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A

ABSTRACT )
?

A new reaction between phthalide ortho esters with a series of
dienophiles has been studied. It was fo@nd that treatment of ],I-diethéxy-
phthalan'or 5,6—dimethoxy-i,1—diethdxyph£ha]an with activated acetylenes
yielded tetrasubstituted naphthalenes. Reaction of 1,1-diethoxyphthalan

-~with diethyl ma€ate afforded a mixture of enol ethers and a trisubstituted h
‘ naphthalene. The enol ethers were converted into a 5isubstituted naphthb]-x
under acidic conditions. Treatment of- phthalide ortho esters with ];4-
benzoquinone or 1,4-naphthpquinone gave p-homoquinones instead of the
expected 1inear tricyclic and tetracjc]ic aromatic compounds. -

‘The formation of the compounds derived from the reaction of
phtha]{ae ortho esters with diénophiles has been rationalized in terms

of a mechanism that involves 1-ethoxyisobenzofurans as intermediates.

g
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CHAPTER 1 s

HISTORICAL INTRODUCTION
' d
1.1 Introduction .
Funcfiona]ized naphthalenes are important }ntermedia%zs in the
synthesis of numerous naturally occurring compounds of biological
importance. Such systems include naphthoquinones (1), anthraduinones
(1), and anthracycline antitumour and antibiotic agents (2), most notably,

adriamycin 1, daunomycin 2, and carminomycin 3.




The general methods that have been employed to construct linear
polynuclear aromatic systems are:
(i) Friedel-Crafts alkylations or $c¥1ations,
(i1} nucleophilic condensations,
(ii1) various forms of the bie]s—A1der reaction, and,
{iv) -cjc1ization of polyketides.

Each of the general methods will be reviewed in this chapter.

1.2 Friedel-Crafts Type Routes

A

Friedel-Crafts acylation has been the traditiond] procedure for
the synthesis of polycyclic aromatic compbuan. Thus, the synthesis of
anthraquinones and higher analogues is often accomplished by acylation

of aromatic substrates with phthalic anhydrides or phthalic acid

- derivatives in two discrete steps. However, the method suffers from a

lack of regiospecificity when the aromatic substrate 6§ and anhydride 4
or phfhalic acid 5 are both-substituted (3). In‘many cases, acylation

(7 - 8) is accompanied by the Hayashi rea}rangement (4) and is difficult
to accomplish unless the aromatic substrate is activated. These diffit-
ulties may be avoided by reduction of_z:fitst to 9 and then to 10, before

cyclization to 11. Finally, oxidation of 11 to 8 may be brought about,

as shown in Scheme 1,



3
¥ 0 0 o
0 ' OH + Lewis
—————T
o [ OR acid
: Cl
R 0 R o
4 5 6
~~ —~

acid
——
8
—
' 0
R R
COH . .
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In order to overcome the lack of regiospecificity in the
preparatioh of compounds such as 9, Johnson et al. (5) have recently
developed a regiospecific synthesis of 3;ary1phtha]1des 14 from the

reaction of 3-bromophthalide 12, with an aromatic substrate, e.q.,

13, in the presence of -stannic chloride  (Scheme 2).

OCH3
SnCI4
CH cu
2 ocH
3% 12 ) 52 H £ 14 >CHs
r~ /
—3) CF.COOH
OH = OCH, 3
co '
HyC! OCH3
15
~t
- -
16 AICly> GH-NO, | 17, R=H

Scheme 2
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- Compounds such as 14 were converted to islandicin 17, as shown

in Scheme 2. Johnson et al. (6) have also extended this method to the

synthesis of anthracyclinones, such as 20, as shown in Scheme 3.

,‘ OGH
co Et)
; : GO,CHy
HCO OCH3
e )8

0  OCH /
HeRE,

_Scheme 3
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\r—
sih et al. (7) have reported an a]terﬁative approach to '
islandicin 17. They prepared 22 by acylation of 1-hydroxy
5-methoxynaphthalene gl.' Eries rearrangement of 22 proceeded regio-
spec{fica11y in 80% yield to 23. Further chemical transformations of
\‘x.
23 afforded islandicin 17 (Scheme 4). y
™,
A o
Ho " "'Ef HO 0
(EtCO)aO ( Fa EL0
CBH N 120°C
H C
H300 3 0 .H§CO
1 23
1) Me2 8 K2003 HO O
. 2) Brp— Py,HBr - CHg
C COOEt)_, NaH . H, SO,
3) CHa (CO0EN, - et
4) AJCH3- CPE;“Z: : _
5) KOH, A cO M
2
6} K28208' OH - CH30 HO )

Scheme 4



1.3 Nucleophilic Condensations

Recently, a number of new methods have been developed for the
construction of polynuclear aromatic systems. Most of these methods

involve the use of phthalide anions 24 as key intermediates.

N
X 24a. X=H ﬁ
S . 24b. X=SO,Ar -
24c. X=CN

\ »

Trueb and Eugster (8) have prepared hydroxy-substituted
naphthacéne qu%hones 28 from the addition of phthalide ahion 24a to
substituted quinones, e.q., ethyl 8-methoxynaphthoquinone-Z-carboxylate
25, to yield the adduct 26. Oxidation of 36 followed by acid catalyzed
cyclization 6f 27 with simultaneous decarboxylation yie]ded‘ggj as

shown in Scheme 5. '



Ny
MO 9 coomr 0
-
- u - e | .
23 24q

Scheme'5 " !

Also, the group of Sammes has used the conjugate addition of
phthalide anions to unsaturated ketones 29 or benzynes 34 for the
preparation of naphthols 32 (9) and anthraquinones 37 (10), as shown

in Sch.emes 6 and 7, respectively. =~
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o . .
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7
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Hauser and his group have deveioped two neitmethods for the
FEron The

regioselective annelation of-aromatic r1ngs irst method (iT)

is based on construction of the jsocoumarin 42. It was prepared by a
three step sequence from 39 invofving acylation with acetic anhydride
and pyridine, basic hydrolysis with concomitant dedbrboxy]atfon of 40
and, finally, ring closure of the intermédiate 41 using acetic anhydride
and perchloric acid. Conversion of the isocoumarin 42 toinaphthoic acid

43 was accomp1ished by a Reformatsky reaction or by using lithium ethyl

acetate (12), as shown in Scheme 8.

38
P
——ip - A
or Li CH,, COOE!
" 2) KOH
A A2
CO,H
v RO OH
. 43

Scheme 8



kR

Since ring A of 43 has functignality similar to 38, the r?action
as

sequence may be repeated to add an additional ring to the systen,

showqgin the generalized sequence of Scheme 9. —
A A A
. e
coB . coB - coB
RO RO  OR ~ RO RO OR

"Scheme 9

-~

Hauser and Rhee (13) have used this method in the synthesis of

sorigenin methyl ethers 44

R
|
- Ry = H, Ry=Ry= CHy

a.
~
b, Ry = OCHg; Rya Ry=CHy



)

The second approach, used by Hauser-and Rhee (14)_involves
nuc1eophi]1c addition of phthalide anion 24b to Michael acceptors 29.
The reaction proceeds through intermediate 46 to afford d%rect]y 1, 4-

dihydroxynaphthalenes 47. (Scheme 10).

| SO Ar SO Ar .
@ buse mo -+ R|CH= CHCORa—z—-
45 24b 29
‘ (SCbAr : OH
R
| —arso® !
(/- —
-J;) Ro
COR R
R 0 2 OH 0
* 46 47
Scheme 10

/“\_.!



13

The same group has extended the method previously described to

prepare the methyl ether of kidamycinone 48 (15a) and the tetracyclic

ketone 49 (15b)

-H_CO
3 OCH 0o

HC
30 OCH3 0

2
18

A similar ring annelation was used by Krauss and Sugimoto (16),
employing addition of 3-cyanop2$ah'de anions 24c to Michael acceptors

29 to yield 1, 4-dihydroxynaphthalenés 47, as shown in Scheme 11.

-



L

o cN o GN o
. | _ : base’ =) | S

- 0o ——> - O 4+ R|CH=CHCOR, ——w= -
~ R. O . R 0 o

© 5Q ' 24¢ " 29

A S — — - - -

Scheme 11

Q =

Recently, Ba1dw%n and Bair‘(1?); Raphael -et al. (18) and
Snieckus et al. (19, 20) have reported syntheses of unsymmetrical
ahthraquinones emp]oying organometallic coupling reactions. The method
is based on the use of ortho-lithiated benzamides as key intermediaﬁes.

‘A general sequence was used for the preparation of unsymmetrical

-
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anthraquinones, as follows: Lithiation of the amide (secondary or
tertiary) 48 with an a1ky1 lithium (butyl or sec-butyl ]ithfum) followed
by treatment of the obtained dianion or anion 49 with an aldehyde 50

gave the 3-arylphthalide 51. Reduction of 51 afforded the o-benzylbenzoic
acid derivative 52 which upon Friedei-Crafts cyclization gave the

anthrone 53. Oxidation of 53 provided the corresponding anthraquinane

54 that can be conve}ted to 17, as shown in Scheme 12. However, Qhen an
ester was used instead of the aldehyce, the condensation product with 49,

. /
after acidic work-up, was a benzoylbenzoic acid. Cyclization of the acid

with H2504-yie1ded the anthraquinone (18).

The group of Van Leusen {21) has employed the reaction of ortho-
substituted benzyl sulfone or nitrile anions 56 with Michael acceptors

to obtain substituted. naphthalenes 57 (Scheme 13).



