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CYCLOAROMATIZATION REACTIONS OF ENAHINES 

ABSTRACT. 

Methyi 4-trimethylsi ly).-3:dialkylaminocrotonat.e i5 synthesized 

by the s'ilylation of methyl 3-dialkylaminocrotonate. It ~eacts 

with carbonyl elect~rophiles at its "Y-posit-ion. The unusual 

r.egiochemistry of this reaction is studied ,and ratio~lized. It 

reacts with enamines derived from acyclic ketones or cyd~etones 
of large ring size (of 12 a~d 15 membered ri~s) to,give aromatic 

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

cyc10ketones of 5-8 membered rings to give aromatic compounds in a 

4C+2C combinat ion. The mechan1sm of this cyc1oaromatization 

reaction is investigated. 

meta-Cyclophanes with'a morpholino substituent are synthesi'zed 

by the above cycloaromatization reaction. These meta-cyclophanes 

possess planar chirality and are successfully resolved. 

A number of metacyclophanes with alkyl substituents at the 1 

intraannular position are synthesized. Depending on the ring size 

and the steric size'of the alkyl group, some of t~em are also 

resolved. The rotation process of meta-cyclophane is studied 
'- \ ~ 

through their temperaturAependene IH Nr1R. '" , j 
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RBACTIONS DE CYCLOAROMATISATION' DES ÈNAHIHBS 
\: 

. Sommaire 

Cette thlse d6crit en premier lieu la rEaetivitê du 

tr~m6thylsilyl-4,dialkylamino-3 crotonate de mEthyle vis-a

vis différent~ c~mpoSés carbonylés., En effet, le composé 
.. 

silylé, obtenu a partir ~e .la silylation du dialkylamino-3 

crotonate de mé,thyle, réagit: ,avec"des composés carbonylés 

! la .position y et une étude approfondie de cette régio

acylation peu_commune a été effectuée. 

En éecond lieu, le composé silylé réagit avec des 

énamines acycliques, et cyc1iques"~e grande taille (12 et lS 

chatnons) pour donner des composés aromatiques selon une 

réaction dé cycloaddition 3Ct.3C.1 De plus, ce même composé 

si~ylé réagit aussi av~c des énpmines cycliques de~taille 

moyenne (5 ~ 8 chatnon's) pour donner des composés aromati-

gues mais selon une réaction de cycloaddition 4C+2C. Les 

'mécanisme's de ces, cycloaromatisabions ont aussi été étudiés. 
, - Of 

Ainsi"plusieu+s métacyclo,hanes possédant un groupement .' , . 
_ morpholino Qnt été obte~us par la réaction de cycloaromati-
, .. . -
satiot(~~elo~ le mécanisme 3C+3C précédel1'l1\ent d~crit. Ces 

métacyclophanè~ sont des composés optiquernent actifs et ont 
, "\ 

éeê -résolus avec succ~s. 
.... 

D,e plus, plusieurs métacyclophanes 
. 

possédant un substituant alkyle en position intra-annulai,re 
l' 

" 
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ont 'ta syn~'tisas et certalns compos's, d'pend_nt' de_ 

la qrandeur de cycle et du qroupe'alkyle'prêsent, ont 'té . , 

, r'.olus. 

Pinalement, les processus de rotation de certains mêta

cycl!ophanes ont 'tê êtudiês par spectroscopie RMN ~ àyna- .. , 
mique. 
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CHAPTER 1 INTRODUCTION 

l " 

, 
; 

, , ~ 

1. Synthesis of aromatie eompounds fram acyclic precursors 
Cl ~ 1\ 

Whi le tremendous plogless has been mad'e in the last 

decades on reactions leadfng to the synthesis of acyclic 
, 0 

carbocyclic compounds, less °development has,occurred in 

two 
( 

and 

tne 

'il syn~esis of., aromatic e:~J~)(;)Unds; the P~Obl~ is eSpéeially acute 

°i~ the synthesi's of ben~enoid eompounds' wi th multiple functional 

gtoup!fl. The "convention'a"l approacGh of usïng e1ectrophi lie 
• 

substitution~reacti~ns on simple aromatic pleCUrSOr&, with its 
, CI • '1 J 

~ ~ , 1) ~ 

/J ~tedibus stepwise process" and attendant problem of, 'regiqselection, 

has obviôus Pimitations. 

It is \.Ie1>1 recognized though, in Qnature, that c,ondensation of 
o ? , 

ç 

poly~~-carbonyl eompounds fs a major pathway fOI the biogenesis of 
o • ,." ~' 

arOQ\atie natura~ t.:o prod~cts [1,21'. "Ef,f~rt:'s ta mimic this reaction in 
, D 

• the'labolatory have met, howeve,r,' with l.imited success, mainly, 

(. 

because of the difficulty 0,[ eontr.olling~ tne specificity of the 

direction of condensation[2J; '-Suc'h control is particularly 
~ 1)· <; , , 

critical when the poly carbbnyl precursor ls compound of mixed 

acetate and propionate units. 
o 

One existing approach for assem~ling qighly functionalized 

benzenoid compounds directly f~am acyclic precursors is the Diels

AIder reaction. Danishefsky and hi'S' coworkers have reported that 
1 

the 1,1-dimethoxy-3-(trimethylsiloxy)-buta-l,~-dien~ l, which can 

he considered as a synthetic equivalenl of 2, reacts with a large 
- > 

variety of electron-deficient dienophiles to give high,yields of 

cycloadducts which in sorne cases lead to aromatic compounds [3,4J. 

Sorne examples are gi ven in scheme LI. Usually the se 

'3 
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cycloadditions show bigh regiose~ectivity~ 

~' f. 9' CH3 

'5' ~ '/' e 
• 

'1 2 "-'" t. 
~ 1 

( 2:.r 1. rCOOC.H~ . 1, CH=CC02Me 

.. 
HCOOCH3 . 2.H+ 

9; 

72-% 74% 
... 

-
02CH3 

H - 02CH3 H 

3 4 
. .; 

scheme 1.1 

'" This approach has been used in an elegant total synthesis of 

(:!:) -lasiodiplodin 2 [5] (see scheme 1.2). 

A c''ont~mporary work of Brassard invol ves the use of highly 
<:> () 

oxygenated butadienes for the synthesis of anthraquinone 

derivatives [61. Two typical examples are given in scheme 1.3. 
li 

Severa1 other si1y1 en01 ethèr dienes, such as 2-
.\> 

(trimethy1?i10xy)-furans 8 [7], 2,5-bis(trimethylsiloxy)furaQs 10 

2 

"'Tt--=.'P':O---------·--------- - -

...... , 
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100CH3 1. l/xylene 
o 2. H:P 
ID , 
C 3. NaH/PhC~CI 1 . ______ e PhCH

2 
. (CH2\ -CH=CH2 

___ or.Me 

• -
5 -

I, 

- --
H ,7 

scheme 1.2 , 

M~ "9" SlMe3 i:
Me3 

( 

n~) • 

H2 SIMe3 . 
+ 

82% 

8 9 
, -
, . 

10 11 ' 12 
, 

scheme ),.3 
~ 

[8] and 1.3-bis-(trimethy1si1oxy)-1-methoxybuta-1,3-diene 17 [9), 

can undergo sim! lar reactions (scheme 1,~4). 

3 

f 

Me 

f 
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Me~1 
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+ 85-95% 

13 
14 

-

87-98% 
+ 

15 
16 

'-
C02Me 

Me 1 1. toluene 
+ III .. 53% 

1 2. H+ 
C02 Me 1"' 

18 
17 

scheme 1.4 

, \ l' 
Compound 17 is a less reactive Diels-Alder diene with a 

pr~nounced tendency to forro Hichael adducts. However, it has 
, 

tremendous power to undergo cycloaromatization reactions in a 
1 

dilferent manner, i.e. in a 3C+3C fasion [tO]. Actually this 

approach is sti Il being deve10ped and stùd,ied in our group. One 

typica1 examp1e is the reaction of 17 with compound 19 in the 

Ma3S\ Cf <j>Me + Me3Si9 H . 
," ~SiMe3 ~ 

17 19 20 

4 
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presence of titanium tetrachloride to give methyl 4,6-

dimethylsa1icy1ate 20. 

Compound .!l is a 1,3-dinuc1eophile with C-4 being more 

J:eactive (~--) th an C-2 (ô-). This is i11ustrated by its J:eaction 

/ with bromine; 17 reacts with l mole of bromine to give 21 and 

with 2 moles of bromine to give 22 [11]. 
.... 

M ~ . 28r2 

Me • 

Br Br 

MMe 
Br 

17 • 

22 ( 21 

( 

Because of the difference in reactivity between the C-2 and 

the C-4 positions, the condensation of 17 with unsymmetrical 1,3-

diketone de~ivatives can lead te cycloaromatization products with 

control1ed regiochemistry. Thus the reaction of 17 with 4-

methoxybut-3-en-2-one 23 gave exclusive1y 24 on the one hand, but 

with 25 gave 26 •. 

~Me 
23 

«Me Q 

Me~ 

25 

J' 

17, TiC' .. 
• 

( 24 
., 

ç 

17, T!C' .. 

26 
scheme 1.5 

Condensation of 27 with 17 and titaniurn tetrachloride gave the 

5 
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1 
bicyclie aromatic compound l!. On the other hand, 29 reacted 

with !I and' ti tanium tetrachloride to gi ve .ll. Ag8in, the reaction" 

was perfectly regiospecific with no contamination. of one isomer by 
< > 

the other in the product (scheme 1.6). 

~Me 

IL TIC'. 

27 - 28 

j1, TiC •• 
• 

29 
30 

scheme 1.6 

Another example of control1ed regiochemistry is il1ustrated by 

the synthesis of the phenanthrene derivatives 34 and 38, starting· 

fram ~- and a-tetralone, respectively (scheme 1.7). 
A ~, 

A summary of the above observations plus a npmber of 

competitive experiments allowed us to establish the fol1owing 
\ ' 

Felative reactivity order for various carbonyl functional groups 
\ 

in acid cata1ysed condensa~ion pith enoi s11yl ethers [12]: 

aldehydes > conjugated position of ~-oxy-~~-unsaturated 

ketones- isolated ketones > carbonyl position of ~-oxy-a,~

unsaturated ketones')acetals - monothioacetals > conjugated 

6 
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position of ~-oxy~,~unsaturated esters or esters'carbonyl. 

scheme ~.7 

The application of this cycloa~omatisation reaction is 

.}llusti:a~ed by the synthesis of sclerin [13] and Jl.1-

1 tetrahydrocannabinol (. Jl.1-THC) [l4L. Sclerin 39 is a metabolite 

-isolated from sclerotinll'ia fungi and possesses interestiing plant 

9ro~th activity. A few chemica1 syntheses of sc1erin have 
~ 

previously been repbrted [15-17J, based on the conventional 

aromatic chemistry, often with the inher'ent problem of 

regioselection in electrophilic aromatic substitution which leads 

to low overall yie~s. The synthetic route to sclerin using 

aromati zation reacti~n is s·ho.wn in scheme 1.8. Condensation of 40 

(2 mole equi valen;ts) \-ith trimethyl orthoacetate in the presence 

of titanium tetrach10ride gave!.!. in 53% yield. Subsequent 

transformation of 41 to sc1erin was achieved witn conventional 

chernistry. 

7 
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' . CH3Ct>cH3)3 
.-

SIMe3 TiCI4 ... 
53% 

Me 
40 - 41 

., 
-'IZLDA 

.. 

NaOH 1 
/ 

• 
~Me 

/ 

39 42 

scheme 1.8 

There have been severa1 syntheses of~-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 

+ • 
H 25-31% 

· · · 
43 ~ , 

44 45 (Â1THC) 

scheme 1.9 

" 

a 
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aromatic precursor such as 3,5-dihydroxybenzoic acid [18]. Even 

with the 1ast reported and presumab1y best synthesis [19], 45 

can on1y be obtained in 25-31% isolated yield after careful 

chromatography of the comp1icated mixture from the acid-cata1ysed 

condensation of 43 with.-i=J:)-trans-p-mentha-2,8-diene-1-ol 44. 
C 

Condensation of 17 with 46 and titanium tetrach10ride gave 

methyl olivetolate 47 in 55% yield. Condensation of 47 with 44 

then gave 48 in 55% yif:!ld. Decarboxylation of !! gave J1l THe in 

78% yie1d (scheme 1.10). 

Me~ÀJ:. Me " T.CI 
1 + • ~,- ~ -? Si~ 55% 

46 17 il 

ti 155% 

NaOH 

78% -

scheme 1.10 
48 

A11 the cycloaromatization reactions which we have discussed 

so far pave one thing in common: they aIl involve éhe chemistry 

of ,si1yl enol ethers. Cyc1oaromatization reactions from compounds 

oth~ than si1yl eno1 ethers have"been achieved. A German group 
, ~ 

reported recently that [20] the enol ethers 50 reacted with 

malonic acid dichloride to give a mixture of pyrànones 51 and 

9 

... -.." .. _~~- ' ....... ~. 
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, 
phlorogluçinols ~ with the latter as major products. The yield of 

52 can sometimes be as high as 80% (table 1). " 
- " . '";;'1,1 

= 

~ + 

.4' 

. Table 1. 

Compd. 

50a 

, 50b 

-SOc 

50d 

50e 

, 50f ) 

- 509 

. pt 
rlCH=~~ , R1 

50 

R 

CH3 

C2'H5 

CH(CH3)2 

C(CH3)3 

CH3 
,(', 
l ... ~ - -', 

',1'-. 

H 

H 

H 

H 

H 

, '1'. 

\ 

.. 

\r 

H 

H 

H 

H 

C2HS 

CHl 

H 

51 

+~ 

H~t H 

yield (t) 

51a(43) 528 (52) 

51a(42) 52b(43) 

51â(~4) 52c(65) 

52d(79) 

51b(1l) 52e(80) 

SIc (30) 52f (53) 

51d(15) 52e(16) 

52 

The extension of this reaction to enol ethers of cyc1ic 

ketones 53 leads to the bicycles 54 and/or the" (2,4) 
. 
phloroglucinophanes 56 (scheme 1.11). W,i~h n=3,4 " 54a and ~ 

were obtained in 89% and 88% yield, respective1Yi with n=5,6, the 

reaction gave ~ and 55d in 70% and 31% yield, respectively. When 

the ring size increased to 7 or greater, metacyclophanes 56e-g 

were produced in
l 

8%, 55 Id, respectively. 

1 

) 10 

R 
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1 ~-

49 - • 

Ir 
H 

• 

51 
. H\J 

- 55 

..... : a b Q C d e f 9 

n 3 • 5 6 7 8 9 

Il , scheme 1.11 

2. Chemistry of 8i1y1 en01~hers 

8i1y1 eno1 ether8 were originally introduced as precursors of 

specifie enolates by Stork and his coworkers in 1968 [21]. 8ince 

then, the chemistry of si1yl en01 ethers has so exploded and its 
. 

'usefu~ess now surpasses that of aIl other en01 derivatives[22]. 

'General1y speaking, their ,preparation is easy, their reactions are 
, , 

1 
clean and require mild conditions, and they usua11y show high 

selectivities. 

It is impossible to do a comprehensi ve review of si 1y1 en01 
el 

ether chemistry in this thesis. The readers are referrèd to 

severa1 recent reviews. We just want to, through a .brief 

discussion, show the reactiviby and se1ectivity of si1y1 en01 

Il 
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ethers with electrophiles. 

(1) Alkylation • 
1 

1 

1 

/ ' 

carbonyl compounds occupy a central place in organic synthesis 
~ 

because they are intrinsically electrophi lie, a,nd sometimes 'they 

ean act as nuc1eophiles through their eno1ates [23]. But there are 

serious prob1ems about this potential nueleophi1ieity for , 
controlled alkylation. These problems include: (a) competing aldol 

reactions, a problem especially acute with aldehydes, ,(bf '0-. 
alkylation in place of C-alkylation, (e) poiy-alkylation, (d) a 

specifie enolate 'may not be- alkylated regiospecifically and (e) 

alkylation is .limited to primary or sec,ondary halides·[241. 2-

Methylcyclohexanon~, for exampl,~, gives aIl the possible -

methylation products under NaH conditions via'the sodium enola~e 

, (scheme 1.12). 

1 

~'Ô-_ti50 
48% 13% 1a<>1O' . 18% 

scheme 1.12 

/ 

, 

8% 

More recently, 'Stork discovered, that lithium enolates are much -, 

better behaved than sodium or potassium enol~tes. For example, the 

speeifically generated.enolate ~, a partieularly testing case, 

could be methylated to give mainly the more substituted product 59 

[25] (scheme 1.13). 

• 12 
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" 57 58 -

, 

Me • . , 

....:../ 
scheme 1.13 . 

.- i 

H 82% 

59 80 

. 
23% 

Thea-alkylation of ketonea or'aldehydes through their eno1ate ... 
anions ls 1imited to ·primary and secondary ha1ides. When the alky1 

group to be ïntroduced is "tertiary wi th a ~-hydrogen (e.g: t

but yI) , ~limination predominates over substitution. This problem 
, . 

was sol ved by the use of si1y1 eno1 ether. In 1977,' Chan' and his 

coworkers reported that t-buty1 group can be introduced to the a

position of ketones and aldehydes through ,their si1y1 eno1~ethers . 
in the presence of Lewis acid with moderate yie1ds [26]. Sorne 

• 
examp1es ar~ given in scheme 1.14. The application o~ this method 

was enriched independent1y by Reetz's work [27]. 

12 '-

t-BuCI 

TICI .. 

t-BuCI 

TiCI4" 

scheme 1.14 

13 

81 -

83 

.. 

j 
,--t: 

l, 
1 

1 
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The al kylation reactions of si 1 yI. enol ethers \l'Suall y. sppw 

complete regioselectivity. For the m~thyla~ion reaction, Fleming 
. ~ 

and Paterson repé)rted an indirect approach Which ipvol ved in ~e . 
~ 

use df silyl enol ethers as an alternative of the enolate 58 [22] • ., -
It ls 111ustrated in scheme 1.15. Thê· silylation of 67 gave a 9:1 

o 

",O! 

NEta '" • + 
TMSCI 

9 1 
", 

~ 17 
Q 

l 
Ill> 

p~SCI,tiC", 1 
1 

... 
NI SPh 

92% 

70 
~ 

59 9 0 1 

scheme 1.15 
, çfI 

mixture of 68 and 69, the next phenylthioà1ky1at,ion reactaion is ~ 

completely regioselective. The products 2.Q. and 71 could be 

desu1phurized with Raney nièkel to give 59 in very high yield. 

O,\r·ect al1Eylation of si-1yl enol ether i8 restricted t.o 
• • 

te~tiary alkyl halides or other SNI-type ~lkylating ~eagen~s~ Buch 

as benzylic, secondary, a11ylic, and me~hy1 halides (scheme 
fi 

1.16). Agairt, these reactions show complete regioselectivity 

[28] • 
0" 

.. 
14 

-, / 

If' 
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'" iJ·3 .. 

~~ . Ç/. ~r -" P~r,' h .. . 71% • 
Cl ·'TICI. 

cO 

ZnBr2 , 

• ,.. 

72 73 74, 75 
, '1 

"'-YE~I 
'~r 
r- ' 

~ . . 

, , 

.. 

- . 
'bsi~ZnB'i 

• 

78 

, 

Zn Br, 
r 

',,> ~ • 
77 

.., • 7. 9 5 7. --
scheme 1.16 

• 
, . 

(2) AlQol condensation 
't"J 

The aldol condensation between two~arbony1 compounds is 

pormally carried out u~der basic co~ditions. Under thes~ 

, -
condi tions, dimers,', polymers, and dehydration products are often 

f6rmed as by-products. More crit~ica};l is the problem of ensuring 

specifie direction in the condensation, i.e., that one particular • 

carbonyl cornponent rwi 11 act as the nuéleophi le and the other as 

the electrophile. The Lewis acid-catalysed condensation of a sily1 

en01 ether with a~ aldehyde or ketone, unlike the traditional 

aldol condensation, shows complete regio-and chemoselectivity, and 
/>. , • 

1 provides high yields of the aldol products [22,29]. Sorne examples 

are 9ivén in acherne 1.17 [30]. 

It is likely that this condensation occurs via a cyclic 

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

considerable diastereoselecti v i ty, (scherne 1.18). thus, the si lyl 
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PhCHO 

TlCI4 

72 
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~IMe3 
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.) 

R-CHO +. 

91 . 

{ 

51% c". 
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,;::t 
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10 • 74 -

~ TiCI4 
94% 

87 

", 

89 88 90 

e 

CH3 CHO, 
• 

TiCI4 

92 
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tetene aeet,al 91 reaets with aeetaldehyde -and titanium 

__ • 0 . ' 

tetrachloride via the presumably preferred transition state 92 to 

give a single diastereoisomer of the adduet 93 in 98% yield [32]. -------, , -
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(3'~Reactions wi th other electrophiles 

Table 2. Reac~ns with non-carbon electrophiles. 

"cS
Me3 

__ 
electrophlllc 

reagent 

• < .. 
Product 

PrOducts reagents· refeœnées 

(rH NOCa 33 

• 

&~ PhSCI 34 • -. 

ClAr ArSO.CI 35 

,,' 

6~ Brz or Clz 36 
, • 

(tH 1. MCPBA 

2. EtaNHF-
37, 38 

., 
, 17 

--- ~ ......... ~ ... ~ - ~ ~........ -- ~ . - ~---._-.._ ..... ~ ......... _---_. 

1 

i 
1 

1 
1 

l 



.... ~ -----_.~.- ---

Besides a1dehyde:s and ketones, si1yl en01" ethel;;S can react 

with many other carbonyl derivatives, such as acid chlorides, 

anhydrides, isocyanates, acetals and thioacetals. They can aiso 

react with sorne non-carbon élec;trophi1es. Examples are given in 
"'-

table 2. 

3. Chemistry of enamines 

had bee~ Most of the ground work for enamine chemistry 

reported by Mannich and Davidson in 1936 [39]. It recaptured 
, 

organic chemist's interest after a publication by Stork and his 

coworkers in 1954 [40] demonstrating the genera1 utility of 

enamines as an alternative of enolates. Thousands of papers have 
c. 

b~en.published on enamin1 chemistry over the next 15 years. 

