed for 2 hr at 0°C
thiough a solution of 4,56 g (40 mmol) of heptanal, 9.92 g
(80 ﬁmol).of p—-thiocresol énd 70 m}l of methylene chloride;
The solution was stirred for 20 hr at 25°C. Crﬁdé heptanal
ditolylthiocacetal was_obtained.by the evaporation of the. |
solvent. To the solution of 3.44 (10 mmol) of heptanal
ditblylthioacetal in 20 ml of ether, was added dropwise ovef
1 hr at 0°C the solution of 1.73 g (10 mmﬁl) of m-chloro-
perbenzoic acid in 20 ml of ether. After the solution was
stirred for 30 min, at 0°C, thé solution was washed three
times by 20 ml portion of sodium bicarbonate agqueous |
seluﬁion and once by 20 ml of water. The solution was
dried ovér unhydrous sodium sulfate. Heptanal ditolylthio—
acetal monooxide was obtained by the evaporation of the

solvent. Thermal decomposition €$200°C/2 mnHg) afforded

»
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crude l-heptenyltolylsulfide and.the pure product was
distilled at 103-106°C/1 mmig in the yield of 1.96 g (89 8).
TR(NaCl £ilm) : 2930, 1595, 1490, 1453, 1011, 805 |
ng(cnc13) : 0.63-1.60(m, 9H), 2.10(m, 2H), 2.30(s, 3H),

5.83(m, 2H), 7.10(m, 4H)

1--Cyclohexenylphenylsulfide 8d

1.96 g (20 mmol) of cyclohexanone, 4.4 g (40 mmol)
of thiophencl and 3 g of phbsphorouspentoxide in 30 ml
of benzene was stirred for 24 hr at 259C._.Thé precipitate
was filtered. Cyclohexanone diphenylthiocacetal was
obfained by the evaporation bf.the solvent, 1-Cyclohexenyl-
§henylsu1fide was obtained by the thefmal decomposition
of cyclohéxane diphenylthioacetal_atfﬁ200°C/5 mmHg.: The
pure product was distilled at 86—90§C/l mmHg in.the vield
U of 3.27 g (86 3%). | |
IR(NaCl film) :.2940, 1583, 1475, 1436; 1020, 740
NMR(CDC1,) : 1.60(m, 4H), 2.27(m, 4H), 6.00(m, 1),

7.23(m, 5H)

2, 6~Dimethyl-l-hexenylphenylsulfide 8e

A solution of 3.78 g (30 mmol) of_2,6—dimethylcyclo~
hexanone, 6.6 g (60 mmol) of thiophenol, 50 mg of p-
toluenesulfbnic acid and 30'ml of toluene ﬁas heated at
reflux for 12 hf with-azeotropic remqvél of.water. -The
solution was washed with 10 ml of 5 % sodium‘hfdroxide
solution and 10 ml of water. The solution was dried over

unhydrous sodium sulfate and the solvent was evaporated,
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Thermal decomposition of obtained 2,6-dimethylcyclohexanone

: diphenylthiocacetal afforded 2,6-dimethylcyclohexenylphenyl

sulfide. The pure product was distilled at 95-98°C/l mmHg
in the yield of 5.19 g (79 3%).
IR(NaCl film) : 2870, 1584, 1475, 1438, 1021, 735

NmR(CDc13) : 1.10(a, 3H), 1.26-2.47 (m, 10H), 7.13(m, 5H)

S—-phenyl-S—-1l-propenyl-N-tosylsulfilimine 4a

To the solution of 13.5 a (48 mmol) of.chlorémine T
in 50 ml of methanol, was added 7.2 g (48 mmol) of phenyl-
l-propenylsulfide and 1 dxop of acetic acid., The solution
was stirrea for 24 hr at 25°C., The solvent Waé evaporated.,
The residue was dissolved in 30 ml of.methylene chldride
and 30 ml of water. The organic layer was Wéshed twicé
by 30 ml of water and dried over unhydrous éodium sulfate.
The solvent.was evaporated, The crude oily prodﬁct was
crystalized by the freatment of 50 ml of ether. Pure
Shphenylwsul—proPenyl—N~tosylsulfilimine was obtained by
recrystalization from methylene chloride and ether.

).

o

M. p. was 96-100°C. The yield was 6.9 g (45

TR(KBr) : 1293, 1280, 1140, 970, 808, 743

NMR(CDCl,) : 1.90 and 2.02(d,d, 3H), 2.36(s, 3H), 6.19(m, zﬁ){
7.24(m, 9H) ' |

E. A, ¢ Cal. : C; 60.15, H; 5.37, N; 4.39

C.
Found : C; 59.68, H; 5.31, N; 4.39
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' S—(l—ethyl)fl—propenyl?S—phenyl~N;tosylsulfilimine 4b

To the solution of 28.2 g (O.lrmol} of chloramine T
in 100 ml of methanol, was added 17.6 g (0.1 mol) of 1-
etﬁyl~l-propenylpheﬁylsuifide and 1 drop of acetic acid.
The solution was %tirred.for 24 - hr at 25°C. The solveht
was evaporated., The residue was dissolved in 50 ml of ..
methylene chloride and 50 ml of water. The organic layer
was washed twice by 30 ml of water_and dried over unhydrous
sodium sulfate, The solven£ was evaporated. .The crude
oily product was crystalized by the treatment of 100 ml
ot ether;. Pure S—(1—ethy1)—1—propenylfS—phenyl—N—tosyl—
sulfilimine was obtained by recrystalization from methylene
| chloride and ether. M. p. was lllflll.5°C, fhe yield was
17.35 g (50 ).
IR(KBr) : 1278, 1136, 1086, 985, 811, 760

NMR(CDC1.) : 0.75(t, 3H), 1.82 and 1.91(d,d, 3H),2.20(m, 2H)

3 :
2.36(s, 3H), 6.54 and 6.16(qg,q, 1H), 7.49(m, 9H)
E. A. : Cal. : C; 62.21, H; 6.10, N; 4.03

Found : C; 62.39, H; 6.27, N; 4.01

S—l—cyclohexenyl—S~phenyl—N—tosy15ulfilimine’ég_
To-the_solutiqn of 8.46 g (30 mmol)} of chloramine T

in 100 ml of ethanol, was added 5.7 g (30 mmol) of 1-

cyclohexenylphenylsulfide and 1 droé of acetié acid. The

solution was stirred for 24 hr at 25°C. The solvent was

evéporated. The residue was diséolﬁéd in 50 ml of methylene

chloride ahd 50 ml ofrwater. The organic layéer was washed

twice by 30 ml portioh of water and dried over unhydrous
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sodium sulfate. Thé solvent was évaporated. ‘The crude

oily product was crystalized.by the treatment.of 100 ml of

ether., Pure S—1-cyclohexeny1fS~phenyl—N_tosyISulfilimine

was obtained by reérystalization from methflene chloride

and ether. M. p.‘was 101.5-102°C, and the yield was

8.428 g (78 2)..

IR(XBy) : 1285, 1139, 1085, 960, 815; 750

NMR(CDCL,) : 1.53(m, 4H), 2.17(m, 4H), 2.40(s, 38),
6.83(m, 1H), 7.47 (m, 9H)

B. A. : Cal. : C; 63.47, H: 5.90, N; 3.90

Found : C; 63.21, H; 5.84, N; 3.95

S—1—heptehyl—Sftolyl—N-tosylsulfiiimineﬁg;'

To the solution of 1.8 g (6.4 mmol) of chloramine T
in 30 ml-of ethénol, was added 1.4 g (6.4 mmol) of 1-
heptenyltolyisulfide and 1 drop of acétic acid, The
solution was-stirredrfor 24 hr at 25°C, Tﬂe.solvenﬁ‘was
evaporated. The residue was dissolved in 20 ml of methyienéf
.chloride and 20 ml of water; The organic layer was washed
- twice by 10 ml portion of water and dried ovef unhydroué
sodium sulfate. The solvent was eva?orated. The crude
oily product was crystalized by the treatment of 30 ml of
ether., Pure S~l-hepteny1~Swtolyl—N—tosylsulfilimine was
obtained by rec:ystaiization from methylene chlo;ide ana
ether, M., p. was 128-130°C, and the yield was 1.67 g.(67 %);
IR{(XBr) : 1295, 1280, 1135, 1075, 960, 810 |
NMR(CDC1,) : 0.75-1.60(m, 9H), 2.38(s, 3H), 2.40(s, 3H)

6.12(m, 1H), 6,65(m, 1H), 7.50(m, 8H)
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E. A, : Cal. : C; 64.73, H; 7.00, N; 3.60

Found : C; 64.85, H; 7.02, N; 3.45

suz,aédimethyl-lécyc1ohegeny1~s~pheny1eN-t¢sy1sulfilimine te
To the solution.Gf 6.49 g (23 mmol) of chloramine T
in 100 ml of methanol, was added 5 g (23 mmol) of 2,6-
dimethyl—1~cyclohexenylphenylsulfide and 1 drop of acetic
acid. The solution was stirred for 24 hr at 25°C. The
solvent was evaporated, Thé residue was dis#olved in 50 ml
of methylene chloride énd‘SO-ml of water. The organic
" layer waé washed twice by 30 ml of wafer éhd dried over
.unhydrous sodium sulfate., The solvent was evaporated.
The crude oily product was crystalized by the treatment
of 100 ml of ether. Pure S-2,6-dimethyl-l-cyclohexenyl-
S-phenyl-N—-tosylsulfilimine was obtained by recrystalization
from methylene chlo;ide and ether. M. p. was 110-112°c
and the yield was 5.61 g (63 %).
IR{KBr) : 1280, 1135, 1083, 950, 812, 754
NMR(CDCL,) : 0.40(d, 3H), 1.46(m, 6H), 2.13(m, 6H), 2.37
(s, 3H), 7.48{m, SH)
E. A. : Cal : C; 65.07, H; 6.51, N; 3.61

Found : C; 64.86, H; 6.35, N; 3.58

N-Allyitosylamide 7a

72 mg (3 mmol) of sodium.hydride was adaed to the.
solutibn of 957 mg (3 mmol) of 4a in 20 ml of ethanol.
The solution was heated at 50°C for 3 hf.- The solvent was

evaporated. The residue was dissolved in 20 ml of methylene
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Chloride and washed three times by 10 ml pértion of 5 %
hydrochloric acid soiution and 10 mi of water. The organic
layer was dried over unhydrous sodium sulfate. The solvgnt
was evaporated. -433 mg (69 %) of 7a and 360 mg (31 %) éf
S~2—ethoxYpropyl;S—phenyluN~tosylsulfilimine‘gg wefe
separated froﬁ.the residue by column chrdmatograﬁhy on
silica gel (ether). M. p. of'z§ (purified by chromato—.
graphy on alumina chloroform) was 62-63°C {(Lit. 64—65°C).18)
IR(KBr) : 3250, 1422, 1324, 1160, 1090, 810

NMR(CDCl,) : 2.42(s, 3H), 3.57(t, 2H), 5.46(m, 4H),

7.54(ad, 4H)

.N—2—penpenyltosylamine b

96 mg (4 mmol) of sodium hydride was added to the
ethanol solution (20 ml) of 1.04 g (3 mmol) qf‘gg. The
solution was heated at 50°C for 3 hr. The solvént was
evaporated., The residue was dissolved in 20 ﬁl of methylehe
chloride and washed three times by 10 ml portion of 5 % |
hydrochloric acid solution and 10 ﬁl of Waﬁer. .The ofganic
layer waé dried over sodium sulfate, The_solvent was |
evaporated. Column chrOmétographf on silica gel (chloro-
form)'afforded 604 mg (84 %) of 7b as the colorless oil,
'IR(NéCl'film) : 3280, 1425, 1322, 1160,.i091, 810 |
MMR(CDCL,) : 0.84(t, 3H), 1.92(m,'2H), 2.4b(s,'3H);
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Nwl—allylpentyltosylamide‘ZE

48 mg (2 mmol) of sodium hydride was added to the
ethanol solution (20 ml) of 778 mg (2 mmol) of 4c. The
solution was heated at 50°C for 3 hr., The solvent was
evaporated, The‘residuerwas dissoived in 20 ml of methYlene
chloride and washed three times by 10 ml portion of 5 % |
hydrochloric acid solution and 10 ml of water. The oiéanic
layer was dried over unhydrous sodium sulfate. The solvent
‘was evaporated. Columnrchlfomaﬁdgraphy on silca gel (
methylene chloride) afforded 306 mg (57 %) of 7¢ and
345 mg (39 %) of Yc. | |
TR(NaCl film) : 3290, 1425, 1325, 1155, 1090,-é10
NMR(¢D013) . 1.11(m, 9H), 2.83(s, 3H),'3.68(t,_3ﬂj,

5.23(m, 3H), 5.30(d, 1H), 7.47(dd, 4H)

N~2—cyclohexenyltosyiamide'Zg

.96 mg (4 mmol).of sodium hydride was added to thé
ethanol solution (20 ml) of 1.08 g(3 mmol) of 4d. The
solﬁtion was stirred for 5 hr at 25°C. The solvent was
evaporated. The residue was dissolved in 20 ml of methyiéne
chloride and washed three times by 10 ml portion of 5 %
hydrochloric acid solution and 10 ml of water. ‘The organic
layer &as dried over unhydrous sodium sulfate. The residue
of the évaporation of the solvent was washed by 10 ml of
n-hexane and then 10 ml of ether. Obﬁained crystal was
94 (85 mg, 7 8). 620 mg (83 %) of 7d was obtained by
the evaporation of the solvent. M..p. was 95-97°C (

7 ether-n-hexane).
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IR{KBr) :3290, 1420, 1321, 1158, 1087, 808
NMR(CDCL,) : 1.89(m, 6H), 2.44(s, 3H), 3.82(m, 1H),

5.19(d, 1H), 5.58(m, 2H), 7.52(ad, 4H)
E., A. : Cal. : C; 62.11, H; 6.83, N; 5.57

Found : C; 62.05, H; 6.73, N; 5.59

N~2,4-dimethylcyclohexenyltosylamide 7e
72 mg (3 mmol) of sodium hydride was added to the

ethanol solution (20 ml) of 1.16 g (3 mmol) of 4e. The

solution was heated at 50°C for 5 hr. The solvent was

evaporated, The residue was dissolved in 20 ml of methylene

chloride and washed thrée times by 10 ml portion of 5 %

hydrochloric acid solution and 10 ml of.water. The organic

layer was dried over unhydraous sodium sulfate. The

solvent was evaporated. Column chromatography on silica

gel (chlorofom) afforded 670 mg (80 %) of;ZE. M. ?. was

105-167°C (nnhexanej.

IR(XBr) : 3275, 1435, 1322, 1159, 1090, 508

NMR(CDC1,) : 0.87(d, 3H), 1.48(s, 3H), 0.83-2.30(m, 5H),
2.37(s, 3H), 3.60(m, 1H), 4.75(d, 1H),
5.33(m, 2H), 7.50(dd, 4H)

E. A, ¢« Cal. :C; 64.47, H; 7.59, N; 5.01

Found :C; 64.69, H; 7.48, N; 5.38
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3, Synthesus of Rearronged Allylamines from Allylalcohols‘
[3,3} Slgmatromc Rearrangement of Allylcyanates

3-1 Introduction

Overman has demonStrated the superior method for 1,3

1)

'transp091t10n of allylic alcohol and amine function.

la)1b) -

Thus, if allylic trichloroacetimidates 1 and allyllc'

14)

pseudoureas 2 were heated at 137°C (refluxing xylene),
rearranged trichloroacetamides'g and ureas 4 weré_obtainéd

respectively. (Scheme I) The whole reaction was cOnstructed_

'Scheme‘I

12 3.4 1.2, 3.4
R™R C CR(ER R Y—CN R R C—CR?R R 1370°(C
OH ) - Y-C-0 :
NH
102
R1R2CCR$CR3R4 ' - RlRQCCR=CR3R4
| : OH 5 ]
HN-ng NH2
3,4

1, 3 Y= ;CC13 gjzi': Y= —NC:]

by fhé initial formation’of'£ from allylaléohéis, success=
ive.f3,3]—$igmatr0pic reafranggment from 1 to 3, and -
hydrolysis of 3 producing rearranged amines. Soﬁe of the

' 1mportant features of this sequence were as follows, a)

the overall high ylelds, b} the relatlvely low temperatures
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reguired for the ﬁhermal rearréngement, ¢) the ability of
“'_mercufy (II) to catalyze.the_rearrahgemeht of'imi&ate
derivatives of 2-alken~l-o0lg, 4) the.tofal regiospécificity
and high stereoselectivity of the process, e) the ease of
remoﬁallof'the trichloroacetyl proup; Finally this method
for the preparation of amines Would be pérticulariy useful
for the synthesis of tertiary carbinyl.amines,.fér-which
there_are few alternate synthetic methods.z)
With a goal of developing similar methodology in which
the thefmal rearrangement could be accomplished at or below
room temparature, the author was attfacted to the procedure

of Scheme II.3) Attempts4)

5)

to prepare allylic cyanic
estexrs have invariably led to the formation of aliylic
isocyanates, and such results have been interpretéd to

Scheme II

1.2 3.4 1.2 3.4

R'R“C=CRCRR cicy . KR C:CR?R R
on , N=C-0
| | 5
rIr%ccr=cr3r? ~om - rlr?ccr=crizr*
' ﬁ=cﬂo - ﬁHz
6

mean that thé allyl cyanate to allyl isocyanate rearrangement
(5> 6) occurs rapidiy at room temperature; Especially
this rearrangement is supported by [3,3]sigmatropic re-.o

_ 6 _

arrangement of allylic thiocyanates. The direct synthe-

sis of alkyl cyanates from the reaction of alkoxides and
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cyanogen halides has been reported.5)7) ‘However, good '

yields have been obtained by_this procedure with bridge-

Ta) b)) 7c)

head and acidic alecohols only. Typically

encountered problems are further transformations of the

8}

leading to the formation

7a)lmcyénate or is80-

initiélly formedlalle cyanates,
of iminOCarbonates,g) isocyanates,
cyanate trimers and alkenes. We anticipated that many

of these problems would bhe avoided in the réaction of

an allylic alkoxdide with a cyanogen.hélideﬂif.theuinitially
fofmed allylic cyanate 5 underwent rapid fearrangement to
isocyanéte 6. In this section the author reports what

to our knowledge is the first study of the reaction of
allylic and propargylic alcohols with cyaanen_chlofide.

As detailed below, the méfhodology of Scheme II was found
to be 5ynthetically ﬁseful for the introdﬁction of nitrogen

at highly hindered allylic positions.
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3-2  The rearrangement.éf'allylic'cfanatés to allylic

i#ocyanates |

Sequential treatment of a tetrahydrofuran (THF)
solution of‘geraﬁiollat 0°C with n-butyllithium (1 equiv)
and cyanogen chloride (1 equiv) and subséquent reactioﬁ
for 3 hr at rdbm'tempefature'afforded a mixture of linalyl
isocyanate 8 and the dimeric carbamate‘g. Isoéyanate.g
was isolated in 40% yield by direct distillation of the
crude reaction mixture at réduced pressure, and it was
characterized by reaction with pyrrolidine to afford the

2d)

known urea 10. Carbamate'g was isolated in 50% vyield

{ori  clew
E -~

7
| 2 —
0-25°C .
: N=C=0 NHCOCH i
gt

8 40% -9 50%

4

[

CNH
\f'

_ =
Iy
| NHCON |
. N

™

- 10

47



by a cpmbination of chromatograghy énd distillatioﬁ. That
9 was likelf formed from. the reactién of isocyanate é with
alkoxide'z_was confirmed by the quantitétive conversion

cf 89 under identical conditions. A variety of e#peri—
mental parameters'(Tableil) was examiﬁed_in an attémpt.to

optimize the formation of 8. As expected, the yield of

' 8 was improved when excess cyanogen chloride was employed,'

although the increase was not dramatic (8 formed in 68%

yield) even when 10 equiv of cyanogen chloride was émployed.