H
' \
N-R, l‘wlRI
HCO RLI .- Sen Li
—_———
e L - T
o R,
N—Ri N-R,
L
H;CO OCH4
48 49
/‘\J ,ﬁ.}

16

SCHEME 12
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A
X X B
- base Michael
——— ——————
acceptors
o)
i i c
Y ' Y D
585 56 ' 57
P v P~ pr—
‘Scheme 13
LS

Depending on the substituents X and Y and the Michael acff?fi:i

it is possible to obtain @ variety of substituted naphthalenes, as sh
n Table 1.

TABLE 1. Naphthalenes.prepared from o- SubstItuted Benzyl Sulfones .or
‘ ‘Nitriles and Michael Acceptors. ' s

-

COMPOUND 57

X o Y - MICHAEL ACCEPTOR

A B C D
H COPh Ph H - CHO . pACH3C6HQSd2 PhCH=CHCOPh
H..lCOOMe VMe H CHO P-CHyCeH, S0, CHCH=CHCOOMe

OH COOEt COOEt H COOEt  p-CH3CH,SO, Et00CCH=CHCOOEt . -
Ph CN Me H COPh  -p-CHyC,H,SO, CH 5 CH=CHCN

OH COOEt COOEt CN ° COOEt CN Me00CC=COOMe
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Finally, Staunton et al. {22, 23) have reported the condensation
of orsellinic acid 58 with a-Pyrones to give naphthopyrones 61 which
can be converted to anthracene derivatives 62 using the Reformatsky
reaction described by Hauser (11), as shown in Scheme 14. y-Pyrones

were converted to naphthalene derivatives 65, as shown in Scheme 15.

1;4 Diels-Alder :Routes

The Diels-Alder reaction has also been used for the construction
of polynuclear aromatic systems. One approach invoives the use of
o-quinodimethides 63 as reactive intermediates which réadj1y undérgo

(4ns + 27ns) cycloadditions.

a. 'RI .RagH
b. Ry = Rp=Br
c. RP=0H,R2=H

McOmie and Perry (24) have prepared some new dimethoxy derivatives

of naphthalene and of polycyclic quinones using o-quinodimethides 63

as annelating agents.‘ The intermediates 63 were generated in the presence
of a dienophile by action of sodium jodide on solutions of 64 and 68, as

shown in Scheme 16,



H_CO ® H_CO
3 CHo = 3 X
T - |
0
c;ozcu3 o~ . cozcn3
H_CO H300 0
58 59, 80

Scheme 14

Scheme 15



H.CO CH_CI
3 2 Nal
: DMF
H CO CHC)
3 2

HCO CH Br2
3 Nal,
DMF

H300 CHBr2

Scheme 16

o
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In a similar way, Kerdesky and Cava (25) have prepared the
anthracyclinone 79 by using the Diels-Alder addition of an o-quino-
dimethide intermediate 77 to methyl vinyl ketone in the key step of

the synthesis of 79, as shown in Seheme 17.

o HO 0 HO

21

base
72 73 OH 74 0 OH
~) P
0 OCHy O OCHs
CH Br
NBS
—-——_..;
CC|4
CH,Br
75 0 OCHy - | .6 O OCHo
- 0 OCH - 0
| ' CHo=CH—G-CH
Zn 2 3 —
DMF
A
0 OCH, 0
“on
=
o) OCH, OH
79
—

Scheme 17
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Sammes et al. {26, 27) have used the photoenolization process -
to prepare substituted naphthalenes, including members of the lignan

family, such as tetradehydropodophyl10tox1‘n 80, taiwanins E 81 and C 82

and justicidin E &3.
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{

- N
1 o
%4: * Thus, photolysis of ortho-substituted aromatic aldehydes

=.generated the E-photoenol 85 which was traphed with dimethyl

acety]enedicarboxy]éte to give an adduct 86 which could either be
dehydrated to yield naphthalenes 87 or oxidized, with manganese dioxide,
to yield the corresponding naphthols 88. Subsequent chemical trans-

formations afforded the corresponding Tactones, as shown in Scheme 18.

? HO . COOMe
h~ Z 1
S +4- 1?1 ,
A .
R Ar R Ar |
— — COoOMmM
84 g_@ / e
~ OH
: COOMe
COOMe
R r
—H,0
2°/ 86, ro3
COOM HO
OMe ’ COOMe
_ COOMe COOMe
R Ar - R Ar
82 or 83 80 or 8t
~ o~

Scheme 18
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Sammes et al. (28) have also used benzocyclobutenol 89a and
its derivatives as a source of the enols 90a and 30b. They folund .
that, on heating, benzocyclobutenol 89a undergoes an eléctrocyclic
conrotatory ring opening to form the corresponding E-dienoil, which-
may be trépped with dienophiles in the same manner as the photoenols.

The enol 90a is identical with the species generated by irradiation

of o-methyibenzaldehyde 91.

OR ‘ﬁ
OR .
4 - C—HN
‘\\\ ) . '
CHgz
89, 20, S 1)
a. R=H | a R=H
b. R= Ac ' b. R=Ac

A second Die]s-A]&er approach in the synthesis of polynuclear

aromatic systems, is the use of isobenzofuran 92 (29) as diene
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Isobenzofuran 92 was first postulated by Wittig £30) in 1956,
Later, Fieser and Haddadin (31) trapped it as a transient intermediate

in retro Diels-Alder reactions (Scheme 19).

N
b || + —
0 0
93 94 .

et P

" -Ce Hg = +93
2O o 0 —_—

Scheme 19
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P
Isobenzofq}an gg;wéé isolated (32) and characterized for the
firgt time by decohposing the adduct 100, formed from 3, 6-di-

(2':pyridy1)—s—tetrazine and 93 at 120°C under reduced pressure,

as shown in Scheme 20.

PY PY
/AN " N
+ 10— Nl
! ' i
PY PY
93 99 100
~ ’—-—f ”
PY , ©PY
NZ NZ
I 92 + | |
S * N\
PY , PY .
1o, 102

Scheme 20
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Isobenzofuran 92 is a highly reactive diene; its reactivity
lies in its o-quinoidal ;tfucture with the driving force 6? reaction
being the production of a benzenoid structure. It is an excellent 4x

“%:ctron substrate in_4ns + 2rs cycloaddition reactions as demon-
strated by numerous Diels-Alder reactions that it undergoes. Inter-
mediate 92 reacts instantaneously with maleic anhydride, N-phenyl-

maleimide and methyl vinyl ketone (33) to give adducts 103  (Scheme 21},

R, R
— )
+ [::;-——-——-———a- *ﬂf]
] | R, Ry -
i
92 | | 103 o o
! o. Ry + Ry=-8-0-d-
,‘ 0 .
b. R + R,= ~-¢-NPh-C -

e R =H, Ry = Ac

Scheme 21
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The.Diels-A1der adducts of isobenzofurans have become useful

‘intermediates in the preparation df derivatives of naphthalenes. Thus,

Smith and Wikman (34) have prepared substituted naphthalenes and

naphthols from the reaction of substituted isobenzofurans 105, with

dienophiles, e.qg., dimethyl aéety]enedicarboxylate 106  (Scheme 22).

Ra‘ |
My 0P
0= o
.k\
R{ OH
3 &,

a. R|=cnzmﬁhznu

b R)=CH,Ph,Ry=Ph -

Ro
/

o *
oy

COOMe
H3d®
COOMe
CH_Ph

Scheme 22

COOMe Ro
| \ COOMe
C , N
IH — i .
C
I . COOMe
COOMe R
106 107
o~ o~
0. Ry=CH_Ph,R,=H

b. R, =CHoPh, R#Ph
J

Ph
CO0OMe

COOMe
CM_Ph

- 109

N
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Recently, Kende et al. (35) used the intermediate 92 in the
synthesis of some anthracyclinones. The route involves 3 normal and

2 retro Die]s-A]d_er reactions  {Scheme 23).

| . =CO
I I.Furan e
2. &pyrone 2. — Cs Hg
— - r
==

Scheme 23
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Sammes and Wallace (36) have reported that dienolate anions
114 derived from o, 8 - unsaturated carbony]l compounds 115 undergo
(d4ns + 2ns) cycloaddition with benzynes 113 to'give substituted

naphthalenes 11 (Scheme 24).

R| T IRI
Br
base
RZ Rz
e 13 14 15
o~ Pr— P— —
R; HO OMe R OMe (H)
Hy0®
——
—-ﬁ'\
Ro Ro
116 li7

Scheme é4
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Recently, Krauss et al. (37) have reported that coumarin esters
118 undergo intramolecular Diels-Alder cycloadditions at 300°C to give

the naphthoic acid lactones 120, shown in Scheme 25.

Scheme 25
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1.5  Cyclization of Polyketides

g-Tetracarbonyl compounds have been used as intermediates in
the synthesis of monocyclic aromatic natural products (38, 39). The
- use of higher polycarbonyl compounds as precursors in the synthesis of
polynuclear aromatic natural prdducts such ‘as deriv}tives of naphtha-
Tenes or anthracenes is limited (39). Recently, however, Harris and
Wittek (40) have outlined a strategy for the synthesig of naphthalenoid
and anthracenoid natural products. Their method is based on the use of
polyketones having the two terminal carbonyl groups protected as ketals.
This method 1is i]]ustfated in the synthesis of 6-hydroxymusizin 125
(Scheme 26).