The term of lIenamtnen was first introduced by Wittig and 

B1umentha1 [41] as the ·nitrogen analogue of "en01" • 
... 

1 
-C=C-N~ 

1 1 1 
-C=C-oH 

1 1 

(1) . Electrophi1ic substitution and addition reactions 

Undoubtedly the most important and also best investigated 

aspect of enaminè's chemistry is the electrophi1ic substitution 

-C=C-N-
1 1 1 

T 
-C=O-N-

1 1 1+ 
scheme 1.19 

18 
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ana addition reaction. ~ince the electron pair on the nitrogen 

atom can overlap with the 11" electro,ns of the double bond, 

enamines are capable of Jexisting in two mesomeric forms. The 

electrophilic attack may take place either at the nitrogen atom to 

form an enammonium cation or at the ~-carbon atom to form an 

iminium cation (scheme 1.19). This can be illustrated by the 

alkylation reactions of enamines with a1kyl halides. Because of 

self-condensation under reaction conditions, enamines derived fram 

acétaldehyd~ or monosubstituted acetaldehyde~ cannot usually be 

alkylated [42]. Enamines derived from aldehydes disubstituted on' 

the (j -carbon such as isobutyraldehydes , are alky1ated on 

nitrogen by alkyr halides. Whereas with a11y1 or benzyl halides 

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

. ) 

94 

, . rH3'YH3 
O=CH-Ç-CH-Ct-t:::CH2 

" CH3 

97 

scheme 1.20 

19 
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bas been rationalized by the initial N-alkylation of 94, to give 

~, followed by an intramolecular rearrangement which involves a 

six-membered cyclic transition state to the intermediate 96. 

Hydrolysis of ~ gave 97. This mechanism was supported by the 

alkylation of 98 with methyl tosylate, which on hydrolysis gave 

22.. rHa 
, 

O=CH-Ç-CH2- ~,H=CH2 

CHa 

98 99 

Wi th enamines 'of cycl lc ketones, direct C-alkylation occurs 

"Ii th allyl as weIl as alkyl hal ides. 2-Methyl cyclohexanone 100 

could be obtained in 80% yield from the pyrrol idine enamine of 

cyclohexanone 101 [40] • 

Q 
1. Mel 

a 6 2. hydrolYSIS 
• 

101 100 

BesidéS the alkylation reactions, enamines can a1so react with 

many other electrophiles such as acid chlorides, anhydrides, 

aldehydes, activated arylhalides, sulfonyl halides, sulfenyl 

ha1ides, cyanogen halides, aromatic diazonitim salts, ketenes and 

isocyanates. Some examples are given in table 3. 

20 
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'Table J. Reactions of Enamines with Electrophiles i 

(~i 
1 

! 

enamines electroph il es products references i 
1 

0 &HR 46 
R-CHO 1 

6 1 . 
1 
1 

0 1 
1 

o.z 1 

0 
1 

O2 

1 
42 

N02 l 
0 

, 

()~H.~ 
1 , 

47 

o. PhCH2SÜ:2CI 

if 
l 

Q ((0, 
U ~ 1 SCI ~ 5 r 1 48 

~ 

O. (yN 
0 

CICN 49 

i 
i 

,1 
C2Hs 

Q CH 
Il 
CH ~I ~H-N=C-Et 50 

( , ~ - , 
0 

. CHO 
N+CI- , 

1 III 1 

N 

1 21 

Î _J 
.- ~ ri_ ~~. ~ ~ .. ... ....... ~""' .. -_.---_ ...... _--- --



1 1 

continued table 

PhNCO 

PhCOCI 

lH3 
CH3-C-CO- NHPh 

tHO 

, ~t 

O-CH~.:.cOPh - 45, 

" l 

- l 

(2) Cycloaddition reactions of enamines 

One of the important areas of enamine chemistry is the 

cycloaddition react~on. Consider a normal condensation reac'tion 

between enamine and a electrophile which is formulated as ~YO~ 
d 

After the initial electrophilic attack at the ~-carbon of enamine, 

a new negative charge develops on the original electrophilic 

part, and the enamine now becomes a iminium i,çm which is a very 

reactive electrophile. By an intramolecular nU~leoPhiliC attack, 

ring systems of variable sizes can be generated: 

/"\ ~ ~ ~ 
O+X VO- X VS X V 

\' / • 1 / 1 1 
S==C_ __ C-C~ ...---C - c, 

/ '\/ / ~N- / f 
N /N\, 
1 / fI} n 

scheme 1.21 

These types of cycloadditions can involve a divalent addition 

22 
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to form a cyclopropane ring, a 1,2-addition with an alkene or \ 

alkyne to give a cyclobutane or cyclobutene, a 1,3-dipo1ar 

addition or a Diels-AIder reaction with enamine as dienophiie. 

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

whether the cycloaddition involves a concerted mechanism or a 

:< divalent 
• 

addition 

'-- " 

A i 1 Il 1,2- addition 
/~c/ B B 

/ll, + 
A- I 
1 /:(\ B 1,3 - dipolar 

~+ 1; addition ' 

A 
Il 
B 

~ 
1,4 - addition 

scheme 1.22 

stepwise ionic mechanism, the lat~er seems generally the favored 

pathway. 

(a). [2+1J cycloaddi tions 'J" 

The reaction of enamines from cyclohexanone with 
.. 

dich1orocarbene gave- the 1:1 adducts [51-53]. The morpholine 
( 

23 
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enamine 102 reacts with dichlorocarb~ne'atl"-10o tÇ>""-20oC in THF to 
, <il! 

give a stable crystalline addpct 103. The~a1 decornposition of 103 
o r,-.-.- . -

o 
'0 

. 

102 

• 

O· . " 

10~ ,. 

• 

.. 
'.' \ 

"-

) 

Hè. 
104 

.. o 
.6----\--1 

, Il 
105 ~ 

()I 
., ] t J 

a 
, ~ , 

" « 

'':/ 

Cf:, 
J' 1 

• 

., 

, 
" 

106 . \ 
~. 

( 

" \, 
. schème 1.23 ' 

\ 1 ( 

, .. 

\ 101 
\-

0 

'" -: . . 

followed by ,~a~l.te6US ,workup gave an 0 (X, ,B-unsaturated ketone 
J -, • '" • ~ 

identified as c:ompounà 104.'1, Reaction of cyc1opentanone enamine 
o • --" 

105, how~v,er, ,gav.e-. an unstab'le adduct, and the 3':"membered ring 
\ 

opened at lIa ll to gi 'Je the 'ring' expanded ketone 107 on hyd:r:olysis • 

(b). [2+2] Cycloaddi~ions , \ 

The reaction between enamines and ketenes has been acti vely 

investigated • 
" 

The first step;of the reaction between a ketene and an enamine 

is 
. ! 

apparently .a '.2C+2C cycloaddition to produce an 

aminocyclobutanone adduct. The thermal stabi1ity of this adduct 

depends on the nature of substi.tuents RI, R2, R~ and R4 •. 
" , 

.,' 

1.:Jf' 24 
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~.~ 
/ 

A 
scheme 1.24 

For the reaction of aldehydic enamines with no~-hydrogens and 

"disubstituted ketenes, (e.g., Rl,R2 ,R3 ,R4 are not H) the 

cye1obutanone adduct is thermally stable. For example the reaction 

of dimethy1 ketene with N,N-dimethylaminoisobutene 94 produced 108 

in 64% yield. compound 108 can he distilled without decomposition 

[54] • 

+ • 

94 108 

" The reaction between an aldehydic enamine wi th no ~ hy?rogens 

and ketene forms a cyclobutanone adduct which is not thermally 

+ 

109 110 111 

scheme 1.25 

25 
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stable (R3 and R4 ~ H, Rl aa2.H) [45,55/ 56]. Thermal .decomposition 

of the adduct gave excl.usively pr,odl1ct by. the cleavage at '"bIt , 
~ c, ~ 

(scheme 1.25). This is i11ustrated'by the reaction o! 109 with 

kétene ta gi ve 110 which' decomposed ta 111. 

The adducts of a1dehydic enamines with ~-hydrogens, such as 1-

(morpholino)-butene ~ and ketene are very unstable, cleavage at 

"a" and "b" are both possible and a mix1:ure of III and 114 were 

obtained [51] (scheme 1.26). 

CH:r=c=o 

+ • 

Q-cH=CHC,Hs 115 

" , 

scheme 1.2'6 

/ 

Enamines derived fram cyc1anones react with ketene to generate 

first cyclobutanone followed by cleavage at "a~1 ..2r "b" (scheme 

1.21). The point of cleavage of the cyclobutane ring depends on 

~ the ring size of the original cyclic ketone. For adducts from five 

and six-membered cyclic ketone enamines (n=3 and 4), decomposition 

takes place at "a". The adduct from the nine mernbered ring enamine 

(n=7) was produced in very poor yield and decomposi tion 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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pathway b and the yield increased [58-68] • 

C Hr: C:::::() 

/. 
+ 118 

NEta -. 
• 

" ( 117 ) ,. (Jn CH~. H2 

\ 

116 11. 
"1 

scheme 1.27 ( 

& The reaction of enamines with acid ch10rides was also weIl 

studied. When the acid ch10rides have no ~-hydrogen, such as 
,IJ 

benzoy1 ch1oride, an acylation reaction takes place. In the case 

of acid ch10rides possessing ~-hydrogens, ketenes can he produced 

in situ and the reactions often invoive the formation of 

cyc1obutanone derivatives. But direct acylation was aiso reported 

[69]. , 

Enamines can react with sorne electrophilic acetylenes and 

again the initial step was believed to be the 2C+2C cy~loaddition. 

Compound 94 reacted wi th rnethyl propiolate to gi ve the dienamino 

ester 120.- Dimethy1 acetylenedicarboxy1ate reacted simi larly to 

gi ve 121 [70] (scheme 1.28). 

27 
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a 

<-, 

e 

? I·Me / ~ 

y • -CH =CH-N 

120 \ 

0 

A- de 
~tÎc:l .. 

! • (Ii • 

/ f21 ) 
PM 

14 

123 

schem~ 1.28 

. 
• • 

A similar' sequence o~ reactions took place with the f;mamines. 

of cyc1ic ketones. ~ix-membered ring enamines produced stable 

cyclobutene adducts with dimethy1 acetylenedic"aiooxylate, which 

then oecomposed into ring en1argement products on heating [70,71]. 

This is i11ustrated by the reaction of 102 with,dimethyl 
,... 

acetylenedicarboxylate to forrn ll! which was then converted t~~ 

on heating (scherne 1.29). 

o 
Ô 

102 

+ heat 

124 125 

scheme 1.29 

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

(obtained fram fluorobenzene and .buty1 lithium) [72). One examp1e 
~ 

28 
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, . .. 
is giva below • . 

1 • . • ' ; 

Q Q • 0 

101 12' 

,6 - -
:·0 + • 

The reaet'ions of eleetrophi~l ie al kenes (alkenes attached to 

electron wi thdrawinq groups) wi th enamines somatimes al so end ~p 

a. 2C+2C cyeloadditions. The first step ls the fo~ation of a 

__ zwitterion'intermediate 127 th en fo110wed either by one of two 
, -

w. 

possible ~loadditions to give ill (2C+2C cycl.oaddlti'Oirl' or ill 

(2C+~ cyc1oaddition), or by proton addition to give simple 

alkylated product 128 (scheme 1.30). 

/~':/-
~-

• ~ l, 

" 

130 - ~ 

li 
129 

schema 1.30 

Thi~ is i11ustra~ed by the reaction of enamine 94 
-1 

128 

methy1 vi,nyl ketone. The initiaI ptoduct was dihydropyran 131 ô 

[73]. Treatment of 131 \Iii th pheny Il i thium gave cyc 1 obutane 

133, obv iously via intermediate 132 (scheme 1.31). , 
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•• 131 -
'\ 

" 133 132 -
scheme 1.31 

(c). 1,3-Dipolar cyc1oaddition 

1,3-Cycloaddition aeross the double bond of "an enamine to form 

an uncharged fi ve-membered ring invol ves a dipo,lar reaetant 

described by zwH::terionic octet structures. The types of dip?lar 

-reaj:.tants which have been repo .. ted to undergo this '1,3-

cycloaddi,tion wi th enamines are tisted below. 

nitrones ~- )c=f-O-...... 
. ,j 

.. 
+ + 

nitrilimines -C=N N- ...... -CaN-N-

+ + -
ni1::r ile, oX,ides -C==I.' 0 ...-. -C-N-O 

+ + 
N oU. 'N- ......... N!!!N-N-

The cyc1oaddition of nitrone ~ ta enamine !1! results' in an 

i soxazo 1 iéH ne .!1! [ 7'4] ." 

.' ' 

., ' 
30 
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o~ + Hsc.--cH=N-<:sHs -
.... 5 eHs 

135 
134 -- 138 

Nitri1imines 'undergo 1,3-cycloaddition with enamines to form 

pyrazo1es 137 [75], and the products of the reaction between - . 
nitrile oxides and enamines are isoxazoles 138 [75]. 

o 
H ' 

138 

• 
+ 

CtHsC=N-Q-

Q~ 6 C/isC=N-N 

<J 
101 

scheme 1.32 

137 

l ' 

'Azides can a1so react with enamines in a 1,3-cycloadd'ition to 
j 

form triazolines [75,76,77]. For example, the r~action between 

pheny1azide and the piperidine enam,ine of propionaldehyde 139 gave 

140 in 53% yield. 

140 

139 

(d). 2C+4C reaction of enamines 

The first reported cyclization involving an enamine was the 

1,4-cycloaddition of methy1 viny1 ketone with enamine 101 to give, 

31 
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after hydro1ysis, 41,9_octol-2-one 144 [78]. Iù can he described 

by the fol1owing mechanism: 

0 (J 

6 CHr=C~H3 &H~J~H3_ ... 

101 141 

" . 

CJ 0 &H2CHl H; ~2CX) -
'co 

l1t.. 

142 143 144 

If 
..; <t 

f. 

scheme 1.33 
.... 

'0 

Ofe1s-A1der reaction of enamine has a1so been reported. This 

is i11ustrated by the reaction between 101 and methyl trans-2,4-

pentadienoate 145. Here the enamiAe acted as the dienophile to 

give the adduct 146\ [79]. -

o 
6 

101 145 146 

1 f 
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(e). [3+3] Cycloaddition 

So far, in all the cycloaddition reactions we have discussed, 

enamines act as two carbon component. Aetually enamines ean 
\ 

a1so aet as three carbon components in their cycloaddition, 

reactions. The reaetion of enamine 102 with aeryloyl ch10ride 

fol1owed the pathway shawn in scheme 1.34 to give 150 [80}. 

+ 

102 

hydrolysis 

150 149 

scheme 1.34 

I-H1" 

148 

-CH=CH2 

147 

<H::CH2 

Heterocyclic enamines often undergo a similar two-step 3C+3C 

cycloaddi tians wi th methyl v inyl ketone. I;'or e'xample, enamine 151 

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

+ -
fi 

151 
152 

33 

" ' , . 



l 

The requirement for this type of cycloaddition reaction is 
• 

that thea-position of enamine must be carbon substituted and, 

this carbon must carry at least one hydrogen atome This provides 

the possioility 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 goOO yield [82] (table 4). 

TFA .. 

15~ 154 

O '3 :.zR 

H 

Table 4. Se1f-condensation-reactions of compounds 153 

Compd. 

154a 

154b 

154c 

154d 

154e 

154f 

1549 

154h 

154i 

154k 

o 
o 
() 
o 
c) 
(") 

H 

H 

34 

CH3 

C2H5 

CH3 

C2H5 

CH3 

C2H5 

CH) 

CH3 

CH3 

CH3 

yield % 

70 

90 

52 

35 

50 

25 

63 

8 

40 

42 

... 

( 

0, 
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The direct applicati9n of this se~f-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 cao also undergo cyc10aromatization 

reactions. 

4. The proposed research 

In compound 17, two nucleophilic sites are present, each is 

associated with a silyl en01 ether. The aromatic compounds which 

are derived from the cycloaromatization of 17 must by necessity he 

limited to phenolic aerivatives. It would be desirab1e to he able 

to genera1 ize the reaction to the synthesis of other 

functiona1ized aromatic compounds. This thesis deals with the 

possibility of a cycloaromatization reaction leading to/highly 

substituted anilino compounds. Our strategy is to modify !2 by ~ 
replacing one of the si1yl en01 ether groups with an enamine 

group, e.g., in the form of compound 155. In 155 aIl of the 

1 2 
R')Y'R ?Me 
~Sj:::: ..... 

17 155 .. 
features which are required by the cyc1oaromatization reactions 

are met. Like 17, 155 is a1so a 1,3-dinucleophile and it is 

likely that C-4 will be more reactive than C-2 

towards e1ectrophiles, thus the regiochemistr~ of the condensation 
\. 

could be contro11ed. The reactions between 155 and ~-dicarbonyl 
1 

or other 1,3-dielectrophi les, if they take place, should lead to 

anilino compounds. 
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Sorne natural products have a substituted aniline carbon 

A 

mttomycin 

skeleton. One exarnple is mitdmycin [83] which possesses antibiotic 

as weIl 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 (84). It May make 

the synthesis of these natural products much easier if a general 

appoach of assembling highly substituted anilina~compounds can be 

achieved. 

( 
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" CHAPTER II. THE~-REACTION OF 4-TRIMETHYLSILYL-3-

DIALKYLAMINOCROTONATE ESTERS WITH CARBONYL ELECTROPHILES 

. Hethyl 3-dialkylaminocrotonate 153 was prepared by the usual ~ 

water-separator method with p-to1uenesulfonic acid as the -

C'atalyst. Compound 153 was si l./lated by trimethylchlorosi lane and 

LDA in THF. The result was not the expected compound 155 but the 

C-silyl product: methyl 4-trimethylsilyl-3-dialkylaminocrotonate 

156. ~ /~ ~ ~ TI LDA/TMEDA/THF ;X1 

, 10
2M

e --,T-M-S-C-'--_
O 

;;, 1o.Me 
153 156 

( 

R' R2 

n:iE) 
a R1R2 = -(CH2) 4- 155 

b R1R2 = - (CH2CH2-o-CH2CH2)--

The structure of 156 was deduced by spectroscopie analysis. In 

the infrared spectra of 156, there was still the strong carbonyl 

absorption at 1670 cm- 1 assigned to the ester group. The lH NHR 

spectra shc_ed O?ly one vinyl proton and the l3C NMR showed three 

unsaturated carbons. Both 156a and 156b exist as one geometrical 

isomer. Sanchez and his coworkers studied a number of 3-

dialkylaminocrotonate esters and concluded that aIl of them have E 

geometry [85]. By noting the similarity of lH and l3c NMR between 
) 

153 an~ 156 (see table l and table 2), 156 was assigned to have E 
, 

geometty as weIl. 
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("Table 1. 

Compd. 

153a 

156a 

153b 
,/ 

156b 

Table 2. 

Comp(! • 

153a 

156a ----------. 

153b 

156b 

"-

Part of I H NMR data of 153 and 156 (ppm) 

viny1 methoxy 

4.40 3.53 
-

4.47 3.60 

4.80 3.62 

4.73 3.60 

13C NMR data of 153 and 156 (ppm) 1 
1 

\ 

169.2, 159.2, 82.,5, 49.4, 47.5, 
. ! 

24.8, 16.2 

169.3, 163.0, 81.0, 49.5, 413.0, 25.0, 21.6, -1.7 

169.1 161.1 87.6 66.1, 49.1, 46.1, 15.0 

86.2 66.5, 
'\ 

50.2, 47.1, 19.5, -0.9 169.5 165.7 

,The yie1ds of the si 1y1atLon reactions are greater than 90% 

and the products are> 90% pure by I H NMR spectra before 

distillation, however, 156 

disti1led under vacuum. 

is thermal1 y i s table enough to be 
1 

/ 
8 

In the reaction of 156 with electrophi1es, one would expect 

that the reaction probably occurs at the a-position because of the 

presence of the si1yl group in 156 as weIl as the expected 

reactivity of the enamine. The reactions of al1y1si1anes with 

electroph iles have been weil studied and usual1y show high 

regioselectivlty according to Eqn. 1 [86]. 

Egn. 1 
• 
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Th~refore it was very surprising to us when we found that 156 

reacted with a number of carbon electrophi1~1'1 at the -y-position 

instead of the a-position [87] (Ego. 2). 

E+ .. Eqn. 2 

When compound 156 reacted with benza1dehyde in the presence of 

one mole of titanium tetrach10ride in CH2C12' 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 fo11owed 

by the elimination of a rnolecule of water. 

Ph -p 

~Me 

156 158 151 

The 1H NMR of 157a shows a doublet at, about 6.7 ppm which was 

assigned ta be Ha and because of the large values of coupling 

constant (17 Hz for 157a and 16 Hz for 157b), compound 157 has 

been assigned ta have 2E,4E geometry. 

Condensation of 156 with cinnama1dehyde under the sarne 

condition gave the polyunsaturated ester 159 in good yie1d. In the 

1H NMR spectrum of 159a, there are five vinyl protons. One 

is a singlet at 4.57 ppm and obvious1y is Ha. Two are doublets, 

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

,.. 

·39 
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\ 
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158 + ~HO Ph 

159 

at 6.86 ppm (J~16 Hz), which is assigned to be He. The other two 
, 

vinyll signaIs (oC and url) are both doublet of doublet (J=16 Hz and 

6 Hz). From the coupling constants w~assigned compound 159 to 

have a 2E,4E,6E configuration. 

With butyraldehyde, condensation with 156 is fo110wed by an 
, 

intramo1ecular cyc1ization to give the ô-Iactone 160. 

R~Jl2 ~HO 
:;; bo.Me TiCl4 • . 

156 161 160 

~here are, however, differences in the reactivity between 156a 

and 156b. It seems that the morpholino - , 
compound l56b i8 more 

reacti '.le than the pyrro 1 id i no compound 156a. Thus wi th the less 

reacti'.le ketone e1ectrophi1es, only 156b gave the corresponding 

products 162 and 163 •. Compound 162 i s the hydro 1 i zed product of 

its enamine precursor which occurs during the aqueous workup. 

When 156a was reacted wi th acetone under" the same conditions, 

only compound 153a was shown in the product, apparently fram the 

hydrolysis of the unreacbed 156a. When cyc1ohexanone was used, the 
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156b -

• 

. ... 