The use of lower reéction temperatures and longer addition
times had surprisingly little effect on the improvement
of yield of 8. | | - -

Table I. Reaction of the lithium salt of geraniol 7

with cyanogen chloride in THF,.

Reaction conditions

ClCN Time of Temp : VIsolated
(equiv) addin (min)  (°C) yield of '8 (%)
1.0 15 0 40
1.5 15 0 43
10 15 o0 68
10 | 15 o -78 65
13 600 25 _' 34

Similar treatmént of the lithiﬁm salts éf 2—cyclbhexe
l-ol'with 20 equiv of cyanogen chloride followed by produc
isolation after £he éddition of pyrrolidine afforded a
mixture of'carbaméte'lg_(Sl%) and the known ufeaj%i (21%).
The highéf yield 6f éaﬁbaméﬁé produced in this case re-

flects the greater reactivity toward alkoxide of the-léss
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sterically hindered isocyanate 12.  The ability of un-
‘hindered isocyanates to compete with cyanogen bromide for

0) The ter-

an alkoxide anion has been noted previously.l
tiary alcohol linalool was recovered unchanged from se-

guential treatment with n-butyllithium and cyanogen chloride.

cicN 11 o

e CUN W

' N=C=0 NHCOﬂ(iii>
. (}-

11 | 12 | L3

—

OLi

@ Q /™~
NHCN

14

.We next examinéd the application of the allyl cyaﬁate
mefhodology for introducing_nitrpgen functionality at the
hindered 3 position of a 3-substituted 2—cycloheXenyl system;
e,g.,iigﬁ}ég} The inability to accomplish conversions of
this type in éven moderafe yield is the ﬁajor limitation
of the allylic trichlorocacetimidate methodzéisz:QfJﬁrans—
posing alcohol and amine functions. This appeared at the
outset as a potentially attractive application of fhe allyi_
cyanate methodoipgy since the rearranged iéocyanaté would
be highly hindered, and the low temperature of the thermai
rearrangement might reduce complications from éompeting

2a} 2b)

elimination pathways. In the event, treatment of
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the lithium salts of alcohol‘éﬁzc)

with 20 equiv of cyanogen
chloride afforded a mixture of the fearranged isocyanate
17 and the dimeric carbamate 18 in yields of n50 and 14%,
respectively. Isocyénate 17 was characterized by conver-

sion to the crystadlline urea‘lgjzd)

which was produced
44% overall yield from alcohol 15. Significantly, the
allylic urea with an unrearranged carbon skeleton, Which

d)

was produced2 to a minor extent in the reafrangment of
the pyrrolidinecarboximidic ester of alcohol‘}é, was not
formed (§2%) in the cyanogen.chloride,reaction. The
regiospecific conversion of 15 to derivatives of the

rearranged amine 20 in overall yields of greater than 50%

represents a significant improvement over the existing

or!
| R
N=C=0 . - NHCO
R .
R | R
15 Ri=H 17 18
16 R =Li S~
HN |
-
NHCN | | , NH,
R ' R
19 20

= CH/O]
= T (CHy) g CR
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2)

methodology. In a single‘experiment, the c;ude mixture'
of 17 and 18 was directly hydrolyzed with ethanolic
potassium hydroxide to afford the allylically rearranged
amine 20 in 36% overell yield from alcohol 15,

In an attempt to generate allenyl isocyanate g;;_?—
occtyn-1-0l was ireated in a similar fashion with n-butyl-
lithiuﬁ {1l equiv) and cyanogen chloride (10 equiv)..-No
isocyanate or allene products were detected, and the. only
product 1solated (in "70% yleld) was the prOpargyllc chlorlde
22, 1-Octanol was 31mllarly converted to l-chlorooctane
in 81% yield. Although the formation of alkyl chlorides
from the reaction of alkox1des and cyanogen chlorlde has

5)7}8)

apparently not been noted prev1ously, it is not

surprising since alkyl cyanate are known to be converted

alkyl chlorides when treated with HC1%®) and to alkyl -
iodides when treated with potassiﬁm iodide.ab)
‘ . _ -
n~CSH11'
| C C=CH2
O0=C=N
~ -
21
n— CsHllC“CCHZOH \\\\\\&\\£§
_ n-— CSHllC CCH2C1
22
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3-3 Experimental Section

Cyancgen chloride was dried by paSéage through a calcium
- ¢hloride drying tower, condensed at 0°C in a rubber septum
sealed graduated cylinde;, and transfered under'a_nitrqgen
atmosphere by standard doﬁble-needle techniques. Tetra-
hydrofuran (TﬁF) was pﬁrified by distillation from éodium
and benzophenone. | | |

lH NMR spectra were determined with a Varian EM 360

spectrometer. 13C NMR speatra were determined at 22.62 MHz

with a Brucker WH-90 spectrometer. lH NMR and 130 NMR
shifts are reported as ¢ values in pﬁm relative to internal
tetramethylsilane. Coupling constants (J) are reported in
- Hz and refer to appareﬁt multiplicities, énd not tfue coupl-
" ing constants; abbreviations used are:'s,*singlet; d, doublet;
t, triplet;.m, complex multiplet. | |

Infrared spectra ({IR) were determined with a Perkin
#lmer Model 283 spectrophotometer.

Mass spectra were determined with a DuPont 21-498 double

focussing spectrometer.

Reaction of geraniol with cyanogen chiloride. Preparation
of 3,7-dimethyl-1, 6-octadien~3-yl isocyanéte'g_and-
carbamate 9. |

A stirred solution'of_cyanogen chloride (5 ml, 0.1 mol)
and 30 ml of anhydrous THF was treated dropwise at 0°C
over 15 min with a THF solution of alkoxidé‘l {(prepared
from the reaction of 1.54 g (10 mmol) of geraniol with |

n-butyllithium (1.6 M in hexane, at 0°C in 10 ml of THF
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using bipyridyl as an indicator). The cooling bath was
removed and the reaction mixture wasg stirred fof 3 hr at

Xoom tmperaturé. Excess cyanogen chloride and THF were
removed at reduced pressure on a rotary evaporater, and.the
residue was dissolved in ethyl acetate and filtered through

a short plug of,silica gel. After concentration, the residue
was distilled to afford 1.22 g (68 %) of pure isocyanate 8;
b. p.769—72°c/2.5 mmHg .

IR(NaCl f£ilm) : 2260 (v N=C=0), 1460, 1380, 980, 920 et

lH NMR(CDCI3) : 4.8—6;1(&, four vinylic hydrogens), 1.62
A {s, C§3), 1.38(s, C§3) '
3¢ mmr(cpe1y) : 142.2(c2), 132.2(C7), 123.4(C6),1.20.8 (N=C=0)
112.8(C1), 62.2(C3), 43.0(C4), 29.2(CHy),
25.6(Cly), 23.3(C5), 17.6/(Cll,)

Mass {m/e) : 179.130(C MO requires 179,131), 136, 121, 96

11¥17
Treatment'of a hexane solution of the distillation residue
with actlvated chacoal, followed by bulb to bulb dlstlllatlon
{(bath temp. 150°C/0.001 mmHg) afforded 422 mg (25 %, 90%
.pure by lH NMR) of carbamate'g as a colorless liguid.

IR(NaCl film) v : 3350(NH), 1720(C=0), 1505, 1240, 1065 cm™t

e MR (CDCL,) 5.96(ad, J=10, 18lz, CH=CH,), 4.8-5.7(m,
five wvinylic hydrogens), 4.70(broad S, NE),
4.50(a, J=7uz, CH,0), 1.65(s, CHy), 1.55
(ﬁS, CHy), 1.36(s, CHy)
E. A. : Cal, for CyyHiyghiOy: Ci 75.61, H; 10.60, N; 4.20
Found : : C; 75.57, H; 11.09, N; 4,51
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Préparationrof urea 10

A solution of 540 mg (3 mmol) of isocyanate 8, 280 mg
(4 mmol) of freshly distilled pyrrolidiné, and 5 ml of THF
was maintained a£ roém temperature for 2 hr and concéntrated
to afford a solid-residue; This residue was dissolved in
n-hexane, treéted with activated charcéal, and Crystallized

to afford 10, m. p. 48—505C (Lit.ld)

37-38°C) in essentially
quantitative yield. This sample of 10 was idential (tm
NMR,'IR) with a sample prepared from thérmal rearrangement

of geranyl l-pyrrolidinecarboximidate.

Pre?aration of carbamaté 9 from the'reactioﬁ Qf alkoxide-z
and isocyanate 8 |

A solution of 720 mg (4 mmol) of 8 and 15 ml of THF
was treated dropwise at 0°C with a THF‘solution_offzr(lo
m1 of a 0.40 M_ sol.ui.:i;)n_), and then stirfed er 3 hr at room
temperature. The solution was neutraliéed with acetic acid,.
conceﬁtrated, and the residue was purified by dhromatograph§
on silica gel (ethyl acetate) to afford 1.32 g (99 %) of 9,
which was identical (1H NMR, IR) with a sample prepared from

geraniol.

Reaction of 2Z-cyclohexen-1-0l with cyanégen'chloride.
preparation of darbamate'ii an& urea‘li

A stirred solution of cyanogen chlqride (10 ml, 0.19 mol)
and 100 ml of anhydrous THF was treated dropwise at 0°C
over a period of 10 hr with a 0.1 M THF sOlutiéh of alkoxiée

11 (100 ml, 10 mmol, prepared from 2-cyclohexen-l-ol as
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‘described for 7, and added with a syringe pump). After
stirring fox 12 hr at room temperature the reaction mixture
was éoncentrated; tﬁe residue was dissolved in 50 ml of
THF, and treated dropwise with 10 ml of freshly distilled '
pyrrolidine. Aftér stirring at room temperature for 1 déy,
the reactibn ﬁixfure Qas concentrated and purified by
chromatography on silica gel (5:1 hexane:ethyl acetate)

to afford 400 mg (21 %) of the known urea 14, ﬁ. Pp. 91-93°C

1

(1it.'®) 92.5-93°c, identical by IR, 'H NMR), and 567 mg

(51 %) of carbamate 13, m. p. 81-83°C (after sublimation)

IR(KBr) v : 3320 (NH), 1680(C=0), 1520, 1240, 1055, 1025 cm '

Iy NMR(CDC13) : 5.2-6.1(m, four wvinylic hydrogens), 5.0
(m, NH), 5.6(m, CHOR), 4.1(m, CHNH)

E. A.-: Cal., for C13H19NO: C, 70.56; H, 8.65; N, 6.33

Found : ¢, 70.36; H, 8.71; N, 6.37

Reaction of 3—(4-ethylenedioxy—l—butyl)~2—cyclohexen—l—ol
with cyanogen chloride. 1Isolation of isocyanate 17,
carbamate 18, and uﬁea‘lg.

In a similar fashion, cyanogen chloride (5 ml, 0.10
mol, in 30 ml of THF) -was treated dropwise at 0°C over
15 min with a 0.50 M THF solution of alkoxide 16 (10 ml,

5.0 mmol, prepared from 3—(4—ethylehedioxy—l—butyl)-2—
10) '

cyclohexen~-l~ol™ "’ as described for 7). After stirring

for 4 hr at 0°C, the reaction mikture was concehtrated,.
filtered through a short column of gilica gél (ethyl acetate},
- and distilled (90-120°C/0.05 mmHg) to afford 795 mg of a

NTO % pure sample of isocyanate 17.
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Purification of the distillation residue by chromatography
on silica gel (l:l'hexane:ethyl acefate) afforded 172 mg
{14 %5 of carbamatéiig. |

IR(NaCl £ilm) v : 3350 (NH), 1715(c=0), 1515, 1235, 1140,

“945 cm Y

lg NMR {CDC1,) . 5,81 (apparent s, CH=CH), 5.50(broad s,
CH=CH), 5.10{broad s, NH), 4,82 (broad. t,
J=4, OCHO), 4.60(broad s, cozcg); 3.60-
4.00 (m, ocgé-cgzm
A 237 nmg portion of the crude isocyanate sample'described
above.was treated in THF for 12 hr at room temperature'with
1 ml of pyrrolidine. Concentration, and éufificatiqn of
the residue by chromatography on silica gel (7:3 hexane:
ethyl acetate) afforded 203 mg of the pure urea 19 (0.66
mmol, 44 % overall from alcohol 15), m. p. 74-75°C (hexane)
(1it,'® 62-64°C) which was identical (‘M NMR, IR) with

an authentic sampleld}. An early chromatography fraction

1eYs¢ the 1- and 2-(4~ethylene-

1)

yvielded 90 mg of a mixture
dioxy-1l-butyl)}-1,3-cyclohexadienes. The known”

urea with
an unrearranged carbon skeleton, 3~ (4-ethylenedioxy-1-
butyl)-2-cyclohexen-1~yl l—pyrrolidipecarbokamide, could

1

not be detected {(TLC and "H NMR) in the crude reaction

mixture, or in any of the chromatography fractions.

1—(4—Ethylenedioxy-l—butyl)-2~cydlohexen—l—yl amihe'gg-
In'an_idenﬁical fashion cyanogen chloride (100 mmol)
was treated with alkoxide 16 (5.0 mmol) to afford a mixture

of‘}l;and'lgf Thisg mixture was heated at reflux for 36 hr
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under a nitrogen atmogphere with 15 ml of ethancol and 7.5-
ml of é 40 % potassium hydroxide.solution; Tﬂe alkaline
mixtﬁré was then acidified _(pH'Afﬁ 6). with 50 %I acetic acid,
extracted one time with 20 ml of ether; basified, and the
smine product isotated by extraction with ether. Short—' 
path distillation (85-90°C/0.02 mmHg) oﬁ £he dried (Na2S04)
extract yielded 443 mg (42 %) of amine 20 (85 % pure,
contaminafed with diene). A pure sample of amine 20 was
obtained by extraction with cold 10 % HCl, washing with
ether, basification, and short-path distillation as a
colorless loquid.

IR (MaCl film) v : 3350, 3290 (NH), 2930, 1440, 1140, 1035,

940, 730 cm T
g NMR(CDC1,) : 5.4-5.7(m, CH=CH), 4.81(t, J=4, OCHO),
3.5-4.0(m, OCH,CH,0), 1.8(s, NH,)
13

“7C NMR(CDCL,) : 135.3(CH=), 127.0(CH=), 104.6(OCHO),
64.8(0CH,), 50.8, 43.0, 36.4, 34.5, 25.2,

19.3, 18,3

Preparation of l-chloro-2-octyne 22

A stirred solution of cyanogen chloride (4 ml 80 mmol)
and 20 ml of THF was treated dropwise at 0°C over 15 miﬁr‘
with a 0.5 M THF solution of lithium 2-octyn~l-oxide (8.0
mmol, prepafed as described for 7}. After stirring at room
temperature for 3 hr, the reaction mixture was concentrated
and bulb to bulb distilled (bath temp; 50-100°C/2 mmHg) |
to afford 807 mg (70 %} of the chloride 20, which was

identical (IR, lH NMR, 130 NMR) with an authentic sample
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prepared by the reaction Zéoctyn—l—ol'with thionyl chloride.
IR(NaCl film) v : 2930(CH), 2230(C=C), 1468, 1262, 1150 cm
1

H NMR(CDCl,) : 4.13(t, J=2.5, CH,~C1), 1.7-0.7 (m)
13 ‘

1

C NMR (CDC1,) : 87.8, 75.2, 31,23, 31.18, 28.4, 22.4, 19.0,
14.0
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4. Synthesis of Pyrrolidine Derivatives,
Directed 2-Aza-Cope - Redrrangements.,

4~1 Introduction

When the sigmatropic rearrangement is carried out,
the major problem often to be faced is that the final
producte are the mixture of the starting isomer and the

1)

rearranged isomer because of the equilibrium. "In the

R s 455\\
: Cope rearrangement
—
= AN
0" X 0¥ '
L\\/// Claisen rearrangement
/ 6

2)

case of Claisen rearrangement in which the hetero.atom
is introduced at 3fposition_of 1,5~hexadiene system, the
equilibrium lies so far to the right (carbonyl, imine,

etc.). But the mixtufe of two isemers_is often obtained.

1),3)

in usual Cope rearrangement, because .in this case

tﬁere is no driving force to shift the equilibrium,

4)

2-Azonia-{3,3]-sigmatropic rearrangement the author
noted is considered to be gimilar to the case of Cope re-
arrangement. - This rearrangement appears to be a particu-

larly attractive vehicle for the elaboration of methodology
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2-azonia-[3,3]~

470 sigmatropic rearrangement

o

of carbon-carbon bond formation. The reversible reorgan-
ization occurs under remarkably mild conditibns (typically
100-200°C below the corresponding Cope rearrangement),4)
énd a variety of methcods are available for preparing the
starting imiﬁium ion'lfs) To be syntheticaliy useful fhe
2-azonia-[3,3] -sigmatropic rearrangement must be irrevers—
ible in the_desifed direction, and tb.date essentially
all applications have been in benzoheterocyclic.systeﬁ,4)
Qhere the rearrangement is driven by aryl conjugation of
the product iminium ion (R3: aryl). To direct this re-~
_ arrangemen£ the author planed aﬁ intramolecular trapping
procedure. The strategy is to incorporate a nucleophilic
substituent in such a fashibn that if is latent in the
starting sigmatropic isomer, but upon rearrangement is
unleashed and irreversibly captures the desired product
iminium ion. For this purpose, oxygen functionality was
induced at 4-position of 2-aza-l,5-hexadiene system (R4=_
OR) . |

As shown in Scheme I, réarranged iminium ion isomer
- could afford pyrrolidine by a ring closure of Mannich

'5),6)

type. In the beginning within this context the author

examined the reaction of aldehyde and salts of N-alkyl-
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Scheme I

?2 R? R?
1 * 1 !
r/,gq§/R s - % N _rt
H e
i L irreversible”
N RO™ \’o&

2-alkoxy~3~butenamines 3, and found that this reaction
afforded 3-acetylpyrrolidines 4 (R3: Me) in a simple step,
and in excellent yield (eg.l). The major limitation of

this reaction is that the carbonyl component must be an

0

R N
rtcuo  + /\I/\ ) 80°C., 1 B eT
, | Iy Rz, R N
_ R
3 4

unhindered aldehyde; For example,'pivaldehyde and alim
phatic ketones were recoveréd unchanged when heated at
reflux in benzene with amine salt 3. |

| The limitation described above should be caused by
the steric hindrance arouhd the carbonyl function or
starting anmonium sait 3. The reaction was sucéessfully
exteﬁded to ketones when N-substituent of anmonium salt 3
was repléced by hydrogén. Thus, when l—amino—2—methyi—3f
‘buten-~2-ol é and cyclohexanone were treated with 0;9 equiv
of d-l0-camphorsulfonic acid at 80°C, 45% of the correspond-
ing73—acety1§yfrolidine'was obtained. On the other ﬁand;

it was found that various ketones afforded 5-vinyloxazoli-
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5 H
= i 45%
| | r
o . N gl
/\}/\NH . J jgf_> ><R2
ol 2 Rl R2 0
5 | o 8

dines 6 by the reaction with 5 under the neutral conditions

)

in high’yield,7 It is significant that 6 also seems to
be the precursor of iminium ion" 7 under the-acidic condition.
As shown in Scheme II, 3-acetylpyrrolidine 8 would be

Synthesized from g-successively. This approach allows

Scheme II
H . H H 3 1
2 1 i 1 I 1 1 R
NS = I, > 2N, M2
7:0 R®  HO HO ™ ~
oS 7 © 8

cycloalkanes to be utilized as the carbonyl components in
this pyrrolidine synthesis, and results in a convenient
construction of substituted l-azaspiranes which are diffi-

8) In this way the:

cult to synthesize by other methods.
i-azaspiro{4,5]decanes were preparéd in isolated yields
of greater than 50% from their cyclohexanone precursors.