0O 0 O + 0 0 0 0 O
Moc% W __base __
Lo 122
ll .
0 0 0 Q- Q O o o i Pr_NH
,;:><:\\f"n\\\2’JL\\wz’JL‘-/’JL\\v’>x<\; :
123
e~

HO 0 OO [ AcOCHN
L Ag0.CH,

2. HCl, acetone
S

HO -
3. base
128 | 125
o '
Scheme 26
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"This review has shown that there is great current interest in
the devejopment of methods for the synthesis of polycyclic aromatic
_and hydroaromatic systems. Much of this interest is associated with
the recognition of biological aptivity in many compounds of these
structural types. The work reported in this thesis describes a new
‘synthetic method that also shows promise for the synthesis of such
systems. As the subsequent chapter will show, this method uses phthalides
as starting materials as did many of the methods described in this review.
However, the approach used here is sigﬁificantly different from that of

other works as the subsequent chapter will reveal.
]



CHAPTER 2
RESULTS AND DISCUSSION

2.1 Introduction

The various appfoaches to the synthesis of functionalized
naphthalenes have been described. Some of these methdds involve the
use of phthalides (8, 10, 11, 14, 16) as intermediates, as does this
work in which ortho esters of phthalide are used.

Ortho esters of carboxylic acids (41, 42) are substances
having a carbon atom linked by oxygen bridges to three other carbon
atoms. They include acylic ortho esters 126, as well as a variety

of heterocyc]ib substances such as the lactone acetals,.e.g.,
1,1-dialkoxyphthalans 127. Ortho esters are reagents widely used in
organic synthesis, and some of the cyclic ortho esters are useful
intermediafes for the protection of hydroxy and carboxylic acid

groups during multistep syntheses.

R
OEt |
H—CZ—o0Et R ;
q ofs RO OR,
s -

a. R=RsH, R= R xC,Hg
b. R= R= OCHy, Ry=Rj=CoHs

C. R.R'H ¥ RIBRl. OCH3
34
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When this study was begun, the use of phthalide ortho esters
127 as synthetic intermediates in natural products synthesis or for
the construction of other organic molecules of special interest, had

not been reported.

2.2 Synthesis of Phthalide Ortho Esters

It is known that trialkyloxonium fluoroborates alkylate lactones
only at the carbonyl oxygen (43}. The explanation of such selectivity
js that the resulting cation 128 is stabilized by resonance, unlike the

cation 129 which would be obtained by alkylation at the cyclic oxygen atom.

OEt
OEt
= ?
P ® ~0 OEt
0 = @ 0 0
| :
: Et :
128 129 : L’i"f\
o~ : —
Treatment of salts such as 128 with sedium ethoxide conve\is them into
ortho esters. ‘ t '

1,1-diethoxyphthalan 127a (43) has been prepared by the alkylation
of phthalide 131a with triethyloxonium fluoroborate 133 (44) followed
by treatment, of the obtained fluoroborate salf 132a with sodium ethoxide

in ethanol at room temperature, as demonstrated in Schege 27.



*0

+ .
Et
3OBF _
R - 133
0
131
o~/
a. R=H
b. R=OCH3
E tONa
EtOH

7

EtO OEt
127

o~

. R=H

b. R=OCH3

Scheme 27
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5,6-dimethoxy-1,1-diethoxyphthalan lgzg.was prepared in a similar
manner to 127a, but without isolation of £he fluoroborate salt 132b.
The addition of sodium ethoxide was carried out at -30°C accordiﬁg
to Deslongchamps' procedure (45).

The structures of 127a and 127b are based on their method of
preparation and on their spectral properties. In the ]H NMR spectrum
of 127a (Figure 1) the two methyl groups have the same.chemica1 shifth
and appear as a triplet centered at 1.17 6. The methylene quartets,
however, appear as overlapping signals in the range 3.2 - 3.9 5. The
sindTet\ft 5.07 ¢ has been assigned to the protons at C-3. The signals
of the aromatic protons appear as a multiplet at 7.2 - 7.6 6. '

The 'H NMR spectrum of 127b (Figure 2) reflects the structural
difference between it and 127a. The methoxy groups appear as a singlet
at 3;92 ¢ and the two aromatic protons as singlets at 6.77 and 6.95 §.
Otherwise, the spectra are similar,

The 13

C NMR spectrum* of 127a (Table 2) showed only three
resonances in the aliphatic region. They arise from the methyl and
methylene carbon atoms of the ethyl group_and appear at 15.2 and 58.8
ppm, respectively. The signal of the ben?y]ic carbon atom at C-3 is

at 70.7 ppm. These chemical shifts fall in the same order as those

reported for the corresponding carbon atoms of 134 (45). The signal

-

* ]BC NMR spectra reported in this thesis were recorded by Dr. D. W.
Hughes formerly of this laboratory. Dr. Hughes also provided
much assistance in the interpretation of the spectra.



TaBLE 2. 13

C NMR chemical shifts of‘phfhalides and ortho esters
Carbon : 131a 131b 127a 127b 134
! 170.4  171.4  123.9  124.5  118.4
3 69.5 69.2  70.7 70.9 63.6
3a 146.3 141.3 1401 132.2 .
4 | 122.0 103.8  122.8%  105.0° 28.1
5 . 133.6  155.2  129.6° 151.2°  30.4
6 128.5  150.7  127.9°  149.9°
7 124.9. « 106.4 121.2%  103.6°
7a | 125.2 17.8 1357 127.3
1-0CH, Chg | ' 58.8 58.8 57.0
1-0CH,CHy 15.2 15.3 15.2
5-0CH, - 56.4 | 56.0
6-0CH, : 56.4 56.0

a, b These assignments may be reversed.
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9,
at 123.9 bpm was assigned to the carbon at C-1 because of its

quaternary character and in analogy with the corresponding carbon
atom of 134. The two other quaternary C-atoms are assigned to 3a

and 7a in analogy with the spectrum of phthalide 131a. The prato-

nated aromatic carbons cannot be assigned definitively without further

studiés.
134
~
ETO OEt
The ]3C NMR spectrum of 127b (Table 2} showed that the signals of the

ethyl éarbon atoms, the benzylic carbon atom at C-3, and the carbon
atom of the ortho ester function are nearly identical with those in
127a. The additional signaf from the carbon atoms of the methoxy *
groups occurs at 56.0 ppm. These assignments were confirmed by the
off-résonanpe spectrum. The assignment of the aromatic carbon atoms
in 127b was based on the app]jcation of the substituent parameters

derived for ortho dimethoxy groups to the spectrum of 127a (46).

2.3 Reaction of 127a and 127b with Dimethyl Acetylenedicarboxylate

Treatment qﬁ/T??a and 127b with dimethyl acetylenedicarboxylate

106 in a sealed glass tube or a® atmospheric pressure, in each case,
at a temperature of 140-150°C, for 6 h gave the nabhthalene derivatives

139a and 139b {Scheme 28) in yie1ds-qf5E0 - 75%. From both

systems, a ;ing]e compound was isolated., The strqctures of 139



R A R
. ..
-
R
Et0’ OEt
127 _ a
a. R=H : fl_b_'g
b. R=OCH,
| | | CO Me
c
)
‘D oo
R c
. “ OEt ¢|; .
L - 2 8
136 106
P——t —
a. R= H
b. R= OCH,

. 139
=8 ’ a. R=H
b. R= OMe

Schem‘e 28 |
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Et0D_
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~ EtOH
e —————

JU—
EtOH

140
'a. R=H

b. R = OMe



. attributed to the ethyl groups appear at 1.48 (t) and 4.18 (q) -8
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and 139b are based on their elemental analyses and their spectroscopic
properties. The infrared spectrum of each product, 139 and 139b, showed

1 attributed to

two bands in the carbonyl region at 1735‘32p 1670 cm
ester absorption. The lower field absorption is attributed to an
intramolecularly hydrogen-bonded eSter carbonyl group (47). The
hydroxyl absorption resulting from intramoiecu]ar hydrogen bonding
was not clearly visible as it underlay and was. obscured by the C-H

Ty NMR spectra of 139 (Fiéure 3) and 139b (Figure 5) .

absorption. The
both showed a peak gt 12.1 & for a hydrogen-bonded hydroxy1 proton (48),
as well as other peaks consistent with the assigned structures.
Ethylation of 139a and 139b with ethyl iodide and sodium hydride in
tetrahydrofuran (TﬁF) (49) gave the symmetrical compounds 140a and

1§gg (Scheme 28), each in 60% yield. The infrared spectrum of 140a

and 140b showed only one absorption attributed to the ester éarbonyll

]

group (1735 cm"1). The 'H NMR spectrum of 140a (Figure 4) showed
! 1

four, aromatic proﬁons forming an AA' BB' pattern with two muitiplets

centered at 7.65 and 8.22 6. The other signals inh the spectrum are in’

1

accord with the proposed structure. The 'H NMR spectrum of 140b

(Figure 6) showed a singlet of area 2 attributed to aromatic protons
at 7.46 &, and signals attributed to methoxy groups on the aromatic
ving and of the ester group at 3.98 and 4.03 & each of area 6. Signals

associated with the methyl and methylene groups, respectively.

e 13

The '°C NMR spectra of 13%a, 139b, 140a, and 140b are recorded

" in tabular form (Appendix, Table 3). The chemical shifts are in



' . | {
_ 42
o~ . . -
agreement with the strucﬁ proposed for the substituted naphthalenes.

owever; the assignments of the aromatic carbon atoms are tentative.