",. 

OaMe 

163 

resu1t was the same as the reaction of 156a with acetone. Even 

when dich1oroethane was used as the solvent, instead of 

methy1ene chloride, and the reaction mixture was refluxed 

overnight, no reaction between 156a and Gyclohexanone was 

observed. 

With more reactive e1ectrophi1es, such as benzoyl chloride, 

on1y 156a gave 'Y-reaction product 164, whi1e 156b gave an N-

substitution product, benzamide 165. 

0 
:;:S~02Me 0 

Il 
+ PhCCI • 

Ph 

156 164 

(0) 
:;~2Me + PhSCI • ph-~-Nib 

"---! 

156 41 
j 

165 

1 
i 

J 

~-

-/ 
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Table 3. the -Y-Reactions of Compound 156 wi th Carbonyl ElectrophilE' 

Compd . Electrophile 

... 
1568 PhCHO 

156b PhCHO 

, ' 

1588 p~HO 

159b 

158b 83 
P~HO 

180a 

1588 ~HO 53 

160b 

156b 49 

156b 
Me 

44 

,,( 

42 
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contin,!ed table 
, . -

à 
163' 0 - C)H . , <J 56 

156b 

C~ --
2Me 

" 

" 
. 

\li' , 
164 

A 
, 

'563 "" PhCOCI 
44 

-, . 
, 

--
1·65 . '; , 

o -> --
Ph-~-O 

:. 

,:l56b 
PhCOCI 61 

1 

J 

\ 1 i 
It rernai~s to ex~lain the regiochemistry observed in the 

reaction of 156 wi th electrophi les in Equauion 2. One possibi l i ty 
" 

is t~at there is"·a dy~amic equi1ibrium between rd6' and 155 and it 

is 155 which selective1y reacts with electrophi1es to give the~-

products. " 

R1 R2 
'N/ 

Me 

155 

In fact, I,S-migration of si lyl groupsis weIl known. Diketone 

silyl enol ethers can exhibit silyl transmission [88]. 

R. 

" 
43 

-
. 

, ) 

\-

<) 
ô 

'"' , 1 

1 

! 
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Trimethylsi1yl (j-keto-esters can und,ergo thermal silat~opic: 
\ 

rearrangement [89] te produce sily~ enol ethers regiospecifica11y • 

heat 

-
The 1,5-ntigration of si1y1 group from oxygen to carbon bas 

a'l so been reported [121. It was found that at room temperature 

compound 11 gradually rearranges to its C-si1yl isomer. 

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

this rearrangemenjt', process gèometrically possible. 

. S· /,. CJ 

" . .riE ; 

Me ~ ')O.Me 
17 166 

In support of this explanation, whe~ a 'mixture of 156a and 

diaiethyl acetylenedica::b9xylate was heated in benzene for three. 
o -, l 

days, the diene',155 was indeed trapped as the D,iels-Alder adduct 1 

o 
• 167 

57% MeO:z H 

156a 

'1 
167 which was is,61ated in 57% yield ,as a crystal1ine co~ioulid. 

b ) 

The lH NMR spectrum of 16'1 shows two·.ar'0I!'atdc protons (S.93,lH; 

44, 
1 
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6.93,1H, AB quartet, J=3Hz), two methoxy groups (J.80,s,3Hi 

3.83,s,3H), a hydroxy group (11.03,9,1H, 020 exchangeable, i,ta 

down field chemical shift strongly indicates intramolecular 

hydrogen bonding), and aiso the corresponding pyrrolidino group 

(1.83-2.07,m,4If, 3.l7-3.38,m,4H). The structure of 167 was a1so 

supported by IR and MS spectra. 

It still remains to explain the difference in reactivity of 

156a and 15ib. In 1965, Gurowitz and Joseph [90) found that the 
., 

pyrro 1 idine enamine of 2-methylcyc1ohexanone 168 consisted 

predominantly of the ttisubstituted isomer 168a, but the 
, 
morpholine enamine of 2-methylcyc1ohexanone 169 was shown to be an 

-almost 1:1 mixture of the trisubsti tuted isomer I69a and the 

tetrasubsti tuted isomer 169b by 1H NMR spectroscopy. 
1 

0 0 
'èr (y 
168a 90% 168b 10% 

. . O· O· 
..; 
(r~" (y 

j' • 

J ~ " 169a 5~;6 169b 48% , 
/, 

The authors proposed that the electron pair on ni trogen atom 

of pyrrolidine enamine is much more invo1ved in the overlap with 
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the '1" electrons of the double bond than that of morphol ine enamine • 
1 

Support for' thi s argument was prov ided by the IH NHR spectra of 

these enamines. The chemical shift of the vinyl ie proton of the 

pyrrolidine enamine was at a higher field than that of the 

corresponding morphol ine enamine by about 25 Hz. A similar 

difference between ~ and'156b was also observed by us (see . 
table '4). 

Table 4 •. The chemical shifts of vinylic protons of enamines(60 MHz) 

1 • 

Compd. Hz 
QJ 

Compd. Hz 
n . ~ 

8 
r 

250 ~ 284 
, 

-

8 273 21. , 
IJ- ~ . 

Me 

~ 251 . \ 268 :Aa . 
i :aMe 

~ 278 ?go.Me 284 

~ 

It ia obvibus that the more overlap between the electron pair 

on the ni trogen atom and the double bond, the more severe ia the 

steric interaction between the methyl group and the methylene 
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group adj aeent to the ni trogen atom in the tetrasubsti tuted 

isomers. That 15 why 169b 15 more favored th an 168b. 

188b 

The different reaetlvity between 156a and 156b May also he due 

to a similar sterie effeet. It 15 weIl known that ketones are 1ess 

reaetlve than a1dehydes ~art1y because the carbony1 group in 

ketone is more hindered than an a1dehyde. In the two transition 

states 1 and II (scheme 2.1), the steric Interference between the 

methy1ene group adjacent to nitrogen atom and the incoming 

e1ectroph1ic group is greater in 1 than in II. This May be the 

reason why 156b reacted wi th ketones but 156a cou1d not under the 

same conditions. 

·0 ~ N 

Me 

a b 

scheme 2.1 

47 
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~ecause th~ electron pair on the ni trogen atom of morpho! ine 
• 

enamine has less over lap wi th the doub le bond t'han 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 wi th benzoyl chior ide at the 'Y

position, but 156b reacts at the nitrogen position. 

1 

0' 

48 
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CHAPTER III. CYCLOAROMATIZATION REACTIONS OF ENAMINES 

1. Preparation of enamines 

The formation of enamines genera11y invo1ves the condensation 

of aldehydes and ketones with secondary amines. With primary 
'; 

amines the reaction normally gives imines. 

Mannich and Davidson [39] discovered that the reaction of -------
secondary amines with aldehydes in the presence of potassium 

carbonate and at a temperatore near 0 Oc ga ve enamines. The 

reactions often invol ve the formation of an intermediate called 

aminal 170 which then decomposes to the enamine during 

distillation. 

R-6H-CHO + 2HNRIR" • 

heat 
+ HNR1R" 

The intermediacy of an amina1 in the formation of enamines 

0 
+ + 

'HNR1R? -
()R1R2 

.. ü
R1R2 

+ - -

+H~II-Hz9 

/ c5
R2 

-H+ c5
R2 

+H+ 

scheme 3.1 

( 
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from ketones and secondary amines ls not usua11y proposed. A 

genera1 mechanism for the acid-catalyzed reaction has been offered 

[92] (scheme 3.1). 

Usua11y 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 condensa te through a 

drying agent such as moiecular sieves. 

Enamines can aiso be formed without an acid catalyst, but the 

rate of reaction is relatively slow. For sorne sterically hindered 

ketones, the enarnine formation is very slow even when an acid 

catalyst is used. For example, Stork prepared the morpho1ine 

enamine of 4-heptanone using the water separator rnethod; the 

~eaction took 250 hrs and gave a 65% yield [93]. A versatile 

synthetic methodology was developed by Whi te and Weingarter [94] 

using titanium tetrachloride. They found that a stoichiometric 

mixture of titanium tetrachloride, secondary amine and ketone 

produced the enarnine directly and rapidly. The yields ranged from 

+ 

6HNR" 2 

+ 

+ 

N~ 
1 

TICI .. ---- 2RCH=CRI 

55% for the mixture of enamines formed from morpho1 ine and 

methyl isopropyl ketone to 94% for the enarnine formed from 

dimethylarnine and methyl t-butyl ketone. The hindered ketone 2,5-

dimethylcyc1opentanone could be converted to an enamine, but the 

more hindered ketone, 2,6-di-t-butylcyclohexanone, was inerte The 

authors attributed the effectiveness of titanium tetrachlDride in 
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this reaction to its ability to scavenge water and polarize the 

carbonyl bond. 

In our case, Mannich's procedure was employed to prepare the 

morphol ine enamine of butyraldehYde. The enamines derived from 

acetoacetate, cyclopentanone'and cyclohexanone were synthesized by 

the water separator procedure, with p-toluenesulfonic acid as tne 

catalyst. AlI the acyc1ic ketone enamines as weIl as the enamines 

derived from cycloalkanones 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 122 and condense it 

wi th /J-dielectrophiles to synthesi ze ani l ine deri vati ves. Al though 
-, 

155 has not ~een obtained direct1y from the silylation of methy1 

3-dialkylaminocrotonate, 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 wi th se.veral {.}-
-- ) IJ 

dielectrophiles. The first /J-dielectrophile used by us was 4-

trimethylsiloxy-3-penten-2-one 19. The reaction was carried out - . 
under similar condjtions to the cyclQaromatization reactions of 17 

[10] with titanium tetrachloride as catalyst and CH2C12 as 

solvent. The reaction mixture was stirred for 3 hrs at -7SoC then 

, ov ern ight at room tempera tu re. l t \"as poured i nto a so l ut i on of 

sodium bicarbonate with vigorous stirring, and extracted with 

ether. The extract was then concentrated to give a yellow oil 

wh i ch was then pur if i ed by flash chromatography. Indeed an 

51 

1 



aromatic compound 172 was iso1ated. 

173 

The 1H 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,s,lH, 020 exchangeb1e), and a morpho1ino 

group. It is definitely not the desired product 173, because in 

the expected IH NMR of 173, there should he two methyl groups and 

no hydroxy group. Besides, the molecular weight of 173 should be 

249 and the molecu1ar weight found for the product 172 i5 251 

according to mass spectrometry. 

Obvious1y 172 was derived from the self-condensation reaction 

of ~. When l56b alone was treated under the same conditions, 

172 was obtaine.P in 49% yield. 

As we have mentioned previously, compound 153 can undergo 

self-condensation reaction to give the aniline 154 under acidic 

conditions [82]. But 172 was not the same as 154 because the 1H 
, 

NMR spectrum of 172 was qui te di fferent from that of .!2.!s. 

repC!t ted by Bohme. 

Hydro 1 ysi sand decarboxyla tion of 172 ga ve 174 (scheme 3.2). 

We repeated Bornne's reaction and obtained 154g. It was found that 

the decarboxy1ation product of 154g was also 174. From these 

experiments compound 172 was deduced to have two possible 
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st1:uctu1:es, i.e. 1 and II. Since the chemical shift of the hyd1:oxy 

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

the int1:amolecular bonding, the hydroxy group must be ortho to the 

ester group. Therefore, we finally assigned 172 to hav"e the 

structure II. 

H 

l n 
scheme 3.2 

53 
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The structure of, 156 is a1most the sarne as 153 except for the 

terminal trimethylsily1 group. Therefore it was not surprising ta 

us that 156 can undergo a sel f-condensation reaction to gi ve the 

aromatic product. But the interesting point is that 156 gave' a 

different product. This means that the sel f-condensation of 156 

must fo1low a different pathway. 

Bome et al reported in their paper [821 that when they first 

obtained the self-condensation products, they assigned them as !1! 

because they thought that the iroini um group should be more 

reactive th an the ester group in terms of e1ectrophilic reactivity 

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

153 1 
1 
1 

1 1 

• • ~-CH:ïJi-CH3 
R1~R2 

181 -
'" scheme 3.3 

R,,~R2 

• 

H 

175 

chemical shift of the hydroxy proton. More than tencompounds were 

synthesized by different combination of R1,R2 and R3 groups, and 

the chemical shifts of hydroxy groups for aIL the products were 

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 ill (scheme 3.4). 

This estab1 ished that the ester group must be ortho to the amino 
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H3 
--:-

lEt 
H 

178 
~N'O th 

178 177 

0 
IMe O.H 

H 

1549 179 
180 

scheme 3.4 

group. Compound 179, which was obtained from the hydro1ysis of 

1549, was reacted wi th trich1oroaceta1dehyde to gi ve 180. This 

confirmed that the hydroxy group must be ortho to the ester group 

in 1549. By noting the similarity in 1H NMR spectra of aIl their 

se1f~condensation products, Bohme assigned their structures to be 

154. 

with the structure firmly established, they proposed two 

possible pathways which will lead to the observed reg iochemistry 

(scherne 305). In the first pathway, 153 was postulated to be in 

equi1ibrium with 181 under the acid cata1ysed conditions. This was 

fo11owed by an unspecified 3C+3C cyclization to give the observed 

product. In the second pathway, 153 was assumed to hav~ undergone 

e1irnination to give the iminium ketene 182. Again, an unspecified 
I~ 
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J 
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3C+3C cyclization, according to scheme 3.5 gave the observed . 
t- product. In t>heir paper they d~d not point out which pathway was 

~ 

more favored. lt seems to us that they pqstulated these two 

. pathways on1y to account for the regioch'emistry of the reactions. 
-~ 

They did not present evidence to ru1e out the possibi1ity 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 self-condensation reaction 

both of 156 and 153, 156b was a110wed to react with 1 equiva1ent 

of 153b in the presence of ti tanium tetrach10ride. -The rnix,tu,re was 

st1rred for 3 hrs at -780C then overnight at room temperat~r~, 

fol1owed by the usual workup. The same compound ~, which was 

obtained from the self-condsnsation of 156b,' was isolated in 71% 

yield. A similar reaction between ~ and 153a gave 184 in 78% 

yield [95]. 

+ 

" 

+ 

1568 1538' 

scheme 3.7 
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.certain1y, 172 or 184 are not derived s01e1y from the se1f-, / 

condensation of 156b dr 156a respective1y. If that were the case, 

the yield could not be higher than 50%. One possibi 1 i ty is that, 

under these condi tions, both 156 and 153 can undergo sel f-

() 
~Me 

153b 

75% 

185 

condensation and give the~same product. AlternatlvelYI 172 or 184 

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

test this, 153b alone was treated under identical conditions and 

we found that the resul t was not 172 but the pyrone 185. The yield

of 185 was 75%. The structure of 185 was deduced by spectroscopie 

analysis. The lH NMR spectrum of 185 shows two methyl single.ts at , 

about 2 ppm and one methoxy at 3.90 ppm. There is also a viny! 
, 

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 cl ear, therefore, t'ha t 172 and 184 are i ndeed formed 

from cross-condensation. To facilitate subsequent discussion, we 

then proposed a working hypothesis to' account for the 

cycloaromati zation reactions observed in our case as weIL as in 

Bohme's case (scheme 3.8). 

The first step (equation 1) is the condensation of the enamine 

wlth the carboxyl group of another cornponent to give the 

in termed i a te 186. In the absence of further. reaction, 186 
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(1) , -
o t 

186 

When Y=H (~hme~8 CBse) 
, . 

" 
~ - -' '(2) 

R1~ 

Q ... 
: 

187 154 -
~hen, Y=Me3Si -( ~r case) 

J 

r~J 

• , , 

~1 
(3) - -

.J H 

188 
, ' 

scheme 3.8 

hydrolyses on aqueous work-up to give the pyroné ~. " .' ~l 
, , 

• 

,185 

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 

intramolecular condensation in a 3C+3C combination. 

Wnen Y=Me3Si (equation 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 15Gb with 153b was repeated. This time we took 
..\; 

half of the reaction mixture out of the reaction f1ask after 3 hrs 

at -78 oC. After the usual work-pp procedure, we obtained a 1:1 

mixture of 185 and 172. The other half of the reaction miKture was 

.allowed to be stirred overnight at room temperature and then worked 
'~ 

up. The<!;>roduct was fouf1d to be completely 172,with very little 

~. 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. , 

~ccording to the mechan~sm postulated in scheme 3.8, in the 

cross condensation between 156 and 153, 156 acts as a four ca~on 
, -

compone nt and 153 acts as a two carboD component. In ether werds, ,,-- , 

in the first step, the a-posi tion of 153 se1ecti ve1y attacks the 

/ carbox~l group of 1~6, and in the next-:ep the 'Y-posi tion of 156 

attacks the iminium carbon ~f 153. To verify this, we al10wed 

methyl 4-trimethylsi1yl-3-pyrrolidino-crotonate 156a to condense 

with ~thy1 3-morpholino-crotonate 189 unàer TiC1 4. If our 

'po~tulation is correct, the final product will contain pyrrolidino . 
and ethyl groups. It was found to be the case. The product of the 

reaction WqS 190. Besides two aromatic protons (5.90,s,2H), a 

methyl singlet (2.50,s,3H) and the OH group (l1.90,s,lH), the I H 
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1568 ID 190 

NMR of 190 shows a triplet a4: 1.36 ppm (3H, J=7Hz) and a quartet 

\ at 4.33 ppm (2H, J=7Hz), which are related ta the ethyl ester 

• 1 

~ 1 
group; two sets of mul tiple peaks (1.83-2.13, 4H, and 3.13-3.43, 

4H) indicate the pyrrolidino group. The structure of 190 was also 

supported by the IR and MS spectra. 

One might argue that another possible pathway for the cross 

condensati~n i8 the Diels-Alder reaction. For example, Oiels-Alder 

reaction between 156a, (by way of IS5a) and 153a can Iead ta 184 

if the reaction proceed~~~h the regiochemistry indicated. To 

check this possibility, a 1:1 mixture of 156a and 153a was 

0 ~ 0 
r of. 

~Me 

'8· 7 1 

1558 1538 191 

i) 
-MaOH », 

• 184 
-R1R2 NH H 

scheme 3.9 
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refi uXled in benzene for 3 days. No change was de.tected by IH NMR 

spectroscopy showi n9 that i t was st i Il al: 1 mi xture of 156a and 

IS3a. Therefore, the possibi1ity of a Die1s-Alder reaction is 

ruled out at Ieast under thermal conditions. 

At this stage, the following conclusion appears to be 

resonab1e: 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 componerit. 

One would expect,' therefore, not on1y compound 153 but other 
\ 

enamines as weIl have the potential to undergo the same kind of 

cycloaromatization reaction with 156. We proceeded ta examine this , 

possibÙity. 

156a 102 

TFA 

63% 
• 

H 

192 

A 1:1 mixture of 156a and the rnorpho1ine enamine of 

cyclohexanone plus two equivalents of trifluoroacetic acid was 

refluxed for two days in CH2C12' The reaction mixture, on workup, 

gave compound 192 in 63% yield. The IH NMR spectrum of 192 shows 

two \romatic protons (5.8ppm,d,J=2Hz,lHi 5.9ppm,d,J=2Hz,lH), a 

broad peak at ·4.4ppm (-OH), amuI tiplf:!t between 2.9-3.2 pprn 

----_ ............ ~-- .-- "'~ --.... ~ ...... 
" 

... 



(4H,pyrrolidino), another multiplet between 2.34-2.8 ppm (4H,2 

methylenes connected tàfthe aro~atic ring), and a broad peak 

between 1.6-1.85 ppm (8H). The structure of 192 is supported by IR 

and MS as weIl (3400cm-l in IR and strong M+ peak in MS). 

Enamines derived from cyclopentanone, cycloheptanone, and 

cyclooctanone were also al10wed to react with 156a under the sarne 

conditions except that the reaction mixtures were refluxed in 

dichloroethane instead of in dich10romethane. The yie1ds of the 

corresponding cyclization products viere found to be between 59%-

64% (see table 1). 

On the other hand, when the amino group in the sily1crotonate 
, 

component is motpho1ine 156b, the reaction with 102 under 

identical conditions gave instead the ~-reaction product 199. The 

structure of 199 was assigned on the bas is of spectroscopie 

analysis. The 1H 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 ta 2.40 ppm, and 

al,so the' correspond ing morphol ino· group. The structure of 199 is 

supported by IR and MS as weIl. Since we have prev iousely shown 

that 15~b undergoes ~-reaction more readi1y than 156a, and 102 can . ---- ---
be easily protonated to give the corresponding immonium cation in 

o 
~ ....... 

"/ 1 aMe 

156b 

\ 

+ TFA 

.Me 

102 199 

63 

"~ 

!, 
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the presence of TFA, the observed 1-reaction between 156b and 102 "-
is understandab1e. 

There remains the 3C+3C self-condensation observed', in Bohme's 

case. If the postu1ated mechanism in scheme '3.8 is correct, one 

would expect the same pathway to proceed between ~ and an 

enamine of acyclic ketones. 

The .reactions between l56a and enamines derived from acyc1ic 

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 lH NMR 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 p'pm which amounted to 9 

protons by integration corresponding to the three methyl groups. 

The'presence of the morpholino group was aiso confirmed. There is 

a strong and broad absorption at 3300cm-1 in the IR for the -OH 

function and a strong [M+1 ion by MS. The yield of 200 was low. 

The main reason for the low yield is the self-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 

tetrach10ride as the catalyst insteadnof TFA; with two equivalents 

of 201, the yield of 200 was 38%. It seems that titanium 

tetrachloride does not show too mu ch difference from TFA in terms 

of i ts efficacy. 
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reaction lsolated 
compound 156 enamine conditions product yield% -.. 

0 
'a or ie l .. ,A:!H 2Cl2 78 

TiC14/CH2C12 
71 

b 4 CaMe ~ 1 H 

OlaMe 

0 Q 
a TFA/CH2C12 63 

6 H 

0 Q 
TF A/CIC~CH2CI 6hH 

"64 a 

6 
r 

0 Q 59 
a 

6 TFA/CICH2CH2Cl ~ 
~ H 

0 Q 
(, 

TFA/ClCHzCHzCl a 

0 
87 

H 

'il 
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Severa! simi1ar reactions were carried out by reacting 156a 

wi th 202, 203, and 204 respecti vely in the presence of TFA. In aIl 

cases, the 3C+3C cyclization product's were observed. The yields 

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

, 
" 

0 
,;;. 