However, the use of ketones in this pyrrolidine synthesis

(Schéme'II) may be limited to cyclohexanones, since re-
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arrangement of S-Vinyloxazglidines'E_derived from 3-pentan-
one and cyéiopentanone afforded thercorresponding pyrroli-
‘dines.in only low vield.

As described, when the sigmatropic rearrangemént is
- incorporated in-a‘syntheﬁic methodology,'it.iS'the'majbr

1)

factor to control the equilibrium. Oxy-~Cope rearrange-

9}

ment is one of the such examples. By the introduction

HO O™~ oxy-Cope rearrangement

of hydroxy group at 3 position of 1,5-hexadiene, the
equilibrium successfully lies far to the right affording
carbonyl compounds, Furthermore Evans has developed this
rearrangement as a base accelerated oxy-Cope rearrangement.lo)

It is well known that [3,3]-sigmatropic rearrangement is

carried out faster when two olefines of 1,5-hexadiene have

X Cat.l8-crown—-6 . ¢;;>\j

THEF, 25°C

KON\~ Ko~y

5a) The 1,2-olefinic part in 3-oxy-

the different polarity.
1,5-hexadiene woﬁld.become nore negative by the simple
improvement of alcohol to alkoxide. So the activation

energy in the rearrangement might. depend on. the negativity

of homoallylic alkoxide, It has been shown that, when
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potassium cation is used as the counter cation of alkoxide
together with a catalytic amount of l18-crown-6, the oXy—

10) The

Cope rearrangement was accelerated surprisingly.
author planed to incorporate oxy-Cope rearrangemnet into
Z-aza-~Cope rearrahgement sYstem. S5-Vinyloxazolidines 6

‘might have the equilibrium as depicted in Scheme III.-

Scheme III -

N 1 : N\,R
R —— \ 2
_ 2 e R
0 HO s
¥ _6_ | -

Actually, in the case of the conjugating system (Rl= Ph,

R2= H), hydroxy imine was isolated instead of the corre-

spondipg oxazolidines by the reaction of l-amino~2-methyl-
35buten—2—ol 5 and benzaldehyde. Scheme IV shows the
reaction pathway of.the base acceleratéd'4-0xyw2-aza~[3,3]—
sigmatropic rearrangement. Treatment of S—vinyloxézolidines'

" 6 with base should afford 4-alkoxy-2-aza-1l,5-hexadiene 11
Scheme IV



as intermediates. The successive ring closure to 3-acetyl-
pyrrolidines'g is induced by the'intramolecular attack
of the rearranged enolate anions 12 on the.imine function
endocyclicly.ll)
In this chapter, syﬁthesis of l-amino~3—buten~2-oi
derivatives which are the versatile starting materials
of pyrrolidine synthesis will be described in the beginning.
(4-2). In the following sections, the synthesis of 3
acetylpyrrolidines derived from various aldehydes (4—3),
preparation of 5~vinyloxazolidines (4-4), 2-azonia-{3,3]-
sigmatropic rearrangement étarting from 5-vinyloxazolidines
(4-5), 4-oxy-2-aza-Cope rearrangément f4—6) and finally
the steréochemistry of these pyrrolidine syntheses (4-7)

will be discussed.
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4-2 Synthesis of l-amino-3-buten—-2-ol. derivatives
~ In this section l-amino-3-buten-

2-ols, the starting materials of the

3 _
R new pyrrolidine synthesis, was tried
4;7\4//A\NHR2 - to be synthesized by a féw methods,
OR". - The first attempt was the reduction
llli of acrolein cyanochydrin (eq_z)_lz)'l3)

O-Protected cyanohydrin 14 was prepared from acrolein

by the known methods in the yield of 80%.14)

? o ) L
R RN
' ' 14

L)

LAH . _NH., '
ether,-78 o™ ﬁ/ 2 + polymer | (2)

27%

Although the

various-attempts to reduce the nitril to amine were tried,
only 27% of the desired amine was obtained tpgether.with
considerably high molecular weight material when 1/4 eguiv
of lithium aluminum hydride was used in efhef at ~78°C,

The next attempt was the direct amination of l-bromo-
2malkoxy—3-butenes‘1§ (eq.3). '15 was prepared from butadiene
or isoprene by the O-alkylation of their bromohyd:ins in

4 l-ethoxyethyl) was

'70-80% yield'®). when 15b (R°= H, R
reacted with n-propylamine, l-propylamino-2-({l-ethoxy)-
ethoxy-3~butene 13B was obtained in good yield; - 13b was

deprotected to afford-l—propylamino-B~buten—2—ol’1§§,

63



R3 _ _ R3

2 .
— : NH,R ' .
4§?\+/A\Br 2 > 4%%+/A\NHR2 (3
- or? | or*
15 13
P . g3 | g3
4%9\1// _NBS_ ar 4?\913;4§h+/\5r
_ R3 H20—ether OH : : OR4
iSb:R3=H;R4£ﬁﬁo‘“/'
15L:R3=CH3,R4=)/O\V/
3
R
NBS ¢>+/\ '
Br
MeOH OCH
3
lSc:R3=H

- 13c (R4= methyl) was obtained by methylation of 13a, or

15b) .

‘alternative amination of 15c (R4= methyl) directly.

But the direct amination of 15L (R3: methyl, R4='lwethoxy—
ethyl)'by n-propylamine was not succeeded apparently

because of the steric hindrance due to the neopentyl nature

of the bromide,

N . : .
ﬁg?\r/ﬁ\Br NH., _4¢xr/\NH/\/ | A
O*TWOMT - Oﬂr0—1 OH .
15b . 13b 13a
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It hasrbeen known that l-amino-2-ol component can be
prepared by the reaoﬁion of epoxideo and various amines.ls)
In the next step, the reactions of 2-méethyl-1l,2-epoxy-~3-
bu+ene with amines were examlned To simplify the proce—

dure, 2-methyl-1,2-epoxy-3-butene was synth651zed in s;tu

by use of excess of amines and the corresponding amino—

Br 2 5| M . NHR

OH

alcohol was obtained in one pot process. Thus, when 1-
bromo-2-methyl-3-buten~2-0l was treated with 10 equiv of
njpropylamine, l-propylamino-2-methyl-3-buten-2-0l 13d

i6a)

was obtained as colorless oil, In this reaction ‘it

N\NH,\/ KH,MeI p\{/\
//(;7 .' OH

" might be possible that undesired isomer 16d is also obtained

: : 13d . 13e
S oo
/ O \/\NH2 .

'y{/\OH KH,MeI .MMe
NH L NH-V
16d l6e

The unambiguous structure of methylated aminocalcohol 13e
was determined as follows. 1) In G.C. analysis of l3e,
only one peak was observed. 2) 1In lH NMR spectrum, four

protons which attached to the a-carbons (marked C in 13e)

of nitrogen atom were observed at 2.30 ppm, and no peaks
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were observed from 3.30 ppm to 4.90
ppm.. This observation strongly indicated

the sample did not have O-methylenes.

* *
/\l/‘\NH/\/ 3) Finally, 1y wMr spectrum of HBF,

Ore ~  salt of 13e showed the marked methylenes

13e at 3.08 ppm as multiplet which were
considerably shifted to downfield, but other prétons did
shifﬁ only 0.1 ppm. The great shift of these prqtons by
‘changing from amine to ammonium salt indicatédrthat these
- protons were attached ﬁo the oa-carbons of nitrogen.atom.
Still no peaks were obserVéd at 3.30F4.90 ppm even in the
Ly wr spéctrum of the salt of 13e. Significaﬁtly,'when.

the smallest amine, ammonia, reacted with l-bromo-2-methyl-

3~-buten~2-0l, providing one isomer of l—amiho—Z—methyl-

3—buten-2—ol‘13k.16b)’16c) In the-lH NMR SPeétrum of 13k .
2.53 ppm : 3.31 ppm
f B A
LN, 2 e
2 3
~ OH ' OH : '
13k

while the.metﬁylene protons.were observed'at 2.53'ppm as
singlet,lno peaks were observed from 3.0 ppm to 4.9 ppm.
.The methylene peaks were shifted £o 3.31 ppm, doublet,
when the aminoalcohol 13k was acetyléted; No peéks,c§fre—
5ponding to O—méthylene were observed in this case; either.
.It was found that the reaction between l-bromo=-2-
methyl-3~butén~2—ol and excess amines afforded regioselec-

tively l-amino-2-methyl-3-buten-2-ols by a very simple
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procedure. In the same manner, l-bromo-3-buten-2-ol 15a
was reacted with n-propylamine and following O-methylation
afforded l—pr0pylamino¥2—meth0xy-3»butene 13c. The product,

however, contained 28% of undesired isomer, 2-propylamino-

A/\Br NHZ/\( KH!MGI/ %&;NH/\/_*, /\(\__OMe

OoH NH-™N .

15a _ ~13¢c l6c

l—méthoxy—meutene'lgg, The mihor isomef could not be
separated by the careful distillation or column chromato-
-graphy.

Table 1 shoﬁs the results of the éreparation of 1~
" amino-3-buten-2-ol derivafives‘li. The spectral data of

"these compounds are summarized in Table 2.



- . 3
. R
Table 1. Preparation of 4?“+/ZNHR2
' OR )

13
13 R? R?' R4 b.p. (°C/mmHg) Yield (%)
a n-CjH, H H g4-87/12 88
b n-CjH, H TOY 98-100/16 97
¢ n-CyH, H Me 56-59/13 .89
d n-CjH, Me H 78-78.5/18 92
e n-C;H, Me Me 69—70/14 . 86
£ C HCH, Me H 109-110/2.5 83
CGHGCH, Me Me 96-97/2 1:87_
no (> Me H  103-107/10 - 58
i - Me Me 102-104/8 87
j cH; . Me H 68-70/18 67

k H Me H  71-75/17 62



Table 2. Spectral

IR(cmnl)

data of li

1

"H NMR(8, CDC1,)

“13e

" 13f

3440, 2941,
1120, 920

3340, 2938+
1130, 1058,

3330, 2935,
1105, 925

3430, 2930,
1370, 1123,

3330, 2940,
1120, 1070,

3430, 2970,
1367, 1110,

3328, 2930,
1121, 1072,

13440, 2930,

1370, 1120,

13330, 2930,

1130, 1072,

3430, 2980,

1370, 1120,

3420, 2970,
1370, 1238,

1465

1465
930

1465

1452
920

1450
921
1454
920
1451
920
1451
922

1451
923

1455
924

1455
922

0.89(t,3H), 1.35(m,2H), 2.41
(m,4H), 3.67(m,1H), 5.48 (m,3H)

0.60-1.20(m,11H), 2.43 (m,4H)

3.40 (m, 2H),

3.98 (m,1H), 4.57

{q,1H), 5.46(m,3H)

0.88 (t,3H),
3.20(s, 3H),

1 0.92(t,3H),

1.37 (m,2H), 2.45 (m,4H)
3.61{m,1H), 5.52(m,3H)

1.26(s,3H), 1.42

(m,2H), 2.60(m,4H), 5.50 (m,3H)

0.90(t,3H),

2.57 {m, 4H),

1.10(s,3H),

1.24(s,3H), 1.44 (m,2H)
3.05(s,3H), 5.42(m,3H)

2.50{dd,2H), 3.78

(s,2d), 5.40(m,3H), 7.19(s,5H)

1.23(s,3H),

3.70(s,2H),

1.13(s,3H)},

2.55(dd,2H),

1.20(s,3H),

2.50(s, 2H),

l¢l3 (S’ 3H) r
2.50(4,2H),

1.19(s,3H),
2.69(s,3H),

2.50(s,2H), 3.0l(s,3H)
5.50(m,3H), 7.20(s,5H)

0.70~2,20(m,11H)
5.43{(m,3H)

0.70-2.40 (m, L1H)
3.07 (s, 3H), 5.50(m,3H)

2.40{s,3H),
5.30 {(m, 3H)

2.51(s,2H)
5.35{m, 3H)
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4-3 2—Azonia~[3,3}~si§matrdpic réarrangemént‘

starting from aldehydes | |

As described in 4-1, the starting iminium ion of 2~
azonia-{3,3]_sigmatropic rearrangement should be synthesized
by the dehydrativé condensaticon of aldehydes with the |

17)

salts of'l—amino~3~butén;2—ol derivatives‘lg, When

benzaldehyde was reacted with 2—methoxy—2~methyl—N—propyl~

3-butenammonium tetrafluoxoborate 1l7e with azeotropi

O
_ _ : L.
: . -H.O
/\i/\ﬁﬂ NS 4 C.H_CHO ——2 > Ph
2 6°5 benzene
OMe  -py azeotropic - N
4 : P $ 20%
l7e _

removal of water in refluxing benzene for 6'hr, énly 20%
of 3—acetyl—5;phenyl~l*propylpyrrolidine was obtained.

In Spite.of the depression of this result, the simple
heating of the mixture of benzaldehydé and 17e in reflux-
ing benzene for 6 hr witﬁout removing water afforded the
desired pyrrolidine in remarkably higher yield (87%).;8)
Considering these results, a mechanistid rationale for the
pyrrolidine synthesis is.provided in Scheme V. Thé de-
hydrative condensation ofrthe starting aldehyde and sec-
ondary amine salt‘ii_éives iminium salt £§, which under-
goes [3,3}—sigmatr0pic'rearréngemenf td‘lg under these
mild'condifions;‘ Intramolecular ring cloéure of Mannich
type reaction results in the irreversible trapping of

the rearranged iminium ion isomer‘ig to give the oxy

carbocation 20, Hydroiysis (R4= CH3) or deprotonation
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Scheme VvV

R*G
18
2
2 R 1
R ¥ . = BUR
N .1 "o N 1 |
: R 2 R R3
3 <2 3 <
R -R'0OH R : 4 /3
™ N RO
0 +OR
- 19
4 20 —

(R"= H) of gg by.the water which is éfforded by thé initial
condensation yields the acetylpyrrdlidine product 4.

Table 3. summarized the results of the.reaction
between various aldehydes and l—amino—Bebuten—z—ol derivatives,
In the-pfocedure A; the crystalline tetrafiuoroboréte, and
in the procedure B, the free amine and 0.9 equiv of @d-10-
camphorsulfonic acid were.eﬁployed resPecti{rely° The
épéctral data of the obtained 3-acetylpyrrolidines were
shown iﬁ Table 4 and Table 5;

._The reaction succeeds with variety of aliphatic,
aromatic and'heteroarométic aldehydes and affords uniform-
ly excellent yields. Entry 5 demonstraﬁeé that the reaction
according to procedure B may be accomplishéd with catalytic:
amount (0.1 equiv) of acid. The critical oxgen function
may be'either a methoxy ox hydroxyl'group;, In cases where

a direct comparison cén be made (entries 9-13), the reaction



Table 3. Preparation of 3-acetylpyrrolidine 4

rYcHO + ¢5”‘¥’“*§H g2 80", R
| 1R \ﬁ:;_;r’

Entry R “R* or’ T(h)  Y(%)
4a 1 C6H5 n-C,H, OMe A 5 87
2 CgHy  n-C,H,  OMe ‘B 24 - 85

4b 3 (- ncyE, oMe A 24 95
4 O neCyH, oMe B 24 84

5 O  n-cg, ome B 24 90
4c 6 n-C/Hy, n-CjH, OMe A 24 97
4d 7 AAAs nCyH, OMe A 24 90
te 8 n-cg, {(O- OoMe A 24 95
4f 9 CcHg ~ CgHLCH, OMe B 24 54
10 C.H,  CHCH, OMe B 72 89

11 7C6H5 CcHgCH, OH B 24 94

49 12 Y cHcH, OMe B 24 57
13 {}-  cgugeH, on B 24 95
4h 14 ¢y cpem, o B 24 91
4i 15 q;r : CH, OH B 24 84

*0.1 equiv of acid was used.

-7
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data of 3-acetylpyrrolidines 4

- Table 4., Spectral
IR(cm"l_) 1y NMR (8,CDCl,) typical

- aa | 2960, 2790, 1715 2.16, 2.17 (acetyl)

™ { 1363, 1172, 758 '

ap | 2925, 2785, 1725 2.15, 2.17 (acetyl)

T 1 1450, 1355, 1175
4o | 2940, 2800, 1723 2.17 (s, acetyl)

T 1 1475, 1368, 1178

2q | 2959, 2790, 1722 2.18(s, acetyl)

T | 1lé44s, 1375, 1175
e 2930, 2838, 1725 2.12(s, acetyl)

7 | 1450, 1355, 1160

4f | 3030, 2795, 1725 2.11, 2.14(acetyl)

1 1375, 1173, 755 . 7.25{aromatic)

19 2960, 2800, 1723 2.07, 2.12(acetyl)

— | 1356, 1150, 735 6.28, 7.30(aromatic)

4n | 3030, 2800, 1720 2,12, 2.15(acetyl)

7§ 1425, 1363, 1170 7.30, 7.83, 8.70(aromatic)
44 | 2950, 2780, 1723 2,13, 2.18, 2.21, 2.26{acetyl
T {1430, 1378, 1171 N-CH,), 7.15, 7.61, 8.56(aromatic)
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Table 5, l?C NMR (8, ppm CDCl3) of 4

208.2, 208.1, 143.2, 142.6, 128.3, 127.4, 127.3
4a 127.1, 127.0,-70.3, 69.2, 55.8, 55.4, 55.3, 54.3
49.1, 38.0, 37.2, 28.9, 27.1, 21.6, 21.5, 11.7

209 2 208 .5, 69 4 68.7, 56.4, 55.9, 55 7, 55.1
4b 49.4, 48.6, 39.6, 38.8, 31.1, 30.8, 28.9, 28.2
27.1, 26.9, 26.8, 26.2, 26.0, 25.6, 21,5, 11.8

208. 4 208.0, 64.9, 64.3, 55.8, 55.6, 55.4, 54.7
dc | 48.7, 48.4, 33.7, 33.4, 33.0, 32.7, 31.6, 29.4
28.6, 27.0, 25.9, 22.3, 21.5, 21.4, 13.7, 11.7

208.5, 208.2, 59.1, 58.9, 57.9, 56.2, 49.6, 48.9
de 48.6, 47.9, 34.1, 33.3, 32.5, 32.4, 31.5, 29.2
28.5, 27.3, 26.0, 25.3, 24.5, 22.2, 13.7

208.2, 142.7, 142.2, 139.2, 139.1, 129.8, 129.4
4 128,5, 128.3, 128.2, 127.6, 127.5, 127.3, 126.8
69.4, 68.8, 57.7, 57.2, 55.3, 54.3, 48.9, 37.6,
37.1, 29.0, 27.3 -

207.6, 154.8, 154.7, 141.6, 138.5, 129.3, 128.4
4g | 128.2, 127.9, 126.6, 109.9, 109.8, 61.3, 60.9
57.3, 56.8, 54.5, 53.6, 48.5, 33. 6, 32.5, 28.5, 27.0

207.2, 207.1, 149. o 148.5, 148.3, 138 2, 138.1,
4h 137.8, 137.4, 134.6, 134.4, 128.0, 127.8, 126.5,
123.2, 123.1, 66.2, 65.7, 57.2, 56.7, 54.9, 54.0
48.6, 36.5, 28.6, 27.0

207.6, 149.1, 149.0, 148.5, 148.4, 137.4, 137.1
4i 134.7, 134.5, 123.3, 123.2, 68.4, 67.7, 58.3, 57.5
48.6, 48.5, 39.5, 36.9, 36.8, 28.8, 27.3
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was slightly faster and in the case of fuﬁfural higher
vielding, when the hydroxyl group was employed. Particu-
larly significant are thé absence of products_resuiting
firom diene cyclizationlg) when citral_(entry.7)'was
empléyed,_the hié@ vields obtained with acid sensitive .
furfural (éntry 13) and the.conveniént preparation of
3-acetylnicotine (entry 15) by this proéedure. It-is
particularly significant that, for many of the'examplés
summarized in Table 3, Rl was an aryl group, and thus the
initially formed iminium ioﬁ iSQmer'lg_was the more stable.
The success of the reaction in these cases clearly ilius-'

- trates the power of this approach for directing the 2-
azonia-[3,3]-sigmatropic rearrangement, as it demonstrates
that even the less stable sigmatro?ic'isomér may be capturéd
in high yield.