The assi,g‘nmer.l chemical shifts to individual carbon atoms was made

by D. W. Sughes (50) by comparison to the published spectra of

L 143 23
-, -
. COOH | ‘ COOCH,
| 7 COOH 7 TCOOCH,
144 -
, 14e 145
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A significant feature of these data, in a structural sense, is that
it is possible to differentiate a hydrogen-bonded carbonyl carbon

absorption in an ester from a non-bonded ester absorption™ For

example, the carbonyl carbon on C~2 in 139a and 139b is deshielded
by 2 ppm with respeét to the carbonyl carbon on C-3. Another feature

is that the C-2 carbon in 139 and 139 usually appears as the highest

field absorption in the aromatic region because of the mesomeric

effect of the OH group at C-1.

The formation of 139a and 139b can be rationalized as shown

i

in Scheme 28. Thé reaction is c?nsidered to take place through the
formation of a trangient 1-ethoxyisobenzofurén intermediate 136,
generated in situ, which readily undergoes cycloaddition (4us + 2ws)
with lgg_to yield the tricyclic intermediate 137. It is proposed that
the intermediate 137 undergoes C-0 bond cleavage to 138 at the elevated
temperature of the reactfon and that the latter coi]apses.to 139.- :
There is nog'direct evidence for th%‘generation of the intermediateé ')

136; 137 or 138. However, Hamaguchi and Ibata (53) have proposed the

presence of an intermediate similar to lgg.- They.found that methyl .
o-diazomethylbenzoates 146 decomposed in the presence of Cu(acac)2
to give 1-methoxyisobenzofurans 148. These intermediates are
considered to form by interaction between a carbene, formed by
decomposition of the diazo group, and the carbonyl grbup. The
intermediates were trapped with alcohol (methaﬁo] or ethano]j or

dienophiles such as N-phenylmaleimide, dimethyl fumarate and dimethyl
acetylenedicarboxylate to give pﬁ%hgligg ortho esters 1&2'and Diels-

Y~

Y
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[ OCHy |
COCH_
- Np \\\o
————
Cu(acac) , 60°J
_ ‘ 2 [ ] ]
?- Na ¢
R | — R
148 o
a. R=H . 7 ) v
b. R=GO,CH
[ H,CO H,CO  OR'
= R' OH
0 - 0
— .
R
148
P —
0. R=H
b. s
| ﬁ CO,CH,
OCHg
““‘é\.
vy
R
150

Scheme 29
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Alder adducts 150b, 151b and 152b, respéctiver, {Scheme 29).

In order to test the proposed mechanism for the formation
of compounds 139a and 139b, a series of experiments was carried out.
An attempt was made to prepare 3-phenyl-1,1-diethoxyphthalan

153 and use it as a substrate for the Diels-ATder reaction with 106.

-

\\///Bgcause it could not coi]apse'to a naphthalene. Sevéral attempts

using conventional methods were made to prepare 153 from 3-phenyl-

The final product was expected to be the tricyclic intermediate 154

phthalide i§§_without success,

w

—

Ph
‘ 0
55
Ls_g | 154 155,
, - |
X X
oy o) .
: EtO OEt
158, X
a. X=Cl - a. X=Cl 3
b. X= Br b. X= Br
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)

In another approach, an attempt was made to prepare 3-chloro

or 3-bromo-1,1-diethoxyphthalans lgz_ﬁith the intention to study their

reaction with metals such as Zn or Mg to generate the intermediate 136

-

(Scheme 30). However, the a]ky]atjon 0f{3-gh13ro or 3-bromophthalide
156 with triethyloxonium fluoroborate 133 failed.

a
!

X
s ‘\
e
: ———
’\ »,
Et0 OE! \ OEt
157 136
o~

,

2

ror

137

Scheme 30



Direct halogenation of 127a was then attempted.

47

Bromination with

N-bromosuccinim{de in carbon tetrachloride yielded a mixture of two

. compounds tentatively identified from the mass spectrum of the mixtlure

. as o-ethoxycarbonylbenzyl bromide 158 and the diethyl ester of ppth lic

acid 159. However, the desired compound 157b was not obtained.

H Br
¢ 2

COOEt

158

ot

An attempt was next made to generate the intermediate 136 at low

Coott

COOEt
159

~

-temperature from the reaction of 132a with a tertiary amine. However,

when the phthalide salt 132a was treated with N-methylpiperidine 160

in methylene chloride at -30°C the product

which was conéidered to form by elimin

Scheme 31

taine\was phthalide 131la

ion of ethene {Scheme 31).

CH=CH
o+ = CH,,

0

131a
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Attempts to prepare the‘phthalide salt 161 also failed because of

solubility problems associated with trimethyloxonium fluoroborate 162.

|
(CH )@BF
30985 A
6l - 162 '
~ ‘ ~ —~

In yet another approach to test the mechanism outlined in o
Scheme 28, an attempt was made to trap the carbonium ion intermediate
135. For this purpose, 127a was heated in the presence of
1,4-hydroquinone 163. The only ﬁroduct identified from this reaction
other than starting material was 164 apparently formed byrhucleophilic
attack.of oxygen at C-3 of the carbonium ion 135. There was no

1

compound isoTated resulting from electrophilic attack at carbon on 163.

OM
. , H-O H
Co, Et
oH
83 169 135



The infrared spectrum of 164 showed a band for a free OH (3600 cm ™)
and for an intermolecular hydrogen bonded OH‘(3420 cm']) and a band
at 1716 cm_] corresponding to an ester carbonyl group. The ]H NMR

spectrum of 164 (Figure 7) shpwed signals corréSponding to one ethyl

group with peaks at 1.35 and 4.35 &, characteristic of ethyl in a

“carboethoxy group. The phenolic proton appears at 5.16 & and the

signal disappears in the presence of 020. The benzylic protons are
located at 5.38 6. A multiplet is observed centered at 6.78 & corres-
ponding to the aromatic protons of the hydroquinone group. The other
aromatic protons form a multiplet over the range of 7.1 - 8.2 ¢.

13

The low field region of the '°C NMR spectrum showed a signal

attributed to an ester carbonyl group at 167.5 ppm. The aromatic ring

" carrying the carboethoxy groﬁp showed signals for protonated carbon

atoms at 127.7, 127.3, 130.8 and 132.8 ppm and for quarternary carbon
atoms at 128.2 and 139.7 ppm. The presence of a hydroquinone moiety

is indicated by the signals at 116.0-(d) and 116.2 (d) that correspon&
to the protonated aromatic carbon. atoms and 150.2 (s) and 152.8 (s) ppm
correshonding to the oxygen substituted carbon atoms. These assign-
ments correlate well with the spectrum of hydroquinone itself 163.

The aliphatic regionlshowed signals at 61.2 (t) and 14.2 (q) ppm

tﬁaf can be attributed to the ethoxy group. The benzyl carbon atom

»

produceés a signal at Gé.Q (t) ppm. The spectroscopic data are in

agreement with the assigned structure. .
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2.4 Reaction of 127a with Unsymmetrical Acetylenes

The question of regioselectivity in Diels-Alder reactions
arises when both the diene and dienophile are unsymﬁetrica]ly substituted.
Thus, regioselectivity in the cycloaddition of : E with unsymmetrical
acetylenes such as ethyl propiolate 165, ethyl tetfolate 168 and
phenylrproﬁio1ate 171 was studied. It was found tﬁat "ortho.EQQUcts“
tvide infra) in these reactions were formed as major products {Scheme
32). |

The structures of 166, 167, 169, 170, 172 and 173 are based

on their elemental analyses and their spectroscopic properties.. It

was possible to distinguish between the pairs 166 and 167, 169 and

170,and 172 and 173, by the infrared absorption of the ester group,
1

.the chemical shift of the carbonyl group in the 13
g

the chemical shift of the hydroxyl proton in the 'H NMR spectrum and

C NMR spectrum.

For example, the infrared spectrum of l§§_(FiguFe,9) showed a band

for a normal ester carbonyl group. The ]H NMR spectrum (Figu;é 1)

showed a peak of 5.90 for a free hydroxy] proton and the ]3C NMR
spectrum showed a signal at 167.3 ppm which is characteristic of a\
carbonyl carbon in an'ester. In contrast, the infrared spectrum

of 167 (Figure 10) showed a band for an ester carbony! group at

1655 cm-] consistent with an intramolecularly hydrogen-bonded _,n\

ester function (47). The T4 NMR spectrum of 167 (Figure 12)

showed a peak.at 11.70¢6 for a hydrogen-bonded hydroxyl proton (48)

13

and the "“C NMR spectrum of 1§Z_showed a peak'at 171.1 ppm attributed

to a hydrogen-bonded ester function. Similar differences were S
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found between 169 and 170 and 172 and 173, as shown in Table 5.

The 13¢ MR chemical shifts of 166, 167, 169, 170, 172 and
1i§_are recorded (Appendix, Table 6). The chemical shifts are in
aé}eement.with the proposed structures. The signals of the aromatic
carbon atoms have been tentatively aSsigned by comparison with other
substitutegrnaphthalenes,

The preference for “ortho adducts" may be-ratioﬁalized by
using the frontier molecular orbital (FMO) theory (54). In its
simplest form the FMO theory predicts that in Diels-Alder reactions
batween 1-substituted-1,3-butadienes in which X = an electron donating
substituent such as NR,, OMe, Me, etc., and monosubstituted dienophiles
1n-which 7 = an electron withdrawing substituent, such as COOR, CN, "02’
etc., or a conjug;ted substituent such as phenyl, vinyl, etc., the
unoccupied molecular orbital of lowest energy (tUMO) of the_diénophiJe
will interact strongly with the highest occupied'molecu1ar orbital
(HOMO) of—the diene. The coefficients of these orbitals are 15fgest
at C-4 of the diéné and at C-2 of the dienophile. Thus, bonding to
éivg wortho adducts" is favoured as shown in Scheme 33, where the
size of the circle is roughly in prdportion to the size of the
coefficient. The circles represént the lobes of the p orbitals
above the plane of paper, and the shaded'and upshaded circles
represent orbiépls of oppésite sign. This symbolism is taken from

Fleming (54).
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TABLE 5. IR, 1H NMR and ]3C NMR data for substituted naphthalenes
derived from unsymmetrically substituted acetylehes.