::~o.Me 
TFA 

+ 
41% 

H 
201 

1560 200 

, , 203 202 204 

Sa far, on1y the enamines derived from symmetrical acyclic 

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

1 
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 he difficult to 

\ separa te. 
\ 

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 o presented in the 
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fo11owing scheme. 

....... 5· 7 1 

156 

208 

208 

+ 

• 

R~ -

208 

209 

R 
G s·_-

" R H 

R 

210 

scheme 3.10 

The first step is the condensation of the enamine with the 

carbony1 group of the ester in 156 to gi ve the intermediate 208. 

Isomerization of 208 to 209 followed by an intramolecular Michael 
.. 

condensation 1ead to aromatization in a 3C+3C combinat ion. The 
<,." 
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si1y1 group is then protodesi1y1ated 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-cyc1ophanes. Thus the 

isomerization of 208 to 210 by ~ 1,5 si 1y1 shift occurs. This is 

followed by an intramolecular Mannich reaction in a 4C+2C 

combination giving the aromatic product. 

According to this mechanism, one wou1d expect enamines derived 

from a1dehydes to follow the 4C+2C pathway."we therefore tried the 

reaction of the morpholine enamine of butyraldehyde 112 with 156a 

in TFA. The reaction mixture was stirred overnight under N2 in 

dich10romethane, 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 lH NMR spectrum showed 

no aromatic compound and nothing was isolated from column 

chromatography. Presumably 112 p01ymerized under the reaction 

conditions. Optiz and Mildenberger have reported that enamines 

derived fram 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 oil was obtained which was then 

purified by flash column chromatogtaphy. On1y the self-

condensation product of 156a was isolated. 

Considering the reactions betwêen l56a and enamines deri ved 

from acyc1ic 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 s~ems that the 3e+3C pathway 

is more favored than the 4C+2C condensation~ 
o 

The fact that reactions of enamines derived from cyclic 

ketones (5-8 membered rings) actually followed the 4C+~C pathway 

exc1usive1y, i's be1ieved 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, oneuwou1d expect 

the 3C+3C pathway to dominate again. To test this, the morpho1ine 

enamine of cyclododecanone 211 was synthesi zed and then reacted 

with 156a in the presence of TFA. The reaction mixture was heated 

for 3 days at 800 C, then di l uted wi th ether, and wash'ed wi th a 

sodium bicarbonate solution. The organic sol ution was dried wi th 

MgS04 and was concentrated by rotary evaporator to gi ve a brown . ' 

oi 1. It was puri fied by TLC mesh chromatography and compound 212 

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

condensation product. 

Q 
+ ~) TF1} • ~. 51% 

::::: i , 2Me H 

CH:J,o 
156a 211 212 

The IH NMR spectrum of 212, like aIL other 3C+3C products, 

shows only one aromatic proton (s,6.52ppm,lH), and a -OH group 

(s,4.80,lH,D20 exchangeble), a methyl peak (s,2.14,3H) plus the 

corresponding morpho'l ino peaks and proton signaIs of the 

hydrocarbon cpain. 
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• + TFA 
25% 

1516 
213 

The reaction between 156a and 213, the morpho1ine enamiQe of 

cye1opentadecanone, gave 214 in 25% yield. This reaction has bean 
" -- , 

<::> 
repeated several times and no impLovement in yie19 was achieved. 

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

yeI10w even after two recrystalization frem hexane. It gradually 

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

chioroform solution. Compound 214 aiso turns réd in ch10roform but 

at a much slower rate than 212. Compound 214 is a colorless 

crystall i ne so l id after recrysta l zation. In the sol i'd st,a te i t 

shows no color change on standing. 

From the ~H NMR spectra of 212 and 214, and aiso from the 

molecular mOdel of these compounds, it is clear that these meta-

cyclophanes possess interesting stereochemica1 properties. This 

will form the sùbject of investigation in the next chapter of the 

thesis. 

To ~eturn to the mechanism of the cyc10aromatization reaction, 

a1though the only difference between 156 and 153 is the sily1 -- --
group, they behave quite differently. Therefore, the sily1 group 

of 156 must play an i~portant ro1e in the cycloaromatization 

reactions. This seems quite obvious ~n the 4C+2C reactions between 

\. 
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156 ~nd cyc1ic ketone enamineso 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 

i9tramolec~lar cyc1ization 1eading to the 4C+2C combination. 

However it seems not sa clear for the 3cî3C reactions between 156 

and ena,mines derived from acyclic ketones. The trimethylsily1 

group appears not ta have an important raIe according to the 
, 

mechanism we propose in scheme 3.10Q The si1y1 group was simp1y 

removed during the wor~up. Actua11y it is not the case. When 

compound 153a was a110wed to react with 201 and 211, respective1y, 

under the identica1 conditions as thosè used for 156a, we found 
, ,--, 

that the only aromatic cbmpound obtained was the self-condensation 

produc't of 153a. There was no product deri ved from cross-

condensation. It seems c1ear that t~e si1y1 group does play an 

indispensable part even in the 3C+3C cyc10aromatization reactions. 

Further functions of the si1yl gr?up in our cross-condensation 
~ 

reactions are.postulated as follows: 

1, The 5i1yl group discourage compound 156 from undergoing the 

foe1f-condensation reaction thus increasing the possibility of 

,cross-condensation by 10wering the reacti vi ty of i ts o~n enamine 

positïon to .reduce the chance of its acting as the nucleophiltc 

component. In compound 153 the inter act ion betw,een ni trogen and 

the ester group can be expressed by the three tesonance structures 

153, 153', 153 11
• Any factor which enhances the contribution of 

153" will diminish the reactivity of the a-position towards 

electrophi1es (scheme 3.11). In compound 156, the situation is '-- , 

sim'ilat 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 

• • 

153 153' 153" -. -

Me / 

" 
156 156' 156" 

scheme 3.11 
-.JI 

2, ,In the .action between\ 1;3 and 156, the enamine in 153 

, exc1usively attacks the ester carbony1 of 156 and no se1f--- ,,' 
co~densation has been detected. We have said that the enamine 

position in 153 is more reactive th an that of 156, but this alone 

, lS i nsufficient. The ester carbonyl in 156 must al so be more 
, . --

easily attacked than that in 153, otherwise, the self-condens~~ion 

of 153 could not be avoJded. The effect of the sily1 group to 

r 

1 
215 
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stabilize the tetrahedral intermediate 215 may account for the 

activation of the ester carbony1 in 156 • 
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CHAPTER ~ STEREOCHEMISTRY OF META-CYCLOPHANES 

In 1848, Pasteur successfully 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 

1ater, Le Bel and van't Hoff introduced the concept of tetrahedral 

carbon by pointing oat the existence of optical isomers in 

compounds which have carbon atom bonded to four different 
'. 

substituents. Since then, tremendôus progress has been made in the 

understanding of enantiomerism, which forms the basis of 

stereochemistry. It is now weIl established that those Molecules, 

which are chira l, (those wi th asymmetric carbon atoms,as weIl as 

"those wi thout symmetry elements of refl ection: Sn axes or 

plane) can in princip1e give rise to enantiomerism. In the 

prev ious 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 dlfferent faces of 

the aromati~ plane. Since the aromatic ring ls further substituted 

by two different groups (-OH and -CH3)' compounds 212 and 214 meet 

the above definition of chirality, name~y, there is no symmetry 

element of reflection in them. Thus both 212 and 214 exist as two 

enantiomers (Figure 1). 

Such chiral meta-cyclophanes belong to a group in which the 

optical isomerfsm fs caused by restrfcted rotation. A very 

important feat~re of this type of enantiomerism i~ the energy ~ 

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

1 

permit enantiomers to be resolvable. Sorne weIl known examples of 

enantiomerism due to restricted rotation are the biphenyls. ortho-

oisubstituted biphenyls have a preferred non-planar conformation 

(ligure 2) because of the sterie interaction between the ortho 

t' 

disfavored planar favored non-planar 

conformation conformation 

figure 2 

groups. When A~B and A'~B' (in figure 2), there is no plane of 

symmetry in the moleeule, enantiomers exist. The transition state 

of the"interconversion ~f enantiomers involves a planar 

conformation (see figure -3). In the case described, there are two 
l' 

such planar transition states and th~ rotation takes place via the 

transition state l in whieh the unequal sized groups pass each 

other (this requires low~ energy). The racemization of biphenyl 
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at~opisomers depends on the size of the ortho-substituents. The 

.II 

3800 torSion angle 

fi9u~e 3. Energy diagram for racemization of biphenyls 

larger the substi tuents, the more difficul t is the racemization. 

Hethoxy and fI uoro groups are both considered sma'll, the'refore 
<l} 

compound 216 racemizes so fast that it cannot be res~lved at room 
- " 

temperature. Compound 217 i5 resol vable out easi 1y racemizecl on 

heating whereas compound 218 shows optica~ stabil~ty. 

218 211 

" 
- \ 
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The stereochemistry of para-cyclophanes has been weIl 

investigated since the first successfull resolution of compound 
i 

219 by LUttringhaus and his coworkers in 1941 [96). Compound 219 

was treated wi th strychnine to gi ve' a crys!=alline salt which was 

separated by recrystallization. Acidic decomposition of one 

diastereomeric salt gave an optically'active acid,mpIS4 0 C,[a} il 
=-37.2° (acetone). The other enantiomer, mp 154°C, [al tl=+37.S0 was 

obtained by the same treatment on the other diastereomeric salt. 

The oxygen-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 AlI inger [98). In 1968, 

Gerlach and Huber prepared a series of para-pyridinophanes 222 and 

found that the compound with m=9 was resolvable [99]. 
"'-:"J 

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 

s,ide chain. This is illustrated by the study on sorne ansa 
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derivatives [10010 Compounds 223 and 224 with two ortho 

substituents and a lO-membered methylene bridge are optically 

223 X=C02H, Y=Br, n=lO 

224 X=Y=Br, n=lO 

225 X=C02H, Y=H, n-lO 

226 XsC02H, Y=H, n= 9 -
227 X=C02H, Y=H, n= 8 

stable. In the case where there is only one subst i tuent, such as 

compound 225, it i8 not resolvable. But compound 227, with an 

eight-carbon chain, can be resolved and ls optlcally stable. 

Compound 226 wi th i ts ni ne-carbon br idge shows it:ttermediate 

optical stability. It was resolvable but racemized on heating. 

(t1/ 2111 444 min at 95,.SOC). 

The enantiomerism of meta-cyclophanes was recognized as early 

as that of para-cyclophanes by Lüttringhaus. Most of the work on 

para-cyclophanes was contributed ,by Lüttringhaus and his co-

" workers but no special effort was mage to resolve the enantiomers 

of meta-cyclophanes. This is perhaps due ta the fact that there 

was not a suitable compound available then. The existance of this 

type of enantiomerism was demonstrated by Griggin and Coburn in 
" .... 

1963 through the study of temperature, dependen~ NMR spectroscopy 

228 
1..1 
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on compound 228 [101], but the resolution of this compound was not 
r· 

successful. 

This challenge was taken up again by G. Schill in 1'966. In the 
~ 

attempt to synthesize catenanes, they obtained compound 229 which 

229 

met the condition s for enantiomerism. Compound ill was 

chromatC?9raphed on cellulose-2,5-acetate but no op,tical activity 

was observed in the compound aftér chromatography. After this 

f,~i 1 ure, the diastereomer 230 was prepared and again subjected to 
. . "---

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

the chromatographed material was detected [102]$ 

-
In order to study the size of different substituents, a number 

/ 

of meta-cyclophanes of 231 type were synthesized by Forster and 

vogtle [1031. When the rotatiôn, process is restricted, Ha and Hb 
. 

appear as AB quartet in the lH NMR spectra. Because if ei ther of 

them is replaced by another group, i t not on 1 y. creates a 

chiral carbbn, but also ruins the planar symmetry of the original 
\ 
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, 
molecule. In other words, the benzyl methy1ene protons are 

diastereomeric in 231. The enantiomerism of meta-cyc1ophanes was 

shown by 231, but 231 itself is not chiral. 

Up to 1979, a number of books had been publ ished on 

stereochemistry and as far as we are aware, none of them mentioned 

meta-cyclophanes. 

A successful resol ution of [2,2]metacyclophane 232 was 

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

completion of our work. 1 

232 -
In view of the lack of success in the resol ution of m-

" cyc1ophanes, we began to examine the stereochemistry of the m-

cyclophanes prepared by us in the previous chapter • 
. 

Various methods of tesolution have been employed. The ver.y 

first resolution of a racemic mixture was perfomed by Pasteur. by 

mechanical sorting of crystals. This method has no practical 
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importance because very.few racemic compounds can be separated . '. 
this wayo Partial resolution can sometimes be achieved by 

chromatography on optically active adsorbants such as cellulose-

2,5-acetate, or by crystallization from optically active sol vents. 

But the most general techn!que has until now been the formation of 

diastereoisomers. The principle of this method is ta introduce a 

new center of asymmetry into the molecule by means of reaction 

with an auxiliary optically active compound. The two diastereomers 

so obtained usually show different physical properties and thus 

can he separated by crystal! ization or chromatography. After the 

separation of the diastereomers, the auxiliary compound is removed 

and the initial compound regenerated in optically active fo~. 

Compound 212 possesses a hydroxy group and should he readily --- . 
converted into d iastereomer ic compounds. R- (+) -O!-Methyl benzyl 

isocyanate 171 was used first as the auxiliary component. It has 

been successfully used for the resolution of amines and alcohols. 

Unfortunately, the reaction did not take place. A mixt,ure of 212 

and 171 was refl uxed for 3 hrs in ether and nothing hapP~,ned 

according to lH NMR. Compound 212 was allowed to react wi th R- (-)

methoxyphenylacetic acid chloride which was generated in situ from 

the corresponding acid wi th thionyl chlor{de. When pyridine was 

used as the catalyst, no reaction took place. Finally, 

dimethylaminopyridine was employed, and the eX'pected 

d~astereomeric ester 234 was obtained in 81% yield. 

In the lH NMR spectrum, the two diastareomers are clearly 

distinguishab1e. The aromatic proton (Ha) of the two diastereomers 

(cland (3) di ffered by 16 Hz. Two methoxy signal sare observed, as 
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weIl, separat~ by 5 Hz (see table 1). The ratio of a-234 to {3-lli 

ia about 1:2 by 1H NMR. 

The mixture of a-234 and {3-234 is a colorless oi1, and 

attempts at crystallization failed. They were finally separa~ed 
\ 

by careful chromatography on a silica gel co1umn using a 

combinat ion sol vent of pentane, ethyl acetate and acetoni tri le 

(20: 1:1) 'as the el uant (discussed later in detail). 200MUz 1H NMR 

showed that both a-234 and {3-234 are 'more than 9,0% pure; 
\, 

Reduction of a-234 wi th 1 i thiun al uminum hydride gave (-) -212 

wi th '[al ~0"'_300 (acetone). The IH NMR and IR of (-,}-212 are·' 

identical to the racemic compound 212. Similar reduction of (3-234 

with LAH gavE)! (+)-212, [al~0::+26.40 (acet~me). 

Successful resolution has also been achieved with compound 

214. The yield of the esterification reaction is 87%. In the 1H 

NMR spectrum of 235, Ha was separated by 24 Hz and the methoxy by 

8 Hz for the two diastereomers, respectively. The ratio of the two 

isomers is also 1:2. Similar chromatography of 235 (a+{3) 1ed to 

the separation of the two diastereomers. Both isomers are more 

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

Compounds a-235 and {3-235 were each reduced wi th LAH. It was 
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found that the a -diastereomet: gave (-) -214, [a] ~o=_17a (THF), and 

the ~-diastereomer gave (+)-214, [a]~O=+110 (THF). Again, their lH 

NHR and IR spectra are identica1 ta thase of the racemic compound 

214. 

.. 
'Table 1. partial lH NMR data for the ester diastereomer.s*' 

() 

234 n. 9 -
~b 

235 n=12 

.. oH 

Me 

~ 
Compd. ija -OHe CH3 Hb 

a-234 6.45 3.51 2.15 4.96 

{j-234 6.62 3.48 2.15 4.96 

a-235 6.54 3.50 2.~3 4.94 

{j-235 6.66 3.46 2.23 4.94 

* chemica1 shi ft (0) in CDC1 3 (200 MHz) 

The cycloaromatization reactions of enamines will on1y allow us to 

synthesize those meta-cyclophanes with an amino group inside the 

hydrocarbon chain. However, the enantiomerism of the meta-

236 -
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cyclophanes certainly is not l imi ted to pthe ani l ine deri vati ves. 

ln-principle, any molecules of type 236, even when R ls H, as long 

as the side chain is smal-l enough, will he chiral. 

As we have ~1ready ment}oned, the condens~tion of 1,\

bis(trimethylsiloxy)-1-methoxybuta-l,3-diene 17 'with 4-

trimethylsi1?xypent-3-ene~2-one 19 giyes the aromatiç compound lQ 

in 9000 yield. 
~ 

TiCI4 ' 
• 

11 19 20 

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

.' in ~and a way to synthesize 237 (scheme 4.1). This approach wi Il 
( .. 

also allow us to vary the R substitution. 

aMe 7S IÇ 9Me ~i 
~/'osiE ~ 
~ ~==~ 

>!' 238 239 

237 
"1 

scheme 4.1 
• 1::' ==!> 

\ 240 

1', 

" 

\ C 
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, 
Compound 237 possesses conformational chiral i ty and as long as 

the R group/is large enough relative to the ribg size, it w~ll be 

resolvab1e. ' 
_ .... '-1 

The first step in scheme 4.1 is the reaction of eye1 ie 

enamines with aeety1 chloride. This is a 2C+2C cycloaddition. It 

is weIl known that the point of eleavage of the cyclobutane ring 
. 

(in scheme 4.2) depends on the ring size' of thé originalcyclic 

ketone. Far adducts from five and six-membèred cyellc keton& 

enamines (n-3 and 4), deeomposit.ion takes place at a. The adduct 

.. 

, 1 

\ \ -
\ . 
/.. 

" scheme 4.2 , 
'. 

fram the nine-membered ring enamine (n-7) i~~uced in, very poor 

yield and decomposition follows both pathway.a and b. As the 
~ 

enamine ring ,size increases fram ten to fifteen, the eycl"butane 

ring cleavage follows mainly pathway b and the yields ~·ncrease. 

Since thirteen and fourteen-membered ring cycloketones are not . 
conmercially available, but cyclodode<:anonè is quite inexpensive,' 

we decided' to choose cyclododeeanone as the starting mqCerial for 
-' -. 
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the synthesis of 237. \ 
compoUnd 241 was prepared fol1owi,ng the method of Kirrmann and 

.1 - v-_ .. \ ... 
Wakselman [68] excep~ for the purification of the product. In 

g 

their case, Cu,OAC)2 was used to form a chélate with the {J-

.. diketone. ~,crystailization of this chelate gave" pure lli in 

25-38% yie1d. we purified 241 by flash chromatography (28% yield). . --. 
Hermann and Stetter rtrted [105] that 1,l-cyclohexane~Hone 

was rapidly alky1ated w h alkyl halides i: the presence of 

potassium hydroxide. Certain1y, we can use this method for our 

\ KOH 
• 

R-X ~ 

alkylation reaction. We examined the a1kylation"O'f 241 with benzyl 

bromide, because the benzyl group is defini tely large enough to , 

guarantee that the final aromatiè product 237 wi Il be resol vable. 

rhe benzy1ation reaction of 241 was performed by Hermann's 

Methode To 1.12g 241 (5 mmol) in 2 ml '1à{ potassi~ hydroxi~e was 

added 0.869 benzy1 bromide (5 mmo1) at room temterature, it was 
, , 

stirred for 15 minutes at room temperature, then warmed up to 600C 
. 

and stirred for 3 hrs. After workup,. in addition to the desired 
, ~ 

product, ~a signif'icant ~mount Of, dO~ble al~Ylated product was 

observed b lH NHR. The reaction was attempted a second time and 
. , 

the reaction mixture was only stirred for 1 hr at r~ 
D •• 

temperature. Tqe product sti Il had 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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24' 242 -
ThesUylation of 242 was dom\ by the 1iterature method [106] 

with quantitiye yield. Compound ~ was directly used to react 

with!l without distillation. -rhe 1H NHR spectrum of 243 showed 
.. 

the presence of a 2:1 mixture of two geometrica1 isomers. 

.1 242 

ZnClz,NÈta 

TMSCI 

\ 

243 

The condensation reaction of 243 with 17 was carried out 1n 

methyl ene chI or ide wi th ti tani um tetrachl or ide as catalyst. A 

~anti ty of 1.5 equi~an~s of' 17 was used, because we found that 

in the case when l' equi valent of l7 was u~ed, the yield of 

condensation was low. More impprt-antly,' there was à significant 
. / .~ . ' 

amount of 242 remaining in thé crude product, and it was extremely 
- \ ~ t, 

difficul t to remove 242 from the product by chromato9raphy •. . ,-
1 

Another point woçth menti~ning is tha~~ng reactiort times (8 hrs) 

under low temperature (-23 0 C) appear to he necessary. The rate of 

this condensation Is much slowe~han tha't of the condensation 
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between!Z and 11- In the'latter case, the reaction vas campleted 

in-3 hrs at ~78oC. In the present cas~, after'3 hrs at -780C, lH 

NKR spectran showed that only small amount of aromatic product was ... 
genetated. When the reaction mixture was Btirred for further 12 

hrs at room temperatu~e, the yield of 244 was found to be 53'. 

'l'his reaction waB finally performed under the following 

conditions: 8 hrs at -23°C ancLthen overnight at roOlll temperature. 
~ . 

'!'he isolated yield of lli was increased to 69'. 
fi' 

17 
. 244 

, 
The lH NMR spectrum of 244 shows one .aromatic ·proton r (6.63ppm, 

F 

s, lH), a Methylene group (4.17. ppœ, ~,2H, -CH2-Ph), a methyl 

. ester group (3.85ppm, s, 3H) and a bro~d peak at 10.90 ppm 
" , 

indicating the hydroxy group -(s, lH) aS"',-well as .other signal s . 
correspondin~·tO)the structure. In i ts IR spectrum, there ls an 

absorption band at 3420 cm- 1 and at> strong band at 1655 cm-1 

1 

indicating the hydroxy and the ester groups, respeçtive1y. 

