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CYCLOAROMATIZATION REACTIONS OF ENAHINES

i : ‘ ABSTRACT, i
_* Methyil 4—trimethylsi1y}—3:dialky1aminocrotonate is synthesized
by éhe silylation of methyl 3-dialkylaminocrotonate. It reacts
withwcarbonyl electrophiles at its Y-position. The unusual
regiochemistry of this reaction is studied and ratioﬂé{i:ed. It
co— reac;s with enamines derived from acyclic ketones or cyélo etones
) of large ring size (of 12 a?d 15 membered riygs) to give aromatic’
compounds in a 3C+3C combination and with enamines derived from
. cycloketones of 5-8 membered rings to give aromatic compounds in a
4C+2C combination. The mechanlism of this cycloaromatization

!

reaction is investigated.

. k,f—"“ meta-Cyclophanes with a morpholino substituent are synthesized

by'the above cycloaromatization reaction. These meta-cyclophanes
possess planar chirality and are successfully resolwved. ‘

A number of metacyclophanes with alkyl substituents at the .
intraannular position are synthesized. Depending on the ring size
and the steric size of the alkyl group, some of tBem are also
resolved.xThe rotatioe process of meta—cyclophéne~is studied
through their temperatgréegependehﬁ 14 nmR. >
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* REACTIONS DE CYCLOAROHATISA&;ON’DES ENAMINES

N

'Sommaire . .

1

Cette th2se dé&crit en premier iieu la ré&activité du
trim&thylsilyl-4,dialkylamino-3 crotonate de méthyle vis—aj
vis différentq,égmpoéés tarbonylé&s.. En effet, le composé
silyl&, obtenu & partir @en}a‘silylation du dialkylamino~3
crotonate de méthyle, r&agit avec-des composés c;rbonylés
3 la position % et une &tude apprbfondie de cette ré&gio-
acylation peuﬁéommune a 8t& effectuée. U | .

Y En second lieu, le composé silyl& r&agit avec des
&namines acyciiques,et cycliques.de grande taille klz et 15
chainons) pour donner des‘composés aromatiques selon une
réaction de cycloaddition 3C+3C.: De plus, ce méme compos&
silyl& r&agit aussi avec des &namines cycliques de-taille
moyenne ﬁs 3 8 chainons) pour donner des compos&s aromati-
gues mais selon une réact;on de cycloaddition 4C+2C. Les

"mécanismeb de ceé,cycloarométisabions ont aussi &t& &tudiés.

Ainsi,iplﬁsieuxs métacycloﬁhahes possédaqt un groupement

,fﬁorpholino ant ét§ obtenus par la réaction de cycloaroﬁati—
gaiion;§eloq le m&canisme 3C+3C précédemment décrit. Ces
métacyclophanes sonf’de§ composés optiquement actifs et ont‘
éﬁéR;ésolus avec sucqé;. Déyplus, plusieurs mé&tacyclophanes

possédant un substituant alkyle en positién intra—annula%;e

g
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ont &té synt@étisésﬂet certalns compo;és, dépendamment ‘de
1a grandeur de cycle et du groupe ‘alkyle pré&sent, ont &té

- r&solus.

cyclophanes ont &t& &tudié&s par spectroscopie RM§ kﬁ dyna-~

mique.

[

&

Finalement, les processus de rotation de certains méta-
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® CHAPTER I INTRODUCTION

o

1. Synthesis of aromatic compounds from acyclic ptecursord

While tremendous progress has been made in the last two,

~ decades on reactions leading to the synthe;sis of acyclic and

&

Q

carbocyclic compounds, less debelopment has -occurred in the

B

%synt‘ﬁesis of .aromatic compounds; the pﬁ:blem is especially acute

-

in the synthesis of benzenoid compounds with multiple functional

o

gtoups’. The conventional approacah of using electrophilic

substitution reactions on simple aromatic precursors, with its

@

étediﬂbus stepwise process’ and attendant problem of regioselection,

42

has obvidus Fimitations. e

3

(1t is wekl recognized though, in nature, that cpndénsation of
poly<3-carbonyl compounds }'s a major pathway for the biogenesis of
aromatic naturalpprodhcts[l,Z]‘. “Ef‘fc;rt‘s to mimic this reaction in

?

the' laboratory have met, howevevr,bwith limited success, mainly

because of the difficulty of control lingf the spe&:ificity of the

direction of condehsatiop[Z];’ Such control is particularly'

critical when the poly carbonyl precursbr is compound of mixed

’ L3 ’ M G ‘ ! <
acetate and propionate units. . B )

One existing approach for assemb’ling highly functionalized
benzenoid compounds directly from acyclic precursors is the Diels-

4

Alder reaction. Danishefsky ’and his coworkers have reported that
the 1,1-dimethoxy-3-(trimethylsiloxy)-buta-1,3-diene 1, ewhich can
be considered as a synthetic equivalent of 2, reacts with a la{:ge
variety of electron-deficient dienophiles to give high,yieldé of

cycloadducts which in some cases lead to aromatic compounds (3,4].

' some examples are given in scheme 1.1. Usually these

C
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cycloadditions show high regioselectivity.