IR (em™)) e 13 wR

Compound OH C=0 = OH C=0
166 3610, 3420 1720 5.90  167.3
167 ‘ 1655  11.70  171.1
169 3610, 3380 1730 5.50  168.6
170 | . 1655 12.10 172.6

% - 3530 1730 5.40  167.4
73 o 1650  12.10  171.8
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ZorC

HOMO LUMO MAJOR MINOR

"ortho adduct"

Scheme 33

1-ethoxyisobenzofuran 136a may be considered to be analogous to a
1-substituted-1,3-butadiene where the substitueat is electron-releasing.
Thus, the reaction of 136a with monosubstituted dienophiles containing
an electron withdrawing group such as l§§ and 168 to give the preferred
‘ortho adduct" is found to be in agreement with the EMO theory. However,
when phenyl propiolate 171 was used as dienophile, the ratio of 172

to 173 is almest 1:1, suggesting that the electron withdrawing effect

of the carboethoxy group is counterbalanced by the phenyl group.
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2.5 Reaction of 127a With Diethyl Maleate and Maleic Anhydride

In order to extend the study of the reaction of phthalide ortho
ester 127a with dienophiles, a series of experiments with activated
ethyienes was carried out.

The ortho ester 127a was treated with diethyl maleate 174 in-
chloroform-at 170°C for 72 h in a seaied glass’ tube. " Two products,

178 and 180 (Scheme 34), were ¥ormed in approximafe]y 30% and 10%
yield, respectively (55). However, when the reaction was carried out

at atmOSphefic pressure for 6 h at 165°C, the product consisted of

three compounds which were separated by column chromatography. The
"first was the trisubstituted naphthalene 178 (48%). The .second

(larger Rf) was one of the racemates of diethyl 1-hydroxy-4-ethoxy-
1,Z-dihydronaphthalene-2,3-dic$rboxy]ate 177a (18%). The third compbund
(smaller Rf) 177 (34%) was,an isomer of the previous substance.

The ;tructures of 178 and 180 are issigned an the basis of their
specE;;. The infrared spectrum of lgg_éhowed two carbonyl bands in

the carbonyl 'region at 1730 and 1655 cmfl attributed to estes absorption.
The lower field absorption was assigned as 1n'hrevious,cases to an
intramo]ecu1§r1y hydrogen-bonded ester carbonyl group. The ]H NMR
spectrum of 180 (Figure 13) showed a~peak at 12.10 s for a hydrogen
bonded hydroxyl proton. The two methyls of the two carbdethoxy groups
have the sameAchemical shift and appear as a tripiet at 1.40 6. The
ﬁethylene protbns appear as two overlapped quartets centered at 4.40 .

and 4.50 §. The aromatic region shawed two multiplets, one of area 3H

o+
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centered at 7.68 ¢, and the other multiplet of area 1H centered at

8.43 5. There was also a singlet for TH ai 7.45 5, assigned to H-4.

Compound 180 has been converted by ethylation into 178. A multi-step
.stnthesis (56) of 180 has been previously feported but it was not ;
oQ}ained in crysta]]iﬁe form. In another study, the dimethyl ester
of 1-hydroxy-2,3-naphthalene-dicarboxylic acid was prepared (57); the
spectroscépiq brbperties reported for it are very similar to those

of 180.

The 13

C NMR spectrum of 180 showed two signafs for the carbonyl
carbon atoms of the ester groups. The signal at 170.2 ppm is attributed.
to the interhally hydrogen-bonded ester function and thé signal at, 169.2
ppm.to the non-bonded ester group. The other chemical shifts for 180
are recorded in the Appendix, Table 7.

The infrared spectrum of 11§_shoﬁ§g’on]y one absorption for =

the ester carbonyl.group at 1730 eml. The |

H NMR spectrum of '178
(Figure 14) showed signals attribﬁted‘to the-three ethyl groups at
1.37 (t), 1.38 {t) and 1.43 (t) a§§oc1ated with, the methyl and at
4.20 (q), 4.38 (q) and 4.47 (q)qpssoc1ated w1th the methylene groups.
The aromatic region cons1st5 of 3 mu]t1p1ets centered at 7.58, 7.92,

~ and 8. 12 5 for 2H, TH and 1H, r‘especftlvely The singlet ‘of the H-3
proton is deshielded (8 32 5) re]at:ve to H-4 in 180. |

The 13

C. NMR chemical shifts of 178 showed two signals for
the ester carbonyl group at 165.6 and 167.9 ppm, respective1y. The
other signals are tabulated in the Appendix, Table 7.

'The enol ethers 177a and b were identified on the basis of
R ' -

| .%

SN
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.

their spectra. The infrared spectrum of each enol ether, 1772 and b

1

showed a band for hydroxyl absorpt?& at 3480 cm ' and a band at 1730

em™! attributed to ester absorption. The 'H NMR spectrum of 177a
(Figure 15) contains three sets of overlapping ethyl resonances with
peaks centered at 1.05, 1.38 and 1.42 & assigned to the mefhy1 groups;
the methylene groups appear as tyo overlapping quartets centered at
4.04 and 4.37 6. Also overlapped with the methylene peaks is the signal
for the proton at C-2 giving & total of 7H in this regdon. The benzylic
proton appears as a broad doublet of doublets with a dpupling constant,
| J=6.0Hz, due to vic}nal coupling to H-2 and to t hygrox Hproton.
The latter signal was not located in the spectrum\pe broad signal
ascribed to H-1 cg]lapsed to a doubiet, J=6.0 Kz, on aﬁdition of DZO'
The four aromati; protons form a multiplet over the range 7.20 j1;;;;zt
When the 'H NMR spectrum of 177a was run in djméthy]su1foxide (DMS0-d, ),
the benzylic proton wés shifted to 5.16 § and appeared as a triplet
wifh J=6.0Hz. This signal coT]épseh to a d;ub1et with J=6.0 Hz when
020 was added suggesting a coupling to the hydroxyl proton with the
same coupling constant as with H-2 he hydro;yl proton appeared as
‘ a doublet with J=6.0Hz at 5.80 ¢ gmso-dﬁ. This sirgnal disappeared
when D,0 was ac déd. The 'H'NMR spectrum of 177b (Figure 16) had a |
spectrum simjifar to lZZg_exéept that vicinal coupling between tﬁe

proton on C-1 and H-2 is now 4.5 Hz. This is indicative of

the change in configuration at C-2 resulting in a different dihedral
» angle between H-1 and H-2.

The.]3c NMR spectra of 177a and 177b (Appendix, Table Y)Jrere _

3 -

e
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also found to be similar. The aliphatic region of bqth spectra showed
the p}esence of two methine carbons in.which C-1 of 177b is shielded
by -0.5 ppm while C—Z is deshielded by 4.2 ppm relative to the same
centers in 1zz§. Also present in this region are other signals
corresponding tc the.carbon atoms of the efho*y groups: The low field
region showed that the carbonyl carbon at C-2 of 177a is deshielded
by 1.7 ppm with respect to 177b. It is possible that this difference
may be due to scme degree of hydrogen bonding of the carboethoxy and
the hydroxy] group. However, it would be unwise from these data (]H
NMR and ]30 NMR spectra) to attempt to assign the relative configuration
at C-2;in 177a and its diasteroisomer 177b.

The formation of 177, 178 and 180 can be rationalized through

fhe intervéntion of l-ethoxyisobenzofuran 136 (Scheme 34), which
undergoes cycloaddition with 174 to give the intermediate 175. This
intermediate can undergo C-0 bond cleavage to the zwitterion 176, as
_1n the previous case {see Scheme 28), which then collapses to the enol
_ ethers 177. The isolation of the compounds iZZ is indirect evidence
for the formation of the tricyclic intermediate. From the ratic of
177a to 177b, one might be tempfed to draw conc]usioﬁs about the exo-
fﬁdq ratio of the addition. Aside from the fact that isomerization
m}ght 6ccur during workup, the following remq{FS‘ére relevant. It
has heen found that the exo-endo ratio of adducts from the Qariﬁus
cycloaddition reactiqns'of isobenzofurans with dienophiles varies.
Whereas Kende (35); Wiersum (33) and Bornstein (58) have observed.

the predominance of endo isomers- in these reactions, Ibatd™ (53)

H
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found an endo-exo ratio of 1:1 in adducts, 150. In all cases the
endo-exo ratio was determined by NMR spectral analysis. The geometry
in the exo adduct preventt the coupling of the protons at the bridge
junction and the adjacent proton in the NMR spectrum. Such coupling
is observed in the endo adducts (33, 35). Since no general rule can
be formulated for such reactions and since the tricyclic compoung 175 .
was not isolated, it is not possibIeAto predict the endo-exo ratio in
the reaction of 136 with 174.