In eﬁtending this methodology to the preparation 3-
formylpyrrolidines, the author examined the reaction of
aldehydes and 2-methoxy-N-propyl-3-butenammonium fluoro-
borate l7c. When the ammonium salt 17c was éllowed to
reac£ with heptanal for 24 hr.in refluxing benzene, the
dimethyl acetal 2& of formylpyrrolidine was'isolated in
21% yield, £Qgethér with considerably high molecular
- weight material, The desired férmylpyrrblidine was not
- detected. The poiymerization reaction might be carried
out as Scheme VI. The diméﬁhyl acetal‘él.would be formed
as a minor product by the reaction of oxycarbocation énd_ a

methanol which is produced simultaneously with formyl-

pyrrolidine. On the other hand, formylpyrrolidine would' 
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OMé

. + o . 1
NHé/\w/ + R1CHO-%0HC>’ rY Ore polymer

OMe 676 <§
21

I
17c - R= CH3(CH2)5~

react with the starting ammonium salt 17c¢ prdducing poly~

meric product. This polymerization reaction, however,

Scheme VI . ‘ +%Te : pMe
- H OMe
17¢ + RUCHO ——> RE MeOl ot { ,B
= 2 R 7
\ 21
o H,0

_ 1 Qﬁ‘N 17¢

polymer'<——R-5Zjﬂ;.f} émmmn-Rl
N ' .

which is an obvious disadvantaqe in this case was almost

totally suppressed, when the identical reaction was carried

out under acetalizing condition (3—3 moledular sieves,

1 equiv of methanol) and afforded the dimethyl acetal of

formylpyrrolidine'gi-in 81% (R1= CH3(CH2)5—)Iisolated_

. : ) OMe
_ : ' molecular :
{§>\T/\\§H N/ 1 ' sieve,MeOQ_ 1 Ote
2 + RTCHO R , .
QMe benzenea N
' Vé
“17c¢ _ Rl= Ch,4 (CH,) £= 7
— | 2
CeHom : : |
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1

yield, Aromatic homolog suCh'as benzaldehyde (R™= C6H5}

was similarly converted to 21 in 69% isolated.yield.
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4-4 Synthesis of 5-vinyloxazolidines

The major limitation of the new pyrrolidine synthesis
described in 4-3 was that the carbonyl component must,be
an unhindered aldghyde. To extend-this_reaqtion to ketones,
1—amino*2;methyl—3—buten~2—01 as N-unsubstituted amine
component ﬁas empioyed for the starting amihe. VThe reaction
between l-propylamino-2-methyl-3-buten-2-ol 13d and various
carbonyl compounds, even'aliphatic aldehyde, did not afférd
any remarkable products (eq. 4). On the other hand, sur-
_prisingly S—Vinyloxazolidines 6 were broduced in high
yields when l-amino-2-methyl-3-buten-2-ol 5 waS'reacted

with various carbonyl compounds under azeotropic reflux

: | .
45?‘+/N\Nﬁf“v/ + Rl//L\\RZ ——> no reaction (4)

OH
134

oH

| | 0 1'13 X!
N\Nﬂz ¥ Rl/\Rz —> \£O><R2 - 5
| | 6 |

5

in benzene (Method A), or simple stirring in THF with
janhydrousréodium sulfate (Method B) (eq. 5). 5~Vinyl—.
oxazolidines'é,obtainéd were ¢onsiderably stable compouhds}.
especiélly in the case of Rl; Rzz alkyl. The.boiling
zpoint and the vields of 6 were shown in Table 6, and the

spectral data were summarized in Table 7.
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Table 6. Preparation of S5-vinyloxazolidines 6

Oxazolidine b.p.t°C/mmHg)* Yield (%) Method
6a ‘Eo@ - 73-75/3 92 A
&b £0>Q+ 140-145/3 91 A
= | |
6c £O>Q 8573 91 A
H | |
6d o - 120/3 58 - A
L |
“ge ._éog - 100-103/5 94 A
et 7[@)@ 100-106/6 83 B
S . '

i | | -
™ hE(Q—F 1107250 93 B

61 "}/Y\\L,/ 105-110/0.05 56 B
HOT NS

~ _N-_.Ph ' '
o _
63 /Q/\ 120-125/6 95 B
LHOTNE _ B

*Bath teﬁperaturé of bulb to bulb distillation;

120-130/0.05 92 A




Table 7. ‘Spectral data of 5-—viny_loxazolidineé”§_

IR (cm 1) 14 NMR(S ppm CDC1,)
6a 3300, 2960, 1445 1.35(s,3H), 1.65(m,10H), 2.18
- 1369, 1140, 1070 (s,1H), 3.0L{(s,2H), 5.48 {(m,3H)
b 3275, 2980, 1464 0.88(s,9H), 1.33(s,3H), 1.67 (m,8H).
"1 1368, 1190, 1128 2.23(s,1H), 3.03(s,2H), 5.45(m, 3H)

6o 3300, 2980, 1456 | 0.97 (m,3H), 1.34(d,3H), 1.57(m,9H)
T 1368, 1160, 1055 2.27(s,1H), 3.05(s,2H), 5.45(m,3H)
cd 3330, 2940, 1458 0.99 (m,6H), 1.33(s,3H), 1.70 (m,8H)
- 1371, 1068, 1028 | 3.03(d,2H), 5.50 (m,3H)

e 3320, 1460, 1372 0.96(t,3H), 1.34(s,3H), 1.67 {q,2H)
*‘ 1155, 1104, 920 2.20(s,1H), 3.03(d,2H), 5.51 (m,3H)
f 3300, 2960, 1452 '1.33(s,3H), 1.77 (m,8H), 2.43(s,1H)
T 1 1338, 1097, 920 2.98(m,2H), 5.45 (m,3H) '
6q 3340, 2990, 1482 0.96(d,9H), 1.30(d,3H), 2.31(s,1H)
T 1370, 1095, 1030 | 2.90(s,2H), 5.50(m,3H)

-55' 3300, 2940, 1470 | 1.35(m,25H), 3.04(s,2H), 5.50(m,3H)
- 1443, 1365, 1110 o

- 3450, 2995, 1645 1.30(s,3H), 3.05(s,1H), 3.53(s,2H)
— 1374, 1115, 922 5.47 (m,3H), 7.40{m,5H), 8.13(s,1H)
63 3430, 2940, 1650 1.30(s,3H), 1.6} (s,3H), 1,70(s,3H)
T 1619, 1446, 1380 1.88(m,3H), 2.20(m,4H), 2.85(m,2H)

- 3.48(s,1H), 5.50(m,5H), 8.22(d,1H)
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The spectral data of 6 suggested the equilibrium
between the imine form and the oiaZolidine form, because
the products which are figured as the oxazolidine form

in the Tables have the small absorption at 1640 em™t

o - _ 1
3 1 N\/R
><R -:—-——> R2
o’ 'r? - HO SN~ .

(v C=N). It is worthwhile to mention that the products

K=

derived from.the starting amine 5 and benzaldehyde or
citral have the imine structure which was:deduéed by the
strong absorption.of ca. 1650 cm—l'in iR'spectrum and

ca. 8.20 ﬁpm ( >C=NH-} in 4 nMR spectfum. In these cases,
aé imine-com?onent can be stabilized by.the cdnﬁugation
wiﬁh aromatic system or diefin, the equilibrium might lie

to the imine form ekclusively,



4-5 Synthesis of pyrrolidines from 5mvinyloxazolidines'
| | via acid catalyzed l
2—azonia—[3,3]—sigmatropic rearrangement.

_' The spectral data suggested the presence of equilibrium'
between 4;Viny1imine structure and 5-vinyloxazolidine
~structure as described in 4-4, This means the starting
iminium ion of 2-azonia-[3,3]-sigmatropic rearfangement
can be prepared directly from imine form and even from
5-vinyloxazolidine fofm by aceordiné to the equilibrium

shown in Scheme VIT,

§Sheme'VII

H H
N, RY i/1§;< '
o’ R? \Qo r?
N H' tﬁ
e
I b |
L I H H
i 1 i 1 i
N&R H® =X PR o
L% [ 2
HO™ HO” P HO Xy \,}”“
0
7 8

The resdlts, when 5~viny10xazoli&ines‘§"are treated
with 1 equiv. of d-l0-camphorsulfonic acid at reflux in

20) 4 _

benzene for 24 hr, are summarized in Table 8.
Azaspirol4,5ldecanes could be synthesized in isolated
vields of greater than 50%_from corresponding cyclohexancnes

successfully. Azaspirane 22 was produced in lower yield

o

) from the direct reaction of aminoalcohol 5 and cyclo-

8}

{45

hexanone,l while it was not formed to a significant extent

when the corresponding oxazolidine 6 (R% Rzif(CH

37

2)5—) was



—

Table 8. Preparation of 3-acetylpyrrolidine 8§ by
2-azonia=[3,3]-sigmatropic rearrangement

3-acetylpyrrolidine b.p.(°C/mmHg)* yield(%)

ga [ 80-85/0.05 69
8b 100/0.05 70
gc 90~100/0.05 55
8g gjce 13 | 105-110/0.04 65
. O
it
' ge N 80-85/0,05 9
O
8k 130-140/0.02 13
N : ‘
O

*Bath temperature of bulb to bulb distillation
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18)

treated with 0.1 equiv. of the acid catalyst.

1
d-10~camphor- N
y A\NH2 + —q Sulfonic acid
OH . : \B
5 45%
- C 22

The imine 23 prepared from cyclohexanone and 2Z-methoxy-
2-methyl~3-butenamine also afforded azaspirane 22 in 57%

yield, when 23 was treated fbr 72 hr in refluxing benzene

N . N.
QT::ij TsOH H,O
2 .
o '

V

~with 1.0 equiv. of p-toluenesulfonic acid monohydrateé
Preliminary indications.are that the use of ketones
in this pyrrolidine.sythesis may be limited to cyclo-
hexanones, since 3~acetyl—5,S—diethylpyrrolidinéfwas
formed in only low yield frém 3-pentanone precursbr; and
‘rearrangement of the.S—vinyloxazolidine derived from cyclo-
pentandne afforded no recpgniZable l-azaspirof4,4]Inonane
products. In the casé.of 5—vihyloxazolidine derived from
cyclododecanone, the desired_3—acetylpyrrolidine was obtained
in 13% yield and 80% of'cyclododgcanone was isolated; Frbm 
such results, iE was.deduéed that the undesired dedomposiéiﬁ;
tion reaction might occur as shown in Scheme VIII. The
starting ketones (R1R2C=0) may be produced directly or

by the hydrolysis of imine compounds; The epoxide or ..

39



aziridine which was expected from the Scheme might have

so low boiling point that they could not be isolated under

the condition. The undesirable side reaction seems to

occur depending @n éhe buikjness arouhd the carbonyl function.
Because cyclohexaﬁone would be stericiy unhindered than o
diethy;ketone; l-azaspirol4,5ldecanes could be produced

successlully.

Scheme VITII

oH 0
o><R2 -
A %‘ ., 2 .
Ghe— Nl v e
H

As the extention of the method to the synthesis of
N-alkylpyrrolidine derivatives treatment of oxazolidine
'gi with alkylating agents (1.0 equiv.) at 80°C for 24 hr
aftforded l—alkyl—l—azaspiro[4,5]decanes;.gé, in reasonabie
yields, t@gether with sﬁéller amounts of the nonalkfiatéd
azaspirane 22, Results are summarized in Table 9.

The formation of.nonalkylated azaspirane may be
explained byithé miglatioﬁ of proton from alkylated 5-
vinyloxazolidine’?ﬁ or the produced salt of pyrrolidine

' 1}

25, 22, Scheme IX shows the reaction pathway.
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Table 9. Reaction of 24 with alkylating reagents

B | ok O

'ﬁ - 80°C ’

0 ' . ~ :
oy _ \6 ‘ 0

28 22 25
RX " .$olvent vield of 25(%) Vield of 22(%)
MeT Colig 54 | 17
| MeOTs'. CeHe 49 u 17
n-CgH, I DMF - 48 z;
n—CéHl3I DMF 45 9

Scheme IX

Ojgﬁl'

+

2

s
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4-6 Base accelerated 4~6xy42—azaFCopé réarrangemenﬁ
5-Vinyloxazolidines derived frém various carbonyl
compounds would ha#e the ability of the oxy-Cope rearrange-

ment latently as deécribed in 4-1. According to the
descriptionle) this process might proceed.under remérkably
mild conditions compared with acid catalyzed 2-azonia- |

[3,3]~-sigmatropic rearrangément. As provided in Table 10,2})

A T ‘ o
NoR KH,1B—crown-6 ' N R
: - = R?
><R2 THF
0 ™
' 0

8 &
the pyrrolidine synthesis was surprisingly improved. The
reaction was carried out by using 1.5 equiv, of potassium
" hydride and 0.1 equiv. of 18-Crown-¢ in THF at 25°C for 24 hr.

5-Vinyloxazolidines 6 derived from

q
N .
other ketones as well as cyclohexanones
‘j afforded 3~acetylpyrrolidines-gLin
0 ' :
27 high yields. Especially, l-azaspiro-

[4,4]nonane 27, which could not be
prepared by 2—azohia~{3,3]—sigmatrépic rearrangemeﬁt, was
synfhesized feasibly from cyclopentanone precurser.

The counter cation of'the alkoxide should be potas~;fm

13) When sodium hydride or n—butyllithium was used.

sium.,
as the base with 18-crown-6, 5-vinyloxazolidines 6 was
recovered almost quantitatively even in refluxing THF .

On the other hand, it is well known that 18-cdrown-6 cata-

lyzes the oxy-Cope reafrangement when KH is used as the

92



base.lo)

4~oxy—-2-aza-Cope rearrahgement“was also very.
slow at 25°C without 18-crown-6 in THF. It ié significaﬁt
that HMPA effectively catalyzed the reactioﬁ instead of
18-crown-6. Judglng from these results, the reaction rate
should depend on the nature of alkoxide. Thus, under‘the

condition that K+ is chelated by lB-crown—622)

or solvated
by HMPA, the alkoxide would have the high basicity (nucleo-
philicity) because of its nakedness. 4—OXY52~aza—Cope

reaction also successfully proceeded in refluxing THF

without catalyst.



Table 10. Preparation of 3-acetylpyrrolidines 8 by

4-oxy-2-aza-Cope rearrangement

b.p. (°C/mmHg) * Yield(s)
“8a 80-85/0.05 79
' 8b - 100/0.05 o1
gd 75-80/0.03 = 82
8e 80-85/0.05 82
'gg - 80/0.1 66
8h 130-1406/3 72
8i 130-135/0,07 - 91
8§  135-140/0.03 49
8k 130-140/0.02 . 84

. *Bath temperature of bulb to bulb distillation

8a 8b 8d ge
f:i B B
o0 o
8 sn 8i 85
A
L3
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Table 11.

Spectral

data of 3-acetylpyrrolidine 8

IR(em™h) 14 WMR (8 ppm CDC1,)
8a 3300, 1705, 1448 1.56(m,10H), 2.22(s,3H)
*“ 1363, 1175, 918 3.18(m, 3H) '
o 3330, 1705, 1440 | 0.84(s,9H), 1.48{m,11lH)
- 1363, 1170, 1092 2,19(s,3H), 3.16(m,3H)
8 3350, 1705, 1445 0.95(d,3H), 1.55(m,9H)
- 1363, 1170, 1050 2.10(s,3H), 3.16(m,3H)
g4 3350, 2940, 1705 AO.SS(m,6H), 2.12 (s, 3H)
- 1460, 1365, 1170
ge 3350, 2950, 1710 0.86(t,6H), 1.60{(m,6H)
o 1460, 1362, 1170 2.08(s,3H), 3.13(m,3H)
gf | 3300, 2960, 1705 | 1.30-2.00(m,11H),
o 1450, 1360, 1165 i 2.13(s,3H), 3.10(m,3H)
- 3320, 2950, 1710 0.87(m,3H), 1.33(m,8H), 2.18
T 1460, 1365, 1175 (s,3H), 2.00(s,1H), 3.10(m,4H)
8h 3350, 2920, 1710 0.91(d,9H), 1.80 (m,3H)
*“ 1450, 1320, 1145 2.21(s,3H), 3.00(m,4H)
g3 3350, 2900, 1710 2.09(s,3H), 7.18(m,5H)
T 1455, 1360, 1120
84 3350, 2950, 1715 1.67(d,9H), 2.20(s,3H)
T 1645, 1450, 1380
8k 3360. 1710, 1470 1.40 (m,24H), 2.19(s,3H)
- 1445, 1363, 1172 3.18 (m, 3H)
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13

Table 12. C NMR(§8, ppm CDC13)of 8

209.1, 6273, 52.9, 47.8, 39.7, 38.2, 37.3, 29.2
25.9, 23.9, 23.6 |

- 209.0, 62.0, 52.0, 48.3, 47.9, 42.9, 38.3, 37.2

32.3, 29.2, 27.6, 24,2, 23.6

209.2; 66.0, 52.8, 48.3; 38.9, 30.4, 294, 29.2
8.9, 8.7 |

208.8, 71.3, 52.7, 48.6, 40.8, 38.6, 29.1, 24,4
24,2

209.4, 208.9, 60.9, 59.3, 52.3, 52.0, 49.3, 49,2
8g | 36.2, 35.8, 35.5, 34.8, 31.9, 29.5, 29.1, 27.5
27.4, 22.7, 14.1 '

209.3, 71.4, 69.9, 68.0, 52.4, 52.3, 49.7, 47.0
8h 45.1, 42.4, 33.2, 32.8,°30.4, 29.2, 29.1, 26.8
26.6, 26.4
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Table 13. ;30 NMR (S8, ppm CDClé) 6f 3—-acetylpyrrolidines

ring systen

C AcetvlCH

C C C 3
- Ph 55.8 49.1 38.0 70.3 28.9
\b : 55.4 : 37,2 69.2 27.1
PhCH2

Nopn 57.7 48.9 37.6 69.4  29.0
' 57.2 37.1 68.8 27.3

CHy 55.8  48.7 33.7 64.9  28.6
: | 55.6 48.4 33.4 4.3  27.0

7C6H13 57.9 48,9 34.1 59.1 28.5

N 56.2 48.6 33.3 58.9 27.3
0
Necn |
NCeH 5 52.3 -49.3 31.9 60.9 27.5
N O 52.0 49.2  29.5 59.3 27.4
O
N |
§;;7I:::] 56.4 49.4 39.6 69.4  28.9
N 55.9 48,6 38,8 68.7 28,2
QO L S
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57.3

56.8

57.2
56.7

58.3

57.5

52.4
52,3

52.9

52.0

52,7

52.8

48.5

£8.6
48.5

49.7

49.5

47.8

47.9

48.6

48.3

33,0
32.5

36.5

. 36.9
- 36.8

33.2

32.8

37.3

37.2

38.6

38.9

98

61.3
60.9

66.2
65.7

68.4
67.7

69.9
68.0

62.3

162.0

71.3

66.0

AcetleH3f

28.5
27.0

28.6
27.0

28.8
27.3

29.2
29.1
29.2
29.2

29.1

29,2



4-7 The étereochemistry of the new pyrrolidine synthesis
3—Acetylpyrrolidineswhich were synthesized by the
reaction of aldehydes and the salts of l-amino-3-buten-2-ol

derivatives contained two stereo isomers,lcis and trans

in the ratio ca. ~1:1 by 13

S G A : 32 'l. 32 1
‘ . . N R N éJ{
MﬁHZRZ + rtcro —> g + E / |

OR
| N ! -
, . (8] 7 O

tion from the one isomer to the other isomer did not proceed

C NMR analysis. The isomeriza-

by the tréatment with a base (NaZCO3).'