When R-(-)-a-methoxyphe~ylacetic ~cid was used in the 
, 

reso1 ution of m and 214, i t was found that the ratio of the tWQ 

diastereameric estérs was 2:1 for both ~ and 235. Although lt ls . , 

normal that two enantiomers behave differeQt1y towards another . . n -airal molecule, in this particul'ar case wé could Dot eliminate 

. ~ 

89 

~, , 

f 



i ' 

~ 
~ 
1 

'[ 
f 
" f 

~ , 
{ 
~ ri 
f 
! 
~ 
i' 

~ 
l 

f , 

':.< 

(~ 

t' • 

r 

the possibility that there might'be some xacemization during the 
è , 

esterification! reaction. The hydrogen at tbe position both in the 

acid,cA1oride and' in the product ester is quite acidic. Since 

dimethy1aminopyridine is a reasonably strong'base, racemization by 

proton 'abstraction is possible. In the case of 235, after 

separation by col umn, both l::he ex an~ f:1-diastereomer's were greater 

than 95% pure,. by 200MHz 1H NHR spectra. Yet, the specifie 

rotations of the two reduced enantiomers of 214 were found to he 

quite different: one is -11> and the other is +11°. We therefore 

Iooked for anothor reso~ ving 'agent wbere CuCh racemization is not 

possible. 

Optical1y pure a-trifluoromethyl-~methoxypheny1acetic acid . 
ch10ride 245 has a1so often beén used to resolve racemic alcohols 

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

?ne does not have to worry about racemization, at least under our 

reaction candi tions. Another advantage of 245 is that it can be 

kept in a refr igerator for severai month' wi thout appa~ent 

10 
decomposition whereas 234 i5 unstable and must be prepared 

immed~ately prior to its use. 

244 

\ 

<j)Me " 

S-Ph-~-COCI 2450 

CF3 
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.1 The e8terific.ati~n of .ill. vith ID was perfomed ,in the same . . . . 
mallner as using dimetbylaminopyridine. A l~tl mixture of 

diastereomeric esters a-lli ~ (j-lli.< was obtain~ in essentially 

quantltive yield. 

,~ "he lH NHR speetra of tbese two diaste~eomers are clear ly 
, / 

distinguishable, the aromatic proton Ha' i,s separated by 6Hz and 

the methoxy of ~e methyl e8~er group is separated by 16Hz. 

The mixture of~246 and fj-lli was separated by chraaat()graphy 

ort si 1 i c::a ge 1 el uted I~i th pet ro 1 eum ether and ethy 1 aeeta te 
• 0 

(35:1). From 180 mg g.t the mixture there was obtained 66 mg of the 

- a-!somer and 75 mg of the fj-isomer. They are both more than 90% 

• pure by IH NHR spectra (200 MHz). . ' 

Bath Q-246 and (3-246 were reduced by li thium al Ulninum hydride 

in ether. Compound (+)-247 was obtained from the a-dfas.tereomer, 
- 'f .' 

which has [a] iO=+12.6o in acetone •. Isomer (-)-247 was obtained 

f,an t~(3-dia1reaner, which has [a} ~0.":14.4o in acetone. 

~ 

LAH 
a-246 ----_0· (+) ~247' 

[a)::= +12.6° 

1 
1 

H 

LAH 
fJ-246 • 

/ 
(-)-247 ;' 

-.1 

[a1W=-14.40 
,1 
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J'hen elther (+)-lli or (-)-lli were ~eflux.ed in bexane, no 

q~hange i~ their specifie rotat~8 was observed. ~ 
By examining the molecular models of lli and ru. one would 

conclude that ehe morpholine group ls slmply too large to pasi 

'tbrough the cavity of the m-cyclophane ring. If one wants to study 

the J:acemization proceS8 of the meta-cyc1ophane ~ompounds. one' 

wou1d have to either enlarge the ring size or to'reduce the size 
----~-.),- ------.- -- -- .--

( 

of the amino group. In compound ~ we have already used 
-.. 

cyc1opentadecanone which i, the largest cyc1okétone conveniently 

avai1able. on the other hand, even the ~al1est dialkylamino gro~ 
.0 _/ 

i.e. dimethy1amino group (anmonia and primary amines do not favor , 
the forma~ion of enamin?, but imines) does not seem to he smal, 1 

1 

enough to pas~ through the cyclopentadecanyl ring. 

The sucee'ssful synthesis and resol ution of 244 not on1y 

provide us 'one more examp1e of the enantiomerism of :mèta

"'" eyclophanes, it ~lso showed us that the synthet,ie route which we 
, . 1-

proposed in scheme 4.1 was pt'actica 1 and feasib1e. Si nce the R 
o 

group in 237 can be modified easily, we were ready for the study -. , 

on the rotation process of meta-cyclophanes. The lH NHR spectra of 
\ 

the two diastereameric esterS of 246 were clearly distinquishable, 
p -

• 
and it is expected that its a,talogs with other R substituents will 

ha;e the ~ame feat.ure."-Wi th Qoper R .group in ru. the rotation 

process can he studied by the) temperature d~ndent IH N~ the 

corresponding diaster~omeric esters. The study of this rotation 

process is signific~nt not only because it will give us 

information about the racem,ization of the chiral meta-cyclophanes, 
... 

but a1so the. information about the sizes, J>oth of the cavi ty of the 

J , 
! 
1 
1 

1 _ L_ . 

i' 
1 
i 
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.ia, chain and the intraannular substituent,: 

, - The .ign~ficant i!'lfluence of stedc in~~ractionB on reactions 

has been weIl recognized and the amount bf information about' 
. • \i 

sterically influenced reactions inereased, very fast. But attempts 
.f. 1 

at emph:ical quantitative description vere relatively le~s made. 

Van der waals radii of substi tuents can be determined by several 
J 

me~hods [].08], but the!r results differ eonsiderably. The measured "- -

si ze parameters are compromises between several effects and 

therefore have different values under different conditions. This 

problem is even greater j in the case of polyatomic substi tuents. 

Furthermore, 'geanetric data do not offer experimental chemist an 
, . 

itmnediate insight into the energetic significance of sterle 
• 

interact!ion"s between the groups in a given Molecule. It ls 

desirable to represent the size of a substituent by an energy 

co~tributiori to the stlEiC interaction in,variOus systems. , 

Sterie interaction is such a eommon phenomenon in organic 

chemistry that i t ls invol ved in Most the organic reactions, more 
~ 

or less .. However the investigation must be c~rried out on those 
. 

processes in which the ster ie factor predom{nates. The rotation 

processes of ortho-disubstituented b!phenyls, para-cyclophanes an~ 

meta-cyclophanes "meet this requirement. ' 

The following ord~r of ~ize for sorne groups was dedueed bas~ 

on the study on the racemization of bipheriyl systems [109] • 

....,. 
Br > CH3 > Cl > N02 > COOH > OCH3 > F > H 

Tabushi et al compared the chemieal shi ft of the H~: proton in' 
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", 
!!!. vith that C!f sa proton in the dithiol:'1.~~rting materia~ (110]. 

-They fOQIld tbat aa the ateric interaction bètween X and the side 

chain increased, the' ahie1dinq effect of the benzene rings in the . . 
aide chain on sa decreisad. The following sequence was obtained: 

~--- ----------------C1>-CH3>-0cH3 ) "->-8-----

." 

24. -
i -

~ 
It Is consistent vith' the one obtain~ tram biphenyl systems 

except for Cl > CH). l 
The rotation of the paraeyc10phane in a number of pyridine 

, 

analogs have been reported very r"ècently by. a Japanese group 
'. , . 

[Ill). A series of diaza(2,S)-pyridinophanes 249 and 250 was 

synthesilted. The activation free energy for the rotation process ,~ 

of 249d was ealculated to be 11.9 Real/mol from its temperature - '. 
dependent lH N~R spectra. ---, 

s 
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The meta-cyclophane system probably ta bette!: than the para-
- ( 

cyclophane system in termà of the study of the size of the 

substi ~Uènt. In para-cyclophanes the rotation ta affected by both 
~ 

X and Y (there may be substttuenta on thaD), wheteas only by X for 

the mata-cyc 1 ophanes. 

The Itudy on the rotation of meta-cyclophamts was malnly', 
. \ 

developed by VlSgtle and his co-workets. As wie already mentioned, a \ 
i ~, • \ 

seties of di thioderi vat! ves of meta-cyclophane .li has been \ 
, . \ \ 

synthesiz~ by varying the X group and the length of' the side 

" chain. A numbe~ of acti vation free energ ies for the rotation 

ptocess of 231A == 23lB wete caloul ated from \ the tempetature - - , 

dependent IH NHR. Some of them are presented in table 2 [103]. 
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Table 2. Activation free enexgies et the c:oa1e8C~e_ tempexature 

C/Jdt) for the rotation process 231À~23lB (kcallmo1). 

5 6 7 9 9 

-p 23.5 15.3 1,0.5 

-H02 , 15.2 
---\.-~--~ 

~-- - . "'--- ~ ----;;Cl .23·.5 15.4 11.6 
, 

-cH3 25.8 16.6 ~~.O 
'< 

-CH 23.6 
0 

14.,5 

-Br /""'Î l 22.5 15.4 
, ( 

- OCR3 ' 23'.2 17.9 

9.5 

10 .. 5 

, 
• 

The analysis of the data in table 2 can provide u's a ,simi1ar 

sequence as thât from the biphenyl system. The on1y outstanding 
• 

difference is the position of -OCH3' However this is easy to 

understand. In thé case of biphenyl comp?unds, the interaction of 
" . 

the methoxy group occurs main1y vi~ 'the oxygen atom; w~ereas for 

the rot~tion of meta-cyc1ophanes, the side chain has to pass 

around the whole methoxy group. 

" An apparent" di fference between 231 and the meta-cyc1ophanes 
~ -

that we have synthesized is the side chain~ In, our case it 

consists of a pure po1ymethy1ene chain whereas it bas su1fur atoms 

in 231. An advantage we have with our compol,lnd is that the 
,,4 

axomatic proton 'in the 1H NMR spectra of the diastereomeric ester 

. 
kr- TfJ.vja 

.. kr- 7r(fJ.VZ +"'J2)"1/.J2 

''\ 
\ 

\ 

" ' 

Eqn. 1 

Eqn. 2 

/ 

.\~ 

'" 

" 
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• 0 .. 
appears as· a doublet' (one ,peak for ~ach isomer) and k r can 'be . 

cal~ulat:ed by simple equ~tion (Eqn. 1) L112]. Wtter~as for "231, .r 
, , -- -, 

and' fth app'ear as an AB quartet and more compli~ated equ~tion (Eqn. 

2) 1's necelsary [113]. Basides,.4J' value may be measured vith Iess 
-

error in the uncoupled AB case than that ()f -AB quartet case. 
~ . - -

'fbtÎamallest'alkyl group Is methyl.,according to the data in 

table ,2 it 'seems to be a proper sized group for the 'eleven

maaber«J -sIde chain in' ill .. Therefore the nut thinq we ~id was to . 
syn~esize the methyl anal og , of-.lli. 

The methylation reaction' of ',lli ~as first carried out by the 

same JIlethod used .for its benzylation, i.e. vi th methyl iodide and ... ~ . 

5' '~ota8sium hydroxide.,/ 'The IH NMR spectrum sho~ed that the 

product was 'an almost e;qual amount of C-alkylated and G-alkylated 

compounds. The Rf val ues of the se two components on TtC are too 

" close (almost one spot) to be~ separated by chranatography. 

Table 3. Al ylation reactions of acetylacetone 
'. • 

Base , Alkyl ~gent %C %0 reference 

CH3I 97 3 
\ 

~ 

NaH . CH3CH21 83 17 [114] . . . . 
.. • (CH3~ 2CH1 48 S2 

• -
" CH3 (CH2)'3 I 76 '24 . . . 

.CH3! 
. 
, 

(n-BU)4NF CH3CHZI aIL C..,alkylation ; 
li . 

(CH3) 2CH1 product . [U5] . 
, CH3 (èH2) 31 

" 

97 
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Tbe,C- ver'sus' O-alk.'ylation reactiops ~f aeetylacetone h~ ve 
[) .. ~ .(; ~ " 

been ·well investigated~ The C-alkylation (USU~lly the desired one) 
, 

./ was' often accompanied by 0-a1 kylation whep NaH was used as the. 
o 

~ base (see table 3). 8 • 
. , 

, , ' 

"I~ 1977 Cla:çk a'nd Miller repo·~ted that vith tetIa-n'" 
.. c ' , 1 

o 'butylaarioni~ fluoride [115], the prodtict was exclusfvely d'ue tQ 

~-àlkylatiori. The idea i,s that the bulky amnonium cation ahie'lds 
, ' , , 

the oxyt}en atan and therefore minim'izes' 0-a1 kylati'on .. ',Following 
... (6i c; ~ ~~_d~ -ù-- ~-, Il r-:- '-_r., ____ _ 

othe me:t;:hOd of Clark and "Mi 11er " 2-methylcyclotetr,àdecane--l,3-Bione 

• 

, . 

p , 

'251 tas 'obtâtned in 87% yield fran ID- 0' . 

u 

~ 

g 

" 

J 

.. 

~ ~ 

" 
~el t (rt.-BU)cNF ù 

, HeCl, 

~ 

2.1 :0-

'. 
, 

" .' 

, ',. 
" 

~ . 

; " 

, . 
D ~ ..... 

2S! 

Compound 253-was obtai~ed f(>l lowing the route shown ~ in scheme' 

'4.3 in 63% yield. It tl,1en was conyerted, to the eorrespondiI?g 

ZnClz, NEts ' 
• 

'TMSCI 

. 
7SIQ '?Me • 

~0stE 

252,--
schème 4.3 

> TiCI. ' 

" . . . 

253 
, ' -

• J ( '. 4 
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diasteteomeric esters 2S4~ wit.h trifluoromëthyl-a-methoxy-a

Phenylace'tic chlorid~. Simllàr to 246, the lH NHR spectrum of this 
, -, . , 

, 
estershowed' two clearly distingûishable diastereomers (table 4) • 

. ~, ,/ . 

Cl:OO • Ci=J Me 
• 

~ 

® 
.' 

'" 
253 . 254 a+j3 .,.. 

. l' 
, 

IH , Tablf! 4'. NHR'" data of diasterecmeric ester '254 (CDCl 3,200MHZ) 
1 . """"-

Compel. Ha - C02Me '- -OHe - CH3 .. 

," 

a-lli 6.76 <1 3.67 3.66 2 .. 32 ~ 
~254 6.80 3.58 3.66 2.32 

. , 

Two diastereomers were shown in the lH NHR spectrum of 254. 

However, it did not mean that· lli was necessarily resol vable. It 
.' . 

could be that the rotation was completely restricted at room 
,-

temperature or that the two diastereomers interco.ljl·verted at a rate 
1 -.. 

slowér than the NHR time scale. The resolutlon of'253 thus was 
~. --:-

triade ~ 

The diastereomeric m~re' of 254 was separated wi~h. Simil:r 

column chromatography as that used for the separation of 246. The 1 _ .. 
resul t of this separation is even better than the benzyl one. 80th 

~ ~ 

1 

isomers are more than 95%/ pure by lH NMR spec~ra. After 

1 99 , ' 
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in deuterated chloroform for 3 days at room temperature, their la 

INMR were checked again and no change was observed at aIl. This 

means that there- is no race~ization ,at room temperature. 

LAH 

- . 
The reduction of these two diastereomers gave (+)- ~ and (-) 

-255, respecti velYe Speci fic rotation for (+) -255 'is' [a] D20=~6.30 - "\ -
(acetone) and for (-) ':"255 [0:] ~O=_8.00 (acetone).- After ,(+j':'~ was·. 
l '1 ~ 
·refluxed in hexane for about 5 minutes, its opt.ical acti vit y ~ 

totally disappeared. 

Before we proceeded to the dynarnic NMR study, two more analogs 
. 

,of -254 were prepared by us foll OT;1i ng the rè'lutes shown in scheme 

4.4. The lH NMR spectra of lli and 263 showecil only one set of 
1 

signaIs for each 'Case' at room temperature (see table 5). In other 

words, the two diastereomèrs inte~converted by rotation of thé 

side chain' at a rat~ faster than the NMR time scale-

100, 
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Table 5. lH NMR spectra of 258 and ~ a6 r90m temperature in 

C02C12 

.. 

Compd. Ha R - C02Me OHe 

258 ' 6.81* 7.15* 3.66 3.63 

263 6.83 2.31 3.62 3 .. 62 
-

* The assignment of the these two aromatie protons 
) 

might be rev~rsed. 

The temperature dependent 1H NHR of 258 was studied in CD2C12. 

Even at -70°C the aromatic pr~ton~ remained as distinct siAglets. 

The ehemical shift of the methyl ester group was sh~fted 

considerably and also broadened but nevertheless it remained a 

singlet (figure 4). 

- i 

i 
1 
" 

The variable temp~rature 1H NHR of 263 wa~ pe~formed in a ~ 

range of temperaturé fram 200C to -90°C by about 10°C intervals ~n 

'" CD2c12. It is shown in figure 5. At 20°C, Ha appears as a singlet 
, ' , 

and the methoxy A· (of the ,~e,thyl ester) overlaps with, methoxy B 1 
(from thé mande lie part). 

- The Ha started to broaden at lower temperature. At -?Ooe and 

, 

102 
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lower. tempera'tures, it appeared as two sÎ'gnals. The coalescing . 
. temperature was determined to he at -49.6oe. The activation energy 

of the rotation process for 263 has been calcu1ated to be 11.4 

Jccal/mol (47.9JcJ/mol) by equation 3 [116]. 
~ 

Jl.~ • RT (lnkKT-lnkr h) Eqn. 3 

where 
... 

T: . ,?~alescence temperature 

k: Bol tzman constant 

K: transmission coefficient (in this cas~ K~~) 

kr: rate constant for the rotation. 

PAB (4~ was found to be 13. 8Hz for Ha at -8SoC. 

At oOe, methoxy A shi fted awayfrom me'thoxy B and showed up as 

a singlet. At -lOoC, it became a doublet but with the right 

component being strongèr than the left one. This rndicated that 

methoxy A had started ooalescing and the signal of one 

diastereomer's methoxy A still over1apped with methoxy B. The 

difference in intensity and also the distance of )the two 

components (right and left) became larger and larger as the 

temperature was lowered, and at -8Soe, 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 two diastereomers were not the dame, (or they , 

have different lifetirnes) but were very close to ,1:1 at -8Soe.~ 

shape of the peaks at -900C is almost the sarne 0 as that at -8Soe, 

, and we bel ieve that at -8Soe i t has reached the unchangable point. 

However, it is hard to tell the coalescing ternperatllre of the 

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

methoxy B. 

," 
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The' temperature dependent I H NHR of 254 was performed in a 

raRge of temperature fram 200 C to 2000e in deuterated nitrobenzene 

(C6DSN02) (see figure 6). The ,aromatic proton coalesced at 

132.7oe, whereas the methyl ester' still rernained as two separate 

signàls though with considerable broadening. A rotation barrier of 

ÂG~ -21.4 kca1/mol (89.9 kJ/mot) has been caldulated for ru .'.' 
using equation 3. 

When X is methyl and n Is equal to 7 (the total 1ength of the . 
side chain is l1-membered), 231 nasÂG~.25.8 kcal/mol according ta -
VSgtle's resul t (see table '2). It ls eltpected that replacement of 

-s- by -CHa- wi Il shorten the olength of the side chain and slow , 
the rate of the rotation. Contrary ta expectation, 254 has a ÂG~ 

value 4.4 kcal/mol smaller than 231. 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' 

process of the meta-cyclophanes was a1so investigated by vëgtle 

and his co-workers. They found that electron-releasing groups 

retard, whereas electron-withdrawing groups acce1erate, ring 

inversion [117]. The ester grou~ in 254 May then account for the 

observed small ~~. 
Cl 
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.Q!Q ~ CD study of m-cyclophan'es 

• ORO and CD cUÎ'ves of aIl, our reso1 ved enantiomers have been 

obtained. They are presented 'in figure 7-12. 'Both ORO and GD show 

quantitativ~ly a mirror image relationship for every enantiomeric 

pair. 

The experiments were performed in methanolic solution on a 

JASOO ORDIIUV-S inst~ument. [~] ~alue was calculated by equation 

4. ÂEValue was ca1cu1ated by equation 5 which cornes fro~ the 

Japan Spe~troscopic Company instruction manuai for the above 

instrument with CD attachment. 

(X. M 
Egn. 4 

c ·1·100 

wb'ere a;& observed rotation (degrees) 

M • mOlecûlar weight 

c ;& ~oncentration (g/ml) 
-

1 • length of,the,sample tube (dm) 

~E;& --1- x"CD scale r;eading" x "'chart read!ng tt 

I.e 

where' 1;& length of the sample tube (cm) 

c ;& concentration (mols/l) 

Eqn. 5 

• a 

In figure Il, the maximum of the CD curve of 212 is located at , 
about 10 nm longer wavelength than that of 214. But no ~~h /' 

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 depenqs on the difference in energy! 
107 
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* . levels between 'l'and 11''." of the benzene ring. The more strain in 

the Molecule, the higher the energy level of the HOMO (1f'), but the· 

strain should affect less the LOMO (~). Compound 212 with a nine 

membered methylene side chain must possess more strain than 

compound lli which has a twel ve membered methylene side chain • 

... 

~. 
- '1",- r" 

4E1 
.. 