In anothér experiment, the compound 122; together with 178
(15%), was isolated from the reaction of 127a with l%gff’hs a mixture
of diasteroisomeric enolic forms in .65% yield. ‘Hﬁ?product 179
-apparently arises by hydrolysis of 177 in the course of silidagel
column chromatography. The infrared spectrum of 179 showed bands
fo; hydroxyl absorption at 3480 cm'1 and éarbqpy] absorptions at_1665
and 1735 cm"T. Although the Iy NﬁR_spectrum of 179 was complex, it
showed peaks at 2.80 and 12.80 § for free énd hydrogen-bonded hydroxyl
protons, respectively. These signals co]]apsed.when 020 wasladded.
Treatment of 178 with p-toluenesul fonic acﬁ yielded 180 by‘dehydration
in quantitative yield.

- It was also’ found that the enol ethers 177a and 177b on

treatment with acid yielded 180 which indicated that they.undergo
hydrolysis of the enol ether faster than they undergo dehydration.

None of the compound 178 was observed on dehydration of }#7a or 177b

with p-toluenesulfonic acid in benzene.

When maleic anhydride 70 was used as dienophile, one product
. . A




181 was separated by crystallization in 56% yield.

0 | EtO .
[}
0 0
70 | 181

v |
FThe infrared spectrum of 18] showed two bands in the carbonyl region

‘at 1845 and 1785 cn”! attributed to the anhydride group (47). The W

NMR spectrum of 181 (Figure ]7) showed a peak for the ethoxy group
at 1.55 and 4.82 ¢ corresponding to methyl and methylene groups,
respectively.  In the aromatic region, there was a multiplet between
7.50 - 8,20 & for 3H, a mu]tip]ef centered at 8.47 G'for 1H and a singlet
at 8.07 § for 1H assigned to H-4.

The 136 NMR spectrum showed a signal at 72. 9 (t) and 16.0 {q)
ppm that can be attributed to the ethoxy group. The low field region
shqwed two signals for the anhydride carbonyl group at 161.5 and 163.5 -

ppm, respective]y The higher field signal is assigned to C-2 carbonyl

carbon atom, because of the steric effect of _EIQEfy group. The

complete spectrum is tabu]ated in the'{- endix, Table 7.
The reactions described aboﬁe showed that phthalide ortho
esters may be used as intermediates to prepare 1,2,3-trisubstituted-

"/ .
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naphthalenes or 1.,2,3,4-tetrasubstituted 1,2-dihydronaphthalenes. In
the next section, an unusual reaction between quinones and phthalide

ortho ester is disgussed.

2.6 ™, Reaction of 127a and 127b with 1,4-benzoquinone and 1,4-naphthd-

.quinone
In.contr;st with the reaction of acetylenes and alkenes witﬁ 127
to give tetrasubstituted naphthalenes and trisubstituted naphthalenes,
respectively, quinones were found to react with 127 in an unusual manner.
THe.majdr products were p-homoquinones, instead of the triéyc]ic or ' (/”
tetracyc]ié cqmpoundé ekpected from a normal cycloaddition reaction. The
term,'p-homoquinohe, has been used by Dreiding et al. (59, 60) and Adam
et al, (61) to describe systems in which a methylene or substituted
methylene unit has been added across the double bond of ‘& quinone. For

this reason and for the sake of brevity compounds 183, 184 and 185 will

he referred as p-homobenzoquinones and 186, 188 and 189 as p-homonaphtho-
quinones (vide infra). The systematic names according to IUPAC rules
will be given in the experimental section. |

~ Treatment of 127a with 1,4-benzoquinone 182 at atmospheric
pressure for 45 minutes gave the.uhexpected p-homobenzoquinone 183
in 29% yield. It was not possible to identify the other éomponents of

the reaction mixture. Similar treatment of 127b with 182 afforded the

diastereoisomeric mixture of p-homobenzoquinones 184 and 185, isolated
in 42% and 0.5% yield, respectively. - -
When 127a was treated with 1,4-naphthoquinone 66 at atmospheric

pressure at 140°C for 20 minutes a mixture of two compounds was- obtained.

—J
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In addition to the p-homonaphthoquinone 186 (32%) a new compound

"~ identified as 2—(2'-carboethoxybenzy1)-i,4-naphthoquﬁn0ne 187 was

isolated in 28% yield. In the case of the reaction of 127b with 66
a mixture of trans and cis p-homonaphthoquinones was obtained in 48%

and 17% yield, respectively. The diastereoisomeric mixture of 188

and 189 was separated by reversed phase chromatogfaphy on a Lobar column.

. SN .
e
0 0
o | 0
s 162

The Structures of compounds 183, 184, 185, 186, 187, 188 and

189 were assigned on the basis of their ‘elemental analyses and spectro-
scopic properties. The infrared spectra of these compounds showed

two characteristic bands in the carbonyl region, the first in the range
1710 - 1725 cm“] attributed to the ester carbony! group and the other
in the range 1675 - 1685 cm-] assigned to the T,4-diénone group (47).

The ]H NMR spectra of the b-homoquinones 183, 184, 185, 186, 188 and

© 189 showed that chemical shifts for the cyc]opropgne protons fell into

the same range (Table 8). In the ]BC NMR spectra of these compounds,
the chemical shifts of ihe cyclopropyl carbon atoms and oszhe carbon
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atoms of the carbonyl groups are also similar (Table 9).
In the following, a detailed analysis is given of the NMR
spectrum of 183. This study established the presence of the cyclo-

propane ring and the substitution pattern in this compound. The

4

spectra of the other compounds are not considered in the same detail

and.only similarities and differences to 183 are referred to. The
IHNMR spectrum-of 183 (Figure 18) showed two signals corresponding té
one ethyl group with peaks at 1.37 and 4.38 ¢, characteristic of
ethoxy in an ester group. The absorption of the methine protons,
H-1' and H-7', was assigned to a doublet.at 2.83 6 with J = 5.4 Hz.
These two protons are équiva]ent because of a plane of symmetry that
bisects the cyc]oprdpane ring; The methine proton a£ C-7' appears
as a triplet at 4.02 & with J = 5.4 Hz. The configuration of the
cyclopropane moiety was determined on the basis of the value of the
coupling constant between the equivalent protons H-1' and H-6' on
one hand and H-7' on.the other. From the geminal H-C-H bond angles
of 114.5 - 118° for cyclopropanes (62) the corresponding dihedral:
angles are calculated to be 144%¢ for trans-cyclopropyl hydrogens
and 0% for cis-cyclopropyl hydrogens. ' Theoretical treatment of.
spin-spin coupling (63) predicts, for these dihedral angles, that
vicinal coup]ing constants will be higher for cis-hydrogens than

for trans-hydrogens in cyciopropanes. These predictions have been
found to be in agreement with the observed values. For example,
Dreiding et al. (60).have reported values Jc1; in the range’

9.3 - 10 Hz and Jy, . in the range 5.0 - 5.4 Hz in cyclopropa
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TABLE 9. shifts of p-homoguinones
/ : R ol
. Carbon 183 184 186 188 189
!
COOEt 166.4 166.2 166.8 166.8
c-2',5' 193.5 193.5
c-2',7 192.2 193.3 193.0
g-1,6' 35.8 36.0
c-7' 36.3 36.8
c-1'a,7'a 36.4 36.7 34.0
c-1' 36.0 36.4

34.4
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rings in p-homoquinone systems. The three bond coupling constant

of 5.4 Hz between the equivalent protons H-1' and H-6' apd H-7' is

in the range observed for trans protons in a cyclopropane and éuggests
a trans configuration of the cyclopropane ring. The olefinic protons
of the quinone group appear as a singlet at 6.60 §. The aromatic
protons showed twd multiplets, the first centered at 7.40 s for 3H
ang assigned to H-3, H-4 and H-5, and the other centered at 8.05 &

for 1H corresponding to the proton at C-6.

The aliphatic region of the 13

C NMR spectrum of 183 showed
four signals. The signals at 61.5*(t) and 14.3 (q) ppm were assigned
to_the methyl and methylene carbon atoms of the ethyl ester. The
other two sighals_weré éssigned to the cyclopropane carbon atoms, tﬁ;
higher inteh§ﬁt;,;;§hal at 35.8 ppm to C-1' and C-6' and the signal .
at 36.6 ppm to C-7'. The olefinic carboﬁ atoms {C-3' an&>C-4‘) were
assigned to the signal at 138.0 (ﬁ) ppE:’ The 10J field region showed
two signals. The signal ét 193.5 ppm is attributed to the carbonyl
carbon atoms of the quinone group and the signal at 166.4 ppm is
assigned to fhe carbonyl carbon atom of the'ester group. fhe other
signals were assigned tentativg]y and they are‘tabu]ateﬂ in the
Appendix, Table 10. N

The NMR and other spectroscoﬁic data indicate strongly that
this homoquinone has structure 183. This structure was confirmed by
an X-ray crystallography study, carried out by Dr. C. J. L. Lock and
R. Faggiani (64). Their work established beyond question the overall

structure’and particularly the trans-configuration of the p-homo-

-
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benzoquinone 183. With the structure of 1§§ secure it was a simple
matter to assign the structures of the other p-homoquinones.

]H NMR spectrum of 184 (Figure 19) showed

Examination of the
that the aliphatic region was similar to that of 183 except for the
prese:ce of a singlet of 6H at 3.95 & assigned to“the two methoxy groups.
The chemical shifts agd the coupling constant of the cyclopropyl protons
are recorded in Tabte 8. The aromatic protons appear as two éinglefs at
7.35 and 6.60 &, regpectively. .