The significant observation was that 3—acetfl~8—t—
butyl-l-azaspiro[4,5]decane gg.which was prepared by 2—,
azonia-13,3]~sigmatropic rearrangement from its 4-t-butyl-
cfclohexanoné precurser (see 4-5) containéd predominantly
a single isomer (92%). However, when
28 was synthesized by 4-oxy-2-aza-Cope

rearrangement (4-6}, 28 was the mixture

of.two stereoisomers in the ratioc 3:2.
—— The ratio of the isomers was calculated-
by the integration of acetyl protons in lH NMR spectrum

23}

using the shift reagent. Thus, when_Eu(fod)3 was added

to the CDCl, solution of 28, the acetyl-prbtons were shifted

3
to down field. Figure 1 shows the linear relation between
the ratio of Eu(féd)j and the observed shift (AS§). It was

found that the minor isomer shifted significantly more

than the major isomer.
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The dﬁambiguous comformation of these two isomersrwas
determined_from 1H NMR spectrum of the_N~benzylated deriv-
atives; When the mixture of the two isomers (3:2) prepared
by-4—02y~24éza—C0pe'rearrangement was treated by 0.3 equiv.

of benzyl iodide and base, N-equatorial isomer 28b should

A,

& g : '
O~ ' _
fis . : - .
: ’ \W |
0 0.5 1 : O

Eu (fod) 5/28 28b

O:linor isomer

- . / -
Wb KA

A:major isomer
Fig. 1

24)

’be benzylated predominantly, because  the reaction rate
is generally larger at the equatorial position than the
axial position. On the other hand, by benzylatiqn of the
92% pure isomer which was prepared by,2—azonia—[3;3]—
sigmatropic rearrangement affords almost pure N-benzyl

" 28a or 28b, In 1H NMR spectrum of benzylated 28b which

was prepared tentatively by partial benzylation of the

mixture, the éharp doublet of_éxial methylene (04) was ‘
ocbserved at 1.29 ppm {J=12Hz). But Nubenzylated gglwhich
waé derived by benzylétion of the 92% pure isomer_did not

show the remarkable signal around 1.30 ppm. This result
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means that the latter sample has the eguatorial methylene
which has the lowerrchemiCal shift and the broad shape.
From these observation it was conéluded that the product
of 2~azoniaf{3,3]—sigmatropi¢ rearrangement was gﬁg.in 92%
stereo selectivitf, and the major isomer of 4-oxy-2-aza-
Cope rearrangément was also 28a, |

Tt has been well studied that in the case of‘allylé
sulfoxide g2 [2,3]~sigmatrépic rearrangement occurs prefer-
entially across the equatorial face of exo;olefin in cYclo—_

25)

hexane ring system. However, such a selectivity is not

2 Ph _ | - '
Sl/ .
6 . Ph~5-0,
s Ay SR A
. ' Ph~S-0 :
8 92
29 -

observed in [3,3]-sigmatropic rearrangement., Thus, Claisen
rearranqément of allylvinyl ether 30 affords Ehe mixture

of the two stereo isomers in the ratio of 52:48.26)

}\ Oy,
OEt >
_+_ ' Et0

30 . | 52

(1]

48

It is significant that in the present work 2-azonia;
[3,3]-sigmatropic rearrangement was préceeded in a highly
'stereo—selectivé ﬁanner. -The high stereo-selectivity in
2-azonia-[3,3]-sigmatropic rearrangement and the low stereo-

selectivity in 4-oxy-2-aza-Cope rearrangement could be
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" Scheme X

31 a C32b 28at

explained as follows. Scheme X-eﬁews.the}reaetienﬁpathway
. in the case of 2—azonia—[3,3j—sigmatropie rearrangement;
 Iminium ion 31 would rearrange with rate constant kq to
afford 32a and 32Db, of which the former should be more
stable than the latter thermodynamically. f.the rate.
(x2) of the cyclization from 32 ‘to pyrrolidine salt 28

'~ ig slower than the reverse rate'(k_l) from Ea-toﬂile(k_1>
k,), the stable intermediate 32a should be_stored, so the
N-axial pyrrolidine 28a should be produced predominantly
as the final produet.

To the contrary, in the case of 4~oxy- 2~aza~Cope
rearrangement the rate of the cycllzatlon may be faster
than the reverse rearrangement (k_lgkz).  Under such a
" kinetically controlled reaction the mixture of 28a and 28b

may be produced.
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4-8 .Experimental Section

Tetrahydrofuran (THF) was purified by distillétion
from sodium and benzophendﬁe. Benzene was purified by
distillation from sodium.

lH NMR spectfa were determined with a Varian EM 360

13C NMR spectra were determined at 22.62

spectrometer,
MHz with a Brucker WH-90 spectrometer and at 25 MHz with
JEOL-FX-100 spectrometer., In the experimental section,

NMR means “H NMR spectrum and CMR means T3¢ NMR s’pectruim

13C NMR shifts are reported

respectively, }H NMR and
§-~valuesg in parts per million.relative to internal tetra-
methylsilane. Abbreviatiqns used are : s} singlet; 4,

doublet; t, triplet; q,'quartet;.aﬁd m, complex multiélet.

Infrared_spedtra (IR) were determined with a Perkin-
Elmer Model 283 spectrophbtometer:and a Hitachi Model ”
APT-52 spéctrophotometer. Absdrption values are reported
in cm L.

Mass spectra were determined with a Dupont 21-498B
double focusing spectrometer. m/e values are reported
and parentheses after m/e valueS-meaﬁs the relative
intensity.

Boiling pbints of bulb to bulb distillations are

reported by bath temperatures., ~‘Melting points are not

corrected.

103



lABromof2—methyl—3~buten—2#ol’lé@ :

40;5@ (0.6m61j of iéoérene was diésolved in 140 ml éf
ether and 100 ml of water in three necked flask equiped with
mechanical stirre? ,cbndenser and thermométer. 106.8g (0.6
‘mol) of N. B. S. wés added at 5°C on the_icé'bath.  Aftér the
addition of N.B.S. was.completed ;, the ice bath was removed,

The reaction began at about 25°C exothérmicly, the temperature
éf the solution was maintained at 3C°C with the. ice bath. Afﬁer
the crystal of W.B.S. was’diéapperéd, the solution was stirred
for 3 hr at 25°C, 100 ml of'waﬁer was added. The organic laver
was separated, the agqueousg layer was extracted three times

by 50 ml portion of éther. The combained ethér solution was
‘washed with 100 ml of water, dried over sodium sulfate.

After the solvent was evaporated, the pure'isoprenebromohydrine
was distilled at 63~66°C/20 mmig, yielding 69g (70%).

NMR (CDCl,) 1.47(S,3H), 2.42(5,13), 3,53(s,2H), 5.63(m,3H)

'Butadiénebromohydrine 15a _

-125 ml{l.5 mol) of butadiene was dissolved in 350 ml
of ether.and 150 ml of water in.l L of three necked;flask
eguiped with mechanical stirref, thermometér anﬁ dry:icé
condenser at ~10°C, 267g (1.5 mol) of NES was added at the
temperature. The bath was removed, and the solution was
allbwedruﬁder the -géntly refluxing (cooled the flask if
necessary) . The solution was stirred fbr 4 hr. 200_ml.of'
water was added, the organic layer was separated. Combained
ether extraction of agueous layer (Sole3) wa$ dried over

sodium sulfate. After the sol-vent was evaporated butadiene-
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bromohydfine was distilled at,63-65?C/leﬁHg., in the yield.
of 1779 (78 %). | | ‘ |
NMR: 3.26(d, 2H), 4.68(m, 1H), 5.40(m, 3H)
(CBCl5)

Butadienebromohydrine l—ethOxy~ethy1ether’£§E

In 20 ml flask, 6.04g (0.04mol) of butadienebromohydrine
was added dropwise to 2.88g (0.04 mol) of ethylvinylether at
0°C. The mixture was stirred for 3 hr. Direct distillation
afforded 7.9g (39%) of butadienebromohydriné.1~ethoxy-ethy1—
ether at 80-87°C/15 mmHg. o |
NMR (CC14): 1.15(m, 6H), 3.25(4, 2H); 3;50(q,'2H), 4.16 (g, 1H)

4,70 (m, 1H), 5.52(m, 3H)

‘2—(l—ethbx&)—ethyl~beutenyl?n?proﬁylamihé 13b

In 20 ml flask, 1l.12g (5 mmol) of butadienebromohydrine
imethoxy—ethylether was added dropwise to 5 ml of n-propyl-
amine at 0°C, the mixture was stirred for 24 hr. The_excess
of n-propylamine wés evaporated, the residue was dissolved
ih 10 m1 of 10% sodium hydroxide solution and 10 ml of-ether.
Ether extraction (5 ml X 3) was dried over sodium sulfate,
and the solvent was evaporated. Pure l-N-propylamino-2-(1-
ethoxy)-ethoxy-3-butene was distilled at 98—16060/16mmHg'in
the yield of 976 mg (97%). |

NMR (CCl, ) : 0.60-1.20(m, L1H), 2.43(m, 4H), 3.40(m, 2H)

4
3.98(m, 1H), 4.57(g, 1H), 5.46(m, 3H)

TR (NaCl £ilm): 3340, 2938, 1465, 1130, 1097, 1058, 930



I—N~propylamino~3—buten~2¥ol:léi

.-..To QSO mg-(é.f mmolj 6£ luNupropylamino—Zm(i—ethoxy)—
ethoxy-3-butene in 5 ml of meﬁhénol; 5~N hyéiéchioric acid
solution was added dropwise to pH 3 at 0°C. The solution was
stirred for 24 hr; the solﬁent was evaporated. The residue
was dissolved in 5 ml of ether, 10% sodium hydroxide solutioﬁ-
was added to pH 10, The ether extraction was dried over sodium _
sulfate, the solvent was evaporated, an&.distilled at 72—75°C/‘
9 mmHg in.the yield of 500 mg (80 %).

NMR (CDC13): 70.89(t, 3H), 1.35(m, 2H), 2.41(m, 4H), 3.67(m;
1H), 5.48(m, 3H) | |

IR (NaCl film): 3440, 2941, 1465, 1120, 920

Butadienebromohydrine methyiether 15¢c

17.8g° (0.1 mél) of NBS was-dissolved in 50 ml of methanol
8.4 ml (O.i mol) of butadiene was added to tﬁe sclution ét
-50°C. The dry ice bath was removed, The solution was
stirred for 6 hr at 25°C. After the solution was dilufed
with 70 ml of water; was extracted four times by 30 ml
portion of ether. The ether extractiﬁn was dried over sodiuﬁ'
sulfate, the solvent was evaporatéd. The pure prqduct was
distilled at 65-70°C/58 mmHg in the yield 9.24g (56%).

NMR (CDCL,) : 3.16(s, 3H), 3.30(d, 2H), 4.64(m, 1H), 5.47(m, 3H)
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_1—N—propy1amino~2—methoxy~3—butené 13¢c
| A} 800 mg-of thassiuﬁhydride (22;4% in oil) was
suspended in-SO ml of THF; 2.58g (20 mmol) of 1-N-propyl-
3-buten-2-0l was added dropwise at 0°C under nitrogen. -
.After the solution‘ﬁas stirfed for 15 min. at the-temperatufe,
2.84g (20 mmol) of methyliodide was added slowly. The solution
'was'stirfed for 3 hr at 25 °C. The precipitate waS'filterea.
l-N-propylamino-2-methoxy=-3~butene was distilled frqm the
-:esiéue of evaporation at 56;S9°C/13 mmHg in the yield of
2.56g (89%).

B) To 100 ml of n-propylamine in 200ml flask, 23g
(0.14 mol) of butadienebrdmohydfiné methylether was added
dropwise at 0°C, The soiutionwas stirred for 12 hr. -The'
-excess of amine was evaporated,80 ml of 15 % of sodium pydroxide
‘solution was_added to the residue. The solutioﬁ was extracted
three times by 50 ml portion of ether, driedio#er sodium
sulfate. The product-was distilled in the yield of 1l4.4g
(72 %). |
NMR(CDC13)E 0.88(t, 3H), 1.37{m, 2H), 2.45(m, 4H), 3.20
| (s, 3H), 3.61(m, 1H), 5.52(m, 3H)

IR(NaCl film): 3330, 2935, 1465, 1105, 925

i—N-prpylamian2—methyl—3-buten—2—ol 13d

14.9g9 (90 mmol) of isoprenebromohydrine.ﬁas added dfbp—
wise to 100 ml of n-propylamine at 0?2C. The solution was
refluxed for 6 hf. The excess of n~prpylamine Was-évaporated.
The fesidue was dissolved in 30 ml of 15% of sodium hydrokide

_Solution and 50 ml of ether. The separated aqueous layer was
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éxracted three times by 20 ml portion of ether. The combained

ether extractibn was dfied,over sodiumsulfate. ’The'solvent was

evaporated; l-N-propylamino¥2—methy1—3~buten—2~ol was distilled

at 78-78.5°C/18 mmHg in the yield of 1.84g (92%). |

NMR (CDC1,): 0.92(%, 3H), 1.26(s, 3H), 1.42(m, 2H)} 2,60 (n, 4H)
5.50(m, 3H) | -

TR (NaCl £ilm): 3430, 2930, 1452, 1370, 1123, 920

1-N-propylamino-2-methoxy-2~methyl-3~butene 1l3e

1.6g (40 mmol) of potassiumhyaride (24% in oil) was
suspended in 100 ml of THF. 5.75g (40 ﬁmoi) of 1-N-prpylamino-
-2~methyl-3-buten-2-0l was added dropwise ét o°C undér nitfogen.
After the solution was stirred for 15 min. at fhe temperature,
5.68g (40 mmol) of methyliodide was added..The'soluﬁiOn was
stirred for 3 hr at 25 °C. The precipitate was filtered.
The solvent was evaporated, and l—N-propylamino~2—ﬁethéxy¥25
meﬁhyl-B-butene was distilled at 69—70°C/14 mmHé in the
yvield of 5.4g (86 %). _
NMR (CDC1,) : 0.90(t, 3H), 1.24(s, 3H), 1.44(m, 2H), 2.57

(m, 4H), 3.05(s, 3H), 5.42(m, 3H)

TR (NaCl film): 3330, 2940, 1450, 1120, 1070, 921

2—méthoxy—Z;methylu3rbuteny1~ﬁ~§ropylammonium tetraflﬁoroborate 17e
2.28g (14.5 mmol) of 2~methoxy-2-methyl-3-butenyl-n-

propylamine dissclved in 30 ml of 95% ethylalcohol. 1.5?ml

of ﬁetrafluoroboric acid (ﬁreviously_titrated by 1IN sodium

hydroxide solution, and known as 9.2 mmol/ml) was added at

0°C with stirring. (In this time, the solution should be
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sliqhtly bagic.) The solvent was evaporated.in vacuo, the

obtained whité crygtal was washed with ether. 1In the further

reaction the sai£ was used without recrystalizatioﬁ. The

sait could be recrystalized with the careful éddition of

ather to thé ethanolic solﬁtion of the salt. M.P. was_i68ul70°c.

NMR(CDCl,): 0.99(t, 3H), 1.40(s, 3H), 1.78(m, 2H), 3.08(m, 4H)
| 3.24(s, 3H), 5.47 (m, 3H) |

IR (KBr) : 2970, 2800, 1040-1110,

E.A. : Cal, C:44.10, N:5.72, H:8.23.

Fou. C:44.19, N:5,67, H:8.12.