CH,
~~~OCH, )
SSiT i
~ .1 ] 8

‘ A L 1
. / 2. HH 1. H\coocHa'
HCOOCH, . )
2%
.
) :

3

scheme 1.1

S This approach has been used in an elegant total synthesis of

(*)-lasiodiplodin 7 [5] (see scheme 1.2).

A contemporary work of Brassard involves the use of highly
hd 14

oxygenated butadienes for the synthesis of

ORI IE IR NP RS A :

1.CH=CCO:Me

2. H*

74%

CH,

O,CH,4

anthraquinone

deribvatives [61. Two typical examples are giyen in scheme 1.3.

" Several other silyl enol ether dienes, such as 2-

R
(t

a

}

rimethylsilexy)-furans 8 [7]}, 2,5-bis(trimethylsiloxy)furans 10

Nt sy



COOCH, 1. 1/xylene : Me
. |?' 2. H20 Me
C 3. NaH/PhCHCl
. ‘ "9 pnch, CH,),~CH=CH,
(CH,), ~CH=CH, *

'scheme ».3 *

([8] and 1,;3-bis~(trimethylsiloxy)-l-methoxybuta-1,3~-diene 17 (9],

( . can undergo similar reactions (scheme 1.4).

v
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PO

. SiMe, ,_ B : R
\ 1. S0-10% . 87-98% -
. C == CH—COEt ‘
-+ H , *= 2.NaF R® ,Et
”, .
SiMe; ' H
15 * =
SIM.3 COQMQ \
-~ “OMe I‘I 1. toluene
+ >
| 2. Ht
H, CO,Me "
’ 18
1 —
scheme 1.4 : !

| | | r

Compound 17 is a less reactive Diels-Alder diene with a

N

_ptgnounced tendency to forn Michael ad‘ducts. However, it has
trémendous power to undergo cycloaromatization reactions in a
diéferent manner, i.e. in a 3C+3C fasion [IIO]. Actually this
approach is still being developed and studied in our group. One ’ \

typical example is the reaction of 17 with compound 19 in the

| | | .
. . ,Me
Me S| Me maw TICly )fj’:o \
g j\)\osn«a * S |
) 19 20 -

17 19




presence of titanium tetrachloride to give methyl 4,6-
dimethylsalicylate 20.
Compound 17 is a 1,3-dinucleophile with C-4 being more

reactive (0~~) than C-2 (§7). This is illustrated by its reaction

~ with bromine; 17 reacts with 1 mole of bromine to give 21 and

with 2 moles of bromine to give 22 [11]. . .
© ) ’ - °
.2Br, 1 Br.
Me 17 ‘ : Me
Br Br ‘ ' Br
‘ : ‘ 21
22 ( =
et , ' /

Because of the difference in reaétivity between the C-2 and
the C-4 positions, the condensation of 17 with unsymmetrical 1,3-
diketone derivatives can lead to cycloaromatization products with
controlled regiochemistry. Thus the reaction of 17 with 4-
methoxybut-3-en-2-one 23 gave exclusively 24 on the one hand, but

with 25 gave 26. .

' H
Me
/ﬁ\/\oMe ALY
: 24 o

4 23

—

[}
¢ i
-

¢ H -
Me . o)
T —————
Me .
25 : 26
scheme l.S' -

Condensation of 27 with 17 and titanium tetrachloride gave the
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bicycl i¢c aromatic compound 28. On the other hand, _gg_'reacted
with 17 and titanium tetrachloride to give 30. Again, the reaction
was perfectly regiospecific with no contamination of one isomer by

the other in the product (scheme 1.6).

) Mo - - H
» O,Me
Me o Ticl,
27 | :
— 28
OSsiMe, " H
eOf

17 Ticl, -
29 | :
— 30

. scheme 1.6

Another example of control 1éd regiochemistry is illustrated by
the synthesis of the phenanthrene derivatives 34 and 38, sta’rtinf;-
from 3- and cx;tetralone, respectively (scheme 1.7).

A summary oi‘. the above observations plus a number of
competitive experiments allowed us to establish the following

\ '

relative reactivity order for\various carbonyl function;l groups

in acid catalysed condensa‘tion }vith enol si lyl ethers [12]:
aldehydes > conjugateé position of ﬁ—oxy-a,B—unsaturated

ketones—-‘isolated ketoneé > carbonyl position of B-oxy-oz,B—

unsaturated ketones >acetals -« monothioacetals > conjugated

e e s T
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scheme 1.7

The application of t\his cycloaxomatisation reaction is

. % 5
¥#llustrated by the synthesis of Sclerin [13] and A' -

s tetrahydrocannabinol (.A'-‘I’HC) {14]. Sclerin 39 is a metabolite

isolated from sclerotinia funéi and possesses interest"ing plant
growth activity. A few chemical syntheses of sclerin have
previously been r:epnbrted (15-17], baseé on the conventional
aromatic chemistfy, often with the inherent problem of
regiogselection in electrophilic aromatic substitution which leads
to 1low overall yiel/és. The synthetic route to sclerin using
aromatization reaction is s-hodwn in scheme 1.8. Condensation of 40
(2 mole equivalents) with trimethyl orthoacetate in the presence
of titanium tetrachloride gave 41 in 53% yield. Subsequent
transformation of 41 to sclerin was achieved with conventional

chemistry.




IR R Sk e gt & N

2 \Z""0SiMe, TiCl,

539
| 40 %
M
_ ualanA
[ ] > H
NaOH O:2Me ,
A rr————
OcMe
39 42
scheme 1,8

There have been several syntheses of A-THC 45 which is the
active psychotomimetic component of marijuana.They have in common
as the critical step that the condensation of a monoterpene with

olivetol 43 (scheme 1.9) which is generally synthesized from an

scheme 1.9

-}
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aromatic precursor such as 3,5~-dihydroxybenzoic acid [18]. Even
with the last reported and presumably best synthesis [19], 45
can only be obtained in 25-31% isolated yield after careful
chromatography of the complicated mixture from the acid-catalysed
-condensation of 43 with (#)-trans-p-mentha-2,8-diene-1-ol 44.
Condensation of _]_._ZLwith 46 and titanium tetrachloride gave
metixyl olivetolate 47 in 55% yield. Condensation of 47 with 44

then gave 48 in 55% yi®1d. Decarboxylation of 48 gave Al THC in

*

78% yield (scheme 1.10). H
M H v MQ ;
—~ 2 ~0SiMe; 55%

46 117 g
— p |
A b

NaOH

ATHC  —
. 78% _
scheme 1.10 ﬁ

All thé cycloaromatization reactions which we have discussed
so far have one thing in common: they all involve the chemi;try
of silyl enol ethers. Cycloaromatization reactions from compounds
otheg: than silyl enol ethers have been achieved. A German group
repogted recently that [20] the enol ethers 50 reacted with °

malonic acid dichloride to give a mixture of pyranones 51 and

“e
P




i : ~
. > \ »
phloroglucinols 52 with the latter as major products. The yield of
‘, ) 52 can sometimes be as high as 80% (table 1), \
. g i . o g . :
s
.'zu 4 +

. o
+ RCH= L — +
I : ck*3A&§f‘ | HR' H

4
4 . AU .
: ;I'able 1.
Compd. R ) Rl R2" yleld(s)
50a | CHy ° Ho H , S5la(43) 52u(52)
506 Chg H H Sla(42) 52b(43)
.50c . CH(CH3) 2 H : ‘ H 51‘a‘(24) 52¢c(65)
504 . C(CH3)3 - H H ~ - 52d(79)
50e CH3 H CaHs 51b(11) 52e(80)
. 50¢ ! CH3 _f  cHy 'ch:, 51c(30) 52£(53)
- 50g CH, ’ C,Hs H 51d(15) 52e(16)

N\
The extension of this reaction to endl ethers of cyclic

ketones 53 leads to the bicycles 54 and/or the ' (2,4)

@

e et . i, B8 & AN . Pt

phloroglucinophanes 56 (scheme 1l.11). With n=3,4 ,” 54a and 54b
were obtained in 89% and 88% yield, respectively; with n=5,.6, the
reaction gave 55c and 55d in 70% and 31% yield, respectively. When
the ring size increased to 7 or greater, metacyclophanes 56e-g

were produced in,é A18%, 55% and 28% yield, respectively.

{
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\ 2 3

n 3 4 5 6 7 8 9

. o " scheme 1.11

o

2. Chemistry of silyl enol;g;hers

1 8ilyl enol ethers were originally introduced as precursors of
specific enolates by Stork and his éoworkers in 1968 [21]. Since
then, the chgmistry of silyl enol ethers has 8o exploded and its
"usefulness now éurpasses that of all other enol derivatives[22].
‘ngerally speaking, their preparation is easy, their reactions are T
clean and require mild condit&ons, and they usually show high
selectivities.

It is impossible to do a comprehensive review of silyl enol‘
ether chemistry 15 tﬁis thesis. The readers are referred to
several recent reviews. We just want to, through a.brief

discussion, show the reactivity and selectivity of silyl enol

11

et e 4 e e ——




~

1

ethers with electrophiles. : g

. .
L4 r /

(1) Alkylation . o ‘ //

mrbggyl compounds occupy a cenéral place in organic synthgé/is
because they are intrinsically electrophilic, and sometimes ‘they
::n act as nuclepphiles thrpugh theirh enolates [23]. But there are
serious problems about this potential nucleophilicity for
co::trolled alkyllation. These problems include; (a) competing aldol
react;ions, a problém especially acute with aldehydes, (b) 0-
alkylation in place of C-alkylation, (c) poly-alkylation, (d3 a‘
specific enolate may not beralkylated regio;pecifical ly and (e)
alkylation is limited to primary or‘sec,ondary halides [24]. 2-
Methylcyclohexanone, for example, g‘ives all the possible

methylation products under NaH conditions via’the sodium enolate

{(scheme 1.12). ‘

* - ‘f
' . {"\M }
. . “~ . "
-~ - P
NaM ‘
~—tm—-
Mel

- 48% 13% 13%-

-

<

scheme 1.12

o /

More recently, Stork ‘discovered, that lithium enolates are m&qh 7

better behaved than sodium or potassium enolates. For example, the

specifically generated enolate 58, a particularly testing case,

could be methylated to give mainly the more substituted product _5_9_‘

[25] (scheme 1.13).
[>/]
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d=cdmchdy

| H 62% H 23%
817 , - 58 59 60

: 3
(R 2= S -
5 ? | - m—— J
%, Y
N 0
RN LY
b

( S

The a-alkylat-ion of keto'nee or ‘aldehydes through their enolate
anions is limited to ~pr:imax:y and secondary ;alides. When the alkyl ‘
graup to be ‘introduced is ‘tertiary with a B-hydrogen (e.g.' t-
butyl), ,eliminétion predominates over substitution. This problem
was solved by the use of silyl enol ether. In 1977,‘éhan'and his
coworkers reported that t-butyl group can be introduced to the (¢~

position of ketones and aldehydes through their silyl enol Zethers

in the presence of Lewis acid with moderate yields [26]. Some
examples are given in scheme 1l.14. The application of this method

was enriched independently by Reetz's work [27].

SiMe
= . t-BuCl . |
\ — TiCl, 4 L
| 1]
t-BuCl '
- SiMes TiCls 83
HO
62

scheme 1.14

13 .
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 The alkylation reactions of silyl enol ethers uSually.show °

‘i complete regiésele;tivity. For the methylation reaction, Fleming
' and Paterson reported an indirect Qpproach #hich involved ip the
use of silyl enol ethers ég an alternative of the enolate 58 [22].W

It is illustrated in scheme 1.15. Thé 911y1ation of 67 gave a 9 1

o

.0 n SiMe; SiMea - .-
’ NEt, ,
_ ‘ TMSCI

67 9 : “

) ,,h/\scm'icu l
) - PhS~_
goeENSoNeonl
N
L | ° ., 1 u

scheme 1. 15
mixture of 68 and 69, the next phenylthloalkylatlon reaction is ‘=
completely regioselective. The products 70 and 71 could be
desulphurized with Raney nickel to give §g‘in very high yield.
Direct al¥Kylation of silyl enol ether is reétricted to
teréiary alkyl halides or other Syl-type glkylating feaqé;ys, such
as benzylic, secondary, allylic, and methyl halides (scheme

8
' 1.16). Agair, these reactions show complete regioselectivity

3 ' ]
[28]. .
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U 3 - /B ‘

. " osime, 27, e ZnBry |
. 17 TR %

e

scheme 1.16

-

P

(2) Aldol cbn&ensation -

¢ " ooy
The aldol condensation between two‘"c’:arbo‘hyl compounds is

normally carried out under basic conditions. Under these

« conditions, dimers, polymers, and dehydration products are often

formed as by-products. More critfica].; is the problem of ensuring
specific direction in the condensation, i.e., that one particular
carbonyl component ‘Will act asv the nuéle“ophi le and the other as
the electrophile. The Lewis acid-catalysed condensation of a silyl.
enol ether with an aldehyde or ketone, unlike thé traditional
aldol condensation, sh;aws c:)mplete regio-and fzhemoselectivity, and
provides high y;elds of the aldol products [2\2,29]. Some ex,a\mpllés

are given in scheme 1.17 [30].

It is likely that this condensation occurs via a cyclic

transition state, such as 88 [31]. The reactions often show

. considerable diastereoselectivity,(scheme 1.18).thus, the silyl

B a A A P i e I KL | o Y

o e - e W w P R |
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4%

SEeR

p—
Lo
P

o _

__joSiMe;But |
-_-\)E +

tr
8

O &

PhCHO

E:H:aCHO .
Si= TiClg4

_TiCly . " oFt
Tl & &

E _d

TICI4
88%

scheme 1.17 - -
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ketene acetal 91 reacts with acetaldehyde -and titanium

-

tetrachloride via the presumably preferred transition state 92 to

give a single diastereoisomer of the adduct 93 in 98% yield [32].

(3)\Reactions with other electrophiles

Table 2. Reacgns with non-carbon electrophiles.

Me;
electrophilic
. Product
. reagent
Products | reagents - refersnces |
OH
NOCI 33
SPh »
PhSCI 4 @
Ar ‘ .
. ArSOCI 3s
X X
l Bl’g or C|2 36
H 1. MCPBA
+ 37, 38
2. Et;NHF™
( 17 &

[ ——
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Begides Aldehydgs and ketones, silyl enol” etheys can r;act
with many other carbonyl derivatives, such as acid chlorides,
anhydrides, isocyanates, acetals and thioacetals. They can also
react with some non-carbon électrophiles. Examples are given in
tagie 2. e
3. éhemistry of enamines

Most of the ground work for enamine chemistry had been ~
reported by Mannich and Davidson in 1936 [39). It recaptured
oxrganic chemist's interest after a publication by Stork and his
coworkers in 1954 [40) demonstrating the gener%l utility of 'Jsi
enamines as an alternative éf enolatgs. Thousands of papers have
been- published on enaminz:fj chemistry over the next 15 years.

The term of “enamfne“ was first introduced by Wittig and
Blumenthal [41] as the -nitrogen analogue of‘fenol".

/

(1) .Electrophilic substitution and addition reactions
Undoubtedly the most important and also best investigated

aspect of enamine's chemistry is the electrophilic substitution

e]f

o+
—C=C—N— ——E—C:—-N— ¢
I I | N :

scheme 1.19
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an& addition reaction. Since the electron pair on the nitrogen
atom can overlap with the 7« electrons of the double boné,
enamines are capable of’ existing in two mesomeric forms. The
electrophilic attack may take place either at the nitrogen atom to
form an enammonium cation or at the B-carbon atom to form an
iminium cati“on (scheme 1.19). This can be illustrated by the
alkylation reactions of enamines with alkyl halides. Because of
sel f-condensation under reaction conditions, enamines derived from
acétaldehyde or monosubstituted acetaldehydes cannot usually be
alkylated [42]. Enamines derived from aldehydes disubstituted on
the B-carbon such as 1isobutyraldehydes , are alkﬁylated on
nitrogen by alkyl halides. Whereas with allyl or benzyl halides

the C-alkylation products predominate ([43,44]. The C-alkylation

+CHa_ CHs ‘ \
H H3C~-CH=CH-CH,Br
95
CH:,/N \CH,
= l
H3
CH
CH CH
0=CH-— - H—-CH=CH —— CH{ 06
cd_ o =
1 \ﬁ 2
' 97 l\CHa
— H3 !

scheme 1.20

19 »




has been ‘rationalized by the inftial N-alkylation of 94, to give
95, followed by an intramolecular rearrangement which involves a

s@x-mempgred cyclic transition state to the intermediate 96.
Hydrblysis of 96 gave 97. This mechanism was supported by the

alkylation of 98 with methyl tosylate, which on hydrolysis gave

29. 3 Hs
=CH-N-CH5CH=CH, O=CH-C~CHCH=CH,
H, . H,
98
2 v 29

With enamines of cyclic ketones, direct C-alkylation occurs
with allyl as well as alkyl halides. 2-Methyl cyclohexanone 100

could be obtained in 80% yield from the pyrrolidine enamine of

cyclohexanone 101 [40].

-

1. Mel
2. hydrolysis

101 100

Besides the alkylation reactions, enamines can also react with

many other electrophiles such as acid chlorides, anhydrides,

" aldehydes, activated arylhalides, sulfonyl halides, sulfenyl

halides, cyanogen halides, aromatic diazonium salts, ketenes and

isocyanates. Some examples are given in table 3.

20
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'Table 3., Reactions of Enamines with Electrophiles

|
i
i

enamines

electrophiles

products

references |

&

Qe OO0 G0 00 0000

-

R—-CHO

NO,

PhCH,S0,CI

CICN

NO,

N+ CI™
1]

7

O
. 0,
. NO2
,CH,Ph

NO2

(P
\érs
of

o,»@—NH—Nﬂ':—Et
| CHO

N P

46 %

42

47

48

49

50
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continued table

. ]
. ‘ CH:’\C}H:’ Ha -
CH PhNCO CH;s—C~-CO—NHPh a3/
N ' ¢
CH;” CHs; HO ( ]

t -

(é N-CH=CH-Et PhCOCI < N- CH:i—COPh 45 ,

(2) Cycloaddition reactions of enamines > '

One of the important areas of enamine chemistry is the \

cycloaddition reaction. Consider a normal condensation reaction a—
between enamine and a electrophiwlae which is formulated as x5+ Y&'
After the initial electrophilic attack at the [3-carbon of enamine,
a new negative charge develops on the original electrophilic
part, and the enamine now becomes a iminium ion which is a very
reactive electrophile. By an intramolecular nu%leophilic attack,
ring systems of variable sizes can be generated:

77 N\ VR : VR
5X Y- X v © e

X Y
e;_—__c\ Y, _-c—C '/./C — (I:
2 / ]

scheme 1.21

.

‘. These types of cycloadditions can involve ‘a divalent addition

22

B T T T T R e e T o S e

L g b



A \

to form a cyclopropane ring , a 1,2-addition with an alkene or

'4‘ alkyne to give a cyclobun{;ane or cyclobutene, a 1,3-dipolar
[ addition or a Diels-Alder reaction with enamine as dienophile.

Although in .some of the reactions it has not been established

whether the cycloaddition involves a concerted mechanism or a

v . divalent
(‘\ addition
| i A
” —_— ’ 1,2- addition
I+ “
N A | °
| e .
B re—- \B 1.3-diP0|ar
. Q+ 4 addition
A ! Y
; |
ﬁ et 1,4 - addition

scheme 1.22

stepwise ionic mechanism, the latter seems generally the favored -

pathway.
(a) . [2+1] cycloadditions e
The reaction of enamines from cyclohexanone with

dichlorécarbene gave the 1:1 adducts [51-53]. The morpholine

23 -
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SEI
- é CHCly/KOBut.

|'(
‘ »

& ’ e
enamine 102 reacts with dichlorocarbene at*-10° Ep&—20°C in THF to
give a stable cr;(stalline adduct 103. ’I\'he?:mal decnomposition of 103

102

———

b _“schéme 1.23 . ‘ .
- Tt

followed by {a.éjuedus ,workdp gave an a,ﬁ-unsaturated ketone
Ty to . e - v
identifiéd as compound 104./ Reaction of cyclopentanone enamine

105, however, gave an unstable adduct, and the 3-membered ring

4

opened at “a" to give the ‘rlng expanded ‘ketone 107 on hydrolys1s .

N

(b) . [2+2] Cycloadditions -

The reaction between enamines and ketenes has been actively

. 3 ~
1nvest1gated .

gnie 4

“ . \
. The first step of the reaction between a ketene and an enamine ?

is a‘pparently fa\.2c+2c cycloaddition to produce an

¢

(\\
\

aminocyclobutanone adduct. The thermal stability of this adduct J

depends on the nature of substituents rRL, RrRZ, R3 and R4.
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scheme 1.24

For the reaction of aldehydic'enamines with no 3-hydrogens and
‘disubstituted ketenes, (e.g., RL,rZ,R3,RY are not H) the
cyclobutanone adduct is thermally stable. For example the reaction
of dimethyl ketene with N,N-dimethylaminoisobutene 94 produced 108

in 64% yield. Compound 108 can be distilled without decomposition

[54] . &

+ The reaction between an aldehydic enamine with no [ hydrogens |

and ketene forms a cyclobutanone adduct which is not thermally

CH,=C=0
A
+ :
—_— y% — |
< N—43H=i<: b < >
. ,
100 ' 110 m

scheme 1,25
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stable (R3 and R4 % H, Rl=p2=H) [45,55,56]. Thermal decomposition .

of the adduct gave eiclw,usively product by. the cleavFgé at ""b"
(scheme 1.25). This is illustrated’by “t-‘.’l;e reaction of 109 with
kétene to give 110 which' decomposed to 1l1l. . d
The adducts of aldehydic enamines with 5-hydrogens, suct; as l-
(morpholino)-butene 112 and ketene are very unstable, cleavage at

"a" and "b" are both possible and a mixture of 113 and 114 were

obtained [57] (scheme 1.26).

CH~=C=0
- a Hs 1-!-?-
A ¢/',
+ — a .
{ -
' b Hs \

: \6~
R 114
v 112 -

et

scheme 1.26
7/

Enamines derived from cyclanones react with ketene to generate'
first cyclobutanone followeﬁ by cleavage at "a" or "b" (scheme
1.27). The point of cleavage of the cyclobutane ring depends Sn
the ring size of the original cyclic ketone. For adducts from five
and gix-membered cyclic ketone enamines (n=3 and 4), decomposition
takes place at "a". The adduct from the nine membered ring enamine
(n=7) was produced in very poor yield and decomposition followed’
both pathway a and b. As the enamine ring size increased from ten

to fifteen, the cyclobutanone ring cleavage followed mainly

26
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. * 118
NEt, -_
CH,), b ,
H 117 J f’
¥ CH)" cHQﬂ ' H2
e \ 11
‘ scheme 1.27 € "

o

., The reaction of enamines with acid chlorides was also well

«

studied. When the acid chlorides have no B-hydrogen, such as

benzoyl chloride, an acylation reaction takes place. In the case

of acid chlorides possessing (3-hydrogens, ketenes can be produced

in situ and the reactions often involve the formation of

cyclobutanone derivatives. But direct acylation was also reported
(691. .

'Enamines can react with some electrophilic acetylenes and
again the initial step was believed to be the 2C+2C cycloaddition.
Compound 94 reacted with methyl propiolate to give the dienamino
ester 120. Dimethyl acetylenedicarboxylate reacted similarly to

give 121 [70] (scheme 1.28). ‘
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/:l\ % Me »\ueoi Mo, :
“ | |t ©=C-C=CcH-N .
| . ~ Me / } :
= - K 121 .
123 -’ -

schemer 1.28

A similar’ sequence of reactionsD took place wigth the enamines,
of cyclic ketoﬁe.s. $ix-membered fing enamines produced stablﬁe
cyclobute;'ne adducts with dimethyl acetylenedic‘aéboxylate, which
then decomposed into ring enlargement products on heating [70,71]j
This is illustrated by the reaction of _1_% with dimethyl

acetylenedicarboxylate to form 124 which was then converted to, 125 |

on heating (scheme 1.29).

4
[}

O,Me
N e I — OMe -heat
, 0O.Me rMe | k

scheme 1,29

Enamines can also undergo 2C+2C cycloadditions with benzyne