-'1' 

212 scheme 4.5 . 210t -
-

"This May lead to a greater deviation irr p1anarity for the benzene 

ring in compopnd 212, thus effectively raisinq the energy level of 

the HOMO orbi tal of 212. Therefore, ~El < . ~E2 (see scheme 4.5) 

and consequent1y the uv absorption of 212 should appear at longer 

wavelength than that of 214. 
J/ 

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

sarne length, a1though the benzyl group in 247 is larger than the 

methy1 group in 255, compound 247 must adopt the conformation in 

which the benzene ring of the benzy1 keeps aWqy from the side 

chain, consequently there is not too much difference in strain 

between 247 and 255. 
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CLAIMs Ta ORIGINAL WORK 
. , 

'l , 

Hethyl 4-trimethy1sily1:3-dialkylaminocrotonate was synthesized 

and introduced to organlc synthesis fbr the first time. It reacts 
~o 

with cai:bonyl electrophiles at i,ta 'Y-position. 
19 

• 
The unusua1 

" 
regiochemistry of this reaction is studied and rational i zed. 61 It 

~ . . ., 
, Iii 

rea~ts with enamines.deriVed from acyclic ketones or cy~loketo~ -

of large ring size (of'12 and 15 membëred rings) to give aromat{c 
~ . 

compounds in a 3~+3C combination and with enamines derived from 
tr "'- ~ 

cyclQket~nès of 5-8 membered rings to give a~om~tic eompounds in a 
. 

4C+2C ~ombinatioh. The mechanism of this cycloaromatization ' 

~ ceaetion is investigated. 
. 

meta-Cyc1ophanes with a morpholipo substituent aré synthesized 

, by the .oabove cycloaromatizatiQn reaction~ These meta-oyc1oP!;lanes 

possess pl anar chira1ity and are successf4lly resolved~ 
CI ' 'A number of metaeyclophanes with alkyl substituents at tQe 

intraannular position are synthesized. -Depending on the. ring size ".. 
r1I 

and the steric size of the alkyl group, sorne of them are also ~ 
, ~ 

resolved. The rotation process of meta-cye1ophane is -studied 

through their temperature d~ndent IH NHR. 

" 
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EXPERlMEN.TAL .. .. 

• Un1ess otherwise stat'd; common reage';;Jre ,eo~&~'c~a'1' 
products and were rea.qent grade. M4l!1 ting and boi 1 lng po.int~ are 

u~nc?)rrected • 

NHR ~tra were taken on a Varian T-60A NHR spectrometer and ... 
XL-200 NKR sp~ctrometer. AIl 1H and 13C spectra a;e 'repo~ted i,n 

,. ~ ~ , 
chemical shift (a) with te.trametliylsi1ant as the st'andard. 

0.. ~ Q 

--.-" . . 
Infrared spectra were taken on a perkin-E1mer Model 257 

Q 1) 

infrared spéctrophotometer and were calibrated ·with the 1602Çu-l 
-,. 

bà~",of polystyrene Jilm. . , ~ 

• 
Mas~ spectra were obtained on a 21-492B Mass spectrameter. 

~ . . 
Specifie rotation were measured at a$ientotemp"erature on 'a 

perkin-Elmer 141 automatic polarimeter or a JASCO DIP-l40 Digital • 
polarimeter using the soditnn D 1ine." 

o 

-CD and ,ORO curves were obtained using a JAsCO ORD/UV-S-with CO , . 
attachment anq a xenon lampe 

Chemical analyses 
n 

were perfor~ed by Guelph Chemtcal 
Q 

/' Laboratories Ltd. 
" , ' 

Chromatography 
, 

AlI of our diastere.Ç)IOers are separated "by.. a si'milar procedure 

.. of TtC mesh chr,omatography [119]. Tne Rf values fQr ~he morpho11ne 

d~ri vati ves (234, 235) is about 0.02 and for the q1 kyl deri vati ves 

(ll.§., 254) i s 0 on anal ytica 1 TtC. After separa tion, aIl the 

diaste,reomers are more than 90% (sorne ar'e 95%) pure as judged by 
, ' 

200 M~z lH NMR spectra and, the recoverieS-ar~ between 60-80%. 
, 

'A 20 mm colUItln (internal diame,ter) was usually used for the 
.. , . 
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separation of 100 mg of mixtures.~The height of sili~ gel ia 

between 1.5-9 in. after'~orcing th~ough contained air, This is an 
1 

important consideration becauseJ'f the co1umn is below 7 in., the 
,1 

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

the silica bed undergoes distortion during elution. Si1ica gel of 

si ze 40..-6.3p.m wh i ch \ la recommended by St i Il for fl ash 

chromatogl:aphy [120] has also been tried' but the separat:i1on was 

fou~o be poor. 

Actua11y no special techniques have been emp10yed in our 

separ'ations. The reason that we mention this here is sirnp1y ta 
" . 

, ~ 

point out that 'this simple rnethod might be more po~erfu1 than is 

generally recognised. 
, . 

, ~repatation of methyl 3-pyrrolidinocrptonate 153. , 

( , Ta a solution of 8.7 9 (0.075 mol) ,of acetoacetate -in 30 ml of 

benzene was added 7.1 9 pyrrolidine (0.1 mol) and 0.1 ~p-
"1 

toI uenesul fonie acid Itl~nohydrate. The fI ask was attached wi th a 

water' separator. \ The mixture was refl~ fO~ 3 hrs and about 1.4 .. 
ml of water was collected. The reaction mixture was cooled to room 

temperature and solven~ was removed by rotary evaporater. the 

residue was distilled under reduced presure to 9ive Il.1 9 153a in 

88% yield..- bp: 116-118oC/2.5mm [82] 

1 H NMR (CDC1 3): 1. 77-2.00 (m,4H~, 2.40 ,Cs ~3H)-, 

(m,4H),'3.53 (s,3H), 4.40 ts,lH) 
"'\. 

, . 
3.13-3.31' 

l'3.ç N!"JR (CDCI 3): 16.2, 24.8, -47.5, 49.4, 82.5, 159.3, 169.2 

, ' 
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Preparation of methy1'3-morphôlinocrotonate 153b 

) Compound ~ was prepared in the same manner as ~153a using 

morpho1ïne in place Cff, pyrrol idine. yield: 79%, bp: 1.31-132oC/4mm 

[82] 

1H'NMR (CDCI 3): 2.42 (s,3H), 3.13-3.33 (m,4H), 3.62 (s,3H), 

'3.58.:...3.80. (m,4H), 4.80 (s,HI> "-

13c NMR (CDCI 3): 15.0, 46.1, 49.1, 66 .. 1, 87.6, 161.1, 169.1 

. preparation of rnethy1 4-trirnethylsi1ylJJ-pyrro1idinocrotonate ~ 

to a sol ution of dry diisopropylamine , 

(3.4ml",24 mmol) in THF (50ml) was added n-BuLi (16ml of 1.5M in 

hexane, 24 mmol), followed by TMEDA (3.2ml). The solution was 

coo1ed to -7SoC and methy1 3-pyrrol idinocrotonate l53a (3.3ag, 20 

mmol) was added. The reaction mixture was stirred for 0.5 hr, and 

then quenched with trimethylch10rosi1an~ (4m1). The reaction 

inixture was allowed to warm to oOe and concentrated on the rotary 

evaporater. the r~sidue was triturated with dry hexane (100ml) and 

fil tered. The fi trate was concentrated (finally under hi_ Naccum) 

tO)J'ive 4.43g ~. as a yel,1owish oil. yield: 92%, >95% pure by IH 

NMR 

1H NMR (CDC.1 3):.. 0.1 (s,gH) 1 1.80,-2.03 (m,4H), 2.73 (s,2H) 1 

3.20-3.43 (m,4H), 3.60 '~s,3H), 4.47 '(s,lH) 

13C 'NMR, (CDCI 3): -1.7 , "21 .. 65, 25.0, 48.0, 49.5, 81,",.163, .. 
169.3 

IR (film, cm- l ): 1665, 1~50, 1150 

MS mIe (rel. intensity ): .241 (M+, 25~7) 1 . 226 (39.4), 210' 

(32.8), 168 (77.0), 138 (84.0) r i10 (100) rD 

115 , , 
~ 

. .. 

l ' 

J 

, , , " 



1 

\' 

" .- < 

. \ 

'. 

o 

f 
Preparation of methyl 4-trimethylSilYl-3-morrholipocrotonate 156b 

Compound ~ was made in the same way as 156a from 153b. 

yield: 90%, >90% pure by 1H NMR 

- lH NMR (CDC1 3): 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,lH) 

l3C NMR (CDC1 3): -0.9,' 19.5, 47.1, 50.2, 66.6, 86.2, 165.7, 

169.5 

-1 . IR (film, cm ): 1680,1560,1145 

MS, mie' (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 

ro a mi~ure of benza1dehyde (1 mmo1) and TiC1 4 (1 mmol) in 3 

ml of'-cH2.d12 at -78oC under N'2 was,added 156a (l'mm'ol). The .. 
reaction mixture was stirred fot 3 hrs at -78°C, and then 

overnight at room temperature. The reaction mixture was quenched 

with saturated sodium carbonate solution and then extracted with' 

etb~r. The ether extra'ct was dried w'~th MgS04,and evaporated to 

give an oir which was co1urnn cbromatographed (eluant, ether:hexane 

2:1) to give methy1 5-phenyl-3-pyrrolidinopenta-2,4-dienoate 157a 

in 68% yield as a colorless liquide 

1.95 (rn,4H), 3.33 (m,4H), 3.60 (s,3H),' 4.60 

~(s,lH), 6.66 (d,lH,J=17Hz), 7~20-7.60 (rn,6H) \ 
IR (film, cm-1 ); 1680, 1550, 1140 

MS mie (rel. intensity): 257 (M+, 12.2), 226(17.9), 198(100) 

Reaction of 15Gb with benza1dehyde . 
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1 The' reaction 'was performed in the same way as the reaction 

between, 156a and benza1dehyde. Methyl 5-phenyl-3-morpho1inopenta-

2,4-dienoate ~ was obtained in 60% yield as a colorIees liquide 

1 H NHR CCDCI3): 3.07(ni,4H), 3.56(s,3H),' 3.70(m,4H),I 
i' 

4.84(s,lH), 6.75(d,IH,J-16Hz), 7.10-7.50(m,6H) , . "-

IR (fl~, cm-l): 1695,1565, 1150 

MS mie (rei. intensity): 273(~,9.8), 242~13.2), 214(100) 

Reaction .2! 1lli wi th einnama1dehyde 

To a mixture of einnamaldehyde (0:5 nano1) and TiC14 (0.5 rimo!) , 
Ik. 

in 3 ml of CH2Cl2 at -78°C under N2 was added ~ (0.5 IrI1\ol). The 

b mixture was ,stirred for 3 hrs at -78°C, then allowed' to warm to 

room temperature. Saturated aqueo~s sodium carbonate solution was 

added and the mixturewas extracted with ether. The ether extract 

. was dried with MgS04 and fitered. The filtrate was Jeoncentrated to 

give a' brown oil which was purif'ied by alumina coluinn 

ehromatography (e1uant, ether:hexane :?:1) to give 2E,4E,6E-methyl ' 
) 

7-phenyl-3-pyrro1idinohepta-2,4,6-trienoat~ l22! i~ 81% yie1d. 

IH NMR (eDel), 200MHz): 1.93 (m,4H), 3.33 (m,4H) , 3.60 (s ,3H) , 

4.57 (s,lH) 1. 6.54,(d,lH,J=16Hz) , 6.50 (dd,lH,J=16 and 6Hz), 

6.84(dd,lH,J=16 and 6Hz), 6.86 (d,lH,J=16Hz), 7.12-7.34 (m,5H) 

IR (film, cm- l ): 1670, 1540, 1145 

--MS mie (rel. intensity): 283(H+,24.7)', 252(8.2), 224(100) 

Reaction of l56b ~ einnamaldehyde 

This reaetion was carried out in the sarne manner as the . 
reactipn betwe~n ~ and cinnamaldehyde. 2E,4E,6E-methyl 7-
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phenyl-3-morpholinohepta-2,4,6-trienoate 159b was obtâined in 83% 

yield. 

11'1 NMR (CDCI 3 , 200MH~): 3.10(m,4H),3 .. 63(s,3H), 3. 73(m,4}J), 
. , 

4.90(s,1H), 6.62 (d,1H,J=16HZ),' 6.63 (dd,1H,J=16 and 6Hz), , 

6.90(dd,lH,J=16 and 6Hz), 6.~7 (d,lH,J=16Hz), 7.16-7.38 (m,5H) 

IR (film, cm71): 1690, 1550, 1150 

MS mie (rel. intensi~: 299(M+,41.0), 268(9.1), 240(100) 

Reaction,:S 156a ~ butanal 

\ 

The reaction was done in the same rnanner as the re~ction of 
l' 

1-
156a with benzaldehyde, except that,a 2:1 mixture of ether and 

1 

acetoni trile" was' used as el uant in the fiash qhromatographyo. 4-

pyrr~1idinO-6~(n~prOPY1)-5,6-dihYdrO-1/2-PyrOne 160a was obtained 

in 53% yield. r 
I H NMR (CDC1 3): O.73-1.77(rn~7H), 1.93(m,4H), 2.40(d,2H,J=8Hz), 

3.27(rn,4H), 4.20(rn,1H), 4.63(rn,1H) 

IR (film, cm-l ): 1660, 1570, 1240 
1 

MS mie (.reL. intensi ty) : 209(M+,33.6), 166(100),150(29.2) 
o 

Reaction of ~ with butanal 

\ j"'î The reaction was performed in the same way as the reaction of 

156a wi th butana1. 4-rnorphol ino-6- (n-propyl) -5,6-d ihydro-l,2-

pyrone 160b was obtained in 49% yield. 
1 

1,H N M R ( CD C 1 3) : ,0.80-1.90 (m;7H), 2.40( d,2·H,J=7Hz), 

'.j3.23(m,4H), 3.77(m,4H), 4.33(m,1H), 4.87(s,lH) 

IR (film, cm-1): 1660, 1565, 1230 

MS rn/e (rel. intensi ty): 225 (M+ , 13.1), 182 (lOO), 166 (19. 5) ~ 

ll8 
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chemica1 analysis cal. 

found 

~ 
Reaction .2! 156b .!!ll!! acetone . 

C 64.04% H 8.44\ 

c 63.84\ H 8.54% 

To a mixture of ac~tone (2 lII'Rol) which was freshly d.istilled 

over anhydrous K2C03t and TiC14 (1 nunol) in 3 ml of CH2C12 at -

78°C under N2' was added 156b (1: mmo1). The reaction mixture was 

stirred 3 hrs at -78°C then overnight at room ternperature. 

Saturated sodium carbonate solution was added, and the mixture was 

extracted wi th ether. The ether extract was dried wi th 1'19S04 and 

fil tered, the fil trate was concentrated to gi ve an oil which was 

purified by flash chromatog'raphy (e1uant hexane:ether 2:1). 

Methyl 5-hydroxy-5-rnethyl-3-oxohexanoate 162 wa-s obtained in 44% 

yield. ~pectroscopic data are identica1 to Lit. reported [118]. 

Reaction of 156b wi~h cyc1ohexanone 

/ The reaction was done by the sarne .procedure as the reaction 
., 

between 156b and acetone. Methy1 4-(1 '-hydroxycyc1ohexanyl) -3-

morpho1inocrotonate 163 was obtained in 56% yield. 

1. 57 (m , 1 0 H), 3 .0 7 t.s , 2 H) " 3 • 2 3 (m , 4 H) , 

3.50 (b, 1H), 3.68 (s,3H), 3.77 (m, 4H) ,5.03 (s, lH) 

IR (film, cm-1): 3400, 1650, 1570,1165 

MS mie (rel. intensity): 283 (~,1.1), 265 (4.3), 252 (5.5) 

Reaction of 156a with bezoyl ch10ride " , ~\ 
\ 

\ 

To a mixture of 156a (1 nuno1) and benzoyl ch10ride (1 mmol) in 

5 ml CH2C12' was added TiC14 (1 mmol) at OOC '.under N2. The 
'---

reaction mixture, was stirred for 3 hrs at OOC, then overnight at 
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room temperataure. Saturated sodium carbonate solution was adeed 

anq the mixture was extracted with ether. The ether extract was 

dried with MgS04 and filtered. The filtrate was evaporated to give 

a ye110w oil which was purified by flash ehrornatography (el uant: 

ethy1 acetae) to 9i ve 4-pyrrol idino-6-phenyl-l,2-pyrone 164 in 44% 

yie1d. /~ 

1H NMR (CDC1 3 ): 1.93 (m,4H), 3.30 (m,4H), 4.87(d,1H,J-2HZ)', 

6.20(d,lH,J=2Hz),7.17-7.80(m,5H) 

IR (film, cm-1): 1675, 1635, 1545 

MS mie (rel. inten$ity): 240(M+,100), 213(51.5), 77(51.3) 

chemica1 analysis cal. C 

found C 

1 Reaction of\ ~ wi th benzoyl chloride 

74.69% 

74.52% 

H 

H 

6.22% 1 i 

6.39% 

, , 

The reaction was done in the sarne manner as the reae ion of 

156a with benzoyl ehlloride. Benzoyl morpholine ill was obta,'ned in 

61% yield. 

Die1s-Alder reaction of 156a with dimethyl aeety1enedicarboxy1ate 

A mixture of 156a (1 mmol) and dimethyl acetylenedicarboxy1ate 
. 

(2 rnmo 1) in 15 ml of dry benzene was ref l uxed for 3, days. The 

reaction mixture was cooled to room temperature. _ A sol ution of 2 

ml 1.5N Hel was adeed and the mixture was .. tirred 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 wi th MgS04 and I,then fil tered. The fil trate was 

eoncentrated by rotary evaporator to give a brown oil which was 
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purified by flash chromatography to gi ve 156 mg of dimethyl 2-

hydroxy-4-pyrro~,id ino-o-phthaol a te 167., The yie-ld was 57%. mp: 

128-130o C 

1.83-2.07 (rn,4H), 3.17-3.38 (m,4,H), 3.BO (s,3H) , 

3.83 (s, 3H), 5.93 (d, IH,J=3Hz), 6.03 (d,lH,J=3Hz), 11.03 (s,lH) 

IR (CHC13, cm-l): 3100, 1725,1650 

MS mLe (rel. intensity): 279(M+ ,90.7), 248(56.6), 189(100) 

. Preparation of enamines 

I-Morphol inobutene 112 was madde by the procedu?=e of Mannic 

and Davidsen in 41% yield. bp:90-91/14rnrl1 (lit.[45], bp 73.5-

. " "74. 50 C/IOmm) 

,The enami nes of ,cyclopentanone, cyc1ohexanone and ethyl 

acetoacetae were made by the' water separator method. 

ethy1 3-morpho1inocrotonate 189, yield: 77%, bp: 106-1090C/O.4mm 

I-morpho1inocyclopentene 193, yield: 82%, bp: 108-1100 Cj14mm 

(lit.[39J, l04-106oC/12mm) 

<> 
I-morpho1inocycohexene 102, yield: 84%, bp: 112-114oC/14mrn (lit. 

[39], bp l04-106 oC/12mm) 

The fo11owing enamines were made by the procedure of white 

and Weingarten Y94j. 

1-morphol inocycloheptene 194, bp: 130-1330 c/15mm (lit. 

[93J, 133-13soC/17mm) 

I-morpho1inocyclooctene 195, yield: 61%, bp: 81-83 0 C/1mm (lit. 

[93] 1 83':"'850 C/O.Olmm) 

I-morpho 1 i no~yc 1 ododecanene 211, yield: 90%, bp: 132-13SoC/0.1mm 

(lit. [68], 128-130oc/O.05mm) 
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I-morpho1inocyc1open~adecanene 21'3, yie1d: 91%, bp: 158-

l61oC/0.1mn (1 i t. [68], l63-l64oC;0.2mm) 

3-mocpholino-2-pentene 201, yield: 52%, bp: 50-51oC/O.5mm (lit. 

[93], 77-7SoC;9nm) 

4-morpho 1 ino-3-beptene 203, yield: 57%, bp: 67-69 0 C/O.2mm (1 i t. 1 _ 

[93], l02-10~6c/12nm) 
3-pyrrol idin~-2-pentene 262, yield: 57%, bp:36-38 oC/O.5mm (lit. 

1 

[93], 62-670C/aDm) 

4-pyrrolidino-3-beptene 204, yie1d: 60%, bp: 56-SBOC/0.2mm 

u 

Self-condensation ~ methyl 4-trimetby1silyl-3-crotonate 156b 

. To a solution of" 257 mg of 156b (1 nunol) in 5 ml CH2C1 2 was 
(' 

addeÇJ 0.5 mmol ôf TiCl4 under N2 at -78 o C. the reaction mixture 

was stirred for 3 hrs at 178°C then overnight at room temperature. 

It was added into a saturated sqdium carbonate solution, stirred 

for 0.5 hr and extracted with ether. The extract was dried witb 

MgS04' filtered and concentrated with rotary evaporator to give a 

yel10w oi 1 which was then purified by flash chromatography (il uted 

wi th a III mixture of ether and hexane). Methyl 2-methyl-4-

morpholino-6-hydroxybenzoate 172 was obtained in 49% yield • 

mp: 108-1090C 

lH NMR (CDCI3): 2.13 (s ,3H,-CH3) 1 3.07-3.23 (rn,4H, morpho 1 i no) , 

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

aromati c), 11.63 (s,lH, -OH) 

IR (KBr, cm- l ): 1640, 1600, 
/ 

M~ mie (rel. intensi ty) : 

16~,Ql, 133 (28) 

1 

1205 

2Sl(M+, 7fi.S), 220(22), 219(50.3) 
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Sel f-condensation -.2! methyl 3-mor-phol in9crotonate 153b in· J:.h.! 

,presence of titanium tetrac~loride 

The reaction was performed in the same manner as the sel f-

condensation of 156b. 1,4-pyrone 185 was obtaine4 in 75% yield. 

1H NMR of 185 (CDCI 3) : 

3.88(s,3H,-OCH3}' 6.13(s,1H,vinyl) 

IR (film, cm-l ): 1735, 167,0, 1635 

1/ 

MS mie (rel. intensity): 182(M+, 9-.9,), 151(17.0), 124(29.5), 

109(f1.0), 67(63.7),43(100) 

Reaction of l56b with I53b 

To a mixture of 257 mg ,of ~ (1 mmol) and 185 mg of ~ (1 
, 

mol) in 5 ml CHiC12 was added 1. mnol ti tanium tetrachioride under 

N2 at -78 0C. The reaction mixture was stirred for 3 hrs at -7SoC 
~-

and then overntght at room temperature. Saturated sodium carbonate 

solution was added, and the mixture was extracted with ether. The 

ether extract was dried with MgS04' filtered and concentrated to 
J 

give a ye110w sol id which was purified by flash chromatography 

(eluted with 1:1 mixture of ether and hexane). A quantity of 203 

mg of ~ was obtained in 71% yield. 