2-hydroxy-2-methyl~3-butenyl-~benzylamine 13f

12.75g (77 mmél) of isoprénebromohydrine was édded drop-
wise to 70 ml of benzylamine at 0°C. The solution Waé stirred
for 6 hr at 25°C and 3 hr,at_110°C. The excess amine was
distilled away under reduced pressure, the residue was dissolved
in 50 ml of 15% sodiumhydroxide solution and 30 ml of ether.
The aqueous layer was extracted by three times 20 ml portion
of ether. The ether extraction was dried over sodium. sulfate,
the solvent was evapdréted;. 2-Hydroxy-2~methyl-3-butenyl-
benzylamine was distilled at 109-110°C/2.5 mmHg ih the yield
of 12.29 (83 2). | |
NMR(C. CL, ) 1.10(s, 3H), 2.50(dd, 2H), 3.78(s,2H), 5.40(m,

| 3H), 7.19(s, 5H} |

IR{NaCl f£ilm): 3430, 2970, 1454, 1367, 1110, 920
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2~methoxyw2—methyl—34butenyl;benzylamine 13g
| 1.2g.(30.mmolj éf potaséium.hyaride(24% in oil) was
suspended in 100 ml of THF; 5;73g {30 mmbl) of 2-hydroxy-2-
methyl~3~butenyl-benzylamine was added dr0pwi$e at 0°C under
“nitrogen. After tﬁe sgluﬁion was stirred for 15 min. at:the
tempareture, 4,26g (30 mmol) of methyliodide was added. The
solution was stirred for 5 hr at 25°C. The precipitate was
filtered. The solvent was evaporated, and 2—methoxy~2~methyl?
3-butenyl—benzylamine was distilled at 96-97°C/2 mmHg=in.the
yield of 5.33g (87 3).
NMR(C C1,): 1.23(s, 3H), 2.50(s, 2H), 3.0l(s, 3H), 3.70(s,
2H), 5.50.(n, 3H), 7.20(s, 5H)

IR(NaCl film): 3328, 2930, 1451, 1121, 1072, %20

2-hydroxy-2~methyl-3-butenyl-cyclohexylamine 13h

8.25g_(50 mmol) of isoPrenebrbmohydriné was added drop—
wise to 100 mi of cyclohexylamine in the sealed botfle_at o°cC.
The solution was stirred for 6 hr at 25°C, and heated for 3_hr
at 110°C. The excess amine was distilled away under the reduced
pressure, the residue was dissolved in 50 ml 6f 15% sodium
hydroxide éolution and 30 mi of ether. Thé aqueoué layer was
extracted three times by 20 ml portion of ether. " The ether
éxtraction wés dried over sodiuﬁsﬁlfate, the solvent was
evaporated, 2—Hydroxy—2~methy143—butenyl—cyclohexylamine_was
distilled at 103-107°C/10 mmHg in the yield of 5.299 (58 %).
WYR(C Cly) ¢ 1.13(s, 3H), 0.7-2.20(m, 118), 2.55(ad, 2H),

5.43(m,; 3H). |

IR{NaCl £ilm): 3440, 2930, 1451, 1370, 1120, 922
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-2—methoxy~2~methyl~3—butenyl—cyclohexylémine 134
| 1g (é7-mmol)_§f-§otas§iﬁm hydride (20.4% in oil) was
éuspehded in_lCQ ml of THF; 5§ (27 mﬁol) of 2—hydr§xym2—
methyl~3—butenylwcyclohexylamine was added dropwise at 05C
‘under nitrogen. After the solution was stirred for 15 min. at
the temperature, 3.83g (27 mmol) of methylibdide Was added.
The solution was stirred for 6 hr at 25°C., The precipitate was
filtered. The solvent was evaporated, and 2—methoxy~2~methyl~
3—butenyl—cy&lohexylamine was distilled at 102-104°C/8 mmig in
the yieid of 4.65g (87 %). _
NMR(C, Cl,) : 1.20 (s, 3Hj, 0.7—2;40(m, 113), 2.50(s, 2H),
3.07(s, 3H), 5.50(m, 3H)

IR(NaCl filmj: 3330, 2930, 1451, 1130, 1072, 923

2~methoxy—2—methy1—3~butenyl;cyclohexylammoniﬁm tetrafluoro-
borate 171 | |

4.4g {22 mmol) of 2~-methoxy-2-methyl-3-butenyl-cyclo=-
hexylamine was dissolved in 30 ml of 95% ethylalcohol; 2.4 ml
of tetrafluoroboric acid (9.2 mmol/ml} was addéd.at 0°C with
- stirring. The solvent was evaporated, the obtained white.
crystal was Washed with ether. The salt was recrystélized.
from ethanol~ether or benzene. M.p. was 238-240°C(decoﬁposed)..

NMR(CDC13):

1.40(s, 3H), 1.00-2.33(m, 11H), 3.05(d, 2H)
3.23(s, 3H), 5.68(m, 3H) - |
IR(KBr): 2990, 2800, 1035-1110

£.A.: Cal. C:50.55, H:B.48, N:4.91

Found: (C:50.48, H:8.46, N:4.87
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2—hydroxy—2~methyl-3—bhtényl~methylamine‘;éi

o 39 (iS:mmol) df'isoyrenébromohydfine-was addedadrppwisé
té 30 ml1 of 40 % methylamine agueous solution. The mixture

was stirred for 12 hrlaf 25°C. Potassiumhydroxide was added

to be saturated at 6°C. Tﬂe solution was éxt:acted four times.
by 20 ml pogtioﬁ of ether, the etherextraction was dried oﬁer

_ sodiumsuifate. The solvent was evaporated. 2-hyroxy-2-methyl-
3-butenyl-methylamine was distilled at 68~70°C/18'mmHg in the
yield of 1.4g (67 %).

NMR(CC14) : 1.13(s, 3H), 2.40(s, 3H), 2.4{d, 2H), 5.30{(m, 3H)

IR(NaCl film): 3430, 3330, 2980, 1455, 1370, 1120, 924

2—hydroxy-2—met£yl~3~butenylamine 13k

| 11.5g (70 mmol) of isoprenebromohydrine was suspended in
50 m1 of ammonia water (28 %) in 100 mi_sealed tude. The
solution was heéted at 60°C with stirring for 24 hr.  Sodium
hydroxidé was added tb the solution ﬁo be saturated at the ice
bath. The solution was extracted four timés by 20 ml pbrtion
of ether, dried over sodiumsulfate, The solvent was.evaporated
and 2—hydroxy—2—methyl-3—bﬁtenylamine was distilled at 72-75°C
/17 mally in the yield of 4.38¢ (62 ).

NMR(CDC13) :1.19(s, 3H), 2.51(s, 2H), 2.69(s, 3H), 5.35(m, 3H)

IR(NaCL £ilm) : 3420, 2970, 1455, 1412, 1370, 1238, 922

2—methoxy—2—methyi~3—butenylamine 13L
1.2g (30 mmol) of potassium hydride(24 % in oil) was

susPended in 100 ml of THF. 3.03g (3¢ mmol) of 2—hydroxy—'

2—methyl—3wbutenylamine was added dropwiSe at 0°C under

112



ritrogen. After the solution was stirred for 15 min. at the
temperature, 4.26@ (30 mmol) of methyliodide was added. The

solution was stirred for 6 hr at 25°C, The precipitate was

n

iltered. The solvent was eVaporated, and 2—methoxy—2—methy1—
3-butenylamine was distilled at 80- 84°C/20 mmHg in the yield
>f 2.14g (62 %) . |

MR (CDC1,) : 1.27(s, 5H), 2.70(s, 2H), 3.22(s, 3H), 5.50(m, 3H)

3
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3—Acetylf5-phgnyl~l~propylpyrrolidine'gi

A) 735 mg (3 mmol) of 2—méthoxy—2-methy1~3—buteny14n~propy1
ammonivm tetrafluoroborate was suspended in 5 ml of benzene.
350 mg (3.3 mmol) of benzaldehyde was added, andheated at
.reflux for 5 hr. After the‘mixture wasg cooied down to 25°C,
3 ml of.lN sodiﬁﬁhydrokide‘solution was édded. The oxganic
layer was separated,hand the aqueous layer was exhrbted,three
tiﬁes by 5 ml portion of ether., The combained extraction was
dried over sodiumsulfate, the-solvent was evaporated. 3—acetyi
5—phenyl*l—propylpjrrolidine.was distilied at 95°C/0.01 mmHg
(bulb to bulb) in the yield of 599 mg (87 %). | |
‘iB)- 209 mg (0.9 mmol) of d—lO—caméhorsulfonic acid was added
to 106 mg (lmmol) of beg;aldehyde&in'B ml of benzéne, The

‘and 157 mg (lmmol) of 2-methoxy-2-methyl-3-butenylpropylamine’
solution was refluxed for 24 hr., After the solution was cooled

down to 25°C, 1IN sodiumhydroxide solution was added. The
product was. extracted by ether, The yield was 85%.
CMR(CDCl3)_: 208.2,208?1(C=0), 143.2, 142.6, 128.2, 127.4,"
127.3, 127.1, 127.0, 70.3, 6%9.2, 55.8, 55.4, |
55.3, 54.3, 49.1, 38.0, 37.2, 28.9, 27.1, 21.6,
| 21.5, 11.8 |
IR(NaCl £ilm) : 2960, 2790, 1715, 1363, 1172, 758

‘Mass : 231.162(MT, cal.231.162)(8), 202(100), 188(23), 154(12)

B—Acetyl—5—¢yciohey1¥l—propylpyrrolidiﬁe"é&-

A} 382.mg( 3.5 ﬁmﬁl) of cyclohéxaneoarboxaldehjde was
added to 735 mg (3 mmol) of 2-methoxy-2-methyl-3-butenyl-n-
prdpylammonium tetfafluoroborate in 5 mi of bepzene.' The

mixture was heated at reflux for 24 hr. After the mixture
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was cooled down to 25 °C, 3 ml of 1IN Sodiumhydrpxide solution
was added. The organic layer was seéarated, énd the aqueous
layer was extracted three times by 5 ml pdértion of ether.
The combained extraction was aried over sodium. sulfate, the
solvent was évaporéted. 3;Aéetyl~5—cyclohexylmlnpropylpyrrolidine
was distilled at 90-95°C/5x10 SmmHg in the yield of 678 mg
(95 ). |

B) 696 mg (3 mmol) of dulOfcamphqrsulfonic acid was added
to 518 mg (3.3 mmol) of 2~methoxy-2-methyl-3-butenyl-n-propyl
amine in 5 ml of benzene, 392 mg (3.5 ﬁmol) of cyclohexane-
carboxaldehyde was added to the solution, The solution was
heated at reflux for 24 hr, Affer.the solution was cooled
down to 25 °C, 3 ml of 1IN sodium hydroxide solution was added,
Therproduct was extracted by ether. The yieid was 660 mg |

{84

o

).
¢) 76 mg (0.33 mmol) of d-10-camphorsulfonic acid was added
to 518 mg (3.3 mmol) bf 2—methoxy—2—methyl—3~buteny1—n—propylu
amine in 5 ml of benzene. 392 mg { 3.5 mmol) of cyclohéxane—
carboxaldehyde was added to the scluticon.. The scolution was
heated at refiux'for 24 hr, _Aftér the solution was cooled
down to 25°C, 0.4 ml of 1N sodiumhydroxyde solution was added.
The product was éxtracted by ether. The yield was 708 mg
(90 3y, o
CMR(CDCIB); 7209.2, 208.5,.69.4, 68.7, 56.4, 55.9, 55.7, 55.1,
49.9, 48.6, 39.6, 38.8, 31.1, 30.8, 28.9,_28;2,
27.1,.26.9, 26.8, 26.2, 26.0,'25.6, 21.5, 11.8

IR{NaCl £ilm); 2925, 2785, 1725, 1450, 1355, 1175
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B;Acetyl~5~n—hexyl—l—propylpyrrolidine 4c
| A) 735-m§ (3 mﬁoi) of 2—methqu~2;methyl—3~butenyl-n—propyln

ammsnium tetrafluoroborate was suspended in 5 ml.of benzené.

399%33.5 mmol)} of hepﬁanal was.added, and heated at reflux for

 247hr. After the sdolution Qas cooled down to room temperature,

3 ml of lN.sodiﬁmhydroxide'solution was added; The Orgénic

layer was separated, the agqueous layér was extracted three

times by 5 ml portion of ether. The chbained extraction

was dried over sodiumsulfate.. Distillation (bulb to bulb)

at 85-90°C/0.01mmHé.afforded 3-acetyl-5-n-hexyl-l-propylpyrrolidine

in the yield of 698 mg (97 %). _ _ 7

BY 245 mg {1 mmol) of 2~methoxy—2—methyle3~butenyl;n—pr0pylm

ammonium tetrafluoroborate ﬁas suspénded_in 5 ml of benzene

containing 2 drops of watef. 207 mg (1.1 mmol) of heptanal

diéthylacetal was added to the solution and refluxed for 24

hr. After the solutibn was cooled down to.25°C, 3 ml of 1N

sodiunhydroxide solution was added. The product was extracted

by ether. The yield was 227 mg (95 %). _ |

CMR(CDCl3) : 208,4, 208.0, 64.9, 64.3, 55.8, 55.6, 55.4, 54.7,
48.?,.48.4, 33.7, 33.4, 33.0, 32.7, 31.6, 29.9,
28.6, 27.0, 25.9, 22.3, 21.5, 21.4, 13.7, 11.7

IR(NaCl film) : 2940, 2800, 1723, 1475, 1368, 1178

-Mass :.239.225(M+,Cal.239.225)(6.0), 210(10.5), 164(14.3),

154.(100)
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13- Acetyl 5~(3 7=~ dlmethyl -2,6~ octadlenyl) l-pr0pylpyrrolld1ne 4d'
| 490 mg (2 mmol) of 2—methoxy— ~methyl-3-butenyl— n-propyl—
ammon ium tetrafluoroborato was suséended in 4 ml of benzene.

334 mg (2,2 mmol) of citréL (the mixture of geranial an&Aneral)
was added. The solution was heated at reflux for 24 hr.

After the solutibn was céoled downn to the room temperature,

2 mi of 1N sodiumhydroxide solution was added. The organic
layer was separated; the aqueous layér was extiacted ! three
times by 5 ml portion of ethef. The extractiop was dried

over sodiumsulfate, and'the s0lvent was evaporated, 3-Acetyl-
5-(3,7-dimethyl-2, 6-octadienyl)~ l-—propylpyr'*olldlnp waé aistilied
at 120 -125°C/0.001 mmHg {bulb to bulb) in the yleld of 497 mg
(90 %)

IR(NaCl film): 2959, 2790, 1722, 1446, 1375, 1175

3—Acetyl—5—n—héxyl—l—qyclohexypyrrolidine’ﬂg

855 mg (3 mmol) ofi2wmethoxy—2~methyl—3—butenyl—cyclohéxyl
ammonium ﬁetrafluqroboraté was suépeﬁded in 5 ml of benzene,
399 mg (3.5 mmol) of heptanal was added to the sglution. The
mixture was heated at feflux for 24-hr. After the sblution was
cooled down to the room temperature, 3 ml of 1N sodium hydroxide
‘solution was added. The organic iayer was separated, and the

égusous layer was extracted three times by 5 ml portion of ether.

3

hz extraction was dried over sodiumsulfate, the solvent was

i

evaporated, 3~Acetyl—S—nﬁhexyl—l—cyclohexylpyrrolidine was
distilled at 105-110°C/0.001 mmHg in the yield of 829 mg (99%).
_CMR(CDC13) : 208.5, 208.2, 59,1, 58.9, 57.9, 56.2, 49.6, 48.9,

48,6, 47.9, 34.1, 33.3, 32.5, 32.4, 31.5, 29.2,
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28.5, 27.3, 26.0, 25.3, 24.5, 22.2, 13.7

IR(NaCl £ilm) : 2930, 2838, 1725, 1450, 1355, 1160

3-AcetylmS—phenyl—lmbénzylpyrrolidine'gg

A) 677 mg (3.3 mmdl) of é&methoky—2-methyle3—butenyimbéhzyl*
aminea and 350 mé (3.3 mmol) aof benzaldehyde Was mixed up in
5 ml of beﬁzene. 696 mg (3 mmol) of d-l0-camphorsulfonic acid
was added to the solution. The solution was réfluXed.for'24 hr.
After the solution was cooled‘to 25°C, 3 ml of 1IN sodiumhydroxi&e
solution was added. The organic layer was separated; the aqueous
layer was extracted by three times by 5 ml portion of ether,
The éxtraction was dried over sodiumsulfate, the.solvent was
evaporated. 3~Acetyl-5-phenyl~l~benzylpyrrolidine was distilled
at 130-140°C/0.001 mmHg (bulb tc bulb) in the yield of 448 mg
(54 3).

By the same procedure, when the reactiontime was expanded -

to 72 hr, the yield wés 825.mg (98 %}). _

B) 630 mg (3.3 mmol) of 2—hydroxy—2—methyl-3~butenfl—benzyl—
amina and_350 mg (3.3 mmol) of benzaldehyde was mixédup in 5
ml of benzene. 696 mg (3 mmol) of d-lO0-camphorsulfonic acid
was added to the solution. The solution was heated at refiux
for 24 hf. After the solution cooled down to 25°C, 3 ml of
1IN sodiumhydroxide solution was added.. The-product ﬁas
extracted by ether. The yield was 860 mg (94 %). _
CMR{CDCIB) ; 208;2, 142.7, 142.2, 139.2, 139.1, 129.8, 129.4,

l28.5, 128.3, 128.2, 127.6, 127.5, 127.3, 126.8,
69.4, 68.8, 57,7, 57,2, 55.3, 54.3, 48.9, 37;6,

37.1, 29,0, 27.3
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IR(Nacl £ilm) : 3030, 2795, 1725, 1375, 1173, 755

3-—Acetyi—- S—furanylFl—benzylpyrrol idine 4g
A) 677 mg (3.3.mmol) of 2nmethoxy—2—methyl—3—bﬁtenyl¥
benzylamine and 576 mg { 6 mmol) of furfural was mixed up in
5 ml of benzene;. 696 mg (3 mmol) of dulO-camphorsulfoﬁic acid
was added to the soluﬁion. The mixture waé heated at reflux
for 24 hr, After the solution was cooled dOWn to the xoom
temperature, 3 ml of lN'sodiuﬁhydroxide'solution was added.
The organic layer was separated,ﬁéhefaqueous layer was extractéd.
three times by 5 ml portion of ether. The'combained_extraction
was dried over sodiumsulfate, the solvent was evaporated.
3-Acetyl—S—fufanyl—lmbenzylpyrrolidine was distilléd at
130~135°C/0.01 mmHg in the yield of 511 mg (57 3%).
" B) 630 mg (3.3 mmol) of 2-hydroxy-2-methyl-3-butenyl-
benzylaminé and 576 mg (6 mmol) 6f furfural-was.mixed up in
5 ml of benzene, 696 mg (3 mmol) of d-10-camphorsulfonic acid
was added to the solution. The mixture was heated at reflux
for 24 hr. After the solution was‘cooled down to.255C, £he.
product was extracted by ether. The yield was g76mg (99%).
CMR(CDCla)]:'207.6, 154.8,'154.7, 141.6,.138;5, 129.3, 128;4,
-_ 128.2, 127.9, 126.6, 109.9, 109.8, 61.3, 60.9,
57.3, 56.8, 54.5, 53.6, 48.5, 33.0, 32.5, 28.5,
27,0 | |

IR(¥aCl £ilm) :2960, 2800, 1723, 1356, 1150, 735
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3~Acetyl =5 (3 pyrldyl) lmbenzylpyrrolldlne 4h
. 630 mg (3 3 mmol)} of 2-hydroxy-2 —nethyl 3- butenyl*'
beﬁzylamlne and 353 mg (3.3 mmol) of nlcotlnaldehyde was
mixed up in 5 ml of benzene. 69%6 mg f3 mmol) of dulOwcamphor—
sulfonic ac1d was adqed to the solution. The mixture was
heated at reflux for 24 hr. Aftér the solution was cooled down
to the room temperature, 3 ml of 1IN sodiumhydroxide sol@tion
was added. The organic layer was separated, the aqueous 1ayef‘
was extracted three times by 5 m} portion of ether. The
combained extraction was dried over éodiumsulfate, the solvent
was evanorated 3—Acetyl—5~(3~pyridyl)—l;bénzylpyrrolidine was
distilled at 135-150°C/0.01 mmfig (bulb to bulb) in the yield
of(91 %) . |
CMR(CDClB) : 207.2, 207.1, 149.0, 148.5, 148.3, 138.2, 138.1,
137;8, 137.4, 134.6, 134.4, 128,0, 127.8, 126;5}
123.2, 123.1, 66.2, 65.7, 57.2, 56.7, 54.9, 54.0,
48.3, 36.5, 28.6, 27.0

IR(NaCl film) : 3030, 2800, 1720, 1425, 1363, 1170

3~Acetyl 5-(3 pyridyl) - l~methylpyrrolld1ne(3—Acetylnlcot1ne) 4i
379.5 mg (3.3 mmol) of 2—hydroxy—2—methyl—3—buteny1—=

methylamine and 353 mg (3. 3 mmol) of nicotinaldehyde was

nixted up in 5 ml of benzene. 696 mg (3 mmol) of d-10-camphor-

sulfonic acid was added to the'solution. The mixture was

heated at reflux.fof 24 hr. After the.édlutidn cooled to 25°C,

3 ml of 1N sodiumhydroxide solution was added. The organic |

layer was separated, the aqueous layer was extracted three times

by 5 ml portion of ether. The combained extraction was dried
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_over-sodiumsulfate, the solvent was'evaporated.‘ 3—A§eﬁylnicotin¢

was distilled at 95-100°C/0.01 mmHg.(bulb to bulb)-in the

yield of 565 mg (84 3). |

CHR(CDCL,) 207.6, 149;1;’149§0; 148.5, 148.4, 137.4, 137,1,
134.7;‘134Q5, 123.3, 123.2, 68.4, 67.7, 58.3, 57.5,
48;6, 48.5, 39,5, 36.9, 36.8, 28.8, 27.3

IR(NaCl film) : 2950, 2780, 1723, 1430, 1378, 1171

_ 3~Formyl—5~phenyl—l—propylpyfrolidiné dimethylacetal Zla

| 462 mg (2 mmol) of z—methoxy-3~butényl—n—propyiammonium
tetrafluoroborate was added to 212 mg {2 mmol) of.benzaldehydé
and 96 mg (3 mmol) of methanol -in 3 ml of benzene. 600 mg |
of 3-A molecular sieves was added to the éolution, and heated
at.reflué for 24 hr., After the solutioﬁlwas codled to 25°C,

2 ﬁl-of 1N sodiuﬁhydroxide solution was added. The organic
layer was separated, the aqueous layer was extracted three
times by 5 ml portion of ether. The combained extraétion was
dried over sodiumsulfate, and the solvent was evaporated.
3—Formyl—5—phenylwl~propylpyrrolidine dimethyladetal ﬁas _
distilled at 105-110°C/0.01 mmHg in the yield of 362 mg (69 $%).