t

(obtained from fluorobenzene and butyl ‘lithium) [72]. One example
4 ° )

£
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The rea;:t‘ions of elect:ophiﬁl ic alkenes (alkenes attached to

_electron withdrawing groups) with enamines sometimes also end “up

as 2C+2C cycloadditions. The first step is the formation of a

\zwnitterion'intemediate 127 then followed either by one of two

possible cycloadditions to give 129 (2C+2C cycloadaitibn) or 130

(2C+4C cyclbaddition), or by proton addition to give simple

alkylated product 128 (scheme 1.30). . , ’ 7

- ‘ scheme 1.30 s

) s o [
This is illustrated by the reaction of enamine 94 with

methyl vinyl ketone. The initial product was dihydropyran 131

[73]. Treatment of 131 with phenyllithium gave cyclobutane

N,

133, obviously via intermediate 132 (scheme 1.31). ) \ /)

) ] “om

“~




133 5 CeHild 132

scheme 1.31
-
" (). 1,3-Dipolar cycloaddition |
l,é-Cycloaddition across the double bond of ‘an enamine t.or form

an uncharged five-membered ring involves a dipolar reactant

[

described by zwitterionic octet structures. The types of dipolar -

reactants which have been repomted to undergo this 1,3~

cycloaddition with enamines are Yisted below.

+ L - + -
nitroqfes >C—TTQ -—> >c_-=v—o
< ’ + ‘. +
nitrilimines —C=N~N— > ——Cz=EN—N—
f
+ - + -
nitrile oxides — - <+—> —Cm=mN-—0
. + - + - ,
azides N=N~—-N— -—> Ne== N—N—

- .
~. !

+F

The cycloaddition of nitrone 135 t0 enamine 134 results- in an

isoxazolidine 136 [74].

B A



' CéHsNs + ( :N-CH=CH—CH3'

N

=CH2 + HSQ—CHzﬁ—C‘Hs — Om
Hy oHs s J

135

O———

13
RS 138

Nitrilimines undergo 1,3-cycloaddition with enamines to form
pyrazoles 157 [75], and the products of the reaction between

nitrile oxides and enamines are isoxazoles 138 [75].

H
138 S wm
> \ ! Bcna\e 103}2 - te

‘Azides can also react with enamines in a 1,3-cycloaddition to
form triazolines [75,76,77]. For example, the reaction between
phenylazide and the piperidine enamine of propionaldehyde 139 gave

140 in 53% yield.

139

(d) . 2C+4C reaction of enamines
The first reported cyclization involving an enamine was the

1,4-cycloaddition of methyl vinyl ketone with enamine 101 to give,

31




after hydrolysis, Al/9-octol-2-one 144 [78]. It can be described

by the following mechanism: .

+ -
‘ ﬂ '*¥3H=ji3H3
+ CHE=C Hy ——— ’ —_—

101 .' : 141

142 o143 144

' e
sgheme 1.33

T
R ]

Diels-Alder reaction of enamine has also been reported. This
is illustrated by the reaction between 101 and methyl trans-2,4-

I3

pentadienocate 145. Here the enamine acted as the dienoéhile to

(Prome

give the adduct 146&[79].

Q Me
101 145 146
hhdd . : ).

~— ~
A
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(e) . [3+3] Cycloaddition

So far, in all the cycloaddition reactions we have @iscussed,
enamines éct as two carbon component. Actually enamines can
also act as three carbon\Eompénents in their cycloaddition
reactions. The reaction of enamine 102 with acryloyl chloride

c

followed the pathway shown in scheme 1.34 to give 150 {80].

\
+

+ m—@-cu:cn, —

147
102 :
_ -H‘!‘
hydro ‘ |
y! N8u30§[§§§§;] E§§§§/1143¢13H2
150 149 18

scheme 1.34 '

Heterocyclic enamines often undergo a similar two-step 3C+3C
cycloadditions with methyl vinyl ketone. For example, enamine 151

reacted with methyl vinyl ketone to produce 152 [81].

+ CH,:CH-—@-—CH:, —_—
Hs |

by | : L
121

33 I
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The requirement for this type of cycloaddition reaction is
t, that the ¢-position of enamine must be carbon substituted and,
this carbon must carry at least one hydrogen atom. This provides
the possibility of generating a new enamine by deprotonation for

the second nucleophilic attack.
In 1980, Bohme et al reported that the self-condensation of 3-
dialkylaminocrotonate 153 led to anilino compounds 154, sometimes

in good yield [82] (table 4).

1
R' _R? AN 1
j\é TFA O,R?
) O.R’ | y

153 * 154

Table 4, Self-condensation reactions of compounds 153

Compd . Rl R® R3 yield %
154a CH3 CHj3 CH3 70
154b CHq CHjy CoHg 90
154c ) CH3 52
154e O CHy " 50
154¢ O . CyHg 25
154g (oj CHs 63
1541 @) ;
154i CgHs H CH3 40
154k n-C3Hy H CHj 42
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The direct appficatipn of this self-condensation reaction is
. limited, because no cross condensation was mentioned in their
paper. This reaction is very interesting, however, because it
reveals the fact that enamines can also undergo cycloaromatization
reactions. ) '
4. The proposed research
In compound 17, two nucleophilic sites are present, each is
associated with a silyl enol ethexr. The aromatic compounds which

are derived from the cycloaromatization of 17 must by necessity be

limited to phenolic derivatives. It would be desirable to be able
to generalize the reaction to the synthesis of other
functionalized aromatic compounds. This thesis deals with the
possibility of a cycloaromatization reaction leading to/éighly
°  substituted anilino compounds. Our strategy is to modify 17 by /> ;
replacing one of the silyl enol ether groups with an enamine

group, e.9., in the form of compound 155. In 155 all of the

. N 0SIS ¢’L\\€5E:T)SEE

17 155

———— -
—

o4

features which are required by the cycloaromatization reactions
. are met. Like 17, 155 is also a 1,3-dinucleophile and it is
likely thag C-4 will be more reactive than C-2
towards electrophiles, thus the regiochemistrly of the condensation
could be controlled. The react}ons between 155 and 6-dicarbonyl
or other 1,3-dielectrophiles, i% phey take place, should lead to

-

anilino compounds.

35
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Some natural ‘products have a substituted aniline carbon

A x=OCH3 y R=H ’ Y=CH3

B X=OCH, » R=CH; Y=H

C x=NH2 + R=H » Y=CH,

mitomycin

skeleton. One example is mitomycin [83] which possesses antibiotic
as well as outstanding anti-cancer activities. The chemical
synthesis of mitomycin A with its densely arrayed fuctionalities
is a challenge which has only recently been met f84]. It may make
the synthesis of these natural products much easier if a general

appoach of assembling highly substituted anilino- compounds can be

x

achieved.
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CHAPTER II. THE ?Y~-REACTION OF 4-TRIMETHYLSILYL-3-

DIALKYLAMINOCRO&ONATE ESTERS WITH CARBONYL ELECTROPHILES

Methyl 3—dialkylaminoérotonate 153 was prepared by the usual .

water-separator method with p—toluenesulfonlc acid as the
catalyst. Compound 153 was sil ‘lated by trimethylchlorosilane and
LDA in THF. The result was not the expected compound 155 but the

C-s8ilyl product: methyl 4«trimetbylsi1yl—3~dia1kylaminocrotonate

156. R! ~R? R! R?
LDA/TMEDA/ THF
) ) O.Me TM scl =Si O,Me
153 : 156
’ R!
(X )
a RIR? = —(CHy) 4 — 135
b RIR2 = — (CH,CHy-0-CHpCHp) —

The structure of 156 was deduced by spectroscopic analysis. In
the infrared spectra of 156, there was still the strong carbonyl
absorption at 1670 em~1 assigned to the ester group. The 1y NMR
spectra shcped only one vinyl proton and the 13c NMR showed three
unsaturated carbons. Both 156a and 156b exigt as one geometrical
isomer. Sanchez and his coworkers studied a number of 3~
dialkylaminocrotonate esters and concluded that all of them have E

geometry [85]. By noting the similarity of 14 and 13c NMR between

153 and 156 (see table lpand table 2), 156 was assigned to have E

geometfy as well,

37
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(f\Table 1.

Part of lH NMR data of 153 and 156 (ppm)

Compd. vinyl methoxy
¢ 153a 4.40 3.53
156a 4.47 '3.60
153b " 4.80 3.62
156b 4.73 3.60
Table 2. 13C NMR data of 153 and 156  (ppm)
Compd . ‘ ‘
1532 169.2, 159.2, 82.5, 49.4, 47.5, 24.8, 16.2 -
___1s6a 169.3, 163.0, 81.0, 49.5, 48.0, 25.0, 21.6, -1.7
153  169.1 161.1 87.6 66.1, 49.1, 46.1, 15.0 -
| 156b  169.5 165.7 86.2 66.5, 50.2, 47.1, 19.5, -0.9
» SN &
LN

| .The yields of the silylation reactions are greater than 90%
and the products are > 90% pure by 1y nMr spectra before
distillation, however, 156 is thermally}stable enough to be

distilled under vacuum. ! ;

In the reaction of 156 with electrophiles, one would expect
that the reaction probably occurs at the (-position because of the
presence of the silyl group in 156 as well as the expected
reactivity of the enamine. The reactions of allylsilanes with
electrophiles

have been well studied and usually show high

regioselectivity according to Egn. 1 [86].

N
N{\-‘/“Sl\/\/%/\ E+ /\/E Egn. 1
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Therefore it was very surprising to us when we found that 156
i; reacted with a number of carbon electrophiles at the Y-position

instead of the (¢~position [87] (Eqn. 2).

~

TICl
\‘Y o + Et -——‘-—> RN Eqn. 2
- 2Me O,Me |

When compound 156 reacted with benzaldehyde in the presence of
one mole of titanium tetrachloride in CHyCl,, compound 157 was
obtained in fairly good yield (see table 3). It is clear that 157
is formed from the condensation of 156 and benzaldehyde followed

by the elimination of a molecule of water.

1 2 1 2 1 2
R R R R R
- H - pER~y~"
. "PhCHO
=~ __TEEE_. Ph . —P
=si o,Mme TiCl4 O.Me Kb
156 158 - 1517

The lH NMR of 157a shows a doublet at about 6.7 ppm which was
assigned to be H® and because of the large values of coupling
constant (17 Hz for 157a and 16 Hz for 157b), compound 157 has
been assigned to have 2E,4E geometry.

Condensation of 156 with cinnamaldehyde under the same
condition gave the polyunsaturated ester 159 in good yield. In the
g NMR spectrum of 159a, there are five vinyl protons. One

is a singlet at 4.57 ppm and obviously is H2. Two are doublets,

( one at 6.54 ppm (J=16Hz), which is assigned to be Hb, the other is

-39
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HG HcR\ /R2

156 AU CHO o e N HE

Hd  Hb OxMe

159

at 6.86 ppm (J=16 Hz), which is assigned to be H®. The other two
vinyl/ signals (H® and #9) are both doublet of doublet (J=16 Hz and
k6 Hz). From the coupling constants we assigned compound 159 fg*
v have a 2E,4E,6E configuration.
. With butyraldehyde, condensation with 156 is followed by an

Al
intramolecular cyclization to give the §-lactone 160.

. Me ’ R1 R2
R‘ R2
H 2
= AALHO R —
156 161 160

There are, however, differences in the reactivity between 156a
and 156b. It seems that the morpholino compound 156b is more
reactive than the pyrrolidino compound 156a. Thus with the less
reactive ketone electrophiles, only 156b gave the corresponding

products 162 and 163. Compound 162 is the hydrolized product of

its enamine precursor which occurs during the aqueous workup.
When l56a was reacted with acetone under’ thesame conditions,
only compound 153a was shown in the product, apparently from the

(\ hydrolysis of the unreacted 156a. When cyclohexanone was used, the

40
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156b
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163

-

result was ‘the same as the reaction of 156a with acetone. Even 4
when dichloroethane was used as the solvent, instead of
methylene chloride, and the reaction mixture was refluxed
overnight, no reaction between 1l56a and cyclohexanone was
obsexrved.

With more reactive electrophiles, such as benzoyl chloride,
only 156a gave ?Yy-reaction product 164, while 156b gave an N-

substitution product, benzamide 165.

] ~

N N +  PhCCl |

156 _ 164 )

[:{i:]
X + Phgm Ph—ﬁ—-m‘ o

~
7 i OzMe ,

122 41 4 165
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Table 3. the Y-Reactions of Compound 156 with Carbonyl Electrophile

2

Compd. Electrophil}a Product Yield %

156a PhCHO VQ

157b
156b PhCHO

<
/
156a P XCHO v 31
P N Ny
' O,Me ‘
156b e 83
Ph_ \CHO
1602
156a -~ \"cHo : 53

- \
Y
‘ | 160b [‘:j
156b ] \/\CHO '

H _d
156b‘ - /ﬁ\ Me 44
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continved table °
163 '
\ H © 56
156b .
156b X ‘
) Me
v Y
. “ 164
. : 44
1562 PhCOCI . ‘
! P
o 165 .
— 6
156D PhCOCI phdif. 1

4
.. e - i, ) & )
It remains to explain the regiochemistry observed in the
reaction of 156 with electrophiles in Equation 2. One possibility

is that there is-a dynamic equilibrium between 156 and 155 and it

is 155 which selectively reacts with electrophiles to give the 7y-

products. = ¢ S )
R R Rl RZ rRL_,,_~R2
E* S
;Si Me E 'CO.Me ]
156 155 L

In fact, 1,5-migration of silyl groupsis well known. Diketone

silyl enol ethers can exhibit silyl transmission [88].

N
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. Trimethylsilyl fB-keto-esters can undergo thermal silatropic;

N

f

rearrangenent [89] to produce sil;},l enol ethers regiospecifically.

\é,/

i

) heat
f-\ R A———

) The 1,5-mhigration of silyl group from oxygen to carbon has
also been reported [12]. It was found that at room temperature

compound 17 gradually rearranges to its C-silyl isomer.

In our case, the E-geometry of compound 156 certainly renders

this rearrangemen?@ process geometrically possible.

166
O,Me

In support of this explanation, when a mixture of 156a and
dimethyl acetylenedicarbc?xylate was heated in benzene for three

5 , }
days, the diene’ 155 was indeed trapped as the Diels~-Alder adduct ‘'

| \ Me0,C—=—CO,Me

~ . 167
,—-—/-Si CO.Me 57% -
; N _

156a

167 which was isfsi?ted in 57% yield as a crystalline comfouRid.
The 1H NMR spectrum of 167 shows two'.argomatic protons (5.93,1H;




6.03,1H, AB quartet, J=3Hz), two methoxy groups (3.80,s,3H;
3.83,s,3H), a hydroxy group (11.03,s,1H, D50 exchangeable , its
down field chemical shift strongly indicates intramolecular
hydrogen bonding), and also the corresponding pyrrolidino group
" (1.83-2.07,m,4H, 3.17-3.38,m,4H). The structure of 167 was also

supported by IR and MS specéra.

-
t

It still remains to ex{)"lain the difference in reactivity of
156a and 15pb. In 1965, Gurowitz and Joseph [90] found that the
pyrrolidine enamine of 2—methy1cyclohexanonem_l__6_8_ consisted
predominantly of the ttisubstituted isomer “_l_§§__a_, but the
'morphol ine enamine of 2-methylcyclohexanone 169 was shown to be an

-almost 1:1 mixture of the trisubstituted isomer 169a and the

tetrasubstituted isomer 169bby 11 NMR spectroscopy.

0

' 168b 10%

168a 90%

.
¢ . *
' N '
..
, .
L4
.
/7
- L] 1 .
'
- -
; .
.

169a 529% 169b 48% .

[y

The authors proposed that the electron pair on nitrogen atom

of pyrrolidine enamine is much more involved in the overlap with

Le3
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Compd. Hz Compd. Hz
% 250 . | 264
5 S
) Me
) %/ 251 \ 268
%/ 278 S 284
L ; i O,Me

theielectrons of the double bond than that of morpholine enamine.
Support for this argument was provided by the lH NMR spectra of
thesg enamines. The chemical shift of the vinylic proton of the
pyrrolidine enamine was at a higher field than that of the
corresponding morpholine enamine by about 25 Hz. A 'similar.
difference between 156a ?nd -156b was also observed by us (see

table 4).

Tablé 4.. The chemical shifts of vinylic protons of enamines'(so MHZz)

v :

i

It is obvious that the more oveérlap between the electron pair
on the nitrogen atom and the double bond, the more severe is the

steric interaction between the methyl group and the methylene

46 !




P , -
group adjacent to the nitrogen atom in the tetrasubstituted

. isomers. That is why 169b is more favored than 168b.

w H |
- R :

168b

‘The different reactivity between 156a and 156b may also be due

to a similar steric effect. It is well known that ketones are less
reactive than aldehydés Partly because the carbonyl’group in
ketone is more hindered than an aldehyde. In the two transition
states I and II (scheme 2.1), the steric interference between the
methylene group adjacent to nitrogen atom and the incoming
electrophlic group is greater in I than in II. This may be the
reason why 156b reacted with ketones but 156a could not under the

same conditions.

~ o . o_

( - scheme 2.1
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\gecaus? the electron pair on the nitrogen atom of morpholine
enamine has less overlap with the double bond than that of
pyrrolidine enamine, the electron density on the nitrogen atom in
156b will be greater than in 156a. It is not surprising,
therefore, that 156a reacts with benzoyl chloride at the Y-

position, but 156b reacts at the nitrogen position.
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CHAPTER III. CYCLOAROMATIZATION REACTIONS OF ENAMINES
1. Preéération of enamines
- The formation of enamines generally involves the condensation
of aldehy@es and ketones with secondary amines. With primary
amines the reaction normally gives imines.
Mannich and Davidson [39] discovered that the reaction of
o secondary amines with aldehydes in the presénce of potassium
carbonate and at a temperature near 0°C gave enamines. The
reactions often involve Ehe formation of an intermediate called

aminal 170 which then decomposes to the enamine during

distillation.

RAIH—CH(NR‘R“)Z 170 {

a——

R-J:H-CHO + 2HNRRY

. heat
R—(L—“-CH-N RIR* + HNRRY

The intermediacy of an aminal in the formation of enamines

+ L
H H _NRIR2 H, NRIR2
H
4+ ‘HN R1 R~2 = frammmng

+Hy0

NRIR2 NRIR2
; | —H*
| { HY

scheme 3.1
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from ketones and secondary amines is not usually|proposed. A
general mechanism for the acid-catalyzed reaction has been offered
[9i] (scheme 3.1).

Usually the water generated by the reaction is removed from
the reaction mixture by means of a water separator, or, as an
alternative, it can be removed by passing the condensate through a
drying agent such as molecular sieves.

Enamines can also be formed without an acid catalyst, but the
rate of reaction is relatively slow. For some sterically hindered
ketones, the enamine formation is very slow even when an acid
catalyst is used. For example, Stork prepared the morpholine
enamine of 4-heptanone using the water separator method; the
reaction took 250 hrs and gave a 65% yield [93]. A versatile
synthetic methodology was developed by White and Weingarter [94]
using titanium tetrachloride. They found that a stoichiometric
mixture of titanium tetrachloride, secondary amine and ketone

produced the enamine directly and rapidly. The yields ranged from

1l
NR;
2RCH=CR'

2RCH,CR!' + G6HNRY + TICl,

(

+ 4R'WHCl + TIO,

55% for the mixture of enamines formed from morpholine and
methylisopropyl ketone to 94% for the enamine formed from
dimethylamine and methyl t-butyl ketone. The hindered ketone 2,5-
dimethylcyclopentanone could be converted to an enamine, but the
more hindered ketone, 2,6-di-t-butylcyclohexanone, was inert. The

authors attributed the effectiveness of titanium tetrachloride in

e . P . s
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this reaction to its ability to scavenge water and polarize the

i
¥
o%
.
a
e
1% 5
=
o
-

. carbonyl bond.
In our case, Mannich's procedure was employed to prepare the o
. ,‘"‘f g
morpholine enamine of butyraldehyde. The enamines derived from é§

1

acetoacetate, cyclopentanone -and cyclohexanone were synthesized by'

7L v

iy

the water separator procedure, with p-toluenesul fonic acid as the
catalyst. All the acyclic ketone enamines as well as the enamines
derived fromrcycloalkanones with ring size larger than 7, were
prepared by the titanium tetrachloride method.
2. Cycloaromatization reactions of enamines

As we have mentioned in the introduction of this thesis, our
initial strategy was to synthesize compound 155 and condense it
with J-dielectrophiles to synthesize aniline derivatives. Although
155 has not geen obtained directly from the silylation of methyl
3—dia1kylaminécrotonate, compound 156 can be considered, in fact,
as an equivalent of 155, because we have evidence that 156 exists

in a dynamic equilibrium of 156 ==155.

We examined, therefore, the reaction of 156 with s§weral B—
dielectrophiles. The first J-dielectrophile used by us was 4-
trimethylsiloxy-3-penten-2-one 19. The ﬁeaction was carried out

under similar conditions to the cycloaromatization reactions of 17

[lO]uwith titanium tetrachloride as catalyst and CH,Cl, as
solvent. The reaction mixture was stirred for 3 hrs at -78°C then
,overnight at room temperature. It was poured into a solution of
sodium bicarbonate with vigorous stirring, and extracted with
. ether. The extract was then concentrated to give a yellow o0il

which was then purified by flash chromatography. Indeed an

o~
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aromatic compound 172 was isolated.

N
X

0 SO
T + /?§/H\ —— /@' Me
ho.m -
s =
L 173

The 14 NMR of 172 shows two aromatic protons (6.20ppm, s, 2H),
one methoxy group (3.90,s,3H), one methyl group (2.53,s,3H), a
hydroxy group (11.7,8,1H, D,0 exchangeble), and a morpholino
group. It is definitely not the desired product 173, because in
the expected lH NMR of 173, there should be two methy/l groups and
no hydroxy group. Besides, the molecular weight of 173 should be
249 and the molecular weight fm.:ind for the product 172 is 251
according to mass spectrometry.

Obviously 172 was derived from the self-condensation reaction
of 156b. When 156b alone was treated under the same conditions,
172 was obtained in 49% yield.

As we have mentioned previously, compound 153 can undert:;o
self-condensation reaction to give the aniline 154 under acidic
conditions [82]. But 172 was not the same as 154 because the ljy
NMR spectrum of 172 was quite different from that of 1549
reported by Bohme. ‘

Hydrolysis and decarboxylation of 172 gave 174 (scheme 3.2),
We repeated Bohme's reaction and obtained 154g. 1t was found that

the decarboxylation product of 154g was also 174. From these

experiments compound 172 was deduced to have two possible