Reaction of 156a ~ 153a 

The reaction was performed in the sarne manner as the reaction 

of l56b and l5'3b. Methyl 2-methy1-4-pyrr01 idino-6-

hydroxybenzoate 184 was obtained in 78% yie1d. mp: 101-102oC 

IH NMR (CDCI3): 1.80-2.03(m,4H, pyrrol idino), 2.40(s,3H, -ÇH3)' 

.3 .13 - 3 • 3 3 (m , 4 H, P y r roI id i no), 3 • 8 0 (s , 3 H , - OC H 3)' 5.83 (s ,2 H , 

123 



L 

- " 

'>',' ",~~U',_l.~!III1{Iij,4!iJ1N._'''.IJ_!1P;lt&m:t&Z __ 811_WI!I!I/iiildIl>?,"'!AII!!,!fW! tAA'Ol.ME~'S U. iiMU'\M,_;a!J~_' 

t. 

,-

. ' 

;,. 
• 11 

,~ ~.1, 

D· 

aromatic), Il.80{s,lH,-OH) 

IR - (Dr, cm-1): 1630, 1615, 1320 " . 
MS mIe (rel. intensity): 

175(16.9), 147(22.4) 

235(M+," 100), 204(32.9), 203(88.~), 

Self-condensation of 153b in the presence 2! .m 
The reaction was perforJUed by Bohme's procedure~ 'l'o 740 mg of , 

153b (4 nunol) was added 432 mg TFA (4 mmo1) at aOc, the reaction -
mixture was stirred for I hr at oOe then overnight at 40-50oC. The 

reaction mixture was di l uted wi th 50 ml of ether, washed wi th 

satrurat~ sodium bicarbonate. ~he ether phase ~as dried with 
" 

119604 and fiitered. The filtrate was then concertrated by rotary 

evapo~ator to g1 ve 41&.mg of methy 1 2-morphol ino-4-methyl-6-

hydroxybenzoate 154g. The yield was 83%. mp:115-1l6oe (1 i t. [82] l' 

mp: 116oC) 

., 
~arbo~Ylation of 172 !2 3-mo;pholino-S-methylphenyl 174 

'1'0 50 mg of 172 was added 5 ml 20% KOH, the reaction mixture· 
, . . 

was refluxed overnight. It wa'S cooled to room temperature and a' 

solution'of IN Hel was added until the solution became acidic. The 

mixture was extracted with ether. The ether extract was dried with 

M9604' filtered and ~hen concentrated to give 27 mg of 174 [82] 

lH NMR (CDC1 3f:- 2.30 (s,3H,-CH3)' 3.03-3.20 (m,4H,morphol ino) , 

3.78-3.95(m,4h, morpho 1 ino), 6.17-6.30 ( m,3H, aromatic) 

IR (CHCI3 , cm-l ): 36aO,'1610~ 1590, 1120 

Decarboxylation of 154g 

" ... ' 
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The reaction was carried out under identica1 conditions as 
.. 

used. for the decarboxy1ation of ID. A quanti ty of 30" mg of ill 
was obtained. It Is identica1 in a11 respects wi th the compound 

obtafned fran the decarboxy1ation of 172. 

Reaction ~ ~ with ethYl 3-morpholinocrotonate 189 

To, a mixture of 241 tg of 156a Ù mmo1) 'and ,199 JIlg of ill (1 

mmo1) in 5 ml of CH2C1 2 was added 1 mmol of titanium tetrach10ride . . 

under N2 at -7S°C. The reaction mixture was stirred,6 hrs at -7SoC 
.J 

then overnight at.room temperature. Saturated sodium carbonate .. . 
solution was added unti1 the mixture became basic. The mixture \as 

extracted' with et~r. The ether extract was dried with MgS04, 

filtered and,the" filtrate was concentrated to give a yellow solid 

whic~ was pur~fied by flash chromatography (eluted with ether and 

hexane, 1:1). A quantity of 162 mg of ethy1 2-methyl-4-

pyrrolidino-6-hydroxybenzoate ~ was obtained. The yie1d was 65%. --mp: 84-B4oC 

1H NMR . (CDCl 3 ) : 1.37 (t,3H,J=7HZ, -OCH2CH3)' 1.83-2.07 (m,4H, 

pyrrol idino), 2.50 (s,3H,-CH3)' 3.17-3.40.(m,4H, pyrroi idino), 
" 4.33 (q,2H,J=7Hz ,ethoxy), 5.90 (s ,2H, aromatic), 11.90 (s,lH, -OH) 

IR (Ker, cm-1): 3400, 1635, 1~10 

MS mie (rel. intensi ty): 249 (M+, 94.5), 204 (79.9), 203 (100), 

175 (75.8), 147 (74.8) 

The reaction of 156a with 1-morpho1inocyc1ohexene 102 
<l 

. To a mixture of 241 mg of ~ (1 mmol) and 167 mg of 102 in 25 

ml 'of CH2C1 2 was added 228 mg Of trif1uoroacetic acid at OOC. The 
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reactlon mixture was stirred 'for 1 h~ al: (}OÇ ·then refluxed for 24~ 1 .. 
hISe-The reaction mixture was diluted wlth 50 ml of ether and 

• IF ~ 

washed with saturated sodi~ bicarbonate. The otganic pliase was 
o 

• III 

dried with Mgso4' filtered and t'hen concentrated with rotary / ., 

evaporator to gi ve a ye110wish sol id~ whicb was purified by flash 
. Q.' • 

• 
chromatography (eluted with ethyl ac~tate'and h,.exanem 1:1) to give 

136 mg of 7-hydroxy-9-pyrrolidino-[4]-ortho-cyc1ophane 192. The 
- t --. 

yield of lli was 63%. mp:157-l590C 

IH NHR (CDC1 3 ): 1.67-2.20 <",8H,. two Methylenes frorq 
" 

• Q ~ 
pyrrolidine" two methylenes from cye lohexene), 2.40-2.83 (m,4H, 

two methyl enes adjacent to aromat le ri ng), 4.60 (b, 1H, -OH), 

5.97 ( s,2H, aromatiç) 

IR (Jœr, cm-1r: 
. 

3400, 1620, 1580 
-

MS mie (rel"l intensi ty) : 217 (M+, 100), 216 (98.7), 189 (54.5) , 

161(39.5) 

Chemical analysis, calculated r e 77.42% H 8.76% 

'found: ç 77.48% H 8.64% 

.. 
Reaction of ~~ l-morpholinocyc1opentene 111 

To a mixture of 241 mg of ~ (1 mmol,) and, 153 mg 193 (1 
.-' 

nunol) in 25 ml of 1,2-dichloroethane was added 228 mg of TFA" (2 ., 
mmol)·at oOe. The reaction mixture was stirred for 1 hr at OOC and 

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

. 
ether, washed with saturated sodium bicarbonate solution. The 

organic layer was dried over MgS04 and. fil tered. The fil trate was , 
concentrated to gi ve a yellow scfrid which "was p~rified by flash 

fi 
chromatography (e1uted with petroleum ether and ethyl acetate, 

1) 
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" 5:1) to give [3] -ortho-cyclophane' ~ in 64% "yièld. mp: 166-168oC 
. 1 

l~.NHR (C~C13): 1.90-'2.20 (m,6H,-~H2-CH2- from pyrrolidine, .. 
, -

CH2- fram cyclopenctene), 2.~0( t,2H, -CH2- adjacent to aromatic 

" ring)', 2.93(t,2H, another - CH2- adjacent ta "aromatic ring), 
, '10 '. , • 

3.17-3.37 (m,4H, pyr~olidine), 5.92( d,lH, ij J-2HZ, arbmatic), 

6.13(d,lH,J=*2HZ, aromatic) 
. Iii 

IR (KBr, an-1): 3310, 1630, 1600, 1580 
, . 

HS mIe (re~. intensity): 

147 (31.8) , '133 (22.3) 

203(H+, 87.6), 202{100r, .17,4(21.0), 

" . 

Reaction of :i56a wi th l..i.~ortho"linocyclOh~Ptene 194'.', 
, ' 

'l"he reaction, was performed in the sarne manner as' the reaction 
n : • Il . ~ 

[5]-ort:h~-Cy~1oPhane .!2l was obtained in 59% ~tween .lS6a and' 193. 

yie1d. rnp: 149-1S0oC . , .. 
lH'NMR' (CDel 3}: 1.53-2;12 ~m,lOH,- (CIi:i) 2- 'from pyrrolidi ne, 

, 
(CH2)3- 'from side ·hydr~carbon., ring), 2.67-2.87(m,4H, 

;) 

pyrrol id ~ne), 4.80 (b,lH,-OH) 1 5.88 (d, (lH,J=2Hz, aromatic), 
• 

6.05 (d,lH,J=2HZ ,aromatic) . " 

IR (KBr, cm-l ): 3400, 1610, 1570, 1500 
, / 

MS mIe (rel. intensïty): 231(M+, 190), 230 (82.1), 203(23.1)~ 

202(44.2) 
r 

,\ t 
.. Reaction":of .!lli wi th I-morPhèrinoèy~looctene 195 

~ 

1 ~ 
\. ~ 
, 

" The reaction was performed in ~he sarne manner as the reaction 

between 156a and 193. [6]-ortho-Cyclophane 198 was obtained in -" -

,. 127 , .. 



'l",'; , " 
, -

,~~, 
... ~~I~; 

l~' 
,~, 

" 

>, 

! ' 

. . 

1 . 

:, , 

c 

" 

dlUMlZiG 

ring) , 1.87-2.08(m,4H, pY.J:x:01idine), 2.63-2~83~m,4H, 2-CH2-

~djacent ,to arom'atic rin9)-', 

quartet,2H,J-2Hz,- aromatic) 

• J 

4.73(8,1H,-08) , 6.00(AB" 

IR (KBr" cm- l ): 3400, 1610, 1570 
-

MS mie (rel. inténsity):o 245(M+, 100), '24.«(54.~), 217(41.4), 

202 (67.3) 

Chemical analysis:' cal .. e 78.37% H' 9.37% " 

found _ C 78.30% H 9.5'!% ,'" , 

? ~ r!action ~ ~ ~ l~morpholinocyclohexene 102 
.. 

The reaction 'was performed i~ the sarne manner as the reaction 
. 

b'etween l.?!!., and 102. Methy1 3-morph'olino-4-

cyc1PheXY1i~~necrotonate'19~ was isolated in 52% yie1d. 

IH NMR (CDC1 3): 1.57 (b,6H, - (CH2) 3-)' 2.00-2.40 (m,4H, 2-CH2-

.oonnected to the double bond), 3.25-3.4-5(m,4H, morphol ine), 

2;63-3.83 (m,4H ,morphol,ine), 3.'5 (s, 3H,~OCH3)' 4.83 (s,lH,vinyl), 

5.83 (s,lH,vinyl') 

" . 1685, 1560, 114,5 
, 

MS mIe (rel. intensity): 265 (M+, 60.2), 234 (25.1), 222 (68.~) , 

206 (66.5), 122 (100) 

Reaction of 156a ~ 3-morpho1ino-Pentene-2 lQ! 
~ . 

-To a mixture of 241 mg of ~ (1 m!ll0l) and 310 mg C?_~lli'- (2 __ _ 

mmo],) in 25 mi of 1,i-dich1oroethane was added 342 mg of T~A (3 
n 

mmol) at o oC'" • The reaction mixture was stirred for i hr at' QOe 

tpen ref 1 uxed for 48 hIs. 1 t was a110wed to C90l to rOQ~ 
l, 

temperature and was diluted with 50 ml of èther. '!'he solution was 
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washed with saturated sodium bicarbonate solution. The organïc 
, "V 

phase was dried with MgS04 and fi1tered. The filtrate was ,. 
'Cl. • 

concentrated to glve a brown 011 which was purified by flash 

chromatography (èluted with hexane and ethyl acet~te, 2:1) to give 

92 mg.of 2,4,5,-trimethyl-3-morpholinoph~nol 200 plus 54 mg of 

lli. The yield' for 200 was 41%. mp: 163"::164oC • 

1H NMR of.!Q..Q., (CDCI 3): ~ •. 2~(s,6H, 2-CH3)' 2.23(s,3H, .-CH3)' 

3.03-3.~8(m,4H, morpho1ine), 3.73-3.88(m~4H, mo-rPtlo1ine), 

4.83(s,1H,,-OH), 6.50(s,1H, aromati.c) 

IR (Kar, cm-1 ): 3300, 1600, 1585, 1100 

MS mIe (rel. intensity).: 221(M+,'9.0.5), 220(55.1), 206(32.2), 

116(63.2),163(100) 

Chemica1 analysis: 
; 

cal. c 70.59%. __ H 8.60% 
,. 

found C, 70 .. 68% H' 8.77% 

Reaction ~ 153a wi th 201 

The reaction was performed under identica1 conditions used for , 

_ the reaction between 156a and 201! Only èompound 184 was iS01a~~. 

React ion of 156a wi th 201 in .the presence of ti tani um 

tetrach10ride 

To a mixture of 241 mg of 156a (1 mmo 1) and 310 mg of 201 (2 
. . . 

mmo1) in 10 ml of CH2C12 was added 0.17 ml ~f TiC14 (1.5 ~ol), at 

-23°C under N2. The reaction mixturewas stirred ,for J hrs at -
.,) 

23°C and then overnight at room temperature. Concentrated sodium 
, 

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

with ether. The organic 1ayer'was dried with MgS04 and filteréd. 
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The filt~ate was concentrated by ~otary evaporator 

oi! ~hich was purified by flash chramatography to 9i 

yie1d. A quantity of 62 mg of self-condensatio~ product of lli! 

was also iso1ated. 
J • 

, . 
Reaction ~ l2!! with 3-pyrrolidinopentene-2 ~ 

!The react.ion was performed under the sarne conditions as th: 

reaction of ~ with 201 in the presence of TFA. 2,4,5-trirnethy1-

3-pyrro1idinopheno1 205 was 'obtainéd in 42% yield • 

IH NMR (CDCI 3): 1.93-2.13 (m, 4H, pyrro 1 idin~), 2.13 (s, 3H,-CH.3) , 

2.16 (s ,3H,-CH3) ,2.22 (s,3H,-CH3)' 3.10-3.30 (rn,4H, pyrro l,id'! ne) , 

4.48 (s,lH,.-OH), 6.50(s,IH,aromatie) 

,IR (CHC13' cm:-.l ):. 3600, 1580, 1460, 1070 

MS mie (rel. intensity): 20~(M+, 99.6), 204(1001',190(57.5), 

176 (65.9), 162(70.1) • ., 

Reaction of 156a with 4~morpholinohePtene-3:~ 

,~he reaction 'lias performed under the sarne condition as the 

reaction of 156a wi th 201 in the presence of TFA. 5-methy1-2,4-

diethyl-3-morpho1inopheno1 ~ 'lias Ob~ained~n 37% yield. mp: 185-

187oc. \ 

lH NMR (CDCI 3):' 1.15 (t;"3~,J=7Hz;ethyl), 1.23 (t;3H,J=7Hz,ethy1), 

2:28 (s,3H,-CH3) " 2.73 (q,2I\rJ=7HZ ,ethyl), 2.77 tt,2H,J=7Hz ,ethyl} , 

3.13-3.30(m,4H,morpholine), 3.77-3.93(m,4H,morpholine), 

'\.83 (s,1H,-OH)', 6.53 (s, 1H ,aroma t ie) 

IR (KBr, cm-~): 3260, 1590, 1410, 1100 

MS mie (re 1. intensi ty) : 249 (M+, 95.3), 234 (19.7), 220 (65.8) , 

... 
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Çhemical analysia: 

.. • 

• 

cal. C 72.29% 

found C 72.20% 

Reaction of 156a with·4-pyrrolidinoheptene-4 ~ 
--- Poo 

b 

H 9.24% 
.. 

H 9.17% 

"' 

The reaction was performed in the sarne manner as the reaction 

between ~ and 201 in"the presence of TfA. 5-Hethyl-2,4-

diethyl-3-pyrrolidinophenol 207 was obtained in ~% yii1d. . -- ~ 

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

1.93-3.12 (m,4H,pyrro 1 idine), 2.28 (s,3H,-CH3), 2.63 (q, 4H,Ja7Hz, 

two ethyls), 3.13':"3.33 (m,4H,pyrrol idine), 6.50 (s,IH,aromatic)' 

IR (CHCl3 , cm-l ): 3600, 1580, 1255, 1085 o , 
1 

233(M+, 100), 232(73.1), 218(95.4) ~ , MS mie (rel. -intensity): 

204 (86.9), 160 (30.8) 

Reaction of 156a with 1-morpholinocyctododecanene 211 
, , , 

To a mixture of 2.57 9 of 211 (10 mmol) and 1.20 9 of 156a (5 

mmol), 1.14 9 of TFA (10 mmolt was added dropwise at OOC with 

. ' 

'Î 
1 
1 

l' 

. " 
~tirring. The mixture was warmed to room temperature and stirred 

for 10 minutes and then heated to BOoC. It was stirred for 3 days 

at sooC. To the cooled reaction mixture, 300 ml of ether was 

added. The ether sol ution was washed with aqueou~ acid (1.5N HC1), 

dried with MgS04 and fi1tered. The fi1trate was concentrated to ' 

9i ve 2.45 9 of brown oi 1, which was pur i fied by fI ash 

chromatography (eluted with petro1eum et:her and ethyl' acetate, 

9:1) to give 12-hydroxy-14-methyl-15-rnorpho1ino-[9]-metacyclophane 

212 in 51% yield. mp: 174-177oC 
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0.24-0.44 (m,2H,-CH2- from the side chain), 

0.70-1.20(m,8H,4-·CH2- of the side chain) 1.48-1.74(m,4H,2-CH2-

of the side ch~in), 2.2Ç(s,3H,-CH3)' 2.56-3.l6(m,4H, 2-CH2- of 

the side chain, adjacent to aromatic ring), 3.18-3.30 (m,4H, 

morph.o1ine), 3.72-3.87(m,4,H, morpholine), 4.68(s,lH,-OH), 

6.44(s,lH,aromatic) 

IR (rœr, an-1): 3290, 1590, 1440, 1100 85,0 '" 

MS mie (rel. intensi ty) : 317 (M+, 91.2), 260 (36.9), 249 (100), 

204 (62.5), 176 (90.6) ,~ 149 (77.3) 

ehemica1 analysis: cal. C 75.71% 

found C 75.76% 

Reaction of 153a with 211 
=;.;..;;;...~...;..;. -- -- -- --

, 

H 9.78% 

H 9.78% 

The reaction'was Performed under the same conditions as the 

,reaction between 156a and 211. Only compound 154c and 

cyclododecanone were iso1ated from the reaction mixture. 

Reaction ~ 156a with I-morpho1inocyclopentadecene 213 
CI 

The reaction was performed in the sarne manner as the reaction 

between 156a and 211. [12]-meta-Cyclophane 214 was obtained ~25~ 

yie1d. mp: 210-214oc 

1 H NMR (CDC1 3 ): 0.76-1.34 (m,16H,side chain), 1.50-

1.8.4(m,4H,side chain), 2.20(s,3H,-CH3)' 2.42-3.54(m,8H, 4H f:çom 

morphol ine, 4H from side chain), 3.70-3.84 (m,41Y,morphol ine), 

4.48(s,lH,-OH), 6.46 (s,lH,aromatic) 

IR (KBr, cm-1 ): 3300, 1595, 1150 

MS mie (r'el. intensity): 359(M+, 100),316(22.1),. 302(46.2), 

13'2 
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149(44.0) 

\ 

Reaction of 156a with i~orpholinobutene 112 

The reaction was perforrned by the same fashion as the reaction " 

between 156a and 201 in the presence of TFA. After ~~: usua1 WOk~P/: 
a black sticky oil was obtained. No aromatic ~ak wat\ObserVed 1n 

the 1H NMR. No identifia~le compound was lsolat d by flash 

chromatography. This reaction was repeated by using Ti\ 14 as th} 
/ \ 1 

catalyst inst'ead of TFA. This time, on1y compound\ 184 wa , 

iso1ated. 1 

\ ' " 

The preparation and separatio~ of diastereomers 234 (method A) 
(, 

R-(-)-MethO~fPhenylacetic 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 oi1 bath, then.4 cooled to room 

temperature. Thionyl ch10ride was removed from the mixture by 

water aspirator and then under high vaccum for 30 minutes. The 

crude acid chloride was diluted with 10 ml of dry THF. To the 

mixture was added a sol ution of 158 mg 212 in 10 ml of THF, 
. 

followed by 122 mg of dimethylaminopyridine under vigrous stirring' 

and N2. The reaction mixture was stirred for 30 minutes .at room 

temperature and 'overnight at sooe. To the cooled reaction mixture 

100 ml of ether was added. This sol uti on was washed wi th 5% Hel, 

saturated sodium carbonate solution and then wàter. The ether 

solution was dried with MgS04' filtered and the filtrate was 

concentrated by rotary evaporator to 9i ve 204 mg of 'yellow oi 1. 

aurification by flash chromatography, e1uted with.petroleum ether 

.. 
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and ethyl acetate, ga~e 188 mg of coloriess ~lH NMR spectrum 
\ 

of this oil showed a 1:1 mixtur: of a-234 and $-234. This mixture 
.,,- . 

was separated by TLC Mesh chromatography. The same operatIon 
, 

procedure as described in the 1iterature [119] was followed except 

that more si 1 ica gel was u-sed in ,Our case. To a 24 mm diameter 

colmnn with 8.5 in. high silica gel was loaded 150 mg of the above 

wixture. It was eluted with a combination solvent 

(pentane:acetonitri1e:ethy1 acetate=20:1:1) at a rate of 

2m1jminte. There was obtained 44 mg of 0(-234 and 79 mg of {3-234, 

each with >95% puri ty. 