PMR(CDCl3) : 3.12, 3.18(OC§3), 7.21 (aromatic)

| CMR(CDCL,) 143.7, 143.5, 128.3, 127.4, 126.9, 107.5, 107.2,

70.6, 69.7, 56.3, 56.0, 55.9, 54.9, 53.2, 52.8,
52.5, 38.6, 38.2, 37.3, 21.7, 11.9

IR (MaCl film) .2940, 2790, 1450, 1125, 1060, 755, 698

Mass: 263(75), 233(26), 231(100), 122(11)



3- Formyl S—nuhexyl ~1- proPylpyrrolldlne dlmethylacetal 21b
693 mg (3 mmol) of 2-methoxy-3- butenyl n- propylammonlum

tetrafluoroborate was added to 399 mng (3.5 mmol) of heptanal

and 192 mg (6 mmol) of ﬁethanol in 3 ml of benzene. 600 mg

.of 3-A molecular sidves waeaadded to.the solution, and heated

at reflux for 24 hr. After the solution was cooled to'25°C,.‘

3 ml of lﬁ sodiumhydroxide solution was added. The erganic

layer was separated the aqueous layer was extracted three

times by 5 ml_portlon_of ether. - The combalned extractlon was

.dried over sodiumsulfate, and the solvent was euaporated

3—Formyl 5-n-hexyl-l-propylpyrrolidine dlmethylacetal was

dlstllled at 95~100° C/0.005 mmHg (bulbto bulb) in the yield

of 661 mg (81 3).

By the sane procedure; without methancl and molecular

B sieves, the yield was 174 mg (21 %):

CMR(CDC1,) : 107.2, 107.1, €5.2, 64.5, 56.3, 55.8, 55.3, 52.8,
52,5, 52;4,_37.9, 37.6, 33.9,-33.4;.32.7, 31.7,
29.5, 26.1, 22.4, 21.5, 13.8, 11.9

IR(NaCl f£ilm) : 2930, 2783, 1160, 1380, 1115, 1060

Mass : 27%(45), 289(100), 185(59)
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.Z—Methyl 2—v1nyl l~oxa~4- azaspzro[4 5]decane 6a
A. solutlon of 2 94 g (30 mmol) of cyclohexanone and 3. 03 g

(30 mmol) of l—amlnoz—methyl—3—buten—2—olA1n 30 ml of benzene
was heated at reflux for 2 hr with azeotropic removal of water.
.The solvent was evepbrated ‘and 2—methyl~2-vinyl~l~oxa—4;
azaSyer[4 5]decane was distilled at 73 75°C/3 mmHg in the yleld
of 5.0 g (92 %) . _

NMR(CDC1,) : 1.35(s, 3H),, 1.65(m, 10H), 2.18(s, 1lH), 3.01(s,

2H), 5.48(m, 3H)

CIR(NaCl f£ilm) : 3300, 2960, 1445, 1369, 1140, 1070, 920

8- t—Butyl 2—methyl 2=vinyl-1- oxa—4-azasp1ro[4 S]decane 6b
- A solutlon of l 56 g(lO mmol) of 4- t butylcyclohexanone
and 1.01 g (10 rmmol) of l-amlno—2—methyln3—buten—2—01
in 20 ml of benzewwas heated at reflux for 2 hr with azeotropic
removal of water. The solvent was evaporated? and 8-t~butyl-
2—methty1—2—viny1~l;oiae4~azaspiro[4,5]decane was distilled
at 140-145°C/3 mmig (bulb to bulb).in the_yie;d of 2.19 g
(91 %). |

NMR(CDC1.) : 0.88(s, 9H), 1.33(s, 3H), 1.67(m, 8H), 2.23(s, 1H)

3}
3.03(s, 2H), 5.45(m, 3H)

IR(NaCl film) : 3275, 2980, 1462, 1368, 1190, 1128, 949, 910

2,6~Dimethyl—2—vinyl-l~oxa~4~azaspiro[4,5]decahe'Eg.

A solutien of 1.127g {10 mmol) of 2—methylcjclohexanoﬁe
and 1.01 g (10 mmol) of l-amino-2-methyl-3-buten-2-ol in 20 ml =
of benzene was heated at reflux for 3 hr, The selvent wes‘

evaporated, and 2,6-dimethyl~2-vinyl-l-oxa-4-azaspiro[4,5]decane
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was distilled at 85°C/5 mmHg {(bulb to bulb) in the yield of 1.
76 g (91 ).

NMR {CDCL

)+ 0.97(m, 3H), 1,34(d, 31), 1.57(m, 9H), 2.27(s, LH)

3.05(s, 2H), 5.45(m, 3H)

IR (NaCl £ilm) : 3300, 2980, 1456, 1368, 1160, 1055, 920

2,6,lO—Trimethyl—2—viny1—l-oxa~4uazaspiro[4;5]decane 6d -
A solution of 1.26 g (10 mmél) of 2,6-dimethylcyclohexanone,

1.01 g{(10 mmol) of l—aminb~2—ﬁethyl—3fbuten—2—ol and 10 mg of
p-toluenesulfonic &cid in:z2 ml of benzene was heated at reflux
. with ézeotropic'removal of water. The solvent was evaporated,
2,6;l0—trimethyl—z—vinyl-l-oxa-é—aéaspiﬁo[4,5}decané was
distilled at 120°C/3 mmHg (bulb to bulb) in the yield of 1.21 g
(58 %).

NMR (CDC13)'§ 0.99(m, 6H), 1.33(s, 3ﬁ),'1.70(m, SH); 3.03(4,
| " 2H), 5.50(m, 3H)

IR(NaCl £ilm) ; 3330, 2940, 1458, 1371, 1068, 1028, 920

2,2-Diethyl-5-methyl-5-vinyloxazolidine 6e

A solution of 1.01 g (10 mmol) of 1wamino—2—methyl—3—
buten—2—ol, 860 mg (10 mmél)_of'B—pentanone and 10 mg of.
p-toluenesulfonic acid in 20 ml of benzene_was'heated.at reflux
with azeotrOpic-removal of water. The.solvenf was evaporated,
2,Q-dimethyl—s—methyl—SQVinyloxazbliddne was distilled at 100~
116°C/5 mmHg_(bu15 to bulb) in the yield of 1.56 g(§4 %) . -
NMR(CDC1,) :0.95(t, 6H), 1.34(s, 3H), 1.67(q, 4H); 2.20(s, 1)

3.02(a, 2H), 5.51(m,.3H)-

IR (NaCl film) : 3320, 1460, 1372, 1155, 1104, 920
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2-Methyl~2—vinyl—lnoxa—4~aza3§iro[4)4]n0nane‘ﬁgh
A sélﬁtion éf‘505.m§ (S_mmdi) of luamino—2emetﬁy1—3—bu£en—_
2-0l, 420 mg (5 mmol) of cyclopentanoné,l drop of HC104.solution
{60%} and 2 g of .sodiumsulfate in 20 ml of THF was stirred for
.24 hr at 25°C. Sodiuméulféte was filtered. After the-solvenfrr
was evaporated,‘2~methyl—2~vinyl—l—oxa—4—azasPiro[4,4]n0nanel
was distilled at 1oou105°c/6 mmHg (bulb'to bulb) in the yield |
of 693 mg (83 %), -
NMR(CDC14) : 1.33(s, 3H); 1.77 (m, 8H), 2.43(s, 1H), 2.98 (m, 2H)
5.45{(m, 3H) |

IR(NaCl film) : 3300, 2960, 1452, 1338, 1097, 920

2—t—Butyl~5~methyl—5~vinyloxazolidine g

A solution of.860 mg.(lo mmol) of trimethylacetaldehYde;
1.01 g (10 mmoi)_of 1-amino-2-methyl-3-buten-2-0l, 1 drop of
60% HC_lO4 solution,and_Z.g of soéiumsulfate in720 nl of THF was
stirred for'24lhr'at 25 °C. Sodiumsulfate was filtérd. Aftef
the solvent was evéporated, 2—tfbutyl—S-methylns?vinyloxazolidine
was digtilled at llO°C/200 mmHg (bulb to bulb) in the yiéld of
1.57 g (93 %).: | |
MMR(CDCL,) @ 0.96(d, 9H), 1.30(d, 3H), 2.31(s, 1m), 2.90(s, 2H)

5.50 (m, 3H)

TR(NaCl film) : 3340, 2990, 1482, 1370, 1095, 1030, 949, 920
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Benzylmdene 2- hydroxy— —methyl 3~ butenylamlne 6]

A solutlon of 1. 06 g (10 mmol) of benzaldehyde ,1 01 g
(10 mmol) of l-amino- 2_methyl 3-buten-2-o0l in 20 ml of benzene
was neated at reflux with azeotropic removal of water. The
éolvent'wés evaporated, benzylidene 2~hydroxy—2?méthyl—3—
butenylémine was distilled at 120-125 €/6 mmHg (bulb to bulb)
in the yield of 1.87 g (99 ). - -
NMR(CDC1,) : 1.30(s, 3H), 3.05(s, 1H), 3.53(5, 2H), 5.47(m, 3H),

7.40(m, 54), 8.13(s, 1H)

IR(NaCl £ilm) : 3450, 2995, 1645, 1452, 1374, 1115, 922, 758

3,7—Dimethy142,6~octadiénylidene 2-hydroxy-2-methyl-3-butenylamine 61
A solution of 1.52 g (10 mmolj of citral'(the mixture of N
geranial and neral), l;Ol'g(IO_mmol)_of l—émino-Z-methyim3~buten~
2-0l and 2_g of sodium sulfate in 20 ml of THF was stirred for 24
hr at 25°C.. Sodium-sulfate wés’filtefedg After.the.sqlveﬁt wés,r
evaporated, 3,7-dimethyl-2,6-octadienylidene 2-hydroxy-2-methyl—
3- buucnylamine was distilled at'lOS—liO°C/0.05 mmHg (bulb to bulb)
in the yield of 1.31 g (56 3). | “ |
NMR(CDCLy) : 1.30(s, 3H), 1.61(s, 3H), 1.70(s, 3H), 1.88(m, 31),
2.20(m, 4H), 2.85(m, 2H), 3.48(s, 1H), 5.50(m, 5H),
8.22(d, 1H) | o

IR{NaCl'film)-: 3430, 2940, 1650, 1619, 1446, 1380, 921
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2~methy152~vinyl~l—oxa—4~ézaspiro[4,1l]hexadecan¢'EE_

| A sélﬁtion of 1.82 g (10 mmol) of.cyclododécanone, 1.01 g
(10 mmol) - of 1~amino~2~methy1—3-buten~2—ol and 50 mg.of p-téluene
sulﬁonic_acid in 20 m1 of benzene was heated at reflux with
ézeotropic removal éf water for 3 hr; The solvent was evaporated,
and 2~methy1—2—vinyl~l?oxé-4eaza5piro[4,1l]hexadecane was
distilled at 120-130°C/0.05 mmHg in the yield of 2.4 g(92 %).
:NMR(CDC13) + 1.35(m, 25H), 3.04(3, 2H), 5.50(m, 3H)

IR(NaCl film) : 3300, 2940, 1470, 1443, 1365, 110, 920
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_'B—Acetylml—azaSpiIOI4 5]decane'8a‘facid Catalyzéd reaétion)

A solutlon of 543 mg (3 mmol) of 2—methyl —-2- V1nyl —-l-oxa-4-
'azasnlro[4 5]decane 696 ng {3 mmol)} of d 10 camphorsulfonlc aC1d
and'3 ml of benzene was heated at reflux under nitrogen for 24
hr,' After the mixtﬁre was dooled to room temperature, 3.ml of
1N sodium hydroxide solution was added, The organic iayer was.
separated; the ageous . layer -was extfacted three timeé‘by'S_ml
portion of ether. The combained extraction was dried over
sodium sulfate. The solvent was evaporated, and 3~acetyl—l—
azaspiro[4,5]decane was distilled'at_80-85°C/0.05mmH9 (bulb to
~ bulb) in the yield of 375 mg (69 3%).

IR(NéCl film) : 3300, 1705, 1448, 1363, 1175, 918l
CMR(CDC13) :,209.1, 62.3, 52.9, 47.8, 39.7, 38.2;-37.3, 29.2,
25.9, 23.9, 23.6 | | |

Mass : 182(11.6), 181(M 100), 165(1.3), 137(7.1)

3—Acet§i~8ftwbutylél—aéaspird[4,5]decane gé (acid céﬁaiyzedf
reactlon) _ |

A solution of 717 mg (3 mmol) of 8—tubuﬁyl—2—methyl—2—”
vinyl—l—oxa—4-azaspirq14,5]decane{ 696 mg (3 mmol) of 4d-10-
camphorsulfonic acid, and 3 ml of benzene was heated at7ref1ux
for 24 hr under'nitrogen. After the éoquion was cooled to 25°C,
,3 ml of 1IN sodium hydrokide solution wag added. .Thé organic
layer was separated, the aqueous layer was extracted three timés
by 5 nl portibn df-ether. The combainedueXtraction_was dried
over sodium sulfate. The solvent was evéporated, B—aqéﬁyl;sit—
butyiwlrazaspiro[4;5]decéne was distilléd.at lOO°C/O;05'mmHg

{bulb to bulb) in the yield of 501 mg (71 %).
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IR(NaCl £ilm) : 3330, 1705, 1440,. 1363, 1170, 1092
CMR(CDC1l;) : 209.0, 62.0, 52.0, 48.3, 47.9, 42.9, 38.3, 37.2, -
| 32,3, 29.2, 27.6
Mass : 238(13.8), 237(M' 100), 137(10.3)
B—Acetyl—G—methyi—l—azaspiro[4 5}decane 8¢ (acid catalyzed reactioh)

A solutlon of 585 ng (3 mmol) of 2, Gudlmethyl~2 v1nyl 1—oxa—-'

'_ 4 azasp1ro[4 S}decane, 696 mg (3 mmol) of d-10~ camphorsulfonlc

acid, and 3 mlrof benzene was heated at reflux for 24 hr under
nitrogen. After the mixture was cooled te room temperature,'
_3'ml'ofrlN sodium hydroxide solution was added, The Qrganic.
layer was separated, the adqueocus lajer’was extracﬁed.three

times by 5 ml porfion of ether. The combained extrecﬁion_wae
dried over sodium sulfate. The solvent was evaporated, 3~
acetyl-6-methyl-l-azaspiro[4,5]decane was distilled at 70°C/0.05
mmilg {(bulb to bulb) in the yield of 320 mg (55 %). |
IR(NaCl film) { 3350, 1705, 1445, 1363, 1170, 1050

NMR (CDC1,) : 0.95(d, 3H), 1.55(m, 9H), 2.10(s, 3H), 3.16(m, 3H)

Mass : 196(12.7), 195(M' 100), 181(4.46), 152(5.49), 137(3.1)

3uAcetyl-S—n—hexylpyrrelidine 8g acid cafalyzed reaeﬁion)

A solution of 394 mg (2 mmol) of 2-n-hexyl-S5-methyl-5- .
vinyloxazolidine, 464 mg (2-mmol) of d—10~camphorsu1foﬁic acid
2 ml of benzene was heated at:reflﬁx under nitrogen for'24 hf.
- After the solution.was EOoled'to reom'temperature; 2 ml'of_lN
- sodium hydroxide solution was added. .The'organic layer was =
separated, the aqueous layer was extracted three times by 5 mi

portion of ether. The combalned ether extraction was dried
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over sodium sulfate. The solvent ﬁas evaporated. 3= acetyl 5-

nmbex§pyrr011d1ne was distilled at 120 130°C/0.15 mmHg (bulb to

bulb)in the yield of 255 mg (65 %). '

TR(NaCl £ilm) : 3320, 1705, 1460, 1360, 1170 |

CMR(CDC13} . 209.4, 208.9, 60.9, 59.3, 52.3, 52.0, 49.3, 49.2,
36.2, 35.8, 35.5, 34.8, 31.9,'29.5,j29.1, 27.5,
27.4, 22,7, 14.1

Mass : 199(10.8}, 198(52.3),.197(M+ 100), 181(1.7), 111(13.1)

3—Acetyl#5,S—diethylpyrrolidine 8e (acid catalyzed reaction)
o A solution of 507 mg (3 mmol) of 2,2-diethyl~5-methyl-5-
vinyloxazolidine, 696 mg. (3 mmoi) pf_duloecamphoreulfenic ecid 
and 3 ﬁl of benzene wis heated at reflux under nitrogen for
24 ht, After the solution was cooled to room temparature, 3 ml
of 1IN sodium hydroxide solutlon was added. The.organic layer
was separated the aqueous layer was extracted three times by
5 ml portion of ether. .The combained ether extractlon-was
~dried over sodium sulfate. ' The soltent was .evaporated, 3-acetyl-
'5,5-diethylpyrrolidine was distilled at 80-85°C/0.05 mmHg in the
‘yield of 46'mg {9 %f; _ '
IR(Nacl film) ; 3350, 2960, 1710, 1460, 1362, 1170 |
CMR(CDC13).: 209.2, 66.0, 52.8, 48.5, 38.9, 30,4,.29.4, 29.2,
8.9, 8.7 |

-M;ss : 170(13.8), 169(M+ lOQ),_iSS(l,G), 139(16.6)
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3—Acetyl -1- azasp1ro[4 ll]hexadecane 8k (acid catalyzed reaction)
A solutlon of 530 mg {2 mmol) of 2-methyl 2—v1nyl ~l-oxa-4-
azaspiro[4,ll]hexadecane, 464 mg (2 mmol) ofrdmlo—camphorsulfonic
acid and 2 ml of benzene was heated at reflux under nitrogen for
24 hr, Aftet_the solution was cooled to room temperatufe; 2 ml
of 1IN sodium hydroxide soluticn was added. The orgahic layer
was separated, the agueous layer was extracted three times
by 5 ml portlon of ether. The combained extraction was dried
over sodlum sulfate. The solvent was evaporated -G.C. 'anaiysis
(SE-30, 150°C) of the obtalned crude product {425 mg) showed
two peakes at 3min and 22 min. These two peaks were identified
as cyclododecanone and 3—acetyl4l-azaspircL4,ll]hexadecane |
respectiﬁely.by the comparison of authehtic'samples. The retio
cf_the two peaks was 83:17, and the yield of 3¥acety1~l—aza— |

spiro[4,11llhexadecane was 13 %,

-B—Acetyl 1- azaspirol4, 5]decane 8a {base: catalyzed reactlon)

362 mg (2 mmol) of 2—methyl 2-vinyl= l—oxa 4—azasp1rc[4 51~
decane was added dropw15e 120 mg (3 mmol) of prewashed potassmum
hydride suspended in 5 ml of THF at 0°C. After 52.8 mg . {0.2mmol)
- of 18-Crown-6 was added, the.solution was stirred for 24 hr at
25°C under nitrogen. 214 mg (4 mmol)-of crystalline aﬁmonium
chloride.and 2 g of crystalline sodium sulfate hydrate wete.
added to the solution.- The inotganic precipitate was filtered R

ft=r the solution was stirred for 30 min. The solvent was .