52




structures i.e. I and II. Since the chemical shift of the hydroxy

group in 172 is 11.7 ppm, which strongly suggests the existence of

o

the intramolecular bonding, the hydroxy group must be ortho to the
ester group. Therefore, we finally assigned 172 to have the

structure II.

TFA . Me

O,Me
153b 1549 \ /6
“OH

. TIC|4 &
O,Me H

156b
: 12
N
2Me
H H‘
@ O,Me
I I
L ‘ scheme 3.2
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The structure of 156 is almost the same as 153 except for the
terminal trimethylsilyl group. Therefore it was not surprising to
us that 156 can undergo a self-condensation reaction to give the
aromatic product. But the interesting point is that 156 gave a
different product. This means that the self-condensation of 156
must follow a different pathway.

Bohme et al reported in their paper [82] that when they first
obtained the self-condensation products, they assigned them as 173
because they thought that the iminium group should be more
reactive than the ester group in terms of electrophilic reactivity

(scheme 3.3). Anyhow, it was difficult to account for the large

R _R? «

ch:I == CH-—C—oOR3 RL_ N/RZ

, 158 | RS

! ] ar————

i i

Rb-@ CHy—C —CHa H

R1/I'§\R2 !-1-5- .

181

‘ scheme 3.3
chemical shift of the hydroxy proton. More than ten compounds were
synthesized by different combination of Rl,R2 and R3 groups, and
the chemical shifts of hydroxy groups for all the products Ywere
above 10 ppm.

In order to make sure that the structural assignment was
correct, compound 176 was prepared by them. It was then induced to

undergo intramolecular cyclization leading to 178 (scheme 3.4).

This established that the ester group must be ortho to the amino
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178 177

‘ 9
H OH Cl3. ‘

1549 179 180

scheme 3,4
group. Compound 179, which was obtained from the hydrolysis of
1549, was reacted with trichloroacetaldehyde to give 180. This
confirmed that the hydroxy group must be ortho to the ester group
in 154g. By noting the similarity in lH NMR spectra of all their
gel f-condensation products, Bohme assigned their structures to be
154.

With the structure firmly established, they proposed two
possible pathways which will lead to the observgd regiochemistry
(scheme 3.5). In the first pathway, 153 was postulated to be in
equilibrium with 181 under the acid catalysed conditions. This was
followed by an unspecified 3C+3C cyclization to give the observed
product. In the second pathway, 153 was assumed to have undergone
eliminationJ to give the iminium ketene 182. Again; an unspecified

1

»
L ;E,A’ggm?&w;.‘m&cﬂ

FISES

el R e,

P

s mlemrtes A O ld, eGP

N e e e e e SRR ST, + o




A R AR T T AT R

i,
- 1 ]
‘ R :t R . o R\ _+ R?
: " 153 ?H—co.n:i ——=  HC—C{—CH=C=0 182
] ' 153 ) ’ 182
’ ' .o . i 16 '
2 : ‘ . ' o
\ 3 ‘ ' ‘
ﬁ*—CHrCOzR - H:@:;X\:CH-—CO’R!*!
181
‘ R +\ 2 — . ) q Rz 15—3.
. - \ /
o/,
‘ R‘ Rz R
3
R 154
H
L e B scheme 3.5 . , ‘
/Rz \ R1\I/R2 :
H;(:\I-—CH----CO,R‘3 — - CH,= --CH,—CO,R3 '
- ' L : : 183
< , 153 'y 2 . T
;oo , | { } '
4 S S - HyC~—— — CH;7—CO,R3
| /ﬂ\ 181
0 R‘ -+ Rz -
7 ’ OaRs
154
H |
: ( h . BCheme 3.6
o \ ’ B ' h ?
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3C+3C cyclization, according to scheme 3.5 gave the observed

ﬁ ,, Product. In their paper they did not point out which pathway was

more favored. It seems to us that they postulated th‘ese two

@\ pathways only to account for the regiochemistry of the reactions.

They did not present evidence to rule out the possibility that 153

may rearrange to 183 first, and then attack on the iminium carbon

of 181 as the first step of the condensation reaction (see scheme
3.6). |

In order to understand further the sel f-condensation reaction

both of 156 and 153, 156b was allowed to react with 1 equivalent

of 153b in the presence of titanium tetrachloride. The mix‘,tu're was
stirred for 3 hrs at -78°C then overnight at room temperature,
followed by the usual workup. The same compound 172, which was
obtained from the self-condensation of 156b, was isolated in 71%

t yield. A similar reaction between 156a and 153a gave 184 in 78%
$
© yield [95]. on [o]
. . 156b 153b %_.7_2_
. TiClg /CH,CI
: ‘ \ + X 4/, 2 2“
g 0
) i O,Me - O.Me 1% H

\l/

. , o
N ®
+ /Z \é Ticl,/ ‘z”zc'z |
= 0,Me " o,Me . 78% OH |
: . ’ OzMe ;
156a , 153a
— — 184
( | : scheme 3.7

) %
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.Certainly, 172 or 184 are not derived solely from the self-, ,

‘ condensation of 156b odr 156a respéctively. If that were the case,

the yield could not be higher than 50%. One possibility is that,

under these conditions, both 156 and 153 can undergo self-

OIS

759 ‘
L ’ R ] CH2C'2 ‘ | 5‘/6'
s Me

- 188

153b

i

condensation and give the ‘same product. Alternatively, 172 or 184

A

are formed from the cross-~condensation between 156 and 153. To

test this, 153b alone was treated under identical conditions and
we found that the result was not 172 but the pyrone 185. The yield -
of 185 was 75%. The structure of 185 was deduced by spectroscopic
analysis.ﬁ The 14 NMR spectrum of 185 shows two methyl singlets at
about 2 ppm and one methoxy at 3.90 ppm. There is also a vinyl
proton ‘at 6.13 ppm. There are two carbonyl absorption bands in the
IR spectrum and its molecular weight is 182, given by MS.

It is clear, therefore, that 172 and 184 are indeed formed

from crosls—condensation., To facilitate subsequent discussion, we
then proposed a working hypothesis to’ account for the
cycloaromatization reactions observed in our case as well as in
Bohme's case (scheme 3.8).

The first step (equation 1) is the condensation of the enamine
with the carboxyl group of another component to give the

( intermediate 186, In the absence of further reaction,’186

I3
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)28
LN
(@)
3)
188 .
scheme 3.8 - ‘
hydmlyées on aqueous work-up to give the pyrone 185. i o
R' R? }
"
: H20 |
R'R? O.Me
+
186 )
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In the case of ¥Y=H (equation 2), TFA effects the isomerization
of 186 to the deconjugated enamine 187 which gives 154 by an
i ' intramolecular condensation in a 3C+3C combination.

When Y=Mej3Si (equatién 3), a 1,5~silyl shift causes the
formation of 188 which leads to 172 or 184 by way of an
intramolecular condensation in a 4C+2C combination.

The reaction of 156b with 153b was repeated. This time we took
half of the reaction gixture out of the reaction flask after 3 hrs
at -78%°C. After the usual work-up procedure, we\obtained a l:1
mixture of 185 and 172. The qther half of the reaction mixture was

.allowed to be stirred overnight at room temperature and then worked
up.ﬂ&mfﬁ?oduct was found to be c;mpletely.lzg.with very little
185. This experiment supports the suggestion that 186 is indeed
the intermediate in the cross condensation reaction. Furthermore,

. ' the first step in scheme 3.8 is faster than the second step.

| ' According to the mechanfsm postulated in séheme 3.8, in the
cross condensation between 156 and 153, 156 acts as a four carbon
'zgiﬂwy - compo&ent‘ana 153 acts as a two carbon compdhent.vln other words,
e ; l‘ /in the first step, ﬁhe(x—positidn of 153 selectively attacks the

/

v :' ~© attacks the iminium carbon of 153. To verify this, we allowed

carboxyl group of 156, and in the next step the Y-position of 156

ﬁl, . methil 4-trimethylsilyl-3-pyrrolidino-crotonate 156a to condense
| with ethyl 3-morpholino-crotonate 189 under TiC14, If our
onétulation is correct, the final product will contain pyrrolidino
and ethyl groups. It was found to bé the case. The product of the
reaction was 190. Besides two aromatic protons (5.90,s,2H), a

methyl singlet (2.50,s,3H) and the OH group (11.90,s,1H), the lg
60
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- =8i  CO,Me O,Et H

O,Et
190
NMR of 190 shows a triplet at 1.36 ppm (3H, J=7Hz) and a quartet

156a 189

at 4.33 ppm (2H, J=7Hz), which are related to the ethyl ester
group; two sets of multipl\e peaks (1.83-2.13, 4H, and 3.13-3.43,
4H) indicate the pyrrolidino group. The structu{e of 190 was also
supported by the IR and MS spectra.

One might aréue that another possible pathway for the cross
condensation is the Diels~Alder reaction. For example, Diels-Alder )
reaction between 1l56a, (by way of 155a) and 153a can lead to 184
if the reaction proceeds, with the regiochemistry indicated. To

check this possibility, a l:1 mixture of 156a and 1l53a was

—MeOH

—R'R?NH H
O,Me

scheme 3.9 e
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refluxed in benzene for 3 days. No change was detected by 14 NMR
spectroscopy showing that it was still a 1l:1 mixture of 156a and
153a. Therefore, the possibility of a Diels-Alder reaction is
ruled out at least under thermal conditions.

At this stage, the following conclusion appears to be

resonable: the reaction between 156 and 153 is a stepwise 4C+2C

cycloaddition with 156 acting as the four carbon component and 153
as the two carbon component. As we have discussed in the
introduction part of this thesis, in most of the cycloaddition
reactions of enamines, the enamines act as a two carbon component.
One would expect, therefore, not only compound 153 but other
enamines as well have the potengial to undergo the same kind of

cycloaromatization reaction with 156, We proceeded to examine this

TFA

63% H

possibility.

1562 12E . @
192

A l:1 mixture of 156a and the morpholine enamine of
cyclohexancne plus two equivalents of trifluoroacetic acid was
refluxed for two days in CHyCl,. The reaction mixture, on workup,
gave compound 192 in 63% yield. The 1y NMR spectrum of_lgé shows
two\Eromatic protons (5.8ppm,d,J=2§z,1H; 5.9ppm,d,J3=2Hz,1H), a

broad peak at 4.4ppm (-OH), a multiplet between 2.9-3.2 ppm
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(4H,pyrrolidino), another multiplet between 2.34-2.8 ppm (4H,2
methylenes connected t3§ghe aroﬁatic ring), anda broad peak
between 1.6-1.85 ppm (8H). The structure of 192 is supported by IR
and MS as well (3400cm~l in IR and strong Mt peak in Ms).

Enamines derived from cyclopentanone, cycloheptanone, and
cyclooctanone were also allowed to react with 156a under the same
conditions except that the reaction mixtures were refluxed in
dichloroethane instead of in dichloromethane. The yields of the
corresponding cyclization products were found to be between 59%-
64% (see table 1).

On the other hand, when the amino group in the silylcrotonate
compon%nt is motpholine 156b, the reaction with 102 under
identical conditions gave instead the 7Y-reaction product 199. The
structure of 199 was assigned on the basis of spectroscopic
anglysis. The lH NMR spectrum of 199 shows two vinyl protons, both
are singlets, one at 4.83, the other at 5.83 ppm; one methoxy
group (3.65ppm,s,3H), 5 methylenes between 1.57 to 2.40 ppm, and
also the corresponding morpﬂolino'group. The structure of 199 is
supported by IR and MS as well, Since we have previousely shown
that 156b undergoes Y-reaction more readily than 156a, and 102 can

be easily protonated to give the corresponding immonium cation in

R A
, ﬂ (
N
X, w OY
- i Me ) ,Me

63
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the presence of TFA, the observed Y-reaction bet;éen“156b and 102

is understandable.

There remains the 3C+3C self-condensation observed: in Bohme's
case. If the postulated mechanism in scheme 3.8 is correct, one
would expect the same pathway to proceed between 156 and an
enamine of acyclic ketones. )

The .reactions between 156a and enamines defived from acyclic
ketones were therefore next examined.

The morpholine enamine of 3-pentanone was reacted with 156a in
the presence of TFA. The reaction mixture was refluxed for 2 days
in dichloroethane and followed by the usual workup. Compound 200
was isolated in about 30% yield. The 1HJNMR spectrum of 200 showed
one aromatic proton (6.4ppm,s), a peak at 4.8 ppm assigned to the
OH group, and a strong singlet at 2.23 ppm which amounted to 9
protons by integration corresponding to the three methyl groups.
The presence d5f the morpholino group was also confirmed. There is
a strong and broad absorption at 3300cm~! in the IR for the -OH
function and a strong [M+] ion by MS. The yield of 200 was low.
The main reason for the low yield is the sel f-condensation of
156a. In order to improve the yield of the cross condensation
product, two equivalents of 201 were used and the yield was raised
to 41%. The same reaction was also carried out by using titanium
tetrachloride as the catalyst instead, of TFA; with two equivalents
of 201, the yield of 200 was 38%. It seems that titanium

tetrachloride does not show too much difference from TFA in terms

of its efficacy.
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Table 1. the Cycloaromatization Reactions of 156 with enamines

S

_reaction isolated

-

compound 156 - enamine conditions Product yield%

o

H

TiC 1, /CH,Cl,

J o
ge
] ,

O,M

b @\ TiCl4/CHpCl, Q
N

O:Me )ié)%

O,Me

a % TFA/CH2012 (?\]
a E:j. TFA/CICH,CH,CI @O
a % TFA/ClCHchZCl
(™

a g TFA/C1CH,CH, C1 5}@

-

7

i, N

63

64

59

67




Continued table
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TFA/CHZle

TFA/CHZCIZ

TFA/CH2012

TFA/CHZCl

TFA

TFA-

2

41

42

37

36

51
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Several similar reactions were carried out by reacting 156a
‘ with 202, 203, and 204 respectively in the presence of TFA. In all
cases, the 3C+3C cyclization products were observed. The yields

ranged from 36% for 207 to 42% for 205 (see Table 1). .

o :

. + TFA
- = 41% .
by OgMa H
| - 201
i . 1560 , 200
X x AN
203 202 204 )

So far, only the enamines derived from symmetrical acyclic

T TEe e

: ketones have been used in reactions with 156a. This is because in

/ the case of unsymmetrical ketones, a mixture of isomeric enamines :
is possible. The product of cycloaromatization reaction will also .
likely be a mixture of isomers which will be difficult to

\ separate,

Now we can summarize that enamines derived from cyclic ketones
favor 4C+2C annelation with the enamines acting as the 2C
component, whereas enamines derived from acyclic ketones prefer a
3C+3C annelation. A mechanism in analogy to scheme 3.8, which is

( consistent with the above observation is, presented in the
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following scheme.

_ | .
\I/“ —_— >
X + R R R "
=Si O,Me
156
s 208
"Ssi | H
R \ o' R R
(‘ AN
208 . 209

Nea:
—=Si >
R
-
+
) 208 ' 210

scheme 3.10

\ The first step is the condensation of the enamine with the

carbonyl group of the ester in 156 to give the intermediate 208.
Isomerization of 208 to 209 followed by an intramolecular Michael

condensation lead to aromatization in a 3C+3C combination. The
<

r
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8ilyl group is then protodesilylated under the reaction conditions
[86]. For cyclic ketones (of 5-8 membered rings), the
isomerization step dose not lead to aromatization due to the
strain in forming the final meta-cyclophanes. Thus the
isomerization of 208 to 210 by a 1,5 silyl shift occurs. This is
followed by an intramolecular Mannich reaction in a 4C+2C
combination giving the aromatic product,

According to this mechanism, one would expect enamines derived
from aldehydes to follow the 4C+2C pathway;UWe therefore tried the
reaction of the morpholine enamine of butyraldehyde 112 with 156a
in TFA. The reaction mixture was stirred overnight under N, in
dichloromethane, diluted with ether and then washed with a
saturated solution of sodium bicarbonate. After the solvent was
removed, a black sticky oil was left. Its 14 NMR spectrum showed
no aromatic compound and nothing was isolated from column
chromatography. Presumably 112 polymerized under the reaction
conditions. Optiz and Mildenbeéger have reported that enamines
derived from linear aldehydes and monosubstituted acetaldehydes
could not be alkylated because of the self-condensation under the
reaction conditions [42].

This reaction was repeated using titanium tetrachloride as
catalyst instead of TFA. A brown q}l was obtained which was then
purified by flash column chromatogtraphy. Only the self-
condensation product of 156a was isolated.

Considering the reactions between 156a and enamines deri?ed
from acyclic ketones, in principle, both 3C+3C and 4C+2C

condensations should be possible. Since no 4C+2C cross-
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condensation product was observed, it seems that the 3€+3C pathway
is more favored than the 4C+2C condensation,

The fact that reactions ofoenamines derived from cyclic
ketones (5-8 membered rings) actually followed the 4C+2C pathway
exclusively, is believed to be due to the strain in forming the
final meta-cyclophanes. If this is the case, and a large enough
cyclic ketone enamine is used in the reaction, onetwould expect
the 3C+3C pathway to dominate again. To test this, the morpholine
enamine of cyclododecanone 211 was synthesized and then reacted
with 156a in the presence of TFA. The reaction mixture was heated
for 3 days at 80°C, then diluted with ether, and washed with a
sodium bicarbonate solution. The organic solution was dried with
MgSo, and was concentrated by rotary evaporator to give a brown
0il, It was purified by TLC mesh chromatography and compound 212

was isolated in' 51% yield. Compound 212 is indeed the 3C+3C

condensation product.

CH,),
+ _TFA |
519
% H
CH.)%
156a 211 . 212

The 1H NMR speétrum of 212, like all other 3C+3C products,‘
shows only one aromatic proton (s,6.52ppm,lH), and a ~-OH group
(5,4.80,1H,D20 ?xchangeble), a methyl peak (s,2.14,3H) plus the
corresponding morpholino peaks and proton signals of the

&

hydrocarbon chain.
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The reaction between 156a and 213, the morpholine enamipe of

cyclopentadeganone, gave 214 in 25% yield. This reaction has been
repeated several times and no improvement in yield was achféved.

Compound 212 seems to be not very stable., It is slightly

. yellow even after two recrystalization from hexane. It gradually

» becomes red on standing in the air. This change is faster in

<«

chloroform solution, Compouﬁd 214 also turns red in chloroform but
at a much slower rate than 212. Compound 214 is a colorless
crystalline solid after recrystalzation. In the solid state it

shows no color change on standing.

From the lH NMR spectra of 212 and 214, and also from the .

.4?
molecular model of these compounds, it is clear that these meta-

cyclophanes possess interesting stereochemical pfoperties. This
- will form the subject of investigation in the next chapter of the
thesis.

I3 L

To‘xeturn‘to the mechanism of the cycloaromatization reaction,

although the only difference between 156 and 153 is the silyl
group, they behave quite differently. Therefore, the silyl group
of 156 must play an important role in the cycloaromatization

( ‘ ’ reactions. This seems quite obvious in the 4C+2C reactions between

\
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156 and cyclic ketone enamine:;° Following the attack of the ester
group of 156 by the enamine, it is the 1,5-silyl shift that
activates the terminal carbon of 156 in the subsquent
1ntramolecu1ar cyclization leading to the 4C+2C combination.
However it seems not so clear for the 3C§$C reactions between 156
and enamines derived from acyclic ketones. The trimethylsilyl
group appears not to have an important role according to the
mechanism we propose in scheme 3.10. The silyl’groﬁp was simply
removéd during the workup. Actually it is not the case. When
compound 153a was allowed to react with 201 and 211, respectively,
under the identical cond;tions as those‘used for 156a, we found
thag the only aromatié compound obtained was the sel f-condensation
product of 153a. There was no product derived from cross-
condensation., It seems ciear that the silyl group does play an

indispensable part even in the 3C+3C cycloaromatization reactions.

Further functions of the silyl group in our cross-condensation
9

" reactions are postulated as follows:

1, The silyl group discourage compound 156 from undergoing the

self-condensation reaction thus increasing the possibility of

.cross-condensation by lowering the reactivity of its own enamine

position to xreduce the chance of its acting as the nucleophilic
component. In compound 153 the interaction between nitrogen and
the ester group can be expressed by the three resonance structures
153, 153', 153''. Any factor which enhances the contribﬁtion of
153" will diminish the reactivity of the @-position towards
electrophiles (scheme 3.11). In compound iéé, the situatiqn is
similat but the negative charge at the oxygen atom in 156'' is
, “\\/ -
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partially shared by the silicon atom therefore enhancing its

contribution.
/R + R
\ A A————— — APprm— \
» O.Me Me
183 153" —
_ R
. § .
. =8I OxMe’
156 156’ .

P scheme 3.11
i
2, In the mgaction between\lg3 and 156, the enamine in 153
exclusively attacks the ester carbonyl of 156 and no self-

condensation has been detected. We have said that the enamine

position in 153 is more reactive than that of 156, but this alonet

is insufficient. The ester carbonyl in 156 must also be more
easily attacked than that in 153, otherwise, the self—condensggion

of 153 could not be avoided. The effect of the silyl group to
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stabilize the tetrahedral intermediate 215 may account for the

‘ activation of the ester carbonyl in 156.