In the case of 185 the ]§.§MR spectrumij%gure 20) had é pattern
similar to its isomér 184 differing only in the coupling constant between
the equivalent protons Q-]' and H-6' and H-7'. In lgg_tﬁe coup]ing.is
9.0 Hz compatible with a cis_configuration of the cyclopropane ring.

The '3C NMR spectrum of 184 (Appendix, Table 10) in the al iphatic
region showed an additional signa],.re]ative to 1§§,'at 56.2 pph
conrespondihg to the two methoxy carbon atoms, The other aliphatic '
carbon atoms are essentially unchanged from those of 183 (Table 9).I
Insufficient hateria] was available to obtain a 136 NMR épectrum of
185... | | .

The resonances o% the aliphatic protons in.the 'H MR spectrum
of 186 (Eigure 21) fo]lﬁw f;om direct comparison to 1§§J The a]%phatic.
region is similar to that of 183 differing only [in the chemical shifts
of the cyclopropane.protons (Table 8). The aromatic protons appear
as a multiplet over the }ange 7.20 - 8.22 5. ' |
- In the 138 NMR spectrum of 186, the resonances of the bridge-

head carbons 1'a and 7'a appear at lower field than the benzylic carbon

-

Ed : *



at C-1' (Table 9). The absorptiong of the carbon atoms of the
" 1,4-naphthoquinong mo1ety were asgf;;:d by comparison to,the T?p
NMR spectrum of 1,4-naphthoquinone 66 {65) and they are tabulated in _ ::
the Appendix, Table 10. . _ ‘ i .
| The diastereoiso?eric compoueds 188 and 189 have similar T
NMR speetra {compare Figures 23 and 24). They differ significaﬁt]y
only in(the ralue of the coupling Egpstant of the éyclopropaqe pretons
" (Table 8) ref1ect1ng theqr trans and cis conf1gurat1on ’
Examination ‘of the R spectra of 188 and 189 showed- that
. the chemica] shifts of the bridgehead carbon atoms (C-1'a and C-7'a)
and C-1' for 189 are in inverse‘order to those for 188 (see Table 9).

7

Otherwise, the spectra are very similar ‘;ee Appendix, Table 10)}.
1

LS " T

The "H NMR spectrum of 187 (Figure 22) has a number of signals
which are sim11;r to t:Bse of 186. The methyl and methylene protons
of the carboethoxy group appear.at 1.28 and 4.26, 8, respect1ve1y The
aromatic reg1on has three multiplets, the first is centered at 7. 41 §
fom 3H, the second” at 7.73 for 2H and the third centered at 8 }0 8 3\&
for 3H The maJor d1fference between 187 cd@:ared to 186, 188 and 189 |

is the‘absence of signals assoq1eted with the cyclopropane r1ng an

the.eppearaﬁce of two new.signals. The first is at 8.30°5 of area

20 and the other at 6, 28 § of'area iH bath-of thch showed a smdll
I‘coupliné. Irradiation of the«4 30 peak produced a sharpen1ng of t
signal at 6.28. This suggests the presence of a]lylic coupling between
an olefinic proton at 6.28 & and benzylic.methylene protons at 4.30 6

The presen?e of a methy]ene carbon atom was conf1rmed by the 130 NMR <

spectrum of 187 wh1ch showed a 51gnal at 34 3 ppm Th1s s1gna1 appeared

\ _ ' C e
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as a tr}p]et in the off—resonance spectrum. The aliphatic region
alsdg iﬁowed signals for the methy] and methy1ene carbon atoms of the
ethoxy group at 14.2 and ol.o ppm, respectively,but no other signals
.wgigjpresent. The Tow field region had three signals; tne first at

166.8 ppm correéponding to the carbonyl carbon atom of the ester group,
and tho othe} two at,185.0 and 185.2 ppm attributed to the non-equivalent
naphthoquinone carbony] carbon atomé. The remain{ng signals are recorded
in the Append1x ~Table 10. ‘

The formation of the products d1scussed above can be ratlona]1zed
on the basis of the react1ons outlined in Scheme 35. The 1ntermed1ate
190 is similar to the intermediates proposed for the Diels- A]der addition
of acetylenes or alkenes to 136. The 1ntermed1ate 190 is considered to
undergo simultaneous C-C bond cleavage and eno]1zat1on to form the
zw1tter1on 191. This may col]apse to 187 by a 1,2 hydride shift with
simu]taneous C-0 bond cleavager. Alternatively, this zw1tter1on may

undergo 1ntramo]ecular nucleophlllc substitution by attack of the eno]

| at the benzy11c carbon to g1ve the cis- r:ng fused p-homoquinone 186.
"The maJor isomer in these reactions has the benzylic hydrogen trans

to the br1dgeheqd hydrogens. This would be the result expected if the
adduct 190 had‘fhe endo configuration. A cis arrangement of the hydro-
gens would be the result fnom an exo‘adduct undergoing a similar series
of reactions. o ] o |

| Another possible route fo products beginning from 191 is out-.

lined in‘§cheme_36. In this case, it is proposed that 191 is trans-

formed to zwitterion 192a or- 192b. The intermediate 192a may then
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- collapse by 1,2 hydride shift to 187 or by attack at the benzylic
carbon fo 186. In the case of lggé,coIlapse to a mixtune of 188 and
189 would voccur. The trans isome; is sterically less crowded than the
cis isomer and would be expected to predominatq. Thus, there would be
no dependence of the isomer ratio on the original endo-exo ratio in the
addition of 136 to 66. |

Similar types of C-C bond c1eavage,fo]1owéd by enolization, have
beén reported before. For example, it is known that compounds in the
tetracycline family such as chlorotetracycline 193 (Scheme 37) undergo
rearrangement to phthalide derivatives called isotetracyclines, e.q.
isoaureomycin lg§;wheé they are treated with aqueous base under mild
conditions (66). The rearrangement is initiateq by nucleophilic attack
of the C-6 OH group on the C-11 ketone to give the hemiketal intermediate
194. This intermediate now undergoes C-C bond c]eévage and enolization
to the isoaureomycin 195. ‘

Also, Eugster and Bosshard {67) have reported that the addition
of furan 196 to acetyl-1,4-benzoquinone yields an-unexpected product
201. The formation of 201 can be explained by a rearrangemént of the
normal adduct in its enol form 199, as shown in Scheme 38.

“From the two examples given above, it is apparent that the
intermediates proposed for thé two reactions are related to the inter-
mediate 190. A1l the intermediates are unstable and undergo C-C bond

cleavage accompanied by enolization. .

The possibility that the formation of the compounds 183, ]gg;,'

185, 186, 187, 188 and 189 might involve the carbene interme&iate.ggg

[
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.{Scheme 39) was also considered. Hamaguchi and Ibata had already
proposed an interrelationship between a carbene and an isobenzofuran.
In this case, intermediate 202, in equilibrium with 136, mjght undergo
C=C bond insertion to yield the p-homoquinones or C-H bond insertion to

give the compound 187. In order to test for the formation of 202

i —‘ \ ’ ‘ ..
, CH
¥
T ——— .
. CO_Et

i EtO 1 B ’.2 i
' 136 202
£ P g

Scheme 39

trappiﬁg experiments Qith cyclooctene and 1-pheny1;1-propyqe were
carried out. Howéver, ﬁo rgpctioh was found to occur when 127a
and cyclooctene or 127a and 1-phenyl-1-propyne were heated together
under -a variety.of'conditions.

_\rt was disappointing not to obtain the tri and tetracyclic
adducts from the reactions of ppthalide ortho esters with quinones.
Such adduct§ would have posses:Ed the basic skeleton of compounds that
- have chemotheraﬁeutic'pererties such as /anthragycline compounds.

Howéver, this method provides a new route for the preparatioh of

p-homoquinones.




CHAPTER 3

EXPERIMENTAL

Apparatus, Methods'and Materials

Melting points were recorded on a Kofler micro hot stage
apparatus and are uncorrected. Infrared spectra (IR) were recorded on
a.Perkin Elmer 283 spectrophotometer in chloroform solution uniess
otherw{;yje stated. The ]H NMR spectra were recorded on a Varian EM-390
or Bruker WH-90 Fourier transfor' spectrometer. Unless otherwise
specified, the samples were digsolved fn ch]oroform-d] using tetra-
methylsi?ane.(TMS).as the internal standard. The chemical shifts
were measured in relation to TMS and are quoted in & values. The
symbols s = sing]eé} d = doublet, t = triplet, q = quartet and

']3.(: NMR spectra

m = md?%jp]et are used in reporting spectra. The
were recorded on a Bruker WH-90 Fourier transform spectrometer at
22.62 MHz. Some spectra were §lso recorded on a Bucker WP-80 Fourier
transform spectrometer at 20.115 MHz. Mass spectra were routinely
run on all samples to check their molecular weight either on a C.E.C.
21-110B double focussing or a V.G.Micromass 7070 F mass spectrometer.
Samples were introduced 'through a direct .i‘nlet system and run at-70
eV. High resolution mass spectrométry was used tg confirm the 5
composition of several compounds and mass measurements were ﬁade by

‘procedures described elsewhére (68). Analytical thin layer chromato-

'y
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graphy was performed -on Pre-coated TLC silica gel plates (60F 254,
Merck). Preparative thin layer chromatography was performed on Pre-
coated PLC silica gel plates (60F 254, Merck) with layer thickness
2 mm. For column chromatography silica gel (60F 254, Merck), silica
gel (Baker, 60-200 mesh) and alumina neutral (fﬁsher, activity I,
80-200 mgsh) were used. Reverse phase chromatography was performed on
TLC plates (KC]8-Hhatman) and on a Lobar prepacked column size A
(240-10) LiChroprep RP-8 (40-63 um) for 1iquid chromatography (Merck).
The microanalyses were performed by Microanalytical Laboratories,
Ltd., Toronto, Ontario and Guelph Chemical Laboratories, Ltd., Guelph,
Ontario. |
1,2~dichloroethane and methylene chloride were dried and distilled
from phosphorus pentoxide. Tetrahydrofuran was dried by refluxing and
distilling frpm sodium and benzophenone under dry nitrogen, and was

collected directly from the still just prior to use.