Bt

vaporated, 3eacetyl—l~azaspiro[4,5]decane was distilled at

()]

80-3 °C/ 0.05 mmHg in the yleld of 286 mg (79 %).
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3~ Acetyl ~8~ t—butyl -1~ azasp1ro[4 S}decane 8b (base catalyzed
reactlon)

717 mg (3 mmol) of 8—t—butyl—2~ﬁe£bylm2-vinyl—l—oxa~4~'
azaspiro[4,5]decane wasradded dropwise 160 ng (4.5 mﬂolrof pre-
washed potassium nydrlde suspended in 5 ml of - THF at 0°C,

After 79, 0 myg (G. 3 mmol) of 18- Crown—G was added the solutlon
was stirred for 24 hr at 25°C under nitrogen., 321 mg (6 mmol)

of crystalline ammonium chloride and 2 g of crystalline sodium

' sulfaté hydrate were édded to ﬁhe solution. The inorganic
precipitate was filtered after the mixture was stirred for 30
min. The solvent was evaporated, 3—acetyl~8—t—butyl—l—azaspir0“.
I4,5}decahe was distilled at 100°C/0;C5 mmHg (bulb to bpib) in

the yield of 666 mg (93 $%).

3—Acetyl-6 10—~ dlmethyl 1~a2asp1ro[4 5]decans 8d

836 mg (4 mmol) of 2,6,10-trimethyl~2-vinyl-l-oxa- 4 —aza-
spirol4,5]decane was added dropwise to 240 mg (6 mmol) of
potassium hydride suspended in 5 ml 5f THEF at-Oac.. Aftér
106 mg (0.4 mmol) of 18-Crown—6 was added to the solutioﬁ,
the mixture was stirred for 24 hr at 25°C under nitrogen.
428 mg (8 mmol) of ammonium chloride and 2 g bﬁ,crystalliné
sodium sulfate hydrate were édded. The mixture was sfirred for
30 min., and the inorganic precipitaté was filtered, The sol-
venit was evaporated, 3-acety146,iO—diﬁethylleazaspiro[4,5]—
decane was distilled at 75-80°C/0.03 mmHg Lbulb.to buib) in the

ield of 681 mg (82 %). 7

IR(NaCl film) : 3350, 2940, 1705, 1460, 1365,'1170

NMR(CDCl,) : 2.12(s, 3H), 0.88(m, 6H)
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3—Acetyl~5 S-diéfhylpyrrolidine‘ge'(baSe catalyzed reaction)
| 676 mg (4 mmol) of 2, 2ud1ethyl S"methyl SHV1nyloxazolldlne‘

was added dronw1se to 240 mg (6 mmol) of pota351um hydride

suspended in 5 ml of lHF at 0° C After 106 mg (0.4 mmol) of

18~Crown~6- was added the mixture was stirred for 24 hr at 25°

uhder nltrogen;_ 428 mg (8 mmol) of ammonium chloride and 2g

of crystalllne sodium sulfate hydrate were added The mixture .

was stirred for 30 min., and the inorganic precipitatedwas

. filtered. The solvent was*e%aporated, 34acetyi~555-diethy14

 pyrrolidine was distilled at 80-85°C/0.05 mmHg (bulb to bulb)

in.the yield of 553 mg (82 %).

3~Acetyl-l-azaspirol[4, 41nonane 8f
835 mg (5 mmol) of Z—methyl 2=-vinyl- l—oxa—4 azasp1ro[4 4]
nonane was added to 280 mg (7 mmol) of pota551um hydride
suspended in 10 ml Qf THF at 0°C, After 132 mg (O 5 mmol) of
18-Crown—6 was added,the mixture was stirred for 24 hr at.25°c
under nitrogen. 535 mg (lO_mmoij of crystalline ammonium
chloride and 2 g of crystalline sodium sulfate hydrate were
added to the solution. The mixture was stirred for 30 min.,
and the inorganié precipitaté.was filtered."The solvent was
evaporated, 3~dcetyl~lwazaspiro{4 4]nonane was distilled at
g0°Cc/0.1 mmHg (bulb to bulb) in. the yleld of 550 mg {66 o).
.*R{YaCl £ilm) : 3300, 2960, 1705, 1450, 1360, 1165 '
cyg(cnc13) : 208.8, 71.3, 52.7, 48.6, 40.8, 38.6, 29.1, 24.4;
i3 - _ _ o
" Mass : 169(4.7), 168 (34. 0), 167(M 100), 151(1 6), 138(3 4),

123(12 6)
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3~ ~Acetyl-5- t—butylpyrrolldlne 8h
500 mg (2 9 mmol) of 2- t—butyl 5-methyl- 5~v1nyloxazolld1ne

was added dropwise to 160 ng (4 5 mmol) of prewashed pOtaSBlum

hydride syspended in 5 ml of THF at O°C. After 76 mg (0.29 mmol)

of 18~Crown-6-was -added, the mixture was. stirred fbr.24’hr at

25°C under nitrogen. 321 mg (6 mmol) ofrcrystalline ammonium

chloride éﬁd 2_g_bf.crystalline sodiﬁm sulfate hjdfate were‘

added to the solution. The ﬁixture was stirred for 30 min;,-

fitering the inorganic precipitate. The solvent was evaporated,

3~acety1—5—t-buty1pyrro1idiné.was'distiiled at 130-140°C/2 mmHg

(bulb to bulb) in the yield of 360 mg (72 %).

IR(NaCl film) : 3350, 2920, 1716,'1450, 1320, 1145

'cmk{cnc13) : 209.3, 71.4, 69.9, 68.0, 52.4, 52.3, 49.7, 49.5,
47.0, 45.1, 42.4, 33.2, 32.8, 30.4, 29.3, 29.1,
26.8, 26.6, 26.4 | | |

Mass : 170(10.3), 169(M% 100), 153(1.3), 139(2.5), 111(12.0)

3—Acétyl~5—pheny1pyrrolidine‘gi

945 mg (5 mmol) of beﬁaylidene.Z*hydroxym2emethyl~3~butenyl
amine was added dropw1se to 300 mg (7.5 mmol) of potassium
hydrlde suspended in 10 ml ef THF at 0°C. After 132 ng (0.5
mmol) of lSﬁCrown—G was added, thé sdlution was stirred for
24 hr at ZS?C under nitrogen. 5 ml of saturated ammonium
chloride ageous solution was added to the solution at 0°C.
 The solution was‘extracted four timés by 5 ml portidn of
_ether, The exﬁractioﬁ was'dried.over-sodium sulfate, and
the solvent was evaporated. 3-acetyl-5-phenylpyrrolidine

was distilled at 130-135°C/0.07 mmHg (bulb -to bulb) in the
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yieldlof 859 mg (91 %).- _
IR(NaCl £ilm) : 3350,_2900,_1710,_1455,,1360;,i120
NMR(CDci3) : 2.09(s, 3H), 7.18(m, 5H) | :
Mass @ 191(2.9), 190(25.8), 189@&+ 100), 160(3.2), l45(2.9j.
BwAcetyl~5—(3,7—dimethylﬁ2,ﬁéoctadienyl)—pyrrolidiﬁe 83

705 mg (3 mmol) of 3,7~dimethyl-2,6-octadienylidene
2—hydroxy—z—methyl-3—buténylamine was added to 160 mg (4.5
mmol) of prewashed potassiumihydride suspended in THF at 0°C.
After 79 mg (6.3 mmol) of 18-Crown-6 was added the solutioﬁ
was stirred for 24 hr at 25°C under hitrogen. 321 mg of
crystalline ammonium cﬁiéride-and'Z g of.crysfailine.sodiumr
sulfate hydrate was added to the solutidn. The mixture was
stirred for 30 min., filtering the inorganic precipitate.
Thé so1vent was evaporated, 3—acetylf5—(3,7—dimethfl—2,6?
- octadienyl)pyrrolidine was distilled at 135-140°C/0.03 TmHg
(bulb to bulb) in the yield of 348 mg (49 %).
IR(NaCl film) : 3350, 2950, 1715, 1645, 1450, 1380, 1420

Mass : 236(8.7), 235" 100), 205(1.9), 191(2.8), 111(7.1)

3—Acetyl—l—azaspiro[é,ll}hexadecane‘gkl(base catalyzed reaction)
530 mg (2 mmol) of 2-methyl~2-vinyl-l-azaspiro{4,11]-
héxadecaﬁe was added to 120 mg {3 mmol} of prewashed_potassium
hydride suspeded in THF. After 53 mg (0.2 mmol) of-18~Crbwn—6:
WaSs added; ﬁhé solurion was stirréd for 24-h£ at 25°C tnder
nitrogen. “214 mg of crystalline smmonium chlqride"énd'2rg of
crystalline stium sulfate hydrate were aaded to_the'soLutioﬁ.

The mixture was stirred for 30 min,, filtering the inorganic
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precipitate. The solvent was evaporated, 3-acetyl-l-azaspiro—
[4.11]1hexadecane was distilled at130-140°C/0.02 mmHg (bulb to

bulb) -in the yield of 447 mg (84 %).
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5. Conclusions—

The éuthor has studied abqut applications éf sigma—
tropic rearrangement to the syntheses of amine derivatives.
Through out the present work} the-authbr Stands'on the
point. of view as described in Introductioh and beiieves
that the object has been achieved.

In Chapter 2, {2,3]%sigmatropic rearrangement'of
S-allylsulfilimines has beén'applied to the sYnthesis of
- N-allyltosylamides starting from S—vinylsulfilimineé.

Tﬁis study reveals that the transformation’}j>g_cah_be. .
achieved.in the case of X = N-function. This transforma-

tion is also one of the synthetic utility of the

Ar\ o . B
§=X 2 | | XH
R _Base ~ /‘§y/+"'32
gl X Rl W3 =0

N-Ts

i
i

vinylsul fide Whose'applicaitoﬁs_have'not fﬁliy.bgen.
studied;k_The attractiveléoint.of this mehtodolbgy is

that the*stértihg S—Viﬁyisulfilimines'can be prépared_

from easily-availablé carboﬁylrcompoundﬁ via vinylsuifide,_
énd thus N-allyltosyl amides can be.synthésized from

carbonyl compounds by three step reactions (eq.l),.
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Ar _ :
1 S WTS ‘HNTs

i _ Ar\

O R2 'Ri 5 5
Ahe = L - T[-(Rz =oAL w
E 3 R 3

R

R3 : R

| In ChépterIB, the study provides.ﬁhat the low.
temperature method for.l,3 trahspOsition of-hydroxyl and
" amine functions by méans of the_[3;3]fsigmatropic re-
arrangement of allylic cyanates (Schéme I,'§%>§é?§?>§)

has been demonstrated. The rearrangement in this

Schene T

- -R1R2C=CR$R3R4 Rle(IZCRﬂCRBR4 :
Cl%ﬁ//ﬁ Nz=C-0 N=C=0 \Q?H.
. 4 T 5 . K )

1_2 3_4 = : 2

R R C—CR?R R RlRZCCR=CR3R

5 _ .

. OR .- NH2
3a:R5=H \, _ . /ZOH s
"_ CCl.CN - 8
3b:R7=Li 3 RlRZC=CR'<i:R§R4 RlRQ?CR=CR3R4

HN=E—O T *HN-?=O
-Cl3 CClB-
. §- . ’ . . . z'

designed'feaction proceedéd.at or below room témperature'
and the aliyiisocyanateS‘é obtainéd were'éasily éonverted
to the correspcndlng allylamlnes 8 by alkallne hydrolys1s.
The major problem of thlS method is that the reaction |
between rearranged isocyanate é and starting alkOdee gg
conmpetes with_the'desired reaction of‘éé_and cyanogen |

chlorxide. . However,xin cases where the starting allylic

1472
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‘alcohol is particularly prOne'to'eliminaﬁion,and-the
nitrogén is'to be introduced at a highly hindered position,
the remarkable improvement has been-achieved by the'allylic
cyanate method '(_3_@;4_-} §_—‘*§_) compared with the previous
aliylicrtrichlorSacetimidate method (§;5§j>i§>§f. o

In chaptér-4, thé'new pyrroiidine synthegis is des-
cribed. As shown in‘Scheme IT, nitrogen-carbon bonding
.(bond a) has been performed-td synthesize pyrrolidine
ring system iﬁ the traditidnal methods, In.contrast; the’
formatioﬁ of carbon~carbon bonding (bond b) has been

achieved successfully in this work.

Scheme 11

-

9

The author has assumed that 2rwhichxhas the electro-

phylic carbon (C=N) and the nucleophilic-cafbon at 4 pbsi— i

OR

0._.
RN

o
Ny

S 11

———
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“tion shouid be the coﬁpounds composing from iminium ion
and carbonyl (enolate) or imine an& enoiaﬁe anion
functions (EQ, 11l respectively). The au#hor's strategf
to coﬁstruct these étructures'(ig; 11) was 2;azae{3,31—
sigmatropic rearfangemeﬁ£ in acidic or basic conditions.
3-Acetylpyrroiidines (13} can bé‘synthesizéd in good
yield by the simple'reacﬁion between the salt of 3-

butenylamine 12 and the various aldehydes (eq.2).' The

2N 2

HENeK
r3 - 3 :
- R\OA - '

R0
g |
| : 13

major limitation of this method Was'that”thé carbonyl
compénent should be unhindered aldehyde; |

To improve the limitation, S—vinyloxazolidines‘li,
which can bé convenientiy synthesized from 1-amino—2-
methyl—3~bﬁten-2—oi_ahd'variéus carbonyl compouﬁds; were.
uséd as the precursor of the Sigmatrppic réarfangement.
Thus,-the,reaction of 12 with acid affords 3—acetyl—.
pyrrolidine ig especially l~ézaspiro[4,5]dedanes_whose_

structure is hardly to synthesize by usual manners.

144



OH 0
| : 14
. B - B _ t 1
Rz‘le ,¢$2 - | S
P 2 ez 2 N
~Bsl L R™ > | —3 =
1o HO/\/, : \lo -
‘ . —_‘J - ) .
™~ ' : ' “15

Aemmrrras

.Furthermore, the author fouﬁd tﬁat the strﬁcture,of

11 could be also realized femporarily from 5—vinyloxazolidine
14 under basic condition, 'Thus, the reaction of 14 and
potassium hydride_in THF affords 3—acetylpyrrolidine’1§.

via 2-aza-4-oxy-Cope rearrangement (eg.3). The reaction

| ﬂ

oy 1 o1 |
| NORT Ny R N R . N_ R

[/ >< =4 J;/\Rz — JRZ —> Ke2 o (3)
RS e i I -
| - - 0 |

condition was dramaticélly_improved‘being thé reaction
conducted at room temperature by'the 2—aza—4foxy~Cope_“ﬁ
method compared withﬁﬁhe acid catalized 2—a20nia~[3;3}4
sigmatropic rearrangement (at 80°C). It is significant
that 3—acetylpyirolidines'Which_could not be syﬁthesized.

by the acid catalyzed reaction were prepared in good yield
by the base catalyzed reéction, '

Thus, it is found that pyrrolidine ring system can
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be construcfed under both the acidic and the basic
conditions, The author assumes that the new pyrrolidine

synthesis by meané of 2~ééa—[3,3]—sigmatr0pic rearrange-—
ment should have the wide applications té the synthétic..

chemistry employing the conditions at our discretion.

146



Bibliography

Aziridinones. Cycloaddition Reaction of Aziridinone
with Phenyl Isocyanate.
Masaaki Kakimoto, Shoji Kajigaeshi, and Shuji Kanemasa,

Chemistry'Lett.;'1976, 47

Reaction of S-Vinyl Sulfilimines with Carbanions.
Synthesis of B-~Substituted Vinyl Sulfides.
Tamotsu Yamamoto, Masa-aki Kakimoto, and Makoto Okawara,

Tetrahedron Lett,, 1977, 1659

Preparation of Reartanged Allylic Isocyanates from
the Reaction of Allylic Alkoxides with Cyanogen Chloride,

Larry. E. Overman, and Masa-aki Kakimoto,

J. Org. Chem., 43, 4564 (1978)

Preparation of S-Vinylsulfilimines.
Tamotsu Yamamoto, Masa-aki Kakimoto, and'Makoto]Okawara;

Bull. Chem. Soc. Jpn., 52, 841 (1979)

Rearrangement of S;(2—Substitutedkvinyl) Su1filimines
to N-Allyltosylamides. Application to Tranéformation
of Carbonyl Compoundé into N-Allyltosylamides (Allylaminesj;
Maéamaki Kakimoto, Tamotsu Yamamoto,_énd_Makqto Okéwara;

Tetrahedron Lett., 1979, 623

147



Carbon-Carbon Bond Formation ﬁia Directed 2-Azonia-

[3,3]~$igmatrbpic Rearrangement; A New Pyrrolidines '
Synthesis.

Larry. E.'Ovérman, énd Masa—aki Kakimoto,

J. Am. Chem..%oc.,‘égi, l3ib'(1979)

Directed 2—Azonia~[3,3]+si§matropic Rearrangement.

A Convenient Préparation of'Substituted l—Azaspiroﬂ
[4,5]decans. - |

Larry. E. Overman, Masa—aki Rakimoto; and Makqto Okawara

Tetrahedron Lett., 1979, 4041

{3,3]-Sigmatropic Rearrangement of 2-Aza-4-0xy-1,5-

hexadiéne'System. A Novei-Pyrrolidine Synthesis.

‘Masa-aki Kakimoto, and’Makbto Ckawara,

Chemistry Lett., 1979, 1171

148



'Acknowledgemehts

.This is the thesis for Ph.D degree in Tokyo
Institute of Technology. The author carried out the
works from'Aprii'to July 1977 and from September 1978 to
December 1975 at Research Laboratory of Resources
Utilization, Tokyo Institute of Technology, and from
August 1977 to August 1978 at Department of Chemlstry,
Unlver81ty of California, Irv1nea

The authcrrgreatly appreeietes'Professot Makoto
'Okawara's_useful suggestions, and aiso_appreéiates
Prbfessbr Larry Eo_Overman‘s coﬁtinuous discuSSiehs.

The aﬁthor is_grateful'to Professor Tamotsu Yamemoto
and Dr. Yoshio Ueno for their helpful comments. The
author expresses a gratitude- to Mr, Yoshlyukl Nakamura_
for NMR spectra, Mr., Toyocharu Saito for elemental
ana1y315 and working members of Dr. Okawara's group end
br; Overman's group for their klnd help in the experlmen—

tal work,

149