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CHAPTER N STEREOCHEMISTRY OF META-CYCLOPHANES

In 1848, Pasteur éuccessfully separated two different types of
sodium ammonium tartrate crystals. One type of crystal showed a
mirror image relationship to the other. This first resolution of a
racemic compound introduced to the chemical world a particularly
important form of isomerism, viz., enantiomerism. Thirty years
later, Le Bel and van't Hoff introduced the concept of tetrahedral
carbon by pointing out the existence of optical isomers in
compounds which have carbon atom bonded to four‘ different
substituents. Since then, tremendéus progress has been made in the
understanding of enantiomerism, which forms the basis of
stereochemistry. It is now well éstablished that those molecules,

which are chiral,(those with asymmetric carbon atoms,as well as

“those without symmetry elements of reflection: S, axes or

plane) can in principle give rise to enantiomerism. In the
previous chapter, we have prepared compounds 212 and 214,
examination of the molecular models shows that the hydrocarbon
chain and the morpholine group are located in different faces of
the aromatic¢ plane. Since the aromatic ring 3is further subs;:ituted
by two different groups (~OH and -CH3), compounds 212 and 214 meet
the above definition of chirality, namely, there is no symmetry
element of reflection in them. Thus both 212 and 214 exist as two
enantiomers (Figure 1l).

Such chiral meta-cyclophanes belong to a group in which the
optical isomerism is caused by restricted rotation. A very
important feat‘ure of this type of enantiomerism is the energy

ow

factor. The energy barrier of the rotation must be high enough to
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figure 1

permit enantiomers to be resolvable. Some well known examples of
enantiomerism due to restricted rotation are the biphenyls. ortho-
Disubstituted biphenyls have a preferred non-planar conformation

(Figure 2) because of the steric interaction between the ortho

disfavored planar favored non-planar
conformation conformation
figure 2

groups. When AXB and A'%XB' (in figure 2), there is no plane of
symmetry in the molecule, enantiomers exist. The transition staté
of the interconversion Of enantiomers involves a planar
conformation (see f_igure -3). In the case described, there are two
such planar tranéitionlstates and the rotation takes place via the
transition state I in which the unequal sized groups pass each

other (this requires lower energy). The racemization of biphenyl
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atropisomers depends on the size of the ortho~substituents. The

{

Energy

18¢0° 27¢° 360° torsion angle

figure 3. Energy diagram for racemization of biphenyls

larger the substituents, the more difficult is the racemization.

Methoxy and fluoro groups are both considered small, therefore

9
compound 216 racemizes so fast that it cannot be reskzlved at room

temperature. Compound 217 is resolvable but easily racemized on ’

heating whereas compound 218 shows optical stability.
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The stereochemistry of para-cyclophanes has been well

investigated since the first successfull resolution of compound
/

219 by Lﬁttringhaus'and his coworkers in 1941 [96]. Compound 219

oo AN )

(CHp),, 219

me
b |

was treated with strychnine to give a cfyspalline salt which was
separated by recrystallization. Acidic decomposition of one
diastereomeric salt gave an optical ly'active acid mpl54°C,[a] })7
=-37.20 (acetone). The other enantiomer, mp 154°C, [«] })7=+37.5° was
obtained by the same treatment on the other diastereomeric salt.,
The éxygen-containing para-cyclophanes are not the only system
which have been resolved. The carbocyclic analog 220 was resolved
by Blomquist and Smith [97]). The resolution of [2,2]-para-
cyclophane 221 was reported by Cram and Allinger‘ ['98}. In 1968,
Gerlach and Huber prepared a series of para-pyridinophanes 222 and

found that the compound with m=9 was resolvable [99].

—

(CH 2)1 0

O.H ) Lo

220 221 222

———

The racemization of para-cyclophanes depends on the size of
the substituents on the aromatic ring and on the length of the

side chain. This is illustrated by the study on some ansa
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derivatives [100]. Compounds 223 and 224 with two ortho

substituents and a l10-membered methylene bridge are optically

-———ﬂ 223 X=COpH, ¥=Br, n=10

Y 224 X=¥Y=Br, n=10
€H), 225 X=COpH, Y=H, n=10

X 226 X=COpH, ¥=H, n= 9

e
- 227 X=COpH, ¥Y=H, n= 8

stable. In the case wﬁere there is only one substituent, such as
compound 225, it is not resolvable. But compound 227, with an
eight-carbon chain, can be resolved and is optically stable.
Compound 226 with its nine-carbon bridge shows intermediate
optical stability. It was resolvable but racemized on heating.
(£1/7=444 min at 95.5°C).

The enantiomerism of meta-cyclophanes was recognized as early
as that of para-cyclophanes by Liittringhaus. Most of the work on
para-cyclophanes was contributed by Liittringhaus and his co-
workers but no special effort was made to resolve the enantiomers
of meta-cyclophanes. This is perhaps due to the fact that there
was not a suitable compoﬁnd available then. The existance of this
type of enant%oEerism was demonstratéd by Griggin and Coburn in

1963 through the study of temperature dependent NMR spectroscopy

COH
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on compound 228 [101], but the resolutibﬂ of this compound was not

successful. a

This challenge was taken up again by G. Schill in 1966. In the :

attempt to synthesize catenanes, they obtained compound 229 which

j
{7 /v“""'—-— O-‘z)‘ﬁ-c H3 5 ? ?

met the conditions for enantiomerism. Compound 229 was
chromatographed on cellulose-2,5-acetate but no optical activity
was observed in the compound after chromatography. After this
fg}lﬁre, the djastereomgr 230 was prepared and again subjected to j

chromatography on cellulose-2,5-acetate. No optical activity of

the chromatographed material was detected [102].

In order to study the size of differept substituents, a number
of meta~cyclophanes of 231 type were synthesized by Forster and |
vogtle [103]. When the rotatidn. process is restricted, H2 and HP \
appear as AB quartet in the 1y NMR'spectra. Because if either of
them is replaced by another group, it not only creates a

chiral carbon, but also ruins the planar symmetry of the original
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molecule. In other words, the bénzyl methylene protons are
diaste;eauerié in 231. The enantiomerism of meta-cyclophanes was
shown by 231, but 231 itself is not chiral. .

Up to 1979, a number of books had been published on
stereochemistry and as far as we are aware, none of them mentioned
meta-—cyclopbanes .

A successful resolution of {2,2]metacyclophane 232 was

-reported very recently (1983) by aAnet and Mislow [104] after the

completion of our work.

In view of the lack of success in the resolution of m-
cycloﬁphanes, we began to examine the stereochemistry of the m-
cyclophanes prepared by us in the previous chapter.

various met;ﬁods of resclution have i:egn employed. The very
first resolution of a racemic mixture was perfomed by Pasteur by

mechanical sorting of crystals., This methoq has no practical

P
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@qportance because very.few racemic compounds can be separated
this way. Partial resolution can sometimes be achieved by
chromatography on optically active adsorbents such as cellulose-
2,5-acetate, or by crystallization from optically active solvents,
But the most general technigue has until now been the formation of
diastereoisomers. The principle of this method is to introduce a
new center of asymmetry into the molecule by means of reaction
wit; :;m auxiliary optically active compound. The two diastereomers
so obtained usually show different physical properties and thus
can be separated by crystallizatidn or chromatography. After the
separation of the diastereomers, the auxiliary compound is removed
and the initial compound regenerated in optically active form.

Compound 212 possesses a hydroxy group and should be readi‘ly
converted into diastereomeric compounds. R-(+)-0—~Methyl benzyl
isocyanate 171 was used first as the auxiliary component. It has
been succ;ssfully used for the resolution of amines and alcohols,
Unfortunately, the reaction did not take place. A mixture of 212
and.}_’l_]:. was refluxed for 3 hrs in ether and nothing happened
according to lH NMR. Compound 212 was allowed to react with R-(-)-
methoxyphenylacetic acid chloride which was generated in situ from
the corresponding acid with thionyl chloride. When pyﬁ:idine was
uséd as the catalyst, no reaction took place. Finally,
dimethylaminopyridine was employed, and the expected
digstereomeric ester 234 was obtained in 81% yield.

In the 11:1 NMR spectrum, the two diastereomers are cleai:ly

distinguishable. The aromatic proton (H®) of the two diastereomers

(@and 3) differed by 16 Hz. Two methoxy signals are observed, as
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212 233

well, separated by 5 Hz (see table 1l). The ratio of a¢~234 to 3-234
[y ‘ ; —_—— fninaiticd

is about 1:2 by 14 NMR.

The mixture of -234 and [3-234 is a colorless oil, and

attempts at crystalli\zation failed. They were finally separated
by careful chromatography on a silica gel column using a
combination solvent of pentane, ethyl acetate and acetonitrile
(20:1:1) as the eluant (discussed later in detail). 200MHz 1y NMR
showed that both o-234 and 6—_2__2}_4_ are more than 99% pure.

‘v
Reduction of ¢-234 with lithiun aluminum hydride gave (-~)-212

with '[oz]%°=-30° (acetone). The 1y NMR and IR of (-)-212 are’

1

identical to the racemic compound 212. Similar reductiqn of 6-_%}_4_1_
with LAH gave (+)-212, [00]20=+26.4° (acetone).

Successful resolution has also been achieved with compound
214. The yield of the esterification reaction is 87%. In the 1y
NMR spectrum of 235, H? was separated by 24 Hz and the methoxy by
8 Hz for the two diastereomers, respectively. The ratio of the two
isomers is also 1l:2. Similar chromatography of 3_3_5_(Ot+ﬂ) led to
the separation of the two diastereomers. Both isomers are more

than 95% pure as judged by 1y NMR spectra (200MHz).

Compounds ¢~235 and 3-235 were each reduced with LAH. It was
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found that the o -~diastereomer gave (-)-214, [a]g°=—17° (THF), and
the B-diastereomer gave (+)-214, [q] %0x+ll° (THF). Again, their 1lH

NMR and IR spectra are identical to those of the racemic compound

214.

Table 1. partial lH NMR data for the ester diastereomers™
. o

234 n=9
235 n=12
. .

Compd . - g -OMe CH,y Hb
0-234 6.45 - 3.51 2.15 4.96
B-234 | 6.62 3.48 2.15 4.96
0-235 6.54 ~3.50 2.23 4.94
B-235 6.66 ° 3.46 2.23 4.94

* chemical shift (§) in CDClj (200 MHz)

The cycloaromatization reactions of enamines will only allow us to
synthesize those meta-cyclophanes with an amino group inside the

hydrocarbon chain. However, the enantiomerism of the meta-

fer),

R
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cyclophanes certainly is not limited to :the aniline derivatives.
In-principle, any molecules of type 236, even when R is H, as long B

as the side chain is small enough, will be chiral. ;

As we have already mentloned, the condensatlon of ls

bls(trimethylslloxy)-— -methoxybuta-1,3~-diene 17 ‘with 4-
¥,
trimethylsiloxypent-3—-ene—2-one 19 gives the aromatic compound 20 0 4
OH ’

in good yield. ’ ;

O,Me
SIMes ,

Q

17 20 )

If we can synthesize the cyclic analogs of 19,-we would have

e YL

Y

2 .

in hand a way to synthesize 237 (scheme 4.l1). This appréach wi 1\1

¢,
de \
\ also allow us to vary the R substitution.

T ~ Y .
, 1

Me >Si Me ’
| J\)’\os,{_
¢ C:::::
: CHIn
H2)l'|

S 238 : 239

.
A e e BT A i Dot 41

237 < N - . G

, scheme 4.1
=y A

a9

v
-
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Compound 237 possesses conformational chiral ity and as long as
the R group’is large enough relative to the rihg size, it will be
resolvable.ﬁ‘

The first step in scheme 4.1 is the reaction of cyclic
enamines with acetyl chloride. This is a 2C+2C cycloaddition. It
is well known that the point of cleavage of the cyclobutane ring

(in scheme 4.2) depends on the ring size’ ofthe originalcyclic

. ketone., For adducts from five and six-membered cyclic ketone

enamines (n=3 and 4), decomposition takes place at a. The adduct

. .é&
.,\\
\‘. -
V. '

2

A . NEt;
-CH,COCI

scheme 4.2 ‘ CH,) H
- n / 2

-

from the nine-membered ring enamine (n=7) is/pa:odizced in very boor

yield and decomposition follows both pathway_a'and b, As the

enamine ring size increases from ten to fifteen, the cyclobutane

ring cleavage follows mainly pathway b and the yields Yncrease.
Since thirteen and fourteen-membered ring cycloketones are not
commercially available, but 'cyclododecanoné is quite inexpensive,‘

we decided’ to choose cyclododecanone as the starting material for

A ’
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the synthesis of 237. : “ 3
c;:mpoﬁnd 241 was prepared following the method of Kirrmann and

Wakselman [68] except for the purification of the product. In
o

their case, CufOAc), was used to form a chélate with the §- -
.diketone. Two: crystailization of this chelate gave}pure 241 in
25-38% yie}.d. We ;;urified 241 by flash chromatogfaph’y (28% yield).
Hermann and Stetter rei:rted [(105] that 1,3-cyclohexanedione
was rapidly alkylated with alkyl halides in the presence of

potassium hydroxide. Certainly, we can use this method for our

b

/ KOH !

R—X » - ‘ P
’

all&ylation reaction. We examined the alkylation«of 241 with benzyl
bromide, because the benzyl group is definitely ]’.arge enough to
guarantee that the final aromati¢ product 237 will be resollvablei.
The bénzylation reaction of 241 waé performed by Hermann's
method. To 1.12g 241 (5 mmol) in 2 hlm potassi@ hydroxide was
added 0.86g benzyl bromide (5 mmol) at room temteratgre,ait was
stirred for 15 mir.xutes at room temperature, then warmed up to 60°C
and stirred for 3 hrs. After workup, in addition to the desired
pfoduct, a signif‘i;ant amount of double alkylated product was
observegi by 1H NMR. The r‘eaction was :attemptéd a sécond time and
the reaction mixture was only stirged for 1 hr at -rema-k\
temperatureD. The product s'tilllha_d' a'considerable amount of the

double alkylated compound. Finally, 5% potassium hydroxide was

used in the reaction and 241 was quantitively converted to 242.

-

’
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’ 5% KOH/PhCH,Br
CH)y . .
241 | 242

Thesilylation of 242 was dond by the literature method [106]
with quantitiye yield. Compound 243 was directly used to react -
with 17 without distillation. The lH NMR spectrum of 243 showed

the presence of a 2¢:1 mixture of two geomgtrical isomers.

ZnCl,, NEts
HPh ) " Tmsci »
. _/ . CH1)|1 '
e o 242 243

The condensation reaction of 243 with 17 was carried out ‘in
methylene chlorride with titanium tetrachloride as catalyst. A
quant‘;ity of 1.5 equi/?rlantls of" 17 was used, because we found that
in the case when 1' equivalent of 17 was used, the yield of
condensation was low. More impprtantly, there was a szgn1f1cant
amount of 242 remaining in thE crude product, and it was extremely

) dlfflcult to remove 242 from the product by chromatography.'
~ Another point worth mentioning is tha%ong :eaction times (8 hrs)
under low temperature (-23°C) appear to be necessary. The rate of

(~ . this condensation is much slowe¥™@than that of the condensation

-
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between 17 and 19. In the latter case, the reaction was completed

in-3 hrs at -789C. In the present case, after 3 hrs at -78°¢, 1lu )

NMR spectrum showed that only small amoux;t of aromatic product was
generated., When the r:action mixture was stixrred for further 12
hrs at room temperature, the yield of 244 was found to be 53%.
This reaction was finally performed under the following
CODditiOflS: 8 h;s at -239C and.then overnight at room temperature.
The isolated yield of 244 was increased to 69%.

H
1 ‘
R
: TiCly/ CH,CI
| %Me ! o 69% — Ph
N Z A0S |
) o CH)y CH);;
17 )
- I © 244

A

The lH NMR spectrum of 244 shows one .aromatic *proton- (6.63ppm,
s, 1H), a methylene group (4.17. pbm,' S,2H, -CHy-Ph), a methyl

‘ester group (3.85ppm, s, 3H) and a broad peak at 10.90 ppm

indicating the hydroxy group +{s, 1lH) aé‘w‘v‘ell as ,other signals
correspondi‘,ngl?:hthe structure. In its IR spectrum, there is an
absorpt}io:ﬁx band at 3420 cm~! and a strong band at 1655 cm~1
indiéating the hydroxy‘ and the ester groups, reispeqtively.

When R-(-)-a-methoxyphenylacetic acid was used in the

resolution of 212 and 214, it was found that the ratio of the twq

~ diastereomeric estérs was 2:1 for both 234 and 235. Although it is

normal that two enantiomers behave differently towards another

( m chiral molecule, in this particular case we could not elimlnate

Ay
LY *
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the possibility that there might be some racemizbation during the
ester;fication'reaction.\’I‘he hydrogen at the position both in the
acid‘chloride and in thé product ester is quite acidic. Since
dimethylaminopyridine is a reasonably strong base, racemization by
proton abstraction is possible. In the case of 235, after
separation by column, both the « and -diastereomers were greater
than 95% pure. by 200MHz 1y NMR spectra. Yet, the specific
rotations of the two reduced enantiomers of 214 were found to be
quite differenut: one ig -17° and the other is +11°. We therefore
looked for anothor resolving agent where sych facemizat;ion is not

[y

possible. , =

L3

Optically pure a-trifluoromethyl-oe-methoxyphenylacetic acid

chloride 245 has also often beén used to resolve racemic alcohols

. and amines‘ or to determine their optical purities [107]. With 245,

one does not have to worry about racemization, at least under our
reaction conditions. Another advantage of 245 is that it can be
Kept in a refrigerator for several month without appagent

decomposition whereas 234 is unstable and must be prepamred

3
)

immediately prior to its use.

Me

~—Ph
Me .

- o 3
S-Ph-C-COCl 245 o Mo

Me CFs *

. T @ ) Hzph

CH),; . CH,),, .

284 ‘ © 246 a+f
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E The esterification of 244 wi;th 245 was perfomed in _the s'ame
‘ ymapnet as using dimethylaminopyridine. A 111 mixture of
diastereomeric esters a-246 and 3-246 was obtained in essentially
' quantitive yield. _ '
\\ , ' Phe 1y NMR spectra of these two di;steg:edmers are clearly
distinguishable, the aromatic proton H“'i‘s separated by 6Hz and

the methoxy of the methyl ester group is separated by 16Hz.
The mixture of(-246 and 3-246 was separated by chromatography
—— on siliqa gel eluted yith petroleum ether and ethyl acetate
‘ | (35:1). From 180 mg of the mixture there was obtained 66 mg of the

‘@-isomer and 75 mg of the (-isomer. They are both more than 90%
pure by 1H NMR spectra (200' MHz).

Both (-246 and 3-246 were reduced by lithium aluminum hydride
in ether. Compound (+)-247 was obtained from the @¢-diastereomer,

¢ 4

which has [&] %°=+12.6° in acetone. Isomer (-)-247 was obtained

' \ fzicm theB-diait}:eaner, which has (o] %0--'14.4" in acetone.
\ ® H H

LAH '
. . a-246 ' : . (#)-247

,«' 20 (]
| . ol =+12.6 |
: H2Ph g o

cH)i )

[

LAH

p-24s
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yfhen either (+)-247 or (-)-247 were refluxed in hexane, no
w«change i!:l their specific rotat;ﬁ\a was observed. // ‘
| Bj examining the molecular models of 212 and 214, one would
conclude that the morpholine group is simply too large to passn
‘through the cavity of the m-cyclophane ring. If one wants to study

the racemization process of the meta-cyclophane compounds, one °

Y

would have to either enlarge the ring size or to reduce the size

" of the amAinorgro_up‘. In ";:c:ﬁp;)und 214 we have already used
cyclopen?:adecanone which ig the largest cyclokeétone conveniently
available. On the other hand, even the spal lest dialkylamino gro&p
i.e. d'imethylamino‘ogroup (a\mnonia and primary amines do/not favor
the forma“gion of e‘nami;'xeﬂs but imines) does«not seem to be small
enough to pass through the cyclopentadecanyl ring.

The successful synthesis and resolution of 244 not only
provide us one more example of the enantiomerism of:mét;.a-
cyclophane-;, it also showed us that the synthetic route which we
proposed in scheme 4.1 was éractical ‘anbd feasible. Since the R -
group in 237 can be modifieé elasily, we were ready for the study
on ‘the rotation process of meta-cyclophanes. The 14 MR spectra of
the two diastereomeric esters of 246 were clearly distinguishable,
and‘ it is expected that its analogs with ot:her’R substituents will
have the same featgre.%with - ptoper R group in 237, the rotation
process can be studied by the/ temperature depgndent lu NM the
corresponding diastefqomeric esters. The study of this rotation
process is significant not only because it will give us

information about the racemization of the chiral meta-cyclophanes,

but also the. information about the siz;s_ both of the cavity of the

1
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side chain and the intraannular substituents. .

- The significant influence of steric int[\ ractions on reactions

has been well recognized and the amount Lﬁf information about’