0.1-1.9 (m,14H, side chain), 

2.15(s,3H,-CH 3 >., 2.40-3.00(m,4H,2- CH 2- of the side chain, 

adjacent ~o the aromatic ring), 3.00-3.10(m,4H,morphol ine), 

3.51(s,3H,-OMe), 3.64-3.74(m,4H,morpholine), 

6.54 (~,lH,aromatic), 7.32-7.54 (m,SH,-Ph) 

1 
4.96 (s,lH,-CH-), 

1 NMR of (3-234' (CDC13): 0.1-1.9(m,14H, side chain) i 2.15(s,3H, 

-Me), 2.50-3.10 (m,4H, 2-CH2 - of the side chain adjacen,t to the 

aromatic ring), 3.10- 3.20 (m, 4H,morpho 1 i ne), 3.48 (s ,3H,-OMe) , 

- /. 1 
3.64 - 3. 7 4 (m, 4 H , m br p ho lin e), . 4. 9 6 ( s , 1 H , - C H -), 6 • 6 2 ( s , 1.H, 

aromatic), 7.32-7.54 (m, SH,-Ph) 

MS of 234 (re1..intensity): 465(M+, 38.4),317(37.2),149(22.3) 

121 (100) 

Reduction of 0:-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 0(-234 in 5 ml of THE 
. 

dropwise wi th stirring. The reaction mixture was stirred for t hr \ 
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, at SOOC, then ref1uxed overnight. The eooled reaetion mixtux:e, was 

di~u_ted with 50 ml of ether and aeidified, with 1.SN HCI, washed 

with water and dried with MgS04• After the filtration the filtx:ate 

was .coneentrated by rotary evaporator to give 72 mg of erude 
. 

product. Purification of this crude produet by flash 

chromatography (e1uted with petroleum ether and ethy1 aeetate, 

7:1) gave 19 mg of (-) -212 (67% yield)., Its NMR and 
\ 

IR speetra are 
1 

[al ~O=_30.00 identical to those of racemic 212. Ik:" has -
(c=O.010g/m1, acetone). , , 

~ 

Reduction of {3.-_234 to give (+) -212 

A quanti ty of 70 mg {3-234 was reduced by the samè me-thod as 

in the reduction of a-234. A quanti ty of 33 mg of (+) -212 'was 

obtained (69% yie1d). Its NMR and IR spectra are identieal to 

those of the 
~' 

acetone) • 

racemic 212. It bas [a] 2°=+26.4 0 (O.005g/ml, 
D r 

Preparation and separation of diastereomers 235 

A quantity of 190 mg of racemic 214 was eonverted to 235 by 

method A descr i bed above. The reaction gave 225 mg of 235 which 

was a 1:2 mixture of a-235 and (3-2'35 by 1 H NMR. The' above mixtu,re 
\ 

{ISO mg) was separated by TLC mesh chromatogra~hy (el uted wi th 

'" pentane, acetonitrile and ethy1 acetate 20:1:1) to give 47 mg of 

a-235 (95% pure) and 72 mg of ~-235 (90% pure). 

0.80-1.60 (m,20H,' side chian), 

2.23{s,3H,-CH3 ) 1 2.Î6-3.46 (m,SH, 2-CH2- for the side chain an? 

2-CH2- for the morphol ine) ,3.46 (s,3H,-OCH3)' 4.94 (s.lH,-~H-), 
/ 
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6.66{s,lH,aromatic), 7.34-7.60(m,SH,-Ph); {3-isomer: 0.8-

2.0 (m,20H, side chain), 2.23 (s,3H,-~2.44-3.40 (m,SH) , 

3.46 (s,3H,-OCH 3 ), 4.94 (s,lH)t, 6.66 (S,~atiC)' 7.34-
, ' 
7.60(m,5H, Ph). 

MS of 235 (rel. intensity): 507 (M+, 46.2), 9(19.9),149(17~9), 

121(100) 

Reduction of a-235 to (-) -214 

A quanti ty' of 40 mg of a-235 was reduced Dy excess LAH to 9i ve 

23 mg of (-) -214 (82% yield). Its lH NMR and IR are identical to 

. those of racemic 214. It has [al \=-17.30 

~ ~ ~ 

(c=O.OlSg/2ml, THF). 

Reduction of f3=.235 to (+)-214 

A quanti ty of 36 mg of {3-235 was reduced by LAH to 9i ve 19 mg 

of '(+)-214 (75% j'ield). Its I H NMR and IR spectra are identical to 

those of racemic.ll!' It has [a] 5°=10.8 0 (c=O.007g/ml, THF). 

Preparation of l,3-Bis(trimethylsi1oxy)-1-methoxybuta-1,3-diene 17 

.. Compound 17 wa$ prepared by 1iterature [12] method in 92% 

yield. Its ~'~NMR was identica; to that reported. 

J 

preparation of cyclotetradecanedione-1,3 241 

To a mixture of 16 g 1-morpho1 inocyclododecanene 211 (0.063 

mol) and 7.07 9 triethylamine (0.07 mol) was added a solution of 

4.9 9 acetyl chloride(O.063 mol) in 10 ml chloroform (free of 
• 

,ethanol) dropwise at aOc under N2 with vigrous stirring. The 

reaction mixture was stirred for 5 hrs at room temperature, then 
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diluted with 50 ml chloroform and acidified with 60 ml of 2.SN 

HCJ,._ The mixture was stirred for 5 hrs at room temperature, 

extracted with ch10roform and dried with Hgs04. It was filtered 

and the filtrate was coneentrated to give a yellow oil which gave 

5.1 9 erude product after vaceum distillation. 'The erude produet 

was purified by flash chromatography on silica gel to give 4.2 9 

pure 241 (28% yield). mp: 30-320 c (lit. [671, mp: "31-320 ) 

1 

Preparation of 2-be~yl-cyc1otetradecanedione-1,3 242 (method D) 

To 1.12 9 241 in 5 ml of 5% potassium hydroxid was added 0.86 

9 of bezyl bromide dropwise with stirring. The reaction mixture 

was stirred for 2 hrs aj: room temperature and 'then aeidified with 

2.5N HCl and extraeted wi th ether. The '{ether extraet was dried 

wi th MgS04 and fi 1 tered. The fi 1 trate,-Jas concentrated by rotary 

evaporator and the residue was purified by flash chramatography on 

silica gel, e1ut~ with petro1eum ether and ethyl acetate (20:1), 

to give 1.47 g 242 (~4% yield) mp: 81-830 C 

1H NHR' (CbCl j): 1.0-1.8 (m,18H, side chai n), 2.2-2.6 (m,4H, side 
, \ 

chain), 3.66(d,2~,J=7HZ, -CH2-Ph), 3.93(t,lH,J=7Hz,-CH-), 

~ 7.07(s,SH,-Ph). ~~_ 

IR (KBr, cm-l ): 1690, 740, 695 

MS mie (rel. intensity): 314 (11+, 41.8), 286(91.9), 

146 (67.5), 55 (100) 

1-3-t:rimeth c1otetradecan-2-en-

~.ill. (me h 

Compound 243 was prepared by Danishefsky's method [104] in 
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quantitative yield. IH NMR ~pectrum shows""a '2:1 mixture of two 

geqm~try isomers. 

1H NMR (COC1 3): 0.13(s,9H, trimethylsilyl), 0.4-2.7 (m,24H, side 

chain), 3.43{s,2H, -CH2-Ph, major isome~), 3.60(s,2H, -CH~-Ph, 

minor isomer), 7.04 (s,sH,-Ph). 

IR (film, cm-1): 1670,1600,1450,840 

MS mie (r~l. intensi ty) : 386 (M+, 9.2), 371 (35.5), 296 (47 .8l , 

169(49.5),73(100) ~ 

'PreParation of 14-(methyl carboxylate)-15-hydroxy-17-benzyl- [11]

metacyclophane lli {method D} 

To a mixture of 0.77 9 243 (2 mmol) and 0.78 9 17 (3 mmol) in 

30 ml of dry CH2C12 was add.ed 0.22 ml of TiCl4 (2 mmol) under N2 

at -230 c. The reaction mixture was stirred for 8 hrs at -230C then 
~ ~ 

"overnight at room temperature. Concentrated sodium bicarbonate 

sol ution was added unti l the mixture was basic. The mixture was 

extracted with ether and dried with MgS04. It was filtered and the 

filtrate was concentrated to give 0.71 9 ye110wish solid which was 

purified by flash chromatography on silica gel to give 0.54 g of 

244 (69% yield). mp: 112-114oC ~ 

IH NMR CCDel 3): 0.4-2.0 (m,lSH, side chain), 2.06-3.70 (m,4H, 

sige chain), 3.84 (s,3H, -OMe), 4.20 <::;,2H,-f.!:!2-Ph), 

6.63 (s,lH,aromatic), 6.70-7.27 (m,sH,-Ph), 10.90 (s,lH,-OH). 

IR (RBr, cm-1): 3470, 1650,1
1
240 

MS mie (rel. intensi ty): 394 (M+, Il.3), 362 (38.9), 314 (34.8), 

286(99.9),159(93.8), 91(100) 

Chemical analysis: cal. C 79.19% H 8.63% 
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c 
found c 79.23% H 8.67% 

Preparation of !=a-methoxy-~(trif1uoromethyl)phenylacety1 
; ; 

chloride 245 

To 10 ml of thionyl ch 1 a,r ide was added 4.0 9 of R- (-)-a

~ethoxy-a-(trif1uoromethyl)pheny1acetic acid and 0.1 9 of sodium 

ch10ride crystal. The reaction mixture was refluxed for 5Q hrs. 
-

thiony1 chloride was removed by rotary evaporator and the residue 

oi l was di~ti lIed under vaccum to 91 ve 3.52 9 245 (81.2% yield). 

,bp: 67-680 /2Mm (lit. [105], ~p: 54-550 /lmm) 

,?reparation and separation of the diastereomers ~ 

To a solution of 253 mg ~45 (1 mmol) in 10 ml dry THF was 

added a solution of 197 mg (0.5 mmol) 244 and 122 mg of 

dimethy1aminopyridine (1 mmol) in 10 ml dry THF slowly under 

vigrous stirring. The reaction mixture was stirred overnight at 

room tempera ture. To the mixture, 100 ml ether was added. It was 

washed with 1.5N HCI, then concentrated sodium carbonate solution 

. ' 

and finally with water. The organic phase was dried with M9S04~ 

and fil tered. The fi 1 trate was concentrated hy rotary evaporat:or ( 

and a 1:1 mixture of a-~ and ~-246 was obtained in quantitative 

Yield. The two diastereomers were separat~d by TLC mesh 

chromatography (eluted with petroleum ether and ethyl acetate, 

35 :1). 66 mg of a-246 and 75 mg of /3-246 were obtained frorn 180 mg 

of the mixture. 

1 H NMR (CDC1 3 ,200MHz), a-246: 0.66-1.76 (m, 188, side chain), 

2.20-3.0Q(m,4H, side chain), 3.66(s,6H, -OMe and -C02Me), 
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( 

, " 
i 

4.2s,(AB q,2H,J' ... 3H'Z,-~~-Ph), 6.82(s,lH,aroIQatic), 6.92-

7.~4 (m,10H,i-Ph). t3-lli: 0.66-1.76 (m,lBH, aide chain); 2.20-

3.00 (m,4H, side c., 3.58 (s,3H,-C02Me), 4.25 (ABq,2H,j,~3HZ,:-
CH2-Ph), 6.85(~,.lH,aromatic), 6.92-7.64(m,lOH,2:"'Ph). ... 

MS of 246, mie, (rel. intensi~y),: 6l0(M+, 9.1), 409{33.6); 

190(49.8), 18~(1.OO), 91(48.8) 

" 
Reduction of a-246 

-~ 

a-246 (40 mg~s reduced with excess LAH in 15 ml dry THF. 

The reaction mixture was stirred for two days. A solution of 5% 

HCl was added until the mixture was 'slightly acidic (never add too 

•• " , ft, 1 much HCI, slde reactlon may occur). It was extracted with ether, . , 

dried wi th MgSo.4 and fi 1 tered. The fi 1 trate was concentrated by 

rotary evaporator to gi ve 38 mg crude product. The crude product 

was purified by flash chromatography on' sil ica gel to gi "le 18 mg 

(+) -247 (77% yie1d). mp: 138-1390 C, [a] gO=+12.6<? (c;":O.012g/2ml, 

, acetone) 

lH . NMR (CDCI 3): 0.37-1.90 (m,lSH, side chain), 2.0-3.1(m,4H, 

side chain), 4.16(s,2H,-C.!!2-Ph), 4.93(s,2H,-CH2-0H), 

6.50 (s,lH,aromat ic), 6.80-7.5- (m,SH,-Ph). 

IR (KBr, cm- l ): '3415, 1600, 1080 
. . 

MS mie (rel. intensity): '366(M+, Il.6), 350'-l00), 348(87.9), 

91(99.4). 

Reduction of {3-246 > 

{3-246 (34 mg) was reduced oby LAH in THF to give (-)-247 (12 

mg), mp: 138-1400 , .laI &°=-14.4° (c=0.006i;J/2ml, acetone). rts 1H 
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NMR and IR spectra were identîcal to those of (+)-lli 
'" 

• 
Preparation of 2-methyl-cyclotetradecanedione-l,3 251 

compoundw~ ~as prepared in a similar.manner as the 
, 

1iterature" [115] method. To 5 ml of lM solution of 
" 
tetrabuty1amoniun fluoride in THF was added 1.12 9 241 (5 mmo1) in , 

10 ml of THF. The sol vent was removed by rotary evaporator. The 
" */i" Il ("'; 

residue was dissol yed in 20 ml of chloroform, and to this sol ution ~ 

was added 1.42 9 of methyl iodide (la mmo1). The reaction mixture 

was stirred for 2 hrs at room temperature. Chloroform was removed 

by rotary evaporator and the residue was poured into ether and 
1 

, 
fi1-tered. ~he filtrate was concent~ated to give a white s'olid 

which wàs then purified by flash chromatography on silica gel and 
, {~ 

1.04 g pure 251 was obtained (81% yield). mp: 35-3it~ (lit. [115], 

mp: 35-37°) 
" 

PreparaÙon of 252 

Compound 251 (714 mg, 3 mmol)' was converted quanti tati vely .to 

252 by method C (see the preparation of 243). Two'geometri,cal 

isomers are shown 'in {'ts lQ'r~ 'Sp~ctrmn. .. 

1H NMR (CDCl3): 0.27 (s'\9H, trimethyl si,lyl of orle i somer) , 

0.30 (s,.9H,trimethyl si lyl of the other isqmer), 1.35(m,18H, side 
.. 

ahain}., 1.80 (s,3H,-Me,~SOmer), 1.87 (s,3H',-Me,' minor 
• 

isomer) '. }.2-2. 7 (m,4H, side chain) . 

Preparation of 14-(methy1 carboxxlate)-15-hydroxy-17-methyl-[ll]-
Al 

~etacxclophane 253 
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Compound .~ was synthesized by method 0 (sèe the 'preparation 
1 

of • ..!!!> in 63% yield. It was a coloriess needle after 

recrysta1ization from hexane. mp: a9-91oC 

IH NMR (CDC13): 0.4-1.8 (m,ISH, side chain), 2.27 (s,3H,-Me) , 

2.1-3.5 (m,4H, ~.ide chain), 3.93 (s,3H, -OHe), 6.63(s,lH,aromatic); 

IO.07(s,lH,-OH). 

IR (Kar, cm- l ): 3420, 1660, 1220 

" .. MS mie Jrel. intensity): 31B(H+, 49 .. 0), 287(.9.5), 286{lOO), 

Il' 189(33.0) 

prlearation an~ separation of diastereomers 254 

Compound 253 (159 mg, 0.5 'mmol) was con'Verted into the 

diastereomeric, esters 254 in 90% yield by the sam~ pr.ocedure used 

for the preparation of 246. The two diaster,eoisomers were . 
, 

separated by TLC mesh chromatography on si l ica gel (el uted wi th 

petroleum ether and ethyl acetate, 35:1). There was obtained 53 mg 
,< 

of"a-254 and 41 mg of (3-254 from 140 mg of 254 mixture. 

IH NMR (CDCl): ~-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 / -OMe), /-

3:68 (s ,3H,-C02Me), 6.76 (s,1H,aromatic), 7.44-7.65 (m,SH,-p,h); ~ 
isomer, 0.46-L80.(m,18H, side chain), 2.32(s,3H,-Me), 2~31-

3.18 (m,4H, side chain),. 3.58 (s,3H,-C02Me), 6.80 (s,1H,aromaticf, 

7.44-7.65{m,5H,~Ph) • 

,MS mie (rel •• intensi ty) : 534 (M+, 2.6) 1 332 (61.·7), 189 (100)', , 

91 (26.8) 

J 
, 
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To 10 ml of dry ether was added 40 mg of LAH and 80 mg of a-

25~._ The reaction mixture was s~irred overnight at room, 

temperature, th en diluted with 50 ml ether and acidified with IN 
, 

HCI, the organic layer was washed with water and dried with MgS04. 

After fi 1 tration, the fi 1 trate \lias concentrated to gi ve 54 mg of ~ 

white solide It was purified twice by flash chromatography to g~ve 

36 mg of (+) -255 (83% yie1d). mp: 123-12~oC 
, -
(c-O.036g/2ml, acetone) 

l H NMR CCDCI 3): 0.3-1.9~H: side chain), 2.30(s,3H,-Me), 
, (/ 

2.4 0 - 3 • 3 0 (m, 4 H , s ide cha in) , 4 .90 ( s , 2 H , -~!! 2 - 0 H) , 
, -

6.53 (s,IH,aromatic) 

IR (KBr, cm-1): 3610, 3400, 3200, 1600, 960 

MS mie (rel. -intensity): 290{M+, 9.0), 274(99.6),272(82.4), 

257 (33.5), 136 (100r 

Chemical analysis: cal. C 78.62% 

found C 78.71% H 10.32% 

Reduction Pof (3-254 to (-) -255 

" 
Compound {3-254 was' similarly reduced to (-)-255 in 7~% yield.-

Its 1H .,NMR and IR .. specfra were ident'ical to thosé Of (+) -255. 
, , 

mp: 123-125 0 Ç f [a 1.'&°=-8 0 (c=0.024g/2ml, acetone) 

preparatiôn,df 256 
;;; 

," Compound 256 was synthesized from 241 in quantitative yield by 
, -

method C (see the preparation of 243). Its 1H NMR spectrum showed 

two qeometrica1' isomers. 
\ ' 

1 H NMR (CDC1 3): 0.07{s,9H,trimethy1sily1, min<?r isomer), 
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0.20 (s,9H,tr imethyl s i ly1, major isomer), 0.90-1.90 (m,18H, side 

c;h~in~, 2.06-2.93 (m,4H, side chain), 5.42(s, IH,v inyl, minor 

isorner) , 5.50 (s,lH, vinyl, major isomer) .. 

IR (film, cm-l): 1675, 1580, 1250, 840 

Preparation of 14-(methyl, carboxy1ate)-15-hydroxy-[11]-

metacyclophane 257 

Compound 257 was obtained by methoq D from the condensation of 
.\ 

256 ana 17 in 59% yield. mp: 69-71oC 

.. 

1H NMR (CbC1 3): 0.62-1.90 (m,lSH, side chain), 2.40-2~67 (m,2H, 
; • <' 

side chain), 2.80-3.03(rn,2H, side E:hain), 3 .. 83(s,3H,-OMe), 

6.43 (s,2H,aromatic) 1 10.70 (5 ,IH,-O~. 
1 

IR (tœr, cm-l ).: 3410, 1660, 1560, 1250 
0.-

HS ~/e (rel. intensity): 304 (MÎ' 54.1), 273 (46.8), 272 (100), 

91(19.2). ! 
/ 

Preparation of 258 1 

Compound 258 was prepared from lU by the same procedure as 

the preparation of 246. The yie~d was 92% • 

1H NMR (CDCl 3): 0.67-2.00 (m,18H, side chain), 2.50-2.87 (m,4H, 

side chain), 3.63(s,6H,-OMe and -C02Me), 6.80(s,IH,aromatic), 

7.07(s,lH,aromatic), 7.33-7.73(m,5H,-Ph).. 

IR (CC14' cm- l )': 1770, 1730, 1260 

HS mie (rel. intensi ty): 520 (MT, 0.5), 488 (4.4), 304 (40.1}, 

205(42.3), 189(100). 

Prepara~iQn of 260 

The per ~~rmed in the sarne manner as the 
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preparation of lli, exc~t that propanoy1 ch10ride was used 
4 

instead of acetyl chloride. The yie1d of 260 was 62%.0 

Preparation of 261 

Compound 261 was synthesized from 260 in quantitative yield by 
\ 

method C. Its IH\ NMR spectrum showed two geometrical isamers. 

lH NMR (CDC1 3 ): 0.2(s,9H,trimethylsi1yl, major isomer), 

0.24 (s,9H,trimethyl si ly1, minor isomer), 0.77-1.90 (m, 24H, side 

chain), 1.77 (s,3H,-Me, major isomer), 1.83 (s,3H,-Me,' minor 

lsan~r), 2.:7-2.73(m,4H, aide chain) 

IR (film, cm-l): 1670,1&10,1250,840 

Preparation of 17-(methyl carboxylate)-18-hydroxy-20-methyl-[141-

metacyc10phane 262 
~ , 

The condensation reaction of 261 with 17 was performed by 

method·D. Compound 262 was obtained in 54% yield. mp: 102-10SoC 

IH NMR (CDCI 3): 0.70-1.90 (m,24H, aide chain), 2.17 (s,3H,-Me), 

2 • 4 3·- 3 • 2 0 (m , 4 H , side chain), 

6.54 (s, 1H,aromatic), 10.30 (s, IH,-OH). 

IR (KBr, cm- l ): 341<V _1650, 1430 

3 • 8 5 ( s " 3 H , - 0 Me) , 

MS mie (rel. inten~i ty): 360 (M+, 70.9), 329 (59.7), 328 (100), 

302 (21. 7) • 

>/ 
Preparation of 263 

Compound 262'was converted to 263 in 90% yield by the same 

procedure used for the preparation of 246. 

I H NMR (CDCl 3): 0.70-1.80 (m,24H, side chain), 2.27 (s.3H,-Me), 

2.53-2.90 (m,4H, s ide chai n), 3.60 (s, 6H, -OHe, and -C02 He) , 
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o 

• 
6.:17 (s;lH,aromatic), 7.'23-7.70 (m,SH,-Ph). 

tR_(film, cm-l ): 3420,1665,1220 

MS mIe (rel. intensity): 576(M+, 3.6), 545(3.2),374(30.2), 

189 (100) .. 

\" 
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