sterically influenced reactions ’inczeased, véry fast. But attempts
at empirical quantitatiﬁre description were relatively le/gs made;
Van der Waals radii of substituents can be determined by several
me}:bods’[}cal, but their results differ considerably.‘ The measufed -
s8ize parameters are compromises between ;everal effects and
therefore have different values under different conditions. This
problem is even greater'in the case of polyatomic substituents.
Furthgrmore, o'geometric data do not offer experimental chemist an
immediate ‘insight into the energetic §£gnificance of steric
interdctions between‘ the groups in a given molecule. It iis
desirable to represent the size of a substituent l:;y an energy

contributlon to the stefflc interaction in various systems.

Sterlc interaction is such a common phenomenon in organic

chemistry that it is involved in most the organic reactions, more

or less, However the idnvestigation must nbe carried out on those
processes in which the steric factor predox'ni’nates. The rotation
processes of ortho-disubstituented biphenyls, par'a-cyclophanes and,
meta-cyclophanes meet this requirement. |

The following ord:ar of size for some groups was deduced baséﬁ
on the study on the racemization of biphenyl systems [109].

7

-
Br)CH3>Cl)N02>COOH>OCH3>F)H -

“

Tabushi et al compared the chemical shift of the H3 proton in-




i . v .

248 with that of H? proton in the dithiol'skarting material [110].

3 (* A They found that as the steric interaction between X and the side
chain increased, the shielding effect of the benzene rings in the
side chain on H® decredsed. The following sequence was obtained:

- ' @ 1

ST TS GHy > oCHz > P > M

L

. It is consistent with the one obtained from biphenyl systems

g nin Sy« ¢ p den - me

except for Cl > CHj.

The rotation of the paracyclophane in a ‘nuinber of pyridine
analogs have been reported very récently by a Japanese group

[111]. A series of diaza(2,5)-pyridinophanes 249 and 250 was

synthesized. The activation free energy for the rotation process A

of 2494 wa‘s calcqlatgd to be 11.9 Kcal/mol from its temperature

dependent 1y NMR spectraf o . . -

o N l
a n=5, 21 n=9

‘b n=6, £ n=l0

¢ n=7, g n=12

d n=8
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The meta-cyclophane system probably is better than the para-
cyclophaqe system in terms of the study of the size of tlie
dubsti:u‘ent; In para-cyclophanes the rotation is affected by both
X and Y (there may be substituenf:s onr them), whereas only by X for

the meta-cyclophanes.

H

The study on the rotation of meta-cyclophames was mainly‘.v

A\

. |
developed by Vdgtle and his co-workers. As we already mentioned, a \\

4
1

{

series of dithioderivatives of meta-cyclophane 231 has been |
: | S ‘ \
synthesized by varying the X group and the length of the side
Ay . ﬁ
chain. A number of activation free energies for the rotation

process of 231A==231B were calculated from the temperature

dependent lH NMR. Some of them are presented in table 2 [103].

S Ll
—X
gt
e
251A

95 A~

|

\

|




Table 2. Activation free energies at the coaleac;%ce temperature
(AGY) for the rotation process 231i==231B" (kcal/mol).

N‘4 5 6 7 8 9 10

.

-P  23.5 15.3  10.5

~No, : - 15.2 © R
oo e T T T 23.5  15.4 11.6 .

~CH, ... 5.8 16.5 12.0 ‘

-cn | : ' 23.6  14.5 -

-Br_o ' 22.5 15.4 - 9.5

~0CH3 . L 23.2 179 105

-

~ The analysis of the data in table 2 can provide us & similar
sequence as that from the biphenyl :system. 'rt}e only outstandi’ng
difference is the position of -0CH3. However thié is easy to
unders!:and. In the case of biphenyl compounds, the interaction of
the methoxy group occurs mainly vif.n "the oxygen atom; whereas for
the rotation of meta-cyclophanes, the sidé chain has to pass
around the whole methoxy group.

An apparent difference between 231 and the meta-cyclophanes
that we have synthesized is the side chain. In. our case it
consists of a i)ure polymethylene chain whereas it has sulfur atoms
in 231. An advantage we have with our gompo:gnd is th;t the
aromatic proton ‘in the 1l NMR spectra of the diastereomeric ester

L,

v \\‘ . ° .
k= TAYNZ \ Eqn. 1

' er")r(Al’z +I‘6J2)1,2/ff- ) "Eqn. 2

96
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close (almost one spot) to be, separated by chranStography.

appears as. a doublet (one peak for each isomer) and k, can be-

calculated by simple equation (Eqn. 1) [1i2]. whezeas for 231, H®
and Hb appea:: as an AB quartet and more compligated equat:lon (Egn.
2) is neceasaiy (113]. Besides, ay value may be measured with less

error in the uncoupled AB case than that of AB quartet case.

Th.smalles'cnlkyl group is methyl ,according to the data in
table ‘2 it seems to be a proper sized group for the eleven-
membered side chaiin’_in“ 237. Therefore the next thing we did was to.
synthesize th;a methyl analog of-237. .

The methylation reaction of 241 was first carried out by the

same method used for %;ts benzylation, i.e. with methyl iod1de and -

. 5% ‘potassium hydroxide. The lH NMR spectrum showed that the

product was'an almost equal amount of C~alkylated and O—alkylated

compounds. The Rg values of these two components on TLC are too

Table 3. Al){ylation reactions of acetylacetone

.

Base ’ Alkyl agent $C , ,%0 reference
CHy1 97 3
NaH . CH4CH, I 83 17 [114]
o ‘ (CH3) CHI | 48 52
' cHylcH2)31 | 76 2%
.CH31 ",
(n-Bu) 4NF CH4CHa I ‘ all C-alkylation s
‘ (CH3) CHI product ° [115]
, CH3(CHp) 51
C I ’ e
: 97 R
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The.C- ver’susdo-alk.ylation reactions of aéetylacetone have -

[} '

N
been -well investigated. The c-alkylation (usually the desu:ed one)

/was often accompanied by O-alkylation when NaH was used as the,

&

- base (see table 3). Teo

¥1n 1977 clark and Miller re;“s’e?téa that with tetra-n-
butylamoniun fluoride [115], the product was exclusively due ta
c-alkyflatiori. The idea is that the i)ulky ammonium cation shields'

the oxygen atom and therefore minimizes o-alkylationa Following P

e 4, [

the method of Clark and °M111er, 2-methylcyc1otetradecanehl 3-aione

‘251 £as ‘obtadned in 87% yleld frcm 241. i

L

Mel/ ("—Bu),NF ' _
! HCCI’ b ’ A

Compound 253 was obtained following the route shown” in scheme ,
) ° ! y . i

in 63% yield. It then was converted, to the corresponding

ZnCl,, NEt,
“TMSCI
251
“ .
r b | o S , LA | .. ) .
T ,“ & » - ,fJL,,,
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phenylacetic chloridé. Similar to 246, the 1y NMR spectrum of this

. slower than the NMR time scale. The resolut%on\ of-253 thus was

L}

diastereomeric esters 254, with trifluorométhyl-ot-methoxy-Q- ‘

u .

" estershowed two clearly distingiishable diastereomers (table 4). .

f\ ' Me o,
Me -—Ph

S~Ph-C~-COCI a
*Me éFz : H

CHY ‘ CHy)y
.Z_EEJ ’ | | 1,. .- . 33-4— a+B

° .
v I

Table 4, 1H NMR data of diastereameric ester 254 (CDCL3,200MH2)

Compd. - Ha © =COyMe -~ -OMe -CH3
0-254 ' 6.76 ,  3.67 3.66 2.32 LT~
B-254 6.80 - 3.58 3.66 2.32

Y

i

Two diastereomers were shown in the 1H NMR spectrum of 254.
However, it did not mean that 253 was necessarily resolvable. It
could be that the rotation was con;pletely restricted at room

témperature or that the two diastereomers intercopverted at a rate

8

triedo a

: _ . A\
The diastereomeric mixture of 254 was separated with similar

column chromatography as that used for the separation of 246. The s

resqult of this separatioxi is even better than the benzyl one. Both

isomers are more than 95% pure by 1H NMR spectra. After standin

]

' ! -
X s
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in deuterated chloroform for 3 days at room temperature, their 1y
t /NMR were checked again and no change was observed at all. This

means that there is no racemization .at room temperature.
OH [J0=+6.30

LAH

-

B-254 — , 2 g

L} 1
'

The reduction of these two diéstereomers gave (+)-~ 255 émd (=)
—255, respecéively. Spec%fic rotation for (+)-255 is (o '2,0=4‘-6.3°
(acetone) and for (-)-255 [«] 2D°=-8.0° (acetone). After ,(+§;255 was’.

+

/ I
refluxed in hexane for about 5 minutes, its optical activity

&

* ' totally disappeared. o
Before we 'proceeded to the dynamic NMR study, two more analogs
of 254 were péépared by us follo@ing the routes shown iq scheme
. 4.4. The lu NMR spectra of _2_§§ and g.gg showed only one set of ,
sig/nals for each case at room temperature (see table 5). In other

a N -

) words, the two diastereomers inte¥converted by rotation of the

side chain at a rate faster than the NMR time scales

> .
- f 2 " -
. vy
( a -
. 1 FO
.
B
. 3
°

\ 100 »
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_CH.)" ) CH),

241 - 256

T Me
' S~-Ph-C~-COC}

CF;
N

7 - 258

- 257
o Ssi
] -
1. C,HCOCVELN.
2.H,0%
. @H "

ZnCl,, NEt,
259

TMSCI

scheme 4.4

N v 101 o . o
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Table 5. lu NMR speci:ra of 258 and 263 a& room tempe:atur*e in

4

C A CD2C1l2 ’ . ‘ :
» 258 R=H, ‘n=11
o * ‘
263 R=CHjy, “"1‘\
ul Compd. 2 R -CoMe  OMe
258 ‘6.81* . 7.15" 3.66 3.63
263 6.83 2.31 3.62 3.62

* The assignment of the these two aromatic protonﬁs'
might be reve,rs:ed. M |
The temperature de[;endent 1y NMR of 258 w;sxs studied in CDyC1 5.
Even at -709C the aromatic protons remained as distinct singlets.
The chemical shift of the methyl ester group was shifted
considerably and also bréadened but nevertheless it remained a
singlet (figure 4). - o
The variable temperature lia NMR of 263 was performed in a
range of temperature from 20°C to -90°C by about 10°C intervals in
Cchlz. It is shown in figure 5. At 20°C, H® aEpear.s as a singlet
, and the methoxy A< (of the methyl ester) overlaps with methoxy B /
* \ (from the mandelic part). i "

. “The H® started to broaden at lower temperature. At -70°C and

-~
- . .
[ - 8

I
ATt Y. . o b Eaw - o Tt . ww mear b R i ThE T Db b o e AT R A abia e e i h i £




f

.

-70°¢

N
-50°¢ J\

A
N
2

-30°%¢ J(

26°c N

N

WA
A

o

" ez 138 He e 0 He
Figure 4. &‘emperature d penden 14 NMR
spectra of _2_5_ in CD,04,(200 MHz) |
- J\ ,

135.2% K k M 200°C
132.7°%¢ ) 41\ J L—J — 17000
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Pigure 6. Temperature dependent 11-[ NMR spectra of 254

in CgbgNO, (200 Miz)

103



139 N 1330 890 Mz




I "‘“:é’;"’%‘i“ﬂﬂ',f%m Wxs o e .,,,,h.',__.,.’-._.\;..\_.- e —

¢

lower. temperatures, it appeared as two signalvs. The coalescin;g
. temperature was determined to be at -49.6°C. The activation ener.:gy
of the rotation procéss for 263 has been calculated to be 11.4
kcal/mc‘)& (47.9k3/mol) by equation 3 [116].
AG‘! = RT(1nkKT-1lnk h) - Eqn. 3

where T: . ¢oalescence temperatuf'e
k: Boltazman constant
K: transmission coefficient; (in ti'iis case K=l)
ky: rate constant for the rotation. k.= TVABA?2
VAB(A)) was found to be 13.8Hz for H3 at -85°C, ’

At 0°C, methoxy A shifted away from methoxy B and showed up as

a singlet. At -10°C, it became a doublet but with the right
component being strongéer than the left one. This indicated that
methoxy A had started coalescing and the signal of one
diastereomer's methoxy A still overlapped with methc;xy B. The
difference in intensity and also the distance of ‘the two
componénts (right and left) became larger. and larger as the

temperature was lowered, and at -85°C, a shoulder can be seen from

&

the left peak. The changing of relative intensity of the two:

components indicated that at the beginning of coalescing, the
populations of the tv;o diastereomers,were not the éame, (or they
have different lifetimes) but were very close to 1l:1 at -85°C, The
shape of the peaks at -90°C is almost the‘sameuas thaf; at -85°c,
and we believe that at -85°C it has reached the unct'mangable point.
However, it is hard to tell the coalescing temperature of the

methoxy A because the signal of one isomer overlaps with that of

methoxy B.
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The temperature dependent 14 NMR of 254 was performed in a

range of temperature from 20°C to 200°C in deuterated nitrobenzepe

?

(CgDsNOy) (see figure 6). The .aromatic proton coalesced at

. 132.7°C, whereas the methyl ester still remained as two separate

signdals though with considerable broadening. A rotation barrier of
AGX =21.4 kcal/mol (89.9 kJ/mol) has been calc‘ulated-for 254
using equation 3. ) o
When X is methyl and n is equal to 7 (the total length of the
side chain is ll-membered), 13_1; has AG!‘=25.8 kcal/mol according to
Vagt]:e's ;result (see table 2). It is expected that replacement of
-8~ by ~CHz- will shorten the-.length of the side chain and slow
the rate of the rotation. Contrary to expectation, 254 has a AGR
value 4.4 kcal/mol smaller than _2__3‘_]:. Besides the side chain, there
are still other difference between 254 and 231, i.e., the

substitution on the aromatic nucleus. In 231 there is no extra

substituent except for the methyl group, but 254 has two more

substituents. The effect of the substituents on the rotation’

. Drocess of the meta-cyclophanes was also investigated by vVogtle

'

and his co-workers. They found that electron-releasing groups
retard, whereas electron-withdrawing groups accelerate, ring
inversion [117]. The ester group in 254 may then account for the

observed small AGX,
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ORD and CD study of m-cyclophanes
w4

. ORD and CD cutves of al 1 our resolved enantiomers have been
obtained. They are presented in figure 7-12, ‘Both ORD and CD show
E_;uantitativély a mirror image relationship for every enantiomeric
pair. h

The experiments were performed in methanolic solution on a
JASCO ORD//UV-5 instrument. [¢] Value was calculated by equation
4. Aevalue was calculated by equation 5 which comes from the
Japan Spectroscopic Company instruction manual for the above

. instrument with CD attachment.

T T ' :
= ‘ . 4
!:¢] . ¢-]1100 . Eqn ,

where (o = observed rotation (degrees)
M = molecular weight
¢ = concentration (g/ml)

1 = length of the sample tube (dm) ‘

$

A€ = -'-!-- x"CD scale reading” x "chart readi‘ng" Egn. 5
.c a

wherer 1 = length of the sample tube (cm)

c = concentration (mols/1) . . :
In figure 11, the maximum of the CD curve of 212 is located at

A ]
about 10 nm longer wavelength than that of 214. But no such
- Yy
difference is shown between 247 and 255 (see figure 12).
The position of the CD curve depends on the position of uv

+ absorption and the latter depends on the difference in energy

107 - ' :




levels between ¥ and ¥ of the benzene ring. The more strain in

the molecule, the higher the energy level of the HOMO (@), but the

strain should affect less the LUMO (7). Compound 212 with a nine
membered methylene side chain must possess more strain than

compound 214 which has a twelve membered methylene side chain.

S S
-

~

2|
e AE1
. w AE2
— X ]
e
22 scheme 4.5 ' 214

‘This may lead to a greater deviation imr planarity for the benzene

ring in compound 212, thus effectively raising the energy level of
the HOMO orbital of 212. Therefore, AE1< . AE; (see scheme 4.5)

and consequently the uv absorption of 212 should appear at longer

)v.

O R VR PN

wavelength than that of 214.
i

In the case of 247 and 255, they have the side chains of the

same length, although the benzyl group in 247 is larger than the

methyl group in 255, compound 247 must adopt the conformation in

which the benzene ring of the benzyl keeps away from the side

chain, consequently there is not too much difference in strain

between 247 and 255.

108

A

a
i T Amph e ARAN Wn mat STa kAt A b armme o n ot o S S e s e o W+ el ¢ WP Y ki e




' : A€ - A€| : | #1xt0”
. | “ii“ “
, el +4 +8
+5
+H .
+*2 +2} +3 .
L +‘2 o
. . t1
o )
=1
-2
-2 -2%1 _3
4
° -5
-4 -4} -6
" v N ’ o b4 v Ma—- ’ > TIRE j.’ * » "
?Sﬂ J 300 30nm 250 300 ~ 350nm
Figure 7. ORD and CD of 212 (MeOH) ’%Figure 8. ORD and D of 214 (MeOH)
3 ORD ----.‘ _CD ORD’ - - o o o - ®’
’ - 109 s -

ren St th AL o Man i e hte i Mt M

I




'
Bl e R

. A
. . _ A€ A€ ; L
‘ _ 3
42 +24
+1 +1%
0 0 0
- 1 1 \v -
+ 4 -1
1 N
. -2 -2 )

- 250 - 300 330nm %0 300 350nm
Figure 11. Comparison of the (D Figure 12." Comparison of the D
between 212 and 214 ‘ ‘between 247 and 255 ‘

— 212, =—-eie 214 247, —mme-- 255

’ n T o :

- , — B * N




. 'CLAIMS TO ORIGINAL WORK  , —et”
- . . ‘° - L s . ) ) v

1] ’ ﬂ W
Methyl 4-trimethylsi1y1-—3—dialkylaminocrotonate was synthesized

and mtroduced to organic synthes1s fbr the first time. It reacts
Il

with carbonyl electroptules at 1ts Y- posltxon. The unusual
reglochemlstry of this reaction 1s studied and rationalized. It °
reacts with enamines derived from acyclic ketones or cyc,loketo s

-

of large ring size (of'12 and 15 membered rings) to give aroma

compounds in a 3C+3C combination and with eflamines derived from

L

cyclqketovnes of 5-8 membered rings to give ax:om‘aﬁ:ic compounds in a

4C+2C Ggombinmation. The mechanism of this cycloaromatization “

~ 1] . -
s
v

> lfeact;ion is investigated. -
meta-Cycloph_;a;s with a morphol mo substi tuent aré synthesized
. * by the sabove cycloaromatizatian reaction. These meta-—cyclop'l;lanes
possess planar chirality and are successfi;l ly resolved:
. % number of metacyclophanes with alkyl_sﬁbstituents at the
intraannular position are synthesized. Depending on the ring size
and the steric size of the alkyl group, some of themcwax:;ao also °
resolv.ed. The rot’ation process of meta-cyclophane is -studied
through their temperature dependent lH NMR.

W o e
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EXPERIMENTAL L.

L ] - 7 ‘ L e )
’ t . Unless otherwise stat®d, common rea{jent\\wée commercial “

products and were reagant gradé. Melting and boiling points are .

th%r rected.

-

P NMR Spectra were taken on atVarian T-60A NMR spectrometer and

r

XL-200 NMR Jspécytrometer.’ax(l 1y ana 13c spectra are vrepor'éed in

@ , chemical shift (§) with te.tramethylsilang as the standard.

@ -
— *

Infrared spectra were taken on a Perkip-gimer Model 257

et i 5 s e TR D, Y TP

infrared spéctrophotometer and were calibrated with the 1602@\"1

P hreron o B

" band, of polystyrene /filr'u.

Mass: spectra were obtained on a 21-492B Mass spectrometer.

-

Specific rotation were measured at a_wientotemp)erature on a

Perkin-Elmer 141 automatic polarimetex:r or a JASCO DIP-140 D}giﬁél

. < d

“ polarimeter using the sodium D line.” v . ‘ e

CD and ORD curves were obtained using a JASCO ORD/UV-5-with CD

S
-

attachment and a xenon lamp.

- e Chemical analyses were performed by Guelph Chemical -
3 , 53 .o “

§ /’ Laboratories Ltd. o r . r ot

i %

[ ,
B 1

Chromatography . o a

, .
. All of our diasterepmers are separated by~a similar procedure’
’ “

-

of TLC mesh chromatography [119]. THe R¢ values for the morpholine

i

d“e‘rivativ'es (234, 235) is about 0.02 and for the alkyl derivatives
(246, 254) is 0 on analytical TLC. After separation, all the
’diastereomers are more than 90% (some are 95%) pure as judged by
200 MHz 14 NMR spectra and: the recoveries are between 60-80%.

0 L ’ ‘A 20 mm column (internal diame\ter)Kv;as usu;l ly used for the

& ©
" . P
&
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separation of 100 mg of mixtures.”The height of sili?a gel is

. . ' between 7.5-9 in. aftenf:‘_orcing t?u;ough contained air, This is an

important consideration becauseﬁ?:‘l the column is below 7 in., the

separation is not very efficient, whereas if it’is above 9 in.,

. the silica bed undergoes distortion during elution. Silica gel of‘

size 40+63um which.is recommended by Still for £flash

) chromatography [120] has also been tried but the separatﬁon was
_6 Lo foun’d/o be poor.

) . Actually no spec1al techniques have been employed in our

separatlons. The reason that we mention this here is snmply to

point out that this simple method might be more powerful than is

generally recognised.

)

' Preéaration of methyl 3-pyrrolidinocrotonate 153a
- - ‘ - ¢

To a solution of 8.7 g (0.075 mol) .of acetoacetate -in 30 ml of

benzene was added 7.1 g pyrrolidine (0.1 mol) amd 0.1 g p-

) . R )

v toluenesul fonic acid menohydrate. The £lask was attached with a

. \ q
water separator. The mixture was reflu®ed for 3 hrs and about 1.4

. »
ml of water was collected. The reaction mixture was cooled to room

temperature and solvent was removed by rotary evaporater., the
. BN

. residue was distilled under reduced presure to give 11.1 g 153a in

tb
3

P " 88% yield. bp: 116-118°C/2.5mm [82]

14 NMR (CDC1l3): 1.77-2.00 (m,4H), 2.40 (s;3H), 3.13-3.37"

(m,4H), 3.53 (s,3H), 4.4Q\ {s,1H)

L 13¢ NMR (CDC13): 16.2, 24.8,-47.5, 49.4, 82.5, 159.3, 169.2




»

Preparation _qf methyl - 3-morphdlinocrotonate 153b

)compound 153b was prepared in the same manner as 153a using

morpholine in place of: pyrrolidine. yield: 79%, bp: 131-132°C/4mm
[82] ‘
Li'NMR (CDCLg): 2.42 (S,3H), 3.13-3.33 (m,4H), 3.62 (s,3H),
'3.58-3.80 (m,4H), 4.80 (s,1H) >

3¢ NMr (cDC13): 15.0, 46.1, 49.1, 66.1, 87.6, 161.1, 169.1

- preparation of methyl 4-trimethylsilyl3-pyrrolidinocrotonate 156a

Under N, at 0°C, to a solution of dry diisopropylamine
(3.4m1°,24 mmol) in THF (50ml) was added n-BuLi (léml of 1.5M in
hexane, 24 mmol), followed b)} TMEDA (3.2ml). The solution was

cooled to -78°C and methyl 3-pyrrolidinocrotonate 153a (3.38g, 20

¥

mmol) was added. The reaction mixture was stirred for 0.5 hr, and
then quenched with trimgthjlchlorosilang (4ml). The reaction

mixture was allowed to warm to 0°C and concentrated on the rotary

evaporater. the re:sidue was triturated with dry hexane (100ml) and

H

filtered. The fitrate was concentrated (finally under hiﬁ v accum)
to_give 4.43g 156a as a yellowish oil. yield: 92%, >95% pure by 1y

NMR

E

3.20-3.43 (m,4H), 3.60 %s,3H), 4.47 (s,1H) ‘
13c wMr (cDC13): -1.7 , 21:65, 25.0, 48.0, 49.5, 81,163,

169.3 b

!
|

IR (film, ecm~1): 1665, 1550, 1150

MS m/e (rel. intensity): 241 (M*, 25,7), 226 (39.4), 210°

-

(32.8), 168 (77.0), 138 (84.0) 110 (100) ~©
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Preparation of methyl 4-trimethylsilyl-3-morpholinocrotonate 156b
: 3 ' "

Compound 156b was made in the same way as 156a from 153b.
yield: 90%, >90% pure by lH NMR _
“ln NMR (cDCly): 0.1 (s,9H), 2.73 (s,3H), 3.10-3.33 (m,4H), .
3.60 (s,3H), 3.55-3.80 (m,4H), 4.73 (s,1H) \
13¢c NMR (CDC14): -0.9, 19.5, 47.1, 50.2, 66.6, 86.2, 165.7,
169.5
IR (film, ecm~1):" 1680, 1560, 1145
MS, m/e' (rel. intensity): 257 (M*, 26.1), 242 (58.4), 226

-

(62.2), 184 (72.9), 154 (29.9), 126 (33.8)

Reaction of 156a with benzaldehyde

To a mix tire of benzaldehyde (1 mmol) and ;I'iC14 (L mmol) in 3
ml of\-CHZL/:Z at -78°C under Ny was added 156a (1l mmol). The
reaction mixture was stirred for 3 hrs ‘at -78%Cc, and then
overnight at room temperature. The reaction mixture was quenched
with saturated sodium carbonaze solution and then extracted with
et‘hgr. The ether extract was dried wlitt'h MgsO, and evaporated to
grive an 0il which was column chromato}graphed (eluant, ether:hexane
2:1) to give methyl 5-phenyl-3—pyrrolidinopenta—2,4;—dien6ate _1_5_7_3
in 68% yield as a colorless liquid. : ‘ C e
1y wMR (CDC13): 1,95 (m,4H), 3.33 (m,4H), 3.60 (s,3H), - 4.60

- “(s,1H), 6.66 (d,1H,J=17Hz), 7.20-7.60 (m,GH) \

IR (film, em~1); 1680, 1550, 1140

»

- - . MS m/e (rel. intensity): 257(M*, 12.2), 226(17.9), 198(100)

-

Reaction of 156b with benzaldehyde
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. The reaction ‘was performed in the same way as the reaction

t bétween. 156a and benzaldehyde. Methyl 5-phenyl-3-morpholinopenta:-

2,4-diencate 157b was obtained in 60% yield as a colorlees liquid.

ly NMR (cpcl3):  3.07(m,4H), 3.56(s,3H),  3.70(m,4H),
4.84(s,1H), 6.75(d,1H,J=16Hz), 7.10~7.50 (m,6H) V
IR (film, cm-l): 1695, 1565, 1150 .

'MS m/e (rel. intensity): 273(M*,9.8), 242{13.2), 214(100)

Reaction of 156a with cinnamaldehyde

'TPo a mixture of cinnamaldehyde (0.5 mmol) and TiCl, (0.5 mmol) .

in 3 ml of CHyCl, at -789C under N; was added yfl_sgg (0.5 mmol). The
N xt;ixture was stirred for 3 hrs at -789C, then al lowed to warm to
room temperature. Saturated aqueous sodium carbonate solution was
added and the mixture was extracted with ether. The ether extract

" was dried with Mgsoy and fitered. The filtrate was jconcentrated to

give a brown o0il which was purified by alumina column
c;.hromatography {(eluant, ether:hexane 2:1) to -give 2E,4E,6E-methyl °
7-phenyl-3-pyrrol idinohepta-2,4,6-trienc;ate'_1_5_93 in 81% yield.
14 NMR (CDCl3, 200MHz): 1.93(m,4H), 3.33(m,4H), 3.60(s,3H),
4.57(s,1H), 6.54(d,1H,J=16HzZ), 6.50(dd,1H,J=16 and 6Hz),
6.84(dd,1H,J=16 and 6Hz), 6.86(d,1H,J=16Hz), 7.12-7.34(m,5H) N
IR (film, aw~1ly: 1670, 1540, 1145

MS m/e (rel. intensity): 283 (M*,24.7), 252(8.2), 224(100)

Reaction of 156b with cinnamaldehyde

This reaction was carried out in the same manner as the

reaction .betwepn 156a and cinnamaldehyde. 2E,4E,6E-methyl 7-

~
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phenyl-3-morxpholinohepta-2,4,6-trienocate 159b was obtained in 83%

o

yield. '
14 nMr (cDC15, 200MHz):  3.10(m,4H), 3.63(s,3H), 3.73(m,4H),
4.90(s,1H), 6.62(d,lHq,J—16Hz), 6.63(dd,1H,J=16 and 6Hz),
_ 6.90(dd,1H,J=16 and 6Hz), 6.97(d,1H,J=16Hz), 7.16-7.38(m,5H)
IR (film, cm7l): 1690, 1550,‘1150 ' i ]
MS m/e (rel. intensityy: '299(M+,41.0), 268(9.1), 240(100)

~ .

Reaction .of 156a with butanal

The reaction was done in the sazne manner as i:he reaction of
156a with benzaldehyde, except that‘éﬁ 2:1 mixture of ether and .
acetonitrile was used as eluant in the flash chromatography. 4~
pyrrglidino-s-(n—propyl)—5,6-dihydro-l,2—pyrone 160a was obtained
in 53% yield. /7 E

1H NMR (CDC13): 0.73-1.77(m,7H), 1.93(m,4H), 2.40(d,2‘H,'J=8Hz),
3.27(m,4H), 4.20(m,1H), 4.63(m,1H)

IR (film, cm™1): 1660, 1570, 1240 ‘

MS m/e (fel. intensity): 209 (M*,33.6) , 166(100), 150(29.2)

Reaction of 156b with butanal

\ /\ The reaction was performed in the same way as the reaction of .
156a with butanal. 4—morph011no -6-(n- propyl) -5,6-~ dlhydro-l 2- / }
i

*

pyrone 160b was obtained in 49% yleld. q (\‘
1y §MRr (CDClg): 0.80-1.90(m;7H), 2.40( d,2H,J=7Hz),
3.23(m,4H), 3.77(m,4H), 4.33(n,1H), 4.87(s,1H)
IR (film, cm~l): 1660, 1565, 1230

MS m/e (vel. intemsity): 225(M*,13.1), 182(100), 166(19.5);
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chemical analysis cal. C 64.04% H  8.44%
t : - . found C 63.84% H 8.54%

Reaction of 156b with acetone -

' To a mixture of acetone (2 mmol) which was freshly d.istilled

over anhydrous K2C03, and TiCl4 (1 mmol) in 3 ml of CHCl, at -

780C under N,’ was added 156b (1 mmol). The reaction mixture was

stirred 3 hrs at -789C then overnight at room temperature.

<

‘Saturated sodium carbonate solution was added, and the mixture was
extracted with ether. The ether extract was dried with MgSo4 and
filtered, the filtrate was concentrated to give an oil which was
purified by flash chromatography (eluant hexane:ether 2:1).
Methyl S5-hydroxy-5-methyl-3-oxohexancate 162 was obtained in 44%

yield. Spectroscopic data are identical to Lit. reporf:ed [118].

Reaction of 156b with cyclohexanone

“The reaction was done by the same procedure as the reaction
be;:ween 156b and acetone. Methyl 4-(l'-hydroxycyclohexanyl)-3-

morphol inocrotonate 163 was obtained in 56% yield.

——

1y NMR (cpcli):  1.57(m,10H), 3.07 &&,2H), 3.23(m,4H),
3.50(b,1H), 3.68(s,3H), 3.77(m,4H),5.03(s,1H)

IR (£ilm, cm~l): 3400, 1650, 1570,1165

MS m/e (rel. intensity): 283(M*,1.1), 265(4.3), 252(5.5)

Reaction of 156a with bezoyl chloride R \\}\
\

To a mixture of 156a (1 mmol) and benzoyl chlo‘ride {1 mmol) in
5 ml CHpCly, was added TiCly (1 mmol) at 0°C wunder N,. The
.

( e reaction mixture was stirred for 3 hrs at 0°C, then overnight at
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room temperature. Saturated sodium carbonate solution was adeed

and the mixture was extracted with ether. The ether extract was
dried with MgSO, and filtered. The filtrate was evaporated to give
a yellow 0il which was purified by flash chromatography (eluant:
ethyl acetae) to give 4-pyrrolidino-6;phenyl—l,2-pyrone 164 in 443

yield. o
la mMR (CDCl3): 1.93(m,4H), 3.30(m,4H), 4.87(d,1H,J=2Hz),
6.20(d,1H,J=2Hz), 7.17-7.80(m,5H) S
IR (film, an~ly: 1675, 1635, 1545 T
MS m/e (rel. intengity): 240(M*,100), 213(51.5), 77(51.3)
chemical analysis cal. C 74.69% H 6.22% ' §
found C 74.52%8 H  6.39%

-

Reaction of 156b with benzoyl chloride

The reaction was done in the same manner as the reactiion of
156a with benzoyl chloride. Benzoyl morpholine 165 was obtained in

61% yield. o,

Diels-Alder reaction of 156a with dimethyl acetylenedicarboxylate

A mixture of 156a (1 mmol) and dimethyl acetylenedicarboxylate
(2 mmol) in 15 ml of df:y benzene was refluxed for 3, days. The
reaction mixture was cooled to room temperature. A solution of 2
ml 1.5N HC1l was adeed and the mixture was stirred for 0.5 ‘hr.
Saturated sodium bicarbonate solution was added until the mixture
was basic. The mixture was extracted with ether and the ether

extract was dried with MgSO4 and ithen filtered. The filtrate was

concentrated by rotary evaporator to give a brown oil which was
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p;Jrified by flash chromatography to give 156 mg of dimethyl 2-
hydroxy-—~4-pyrro}5idino-o-phthaol ate 167. The yield was 57%. mp:
g " 128-130°% '
1y wMr (CDC1l3): 1.83-2.07(m,4H), 3.17-3.38(m, 4H) , 3.80 (s,3H) ,
3.83(s,3H), 5.93(d4,1H,J=3Hz), 6.03(4,1H,J=3Hz), 11.03(s,1H)
IR (CHCly, em~1): 3100, 1725, 1650

MS m/e (rel. intensity): 279(M*,90.7), 248(56.6), 189(100)

Preparation of enamines

1-Morphol inobutene 112 was madde by the procedure of Mannic .
and Davidsen in 41% yield. bp:90-91 /l4mh (1it.[45], bp 73.5-
** ©74.5°C/10mm)
' ‘The enamineg of .cyclopentanone, cyclohexanone and ethyl
acetoacetae were made by .the‘ hvlzater separator method.

/\\ ethyl 3-morpholinocrotonagte 189, yield: 77%, bp: 106-109°C/0.4mm

l1-morpholinocyclopentene 193, yield: 82%, bp: 108-110°C/1l4mm
(1it.[39], 104-106°C/12mm)

< L - l-morphol inocycohexene 102, yielé: 84%, bp: 112-114°C/14mm (lit.

[39], bp 104-106°C/12mm)

The following enamines were made by the procedure of White

LN
and Weingarten [94].

~

1-morphol inocycloheptene 194, yiegj 54%, bp: 130-133%c/15mm (lit.

[93], 133-1359C/17mm)

1-morpholinocyclooctene 195, yield: 61%, bp: 81-83°C/lmm (lit.
[93], 83-85°C/0.01lmm)
1-morpholinocyclododecanene 211, yield: 90%, bp: 132-135°C/0.lmm

(Lit. [68], 128-130°C/0.05mm)
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- [93], 77-—78°C/9mn)

Self-condensation of methyl 4-trimethylsilyl-3-crotonaté 156b y

v

‘l-morpholihocyclopentadecanene 213, yield: 91%, bp: 158-

161°C/0 1mm (lit. [68], 163-164°C/0.2mm)
3-mo:pholmo-2-pentene 201, yield: 52%, bp: 50-51°C/0 S5mm (lit.

4-morpholino-3~heptene 203, yield: 57%, bp: 67-69°C/0.2mm (1lit.
(931, 102-1o&<’>c/12m) » ~ -

3-pyrrol 1d1n?-—2—pentene 252, yield: 57%, bp:36-38°C/0.5mm (lit.
[93], 62-679C/8mm) )
4-pyrrolidino-3-heptene 204, yield: 60%, bp: 56-589C/0 . 2mm S

-

. To a solution of 257 mg of 156b (1 mmol) in 5 ml CH,Cl, was
added ors mmol of TiClg under Ny at -789C. the reaction mixture
was stirred for 3 hrs at j‘78°C then overnight at room temperature.
It was added into a saturated sodium carbonate solution, stirred
for 0.5 hr and extracted with ether. The extract was dried with
MgSOy4 filtered and concéntrated with rotary evaporator to give a
yellow oil which was then purified by flash chromatography (eluted
with a 181 mixture of ether and hexane). Methyl 2-methyl-4-
morpholino-6-hydroxybenzoate 172 was obtained in 49% yield.\
mp:108-109°C ) o

14 NMR (CDCl3): 2.13(s,3H,-CH3), 3.07-3.23(m,4H, morpholino),

3.63-3.80(m,4H, morpholino), 3.83(s,3H, -OCH3), 6.10(s,2H,

aromatic), 11.63(s,1H, -OH)

IR (KBr, an~l) : 1640, 1600, 1205

M m/e (rel. intensity): 251(M*, 7§.5), 220(22), 219(50.3)

1:\;\(&@, 133(28) -~




Sel f-condensation -of methyl 3-morpholinocrotonate 153b in the

L & . .presence of titanium tetrachloride
'i‘he reaction was performed in the same manner as the sel f-

condensation of 156b. 1,4-pyrone 185 was obtained in 75% yield.
14 NMR of 185 (CDCl3): 2.27(s,3H,-CH3), 2.37(s,3H, -%;H3),
3.88(s,3H,~OCH3) » 6.13(s,1H,vinyl) '
IR (film, am~1l): 1735, 1670, 1635
MS m/e (rel. intensity): 182(M*, 9.9), 151(17.0), 124(29.5),
109(11.0), 67(63.7), 43(100) |

Reaction of 156b with 153b
To r‘a mixture of 257 mg of ;ggg (1 mmol) and 185 mg of 153b (1
mmol) in 5 ml CH3Cl, was added 1 ﬁmol titanium tetrachloride under
N, .at ~789C. The reaction mixture was stirred for 3 hrs at -789¢C
b and then overn%ght at room temperature. Saturated sodiun;\ carbonate
solution was added, and the mixture was extracted with ether. The
ether extract was dried with MgSOy4, filtered and concentrated to
give a y;llow solid whi;:h was purified by flash chromatography
{eluted with 1:1 mixture of ether and hexane). A guantity of 203

mg of 172 was obtained in 71% yield.

Reaction gf 156a with 153a

The reac(tion was performed in the same manner as the reaction
of 156b and 153b. Methyl 2—methy1—4-‘pyrrolidino-G-
hydroxybenzoate 184 was obtained in 78% yield. mp: 101-102°C

q 1y NMR (CDC14): 1.80-2.03(m,4H, pyrrolidino), 2.40(s,3H, -CHj),
C , 3.13-3.33(m,4H, pyrrolidino), 3.80(s,3H,-0CH3), 5.83(s,2H,
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aromatic), 11.80(s,1H,-OH) , T

8

IR- (KBr, cm~l): 1630, 1615, 1320 .
MS m/e (rel. intensity): 235(M*, 100), 204(32.9), 203(88.8),

Self-condensation of 153b in the presence of TFA

The reaction w:as performed by Bohme's procedure: To 740 mg of
153b (4 mmol) was added 432 mg TFA (4 mmol) '§t‘ 09C, the reaction
mixture was stirred for 1 hr at 0°C then overnight at 40-50°C. The
reaction gtixture was diluted with 50 ml of ether, washed with
satrufated ~sod,ium bicarbonate. The ether phase was dried with
MgS04 and filtered. The filtrate was then conce)ntrated by rotary
evaporator to give 416~-mg of methyl 2-morpholino-4-methyl-6-

hydroxybenzoate 154g. The yield was 83%. mp:115-116°c‘ (lit. [82],-

mp: 116°C)

-y '
Decarboxylation of 172 to 3-morpholino-5-methylphenyl 174

To 50 mg of 172 was added 5 ml 20% KOH, the reaction mixture -
was refluxed dvernight. It w;f's cooled to room tempei:ature and a-
solution of 1N HCl was added until the solution became acidic. The
mixture was extracted with ether. The ether extract was dried with
MgSO4, filtered and then concentrated to give 2'7 mg of 174 (82]

1y NMR (CDC14)+ 2.30(s,3H,-CH3), 3.03-3.20(m,4H,morpholino),
3.78-3.95(m,4h, morpholino), 6.17-6.30( m,3H, aromatic)

IR (CHCl3, em~1): 3600, 1610, 1590, 1120

Decarboxylation of 154g .

3




The reaction was carried out under identical conditions as
used. for tl;e decarboxylation of 172. A quantity of 30 mg of 174
was obtained. It is identical in all respects with the compound
obtained from the decarboxylation of 172, -

. . . ‘ *
Reaction of 156a with ethyl 3—morpholinocrotonate 189

To a mixture of 241 ltg of 156a (1 mmol) ‘and 199 mg of 189 (1

mol) in 5 ml of CH,Cl, was added 1 mmol of titanium tetrachloride
L ) -

under N, at -78°C. The reaction mixture was stirred 6 hrs at -78°C

-

then overnight at room temperature. Saturated sodium carbonate
solution was added until the mixture becam; basic. The mixture xas
extracted with ether. The ether extract was dried with MgSO4,
filtered and the filtrate was concentrated to give a yellow solid

v}h'ict;. was purified by flash chromatography (eluted with ether and

hexane, 1l:1). A quantity of 162 mg of ethyl 2-methy1-4-'

pyrrolidino-6-hydroxybenzoate 190 was obtained. The yield was 65%.
mp: 84-84°C .
lH NMR V(CDC13): 1.37(t,3H,J=7HZ, -OCHz_g_l;I_}-), 1.83-2,07 (m, 4H,
pyrrolidino), 2.50(s,3H,-CH3), 3.17-3.40(m,4H, pyrrolldmo),
_4.33(q,2H:J=7Hz,ethoxy), 5.90(s,2H, aromatic), 11.90(s,1H, -OH)
IR (KBr, cm~l): 3400, 1635, 1310
MS m/e (rel. intensity): 249(M*, 94.5), 504(79.9), 203(100),

175(75.8), 147(74.8)

The reaction of 156a with l-morpholinocyclohexene 102

To amixture of 241 mg of 156a (1 mmol) and 167 mg of 102 in 25

ml of CH,Cl, was added 228 mg Of trifluoroacetic acid at 0°C. The
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reaction mixture was stirred ‘for 1 hr at 0°C ‘then refluxed for 24Q

hrs. The reaction mixture was dilyted with 50 ml of ether and
washed with saturated sodium bicarbonate. The organic pHase was
0 . .

dried with Mgso4, filtered and wt"hen concentrated with rotary

evaporator to give a yellowish sqlid%wtgich; was purified by flash

chromatography (eluted with ethyl aégtate‘and hexanem 1:1) to give ’

136 mg of 7-hydroxy-9-pyrrol idfinLo-[4]-ortho-cyclopharne 192, The
yield of 192 was 63%. mp:157-159°C 0 » ‘

y wMr (CDCl3): 1.67-2.20(m,8H, two methylenes from
pyrrolidine, two methylen;ss from cyclohexene), 2.";0-2.83‘(m,4ﬂ,
twg methylenes adjacent to aromatic ring), 4.60(b,1H, -OH),
5.97( s,2H, aromaticg) ;"i—:* §
IR (KBr, am—1): 3400, 1620, 1580 ,

MS m/e (rel. intensity): 217(M*, 100), 216(98.7)) 189(54.5),
161(39.5) ‘ - e

Chemical analysis, calculated: c 77.42% H 8.76%

‘found: - ¢ 77.48% H 8.64%

» "

”»

Reaction of 156a with l-morpholinocyclopentene 193

To a mixture of 241 mg of 156a (1 mmol) and 153 mg 193 (1

mmol) in 25 ml of 1,2-dichloroethane was added 228 mg of TFA" (2

a . —
mmol) at 0°C., The reaction mixture was stirred for 1 hr at 0°C and

then refluxed for 24 hrs. The mixture was diluted with 50 ml of

ether, washed with sat\irated sodium bicarbonate solution. ’I‘hé

organic layer was dried over MgSO4 and filtered. The filtrate was
”

concentrated to give a yellow go6lid which was pdrified by flash

. . L
chromatography (eluted with petroleum ether and ethyl acetate,

Q
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. 5:1) to give [3]-ortho—cyclophane 196 in 64% yiéld. mp: 166-—168°C

\ . lH-NMR (CDCl3): 1.90-2.20 (m,6H,~CHp~CHa~ from pyrrolidine, -

CHg- from cyclopenptene),u 2.80( t,2H, -CHp- adjacent to aromatic

o
@

ILOE 2.93(t,2H, another -CHz- adjacent to -aromatic ring),
3.17-3.37 (m,4H, pyir:;:olidine), 5.92( d,1H, , J=2Hz, arbmatic),
6.13;(d,lH,JSZHz, aromatic) ' -

¢

L@

IR (KBr, am~l): 3310, 1630, 1600, 1580 o

©

MS m/e (re]. intensity): 203(M*, 87.6), 202(100),.174(21.0),
‘ o 147(31.8),'133(22.3) ° '

g -
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Reaction of ;iSGa withd lifnorthoulinocycloheptene 194 i "

The react{ton', was éerfonﬁed in the same manner as the rea'ci:iora
ketween.156a and 193. [5]-ortho-Cyclophane 197 was cbtained in 59%
yield. mp: 149-150°C | o |

5 MRATT S e

1y NMR (CDCljy: 1.53-2:12(m,10H,-(CHz) p- from pyrrolidine, -

h (CHg)3- from side ‘hydrocarbon ring), 2.67-2.87(m,4H,
1 - 2

pyrrolidine), 4.80(b,1H,-OH), 5.88(d,(lH,J=2Hz,aromatic),

o A LT, IR
a

6.05(d,1H,J=2Hz,aromatic) . !
IR (KBr, am-l): 3400, 1610, 1570, 1500 ° 5
. . MS we (rel. 1ntenszty) 231(M+ 190), 230(82.1), 203(23. 10 ‘
202 (44.2) o S r

I o A ‘ | o . [ % }
- , ‘,Reaction",'of 156a with l-morf,\h Thocyclooctene 195 \’

-

The reaction was performed in the same manner as the reaction
between 156a and 193, [6] ortho—Cyclophane 198 was obtained in
67% yield. mp: 157-159°C } ~\ ’ §

. “ \\_./
Q‘. : 1 .
K H NMR (CDCl,): 1,47(b,18H. -(CH3) 4~ from side hy;drocarbon

&

°
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ring), 1.87-2.08(m,4H, pyrrolidine), 2.63-2.83(m,4H, 2-CH,-

adjacent ‘to aromatic ring), 4.73(s,1H,-OH), 6.00(AB"

quartet,2H,J=2Hz, aromatic) ' .
IR (KBr, cm~1): 3400, 1610, 1570 |

MS m/e (rel. intensity):- 245(M*, 100), 244(((54.9), 217(41.’4'),
202(67.3) | - ) l
Chemical analysis: _ cal. C 78.37% H' 9.37%

, found = C 78.308 H 9.51% 5

-

>  The reaction of 156b with l-morpholinocyclohexene 102

A

The reaction was performed in tﬁe same manner as Eﬁe reaction
~ between 156a and 102. lMethyl 3-morpholino-4-
cyclphexylidfgnecrotonate 199 was isolated in 52% yield.
u NMR (CDC13): 1.57(b,6H, -(CHp)3-), 2.00-2,40(m,4H, 2-CHgy-
tonnected to the double bond), ;.25-3.4~5(m,4H, morpholine),
2.‘63-3.83(m,4H,m<;rpho‘1,ine), 3.65(s,3H,-0CHy), 4.83(;,1H,vinyl),
5.83(s,1H,vinyl) ' .
IR (CHCly, culy: 1685, 1560, 1145
MS m/e (rel. intensity)‘: 2656(M+, 60.)2), 234(25.1),'222(68."2)‘,

A *

206(66.5), 122(100)

Reaction of 156a with 3-morpholino-pentene-2 201 .
‘ “To a&mixture of 241 mg of 156a (1 mmol) and 310 mg of 201- (2
mmol) in 25 ml of 1,2-dichloroethane was added 342 mg of TEA (3
mmol) at 0°C". The reaction mixture was st-ir;ed for 1 hr at Q°C
t';;len refluxed for 48 hrs. It was allowed to coojl ‘to ro}qm

temperature and was diluted with 50 ml of ether. The solution was
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washed with saturated sodium bicarbonat;e solution. The organic
phase was dried with Mgso.,‘and filtered. Tl}e filt:ratex was
concentrated to give a brown 0il which was purified by flash
chromatography (eluted with hexane and ethyl acetate, 2:1) to give
92 mg.of 2,4,5,-trimethy‘l-3-morpholinophgnol 200 plus 54 mg of
184. The yleld' for 200 was 41%. mp: 163-164°C .

1y NMR of 200, (CDCl3):  2.20(s,6H, 2-CH3), 2.23(s,3H, -CHj),

3.03-3.1_‘8(‘m,4H, morpholine), 3.73-3.88(m,4H, morpholine),

4.83(s,1H, -OH), 6.50(s,1H, aromatig) ‘

IR (KBr, an~l): 3300, 1600, 1585, 1100
MSm/e (rel. intemsity): 221(M*,°90.5), 220(55.1), 206(32.2),

176(63.2), 163(100)

Chemical ana}ysis: cai. c 70.59%.‘ H 8.60%

' fomd  C, 7‘0.-68%" H  8.77%

Reaction of 153a with 201 o .

The reaction was performed under identical conditions used for

° o

the reaction between 156a and 391]' Only compound 184 was isolated.

s

Reaction of 156a with 201 in the presence of titanium

tetrachloride

To a mixture of 241 mg of _1_2_6_3_ (llmmol) and 310 mg of 201 (2
muol) in 10 ml of CHyCly was added 0.17 ml of TiCly (1.5 mmol), at
-239C under No, The reaction mixture was stirred for 3 hrs at -
23°C and then overnighf: at room temperature. Conc;\ntiated sodium

carbonate solution was added to the mixture. It was then extracted

with ether. The organic layer was dried with Mgso, and filtered.
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The filtrate was concentrated by rotary evaporator( to gi;le a bro.;mn
0il which was purified by flash chromatography to give 200 in 38%
yield. A quant“i—;:y of 62 mg of self-condensation product of 156a
was also isolated. ,

AN ' N
Reaction of ‘156a with 3-pyrrolidinopentene-2 202

The reaction was performed under the same conditionsg as th?
reaction of __]563_ with 201 in the presence of TFA. 2,4,5-trimethyl-
3-pyrrolidinophenol 205 was obtained in 42% yield. ‘

1y NMR (cDC14):  1.93-2.13(m,4H, ;;yrrolidinq), 2.13(s,3H,-CH3),
2.15(8,3H,-CH3),2.22(8,3H,-CH3), 3.10-3.30(m,4H,pyrrolidine),
4.48(s,1H,-0H), 6.50(s,lH,aromatic) '
IR (CHCl3, cm~l): 3600, 1580, 1460, 1070

MS m/e’(rel. intensity): 205%(M*, 99.6), 204(100), 190(57.5),

176(65.9), 162(70.1) 1 .

Reaction of 156a with 4-mor@olinohegtene-31gg‘ 3

The reaction was performed under the same condition as the
reaction of 156a with 201 in the presence of TFA. 5-methyl-2,4-

diethyl-3-morpholinophenol 206 was obt’ained[gin 37% yield. mp: 185~

. 1879 . \

1y NMR (‘CDC13):“]:.15(t;‘31-/I,J=7Hz,'ethyl‘), 1.23(t;3H,3=7Hz,ethyl),
2.28(s,3H,~-CH3) ) 2.73(q,2H,J=THz,,ethyl), 2.77 (t,2H,J=7Hz,ethyl),
3,13-3.,30(m,4H,morpholine), 3.77-3.93(m,4H,morpholine),
4.83(s,1H,-0H)’, 6.53(s,1H,aromatic) -
IR (KBr, cm~1l): 3260, 1590, 1410, 1100

MS m/e (rel. inter;sity): 249 (M*, 95.3), 234(19.7), 220(65.8),
< - ’ ‘

~
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170(100) . S ,
g Chemical analysis: cal. C 72.29% H 9.24%
found . C  72.208 H 9.17%

»
s

) ]

Reaction of 156a with -4-pyrrolidinoheptene-4 204

The'reac.:tion was performed in the same manner as the rea::tion C
between 156a and 201 in the presence of TFA. 5-Methyl-2,4-
diethyl-3-pyrrolidinophenol 207 was obtained in }% ¥i§1d.

1y NMR (CDC1;;): 1.13(t,3H,J=7Hz,ethyl), 1.23(t,3H,J=7Hz,ethyl), 3

1.93-3.12(m,4H,pyrrol idine), 2.28(s,3H,-CHj), 2.63(g,4H,J=THz,

two ethyls), 3.13-3.33(m,4H,pyrrolidine), 6.50(s,1H,aromatic)-

IR (CHCl3, em~1): 3600, 1580, 1255, 1085

] : .
< MS m/e (rel, -dintensity): 233(M*, 100), 232(73.}.), 218(95.4), v
204(86.9), 160(30.8)

o
{

Reaction of 156a with l-morpholinocyclododecanene 211

To a mixture of 2.57 g of 211 (10 mmol) and 1.20 g of 156a (5

I3

mmol), 1.14 g of TFA (10 mmol) was added dropwise at 09C with
stirring. The mixture was warmed to room tempkrature and stirredn
for 10 minutes and then heated to 80°C. It was stirred for findays

at 80°C. To the cooled reaction mixture, 300 ml of ether was
added. The ether solution was washed with aqueous acid (1.5N HC1),
dried with MgSO, and filtered. The filtrate was concentrated to . °

- give 2.45 g of brown o0il, which was purified by flash

. chromatography (eluted with petroleum ether and ethyl acetate,

9:1) to give 12-hydroxy-l4-methyl-15-morpholino-[9]-metacyclophane
(i 212 in 51% yield. mp: 174-177°C

131 \\ g

e e = vy w,,._h‘m.,.m.xw e e e e et e e e e« e e e




e TR TRERARTE s 3 AR e e e s
T T P

. 1y NMR (CDCl3):  0.24-0.44(m,2H,-CHy- from the side chain),
0.70-1.20(m,8H,4~CHy~ of the side chain) 1.48-1.74(m,4H,2~CH2"~
of the side chain), 2.20(s,3H,~CHj), 2.56-3.16(m,4H, 2-CHy- of
the side chain, adjacent to aromatic ring), 3.18-3.30(m,4H,
morpholine), 3.72-3.87(m,4H, morpholine), 4.68(s,1H,-0H),
6.44(s,1H,aromatic)
IR (KBr, am~l): 3290, 1590, 1440, 1100 850 _
MS m/e (rel. intensity): 317(M%, 51.2), 260(36.9), 249(100),
204(62.5), 176(90.6),“149(7?.3)
Ghemicél analysis: ' cal'.. c 75;.7‘1% H 9.78%

| found cC 75.76% H 9,78%

A}

~ Reaction of 153a with 211
The reaction was [)erformed under the same conditions as the
'reaction between 156a and 211l. Only compound 154c and

cyclododecanone were isolated from the reaction mixture.

1

Reaction of 156a with l-morpholinocyclopentadecene 213

Q

The reaction was performed in the same manner as the reaction

between 156a and 21l. [12]-meta-Cyclophane 214 was obtained 'i\h\ZS%

yield. mp: 210-214°C
14 wMR (cDCl3): 0.76-1.34(m,16H,side chain), 1.50-

1.84(m,4H,side chain), 2.28(s,3H,-CH3), 2.42-3.54(m,8H, 4H from

morpholine, 4H from side chain), 3.70-3.84(m,4H;morpholine},

4.48(s,1H,-OH), 6.46(s,1H,aromatic) .

IR (KBr, cm~ly: 3300, 1595, 1150

MS m/e (rel. intensity): 359(M+, 100), 316(22.1), 302(46.2),

132 -
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.. . o
Reaction of 156a with I=morpholinobutene 112
I

The reaction was performed by the same fashion as the/ reaction

between 156a and 201 in the presence of TFA. After &xe usual wokup ‘(
/‘ \

a black sticky oil was obtained. No aromatic peak wa

observed in

the lu NMR. No 1dent1fiab1e compound was isolat d by flash

chromatography. This reaction was repeated by us1ng Ticl 4 as th

Vo

catalyst instead of TFA. This time, only compoundis 184 wa

isolated. i , | . /

i

The preparatlon and separatlor‘x of diastereomers 234 (method A)

R-(-)- Metho%yphenylacetlc acid (116 mg, 1 mmol) was dissolved
in a ten-fold excess of thionyl chloride. The solution was
refluxed for about 10 minutes in an oil ba\th, then” cooled to room
temperature. Thionyl chloride was removed from the mixture by
water aspirator and then under high vaccm’n for 30 minutes. The
crude acid chloride was diluted with 10 ml of dry THF. To the
mixture was added a solution of 158 mg 212 in 10 ml of THf,
followed by 122 mg of dimethyiaminopyridine under vigrous stirring:
and Ny. The reaction mixture was stirred for 30 minutes at room
temperature and overnight at 50°C. To the cooled reaction mixture
100 ml of ether was added. This solution\ was washed with 5% HC1,
saturated sodium carbonate solution and then water. The ether
solution was dried with Mgsoy, filtered and the filtrate was
concentrated by rotary evaporator to give 204 mg of ‘'yellowoil.

purification by flash chromatography, eluted with.petroleum ether
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and ethyl acetate, ga\!‘?e 188 mg of colorless/’e"\i\-i—.flﬂ NMR spectrum
of this 0il showed a 1:1 mixture of @-234 and 3-234. This mixture
w.as separated by TLC Mesh chromatoéraphy. The same opgation
procedure as described in the literature [119] was followed except
that more silica gel was used in our case. To a 24 mm diameter
column with 8.5 in, high silica hgel was loaded 150 mg of the above
pixture. It was eluted with a combination solvent
(pentane:acetonitri1e:e£hy1 acetate=20:1:1) at a rate of
2ml/minte. There was obtained 44 mg of @-234 and 79 mg of B-234,
each with >95% purity. . - ‘ )
ly NMR of @-234 (CDClj): 0.1-1.9(m,14H, side chain),
2.15(s,3H,-CH3), 2.40-3.00(m,4H,2-CHp~ of the side chain,
adjacent to the aromatic ring), 3.00-3.10(m,4H,morpholine),
3.51(s,3H,-OMe), 3.64-3.74(m,4H,morpholine), 4.96(5,1H,—Cl:H—),
6.54(s,1H,aromatic), 7.32~7.54(m,5H,-Ph)

1 NMR of 6-234' (CDCl3): 0.1-1.9(m,14H, side chain), 2.15(s,3H,

-Me), 2.50-3.10(m,4H, 2-CHy- of the side chain adjacent to the

aromatic ring), 3.10-3.20(m,4H,morpholine), 3.48(s,3H,-OMe),
3.64-3.74(m,4H,mbrbholine’), 4,96 (s,1H, —C‘:H-),L 6.62(s,1H,
aromatic), 7.32-7.54(m,5H,-Ph)

MS of 234 (rel.. i'ntensity): 465(M*, 38.4), 317(37.2), 149(22.3)

121(100)

Reduction of ®-234 to give (-)=-212

To 5 ml of dry THF was added 20 mg of lithium-.aluminum
hydride, followed by the addition of 40 mg of @-234 in 5 ml of THF

dropwise with stirring. The reaction mixture was stirred for 1 hr

134
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at 50°C, then refluxed overnight. The cooled reaction mixture was
‘ di\}u_ted with 50 ml of ether and acidified'with 1.5N HCl, washed
with water and dried with MgSO,, After the filtration the filtrate
was concentrated by rotary evaporator t_:o give 72' mg of crude
pr:)duct. Purification of this crude product by flash
chromatography (eluted with petroleum ether and ethyl acetate,
7:1) gave 19 mg of (-)-212 (67% yield):' Its NMR and IR spectra are
identical to those of racemic 212. 1# has ([c]30=-30.0°

(¢=0.010g/ml, acetone). <

Reduction of 8-234 to give (+)-212 '

¥ . A quantity of 70 mg (3-234 was reduced By the sam® method as
in the reduction of -234. A quantity of 33 mg of (+)-212 was
obtained (69% yield). Its NMR and IR spectra are identical to
those of ;:Ihe racemic _2_!3. 1t has [«] '2)0=+26.4° (0.005g/ml,

}

acetone) .

Preparation and separation of diastereomers 235

A quantity of 190 mg of racemic 214 was converted to 235 by
method A described above. The reaction gave 225 mg of 235 which
was a 1:2 mixture of @-235 and ﬂ-g_g\_s_ by 1H NMR. The above mixture
£150 mg) was separated by TLC mesh chromatography (eluted with

- pentane, acetonitrile and gthyl acetate 20:1:1) to give 47 mg of

-235 (95% pure) and 72 mg of B—_2_3_5_3_ {90% pure).
1y §NMR (CcDClj): «=-235: 0.80-1.60(m,20H,” side chian),
2.23(s,3H,-CH3), 2.16-3.46 (m,8H, 2-CHy— for the side chain and

(. 2-CHy- for the morpholine),3.46(s,3H,—0CH3), 4.94 (s.1H,-CH-),
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6.66(s,1H,aromatic), 7.34-7.60(m,5H,-Ph); B-isomer: 0.8~

’ 2.0(m,20H, side chain), 2.23(s,3H,-QH§h\2-44-3-40(m.8H).
. {4

[N b
7.60(m,5H, Ph).
MS of 235 (rel. intensity): 507(M*, 46.2), 9(19.9),149(17.9),

121(100)

LI

]

Reduction of x-235 to (-)-214 Ty

A quantity of 40 mg of (-235 was reduced by excess LAH to give
23 mg of (-)-214 (82% yield). Its 1y NMR and IR are identical to
.those of racemic 214. It has [a]§=-17.3° (c=0.015g/2ml, THF).

? “‘\ y

- " Reduction of 3-235 to (+)-214
A quantity of 36 mg of (3-235 was reduced by LAH to give 19 mg ’
of (+)-214 (75% yield). Its 14 NMR and IR spectré are identical to

those of racemic 214. It has [0 30=10.8° (c=0.007g/ml, THF).

Preparation of 1,3-Bis(trimethylsiloxy)~-1-methoxybuta-1,3-diene 17

* Compound 17 was prepared by literature [12] method in 92%

yield. Its “f "NMR was identical to that reported.

o

preparation of cyclotetradecanedione-1,3 241
To a mixture of 16 g 1~morphol inc;cyclododecanene 211 (0.063
“ mol) and 7.07 g triethylaminé {0.07 mol) was added a solution of
4.9 g acetyl chloride(0.063 mol) in 19 ml chloroform {free of
. ethanol) dropwise at o°é L;nder N, with vigrous stirring. The

( ] reaction mixture was stirred for 5 hrs at room temperature, then

‘ ' 136 |
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diluted with 50 ml chloroform and acidified with 60 ml of 2.SN
‘ HCl., The mixture was stirred for 5 hrs at room temperature,
extracted with chloroform and dried with Mg.SO4. It was filtered
and the filtrate was concentrate;d to give a yellc;w 0il which gave
5.1 g crude product after vaccum distillation. 'The crude product
! was puriffied by f£lash chromatography on silica gel to give 4.2 g
pure 241 (28% yield). mp: 30-329C (lit.[67], mp: "31-32° )

— .
A

»

4

Preparation of 2-be#xl—cyclotetradecanedione—l,3 242 (method B)

To 1.12 g 241 in 5ml of 5% potassium hydroxid was added 0.86

. g of bezyl bromide dropwise with stirrir}g. The reaction mixture
was stirred for 2 hrs at room temperature and then acidified with

2.5N HCl and extracted with ether. The?ether extract was dried

with MgSO, and filtered. The filtrate,\,\Jas concentrated by rotary

evaporator and the residue was purified by flash chromatography on

silica gel, eluted with petroleum ether and ethyl acetate (20:1),

to give 1.47 g 242 (943 yield) mp: 81-83°C

lg NMR (c$c13;): 1.0-1.8(m,18H, side chain), 2.2-2.6(m,4H, side . %
\

chain), 3.66(d,2H,J=7Hz, -CHp-Ph), 3.93(t,1H,J=7Hz,-CH-),
y 2

7.07(s,5H,-Ph) . <

~ ;
IR (KBr, cm™l): 1690, 740, 695
MS m/e (rel. intensity): 314(M¥, 41.8), 286(91.9), 159{7K%),
146(67.5), 55(100)

S

Preparation of 'Z\bgv{y 1-3-trimethylsiloxy-cyclotetradecan-2-en-

one 243 (meth )
( Compound 243 was prepared by Danishefsky's method [104] in

5
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quantitative yield. lH NMR spectrum shows'a 2:1 mixture of two

. ‘ geometry isomers. .
1y MR (CDCl3):  0.13(s,9H, trimethylsilyl),- 0.4-2.7(m,24H, side
chain), 3.43(s,2H, -_gi_z_—Ph, major isomer), 3.60(3,2}!,1-_(_:1-_!3—?11:
' minor isomer), 7.04(s,5H,~Ph).
IR (film, cn~1l): 1670, 1600, 1450, 840
MS m/e (rél. intensity): Vaae(w‘, 9.2), 371(35.5), 296(47.8),

169(49.5),73(100) e

‘Preparation of 14-(methyl carboxylate)-15-hydroxy~17-benzyl-[11]-

! metacyclophane 244 {(method D)

To a mixture of 0.77 g 243 (2 mmol) and 0.78 g 17 (3 mmol) in
.‘;\O/mlk of dry CH2Cly was added 0.22 ml of TiCly (2 mmol) under Njp —
at -23°C, The reaction mixture was stirred for 8 hrs at -239C then )

overnight at room temperature. Concentrated sodium bicarbonate
solution was added until the mixture was basic. The mixture was
extracted with ether and dried with MgSOy. It.was filtered and the
filtrate was concentrated to give 0.71 g yellowish solid which was

purified by flash chromatography on silica gel to give 0.54 g of

* 244 (69% yield). mp: 112-114°C N .

' NMR (CDCl3): 0.4-2.0(m,18H, side chain), 2.06-3.70(m,4H,
side chain), 3.84(s,3H, -OMe), 4.20(s,2H,~CH;-Ph),

) 6.63(s,1H,aromatic), 6.70-7.27(m,5H,-Ph), 10.90(s,1H,-OH).
IR (KBr, cm~l): 3470, 1650,1240

‘ MS m/e (rel., intensity): 394(M*, 11.3), 362(38.9), 314(34.8),
' 286(99.9), 159(93.8), 91(100) h
C Chemical analysis: cal. C 79.19% H 8.63%
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found C 79.33% H 8,.67%

-

Preparation of S-o-methoxy-o-(trifluoromethyl)phenylacetyl

chloride 245

To 10 ml of thionyl chlaride was added 4.0 g of R-(-)-0-
methoxy-o~(trifluoromethyl)phenylacetic acid and 0.1 g of sodium
chloride crystal. The reaction mixture was refluxed for 50 hrs.
thionyl chloric‘{e was removed by rotary evaporator and the residue

0il was distilled under vaccum to give 3.52 g 245 (81.2% yield).

‘bp: 67-68° /2mm (lit. [105], bp: 54-55° /1mm)

-

Preparation and separation of the diastereomers 246 §

To a solt}tion of 253 mg _2_5__5_ (1 mmol) in 10 ml dry THF was '
added a solution of 197 mg (0.5 mmol) 244 and 122 mg of
dimeth'ylaminopyridine (1 mmol) in 10 ml dry THF slowly under
vigrous stirring. The reaction mixture was stirred overnight at
room température. To the mixture, 100 rpl etﬁer was added. It was
washed with 1.5N HCl, then concentrated sodium carbonate solution
and finally with water. The organic phase was dried with MgS(;,;

and filtered, The filtrate was concentrated by rotary evaporator

4 and a 1l:1 mixture of o-246 and (B-246 was obtained in quantitative

yield. The two diastereomers were separated by TLC mesh
chromatography (eluted with petroleum ether —and ethyl acetate,
35:1). 66 mg of -246 and 75 mg of (3-246 were obtained from 180 mg
of the mixture. w*

14 NMR (CDC15,200MHz), (t-246: 0.66-1.76(m,18H, side chain),

2.20-3.00(m,4H, side chain), 3.66(s,6H, -OMe and -COzMe),

-
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Reduction of -246
SSTUCton OF (Rze2D )
o-246 (40 mg()/\}as reduced with excess LAH in 15 ml dry THF.

Reduction of 3—246 ,

4.25(aB q,2H,3=3Hz,-CH,~-Ph), 6.82(s,lH,aromatic), 6.92-

7.64(m,10H,2-Ph). [(-246: 0.66-1.76(m,18H, side chain), 2.20-"

3.00 (m,4H, side cm, 3.58(s,3H,-CO,Me), 4.25(ABq,2H,J=3Hz,~
CH,-Ph), 6.85(s,1H,aromatic), 6.92-7.64(m,10H,2=Ph). oo

MS of 246, m/e, (rel. intensity): 610(M*, 9.1), 409(33.6),

190(49.8) , 189(100), 91(48.8) . -

\A

The reaction mixture was stirred fo; two days. A solution of 5%
HCl was added until the mixture was 'slightly acidic (never add too
much HCl, side reaction may occur)., It was extracted with e'tfier,
dried with MgSO4 and filtered. The filtrate was concentrated by
rotary.evaporator to give 38 mg crude product. The crude product
was purified by £lash chromatography on' silica gel to give 18 mg
(+)-247 (77% yield). mp: 138-139%, [a]30=+12.6° (c=0.012g/2ml,

- acetone)

1y NMR (CDC13):  0.37-1.90(m,18H, side chain), 2.0-3.l(m,4H,
side chain), 4.16(s,2H,-CH,-Ph), 4.93(s,2H,-CH,-0H),

6.50 (S,lH,arOmatiC) [ 6080"7.5‘- (m'SH"‘Ph).

IR (KBr, cm~1l): '3415, 1600, 1080
MS m/e (rel. intensity): 366(M*, 11.6), 350(100), 348(87.9), '

91(99.4);

3—246 (34 mg) was reduced cby LAH in THF to gi;re (-)=-247 (12

mg) , mp: 138-140° , [0)30=-14.4° (c=0.0069/2m1, acetone). Its lH

\
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NMR and IR spectra were idenfical to those of (+)-247

®

Preparation of 2—methy1—cjclotetradecanedione—l 3 251

a

Compound’ 251 was ptepared in a gimilar.manner as the

literature. [115] method. To 5 ml of 1M solution of

TR G P YR R (R

o o .
tetrabutylamoniun fluoride in THF was added 1.12 g 241 (5 mmol) in

(/-.

10 m1 of THF. The solvent was removed by rotary evaporator. The
5 v

TR RN & e

was added 1.42 g of methyl iodide (10 mmol). The reactmn mixture

~

was stirred for 2 hrs at room temperature. Chloroform was removed

by rotary evaporator and the re31due was poured into ether and
\

7

1 ' filtered. The filtrate was concentrated to give a white solid
' .3

whlch was then purified by flash chromatography on silica gel and

1.04 g pure 251 was obtained (81% yleld) mp: 35~ BV}H (lit. [115],
mp: 35-379)

Preparation of 252

i

Compound 251 (714 mg, 3 mmol) was converted quan.tit;tively to

252 by method C (see the preparation of 243). Two’'geometrical
\1somers are show;1 in its 1}1 ({\MR spectrum. N

1y NMR (CDC1l3): 0.27(s, 9H, trlmethyls11yl of orie isomer),

0.30(s,9H,trimethylsilyl of the other isomer), 1.35(m,18H, side

chain), 1.80(3,3H,-Me,rma'567:"i-somer), 1.87(5,3#,-Me,‘ minor _
13 H

[

isomer), 2.2-2.7(m,4H, side chain)’

)

Preparation of 14-(methyl carboxylate)-15-hydroxy-17-methyl-[11]-

metacyclophane 253

141 _— ¢
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Compound '253 was synthesized by method D (see thé 'prepal.;ation
of 244) in 63% yiéld. It was a colorless needle after’
recrystalization from hexane. mp: 89-91°C .

1y NMR (CDCl3): 0.4-1.8(m,18H, side chain), 2.27(s,3H,-Me),

2.1-3.5(m,4H, side c:hain), 3.93(s,3H,-—6Me), 6.63(s,1H,aromatic),

10.07(s,1H,-OH) . - )

IR (KBr, an-l): 3420, 1660, 1220 ‘ S
“ MS m/e (rel. intensity): 318(M*, 49.0), 287(49.5), 286(100),

»189(33.0)

\\ .7 .
1

Prgparation and separation of diastereomers 254

£

Compound 253 (159 mg,. 0.5 ‘mmol) was converted into the
diastereomeric esters 254 in 90% yield by the same procedure used
for the preparation of 246. The tv;o diastereoisomers were -
separated by TLC mesh chrbmatography on silica cjel {eluted with
petroleum ether and ethyl acetate, 35:1). Thgre was obtained 53 mg
of -254 and 41 mg of 3-254 from 140 mg of 254 mixture. x )

14 NMR (CDCl3): Q-isomer, 0.46-1.80(m,18H, side chain),
2.32(s,3H,-Me), 2.36-3.18(m,4H, side chain), “3.66(s,3H,-0Me),/—
3.68(s,3H,-CO,Me), 6.76(s,1H,aromatic), 7.44-7.65(m,5H,-Ph);4%‘
isomer, 0.46-1.80(m,18H, Side chain), 2.32(s,3H,-Me), 2.31-
3.18(m,4H, side chain), 3.58(s,3H,-CoyMe), 5-80_(S,lH,aroma‘tiC)q:

7.44-7.65(!‘\,5[‘!,:?’1’\) . . M

‘MS rzl/e (rel. .intensity): 534(M*%, 2.6), 332(61.7), 189(100),

91(26.8) < SN
Reduction of (=254 to (+)- 255 o \)
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To 10 ml of dry ether was added 40 mg of LAH and 80 mg of -
254. The reaction mixture was stirred overnight at roc;m,
tempe:rature, then diluted with 50 ml ther and acidified with 1N
HCl, the organic layer was washed with water and dried with MgS04.
After filtration, the filtrate was concentrated to give 54 mg‘ofb;'

white solid. It was purified twice by flash chromatography to give

36 mg of (+)-255 (83% yield). mp:l23-1259C [@130=+6.3°

(c=0.036g/2ml1, acetone)
ln NMR (CDCly):  0.3-1.9(ps Bﬁ, side chain), 2.30(5,3H;-Me)‘,
2.40;3.30(m,4H,sid(; chain),4.90(s,2H,-CH2-0H),
6.53(s,1H,aromatic) »
IR (KBr, cm~l): 3610, 3400, 3200, 1600, 960
MS m/e (rel. -intensity): 290(M*, 9.0), 274(99.6), 272(82.4),

3

257(33.5), 136(100)
- Chemical analysis: cal. C 78.62% H 10¥343
found C 78.71% H 10.32%

-

Reduction“of $~254 to (-)-255 -

Compound [3-—254 was similarly reduced to (-~)-255 in 74% yiéldr
Its lu NMR and IR spectra were identical to those of (+)-255.

mp: 123-125° , [«]§0=-8° (c=0.024g/2ml, acetone)
&

< _ Compound 256 was synthesized from 241 in quantitative yield by

Preparatic\m' of 256

method C (see the preparation of 243). Its iy NMR spectrum showed

two geometrical isomers.

lp nMr (CbCl3): 0.07(s,9H,trimethylsilyl, minor isomer),

o
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A .
0.20(s,9H,trimethylsilyl, major isomer), 0.90-1,90(m,18H, side

chain)ﬂ 2.06-2.93(m,4H, side chain), 5.42(s,lH,vinyl, minor
isomer), 5.50(s,l1H, vinyl, major isomer).

IR (film, em~1): 1675, 1580, 1250, 840

—
-

+ Preparation of l4-(methyl. carboxylate)-l1S5-hydroxy-[11l]-

metacyclophane 257 ] T

Compound 257 was obtained by method D from the condensation c{f

256 and 17 in 59% yield. mp: 69-71°C

»

1y NMR (cbClg):  0.62-1.90(m,18H, side chain), 2.40-2.'67(1;\,’25!
side chain), 2.80-3,03(m,2H, side &hain), 3.83(3,3H,-0Me).,
6.43(s,2H,aromatic), lO.70(s,lH,—OH/D.

IR (KBr, cm~1l): 3410, 1660, 1560, 1250 ~
MS m/e (rel. intensity): 304(M+/, 54.1), 273(46.8), 272(100),

91(19.2). ’ /

|

Preparation of 258 ' f . ‘ _._

t

Compound 258 was prepared from 257 by the same procedure as

the preparation of 246. The yield was 92%.

14 NMR (CDC13): 0.67-2.00(m,18H, side chain), 2.50-2.87(m,4H,
side chain), 3.63(s,6H,-OMe and -CO,Me), 6.80(s,lH,aromatic),
7.07(s,1H,aromatic), 7.33-7.73(m,5H,~Fh).
IR (CCly, cm~1y: 1770, 1730, 1260

MS m/e (rel. intensity): 520(M%, 0.5), 488(4.4), 304(40.1),

205(42.3), 189(.100)’.

Preparation of 260

The reaction was performed in the same manner as the

144 '
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preparation of 241, e'xcegt that propanoyl chloride was used
instead of acetyl chloride. The yield of 260 was 62%.. .

Preparation of 261

Compound 2_6_}_ was synthesized from 260 in quantitative yield by(
method C. Its lH NMR spectrum showed two geometrical isomers.
1y NMR (CDC14): 0.2(s,9H,trimethylsilyl, major isomer),
0.24(s,9H,trimethylsilyl, minor isomer), 0.77-1.90(m,24H, side
chain), 1.77(s,3H,-Me, major isomer), 1.83(5,3H,—M;.*,- minor
{somer) , 2.33-2.73(m,4H, side chain) ,
IR (film, an~l): 1670, 1610, 1250, 840

Preparation of 17-(methyl carboxﬁate)—lS-—hydroxl—ZO-methyl-[14]—

metacyclophane 262

The condensation reaction of 261 with 17 was performed by
method 'D. Compound 262 was obtained in 54% yield. mp: 102-105°C
ln wMr (cDCly):  0.70-1.90(m,24H, side chain), 2.17(s,3H,-Me),
2.43-3.20(m,4H, side <chain), 3.85(s,3H,-0Me),
6.54(s,1H,aromatic), 10.30gs,1H,-—_QH). ;
IR (KBr, cm™l): 3410,.1650, 1430
MS m/e (rel. intensity): 360(M*, 70.9), 329(59.7), 328(100),
302(21.7).
~
9

Preparation of 263 N

Compound 262 was converted to 263 in 90% yield by the same
procedure used for the preparation of 246,
14 NMR (CDCly): 0.70-1.80(m,24H, side chain), 2.27(s.3H,-Me),

2,53-2.90(m,4H, side chain), 3.60(s,6H,-OMe, and -COjMe),

145 : vd

-




TR e

. —— N . ” B N T o 1 L P ot 3
TR RP e AR TR SR i oy R Y DT D T I PRIty 7

o

6+/7(s,1H,aromatic), 7.23-7.70(m,5H,-Ph).

IR (film, cm~l): 3420, 1665, 1220

MS m/e (rel. intensity): 576(M*, 3.6), 545(3.2), 374(30.2),

189 (100). . a -

°
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