—

Triethyloxonium fluoroborate 133

Compound 133 was prepared by the method of Meerwein (44).
Yield: 92%. mp 91-92°C. Lit. mp 91-92°.

Trimethyloxonium fluoroborate 162

Compound 162 was prepared by the method of Curphey (69).
Yield: 92-95%. mp 178-180%C. Lit. 180°C.



79

0-Ethylphthalide Fluoroborate 132a

Phthalide 131a (8.8 g, 6.56 m mole) and triethyloxonium
fluoroborate 133 (12.5_9, 6.57 m mole} in 15 ml of dry 1,2-dichloro-
ethane were stirred for 48 h at room temperature in a dry box. The
solid was separated by filtration (14.3 g, 88%) and washed with
1,2-dichloroethane and dry ether. It melted at 106-108%C (Lit. (43)

107-108°¢).
1

A

H NMR (CD,NO): 1,20 (t, 3H,.0CH2CH3, J = 6.0 Hz), 4.76 (q, 2H, 0CH2CH

33
J = 6.0 Hz), 5.83 (s, 2H, Ar-CH,) and 7.16-7.86 '

———

(m, 4H, aromatic).

1,1-Biethoxyphthalan 127a

O-ethylphthalide fluoroborate 1§gg.(14.3 g, 5.27 m mole) was
added at room‘temperature to a solution of sodium ethoxide in ethanol
(prepared from 2.5 g of sodium in 50 ml of absolute ethanol) under a
n1trogen atmosphere, The solution was st1rred for 1 h, then quenched
with 50 ml of 15% aqueous sodium carbonate and extracted ‘thoroughly
with ether. The extract was then(dried over K2C03, filtered, evapor-
ated, and distilled under vacuum (bp 60°C at 0.1 mm Hg) to give 11.3 g-

(943) of 127a.

]H NMR: 1.15 (t,6H, 2 x 0CH2CH3, J = 6.0 Hz}, 3.25-3.85 (m, 4H,

2 X OCHZCH ), 5.03 (s,2H, ArCH ), and 7.20-7.50 (m, 4H, aro-
matic). ({Fig.

HRMS: Calc. for Eif;_ 5 208 109; Found: 208.110.
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5,6-Dimethoxy¥1,T-diethoxyph;ha?an 127b

- 5,6-dimethoxyphthalide 131b (14.0 g, 72.1 m mole) and
triethyloxonium fluoroborate 133 (15.0, 79.0 m moie) were dissolved
in 256 ml of dry 1,2-dichloroethane and stirred at room temperature
for two days undef an argon atmoéphere. The dark solution was
transferred to a dropping funnel and added to a solution_of sodium--
ethoxide in ethanol (prepéﬁed from 3 g of sodium in 70 ml of absolute
ethanoT) under a nitrogen atmosphere at -20°Cc. After completion of the
addition the reaction mixture was allowed to warm slowly to room temper-
ature and then was quenched with 100 ml of 15% aqueous sodium carbonate
The resulting solut1on was extracted with methylene chloride. The
extract dried over K2C03, and the solvent evaporated to give a yellow
0i1 which was distilled (bp 121°C at 0.05 mm Hg) to yield 14 g (72%)
of 127b.
]H NMR: 1.18 (t, 6H, 2 X OCHZCHs, J = 6.0 Hz), 3.30-3.80 (m, 4H,

2 X-OCHZCH3), 3.92 (sj-gh, 2 X OCH3), 5.02 (s, 2H, ArCHé),

6.77 (s, 1M, aromatic), 6.95 (s, 1H, aromatic). (Fig. 2).

Anal. Caa for . CM} 2005: C, 62.68; H, 7.52%.
Found: 6e. 59 H, 7.64%, o

HRMS: Calc. for-C]4H2005: 268.131; Found: 268.131.

s

3-phenylphthalide 155

Compound 155 was prepared by the method of Ullmann (70).
Yield 75%. m.p. 115-116%. Lit 115-116% (70).
»
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3-Chlorophthalide 156a

Compound 156a was prepared by the method of Gabriel (71).
Yield 70%. m.p. 61-53?c. Lit 61°C.

3-Bromophthalide 156b

Compound 156b was prepared by the method of Koten ard Sauer
(72). Yield 80%. m.p. 79-81%C. Lit 78-80°C.

Attempts to prepare 3-phenyl-1,1-diethoxyphthalan 15

Procedures similar to those used to prepare 127a or 127b were

1nvestigated.-H2wever,-the only products recovered from the reaction

mixtures were starting materials.

Attempts to alkylate 3-bromo or 3-chlorophthalide 156

Attempts to alkylate 156a or 156b in the same way that 13ia
was alkylated afforded black solutions from which identifiable materials .

were not obtained.

Reaction of 1,1-diethoxyphthalan 127a with diqgthy] acetylenedicarboxy-

late 106 \\ . . '
In a Carius tube ﬁere placed 500 mg (2193 m mole) of 127a and

" 43 mg (3.05 m mole) of 106 in 5 ml of chloroform. Thé tube was cooled

and sealed under vacuum, then heated in a furnace for 6 h ag_]7q9C.

The tube was cooled, opened and the contents removed. Upon ;vaporation

of the solvent the oily residue was subjected to ‘hi vdtdum dist%]lation

to remove the more volatile starting material. ’ Tﬁe product was cé]]ected

as an oil (560 mg, 76%), crystallized from dry ether and melted at



85-86°C. It proved to be dimethyl 1-hydroxy~4-ethogynaphtha]ene-2,3-
dicarboxylate 139a and had jre fo]iﬁwing spectroscopic properties:

: 1
IR: v .. 31735 and 1670 cm .
1

H NMR: 1.47 (t, 3H, OCHZCH3, J = 6.0 Hz), 3.97 (s, 6H, 2 X OCHs),

4.12 {q, 2H, OCHZCHa, J = 6.0 Hz), 7.65 (m, 2H, aromatic),

]

8.07 (m, TH, aromatic), 8.47 (m, TH, aromatic) and 12.13

r

(s, TH, ArOH). (Fig. 3). Kfﬁs
Anal: Calc. £6r CleteO: C» 63.15; H, 5.30. Found: c, 63.27;
H, 5.299.

HRMS: Calc. for Crete0s: 304.094; Found: 304.097.

Reaction of 127a with 106 af atmospheric pressure

Compound 127a (1.04 g, 5 m mole) and 106 (1.4 g, 10 m mole)
were heated together at 145°C for 5 h' under an argon atmosphere. The
brown 011 was subjected to high vatuum distiliation to remove the more
vo]at1Te starting materials. The product (1.17 g,_76%) was collected
as a yellow 0il, The 01l was crystailized from dry ether and identified

as 139a.

&

Ethylation of 139a - S -

COmpound 139%a (308 mg, 1 m mole) was d1sso1ved in 20 m! of
 dry THF, sodium hydride (2 m mole) was added, followed by the addition
| of 8 m moles of. ethyl.ﬁod1de.-/7he solution was heated in an 01] bath

| at 80%C for 24 h, the soivent was temoved, the residue taken up in
benzene, and the benzene extract washed with water, dried over sod1um .

sulfate and evaporated. The solid re51due (205 mg, 60%) was crysta]-

l.7
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lized from pentane to give material which melted at
87-89°CT It proved to be dimethyl 1,4-diethoxynaphthalene-2,3-

dicarboxylate 140a and had the following spectroscopic properties:’

. . -1
IR. Vmaxs ]735 cm
T NMR: 1.48 (¢, 6H, 2 X 0CH,CHy, 0 = 6.0 Hiz), 3.8 (s, 6H, 2 X OCHy),
4.20 (m, 4H, 2 X OCH,CH,), 7.65 and 8.22 (m, 4H, AA'BB',
aromatic). (Fig. 4). -

Anal. Calc. for C18H2006 C, 65.09; H, 6.07.. Found: C, 65.31: H, 6.21.

4
LY

HRMS: Calc. for C]BHZGOG; 332.12?; Found: 332.124.°

Reaction of 5,6-dimethoxy-1,1-diethoxyphthalan 127b with 106

In a Carius tube wére placed 564 mg (2.1 m mole) of 127b and 298
mg (2.1 m mole) of 106 in 6 ml of chloroform. f;e tube was,cooled and
sealed under vacuum, then heated in a furnace for 6 h at 150°C. “The
tube was ccoled, opened and the contents were removed Evaporat{on of
the solvent y1elded an oil that was sub;ected to high vacuum d1st11-
lation. The more volatile starting materials were removed and the
product (550 mg, 71%) was crystal]ized from methanol to give dimethyl
6,7-dimethoxy-1-hydroxy-4-ethoxynaphthalene-2, 3- dicarboxy]ate 13% |
me1t1ng at 149-151 C. s T
IR v 1735 and 1670 cn”! o |
]H NMR: 1.47 (t. 3H, OCH2CH3, J=7.5Hz), 3.95 (s, 6H, 2 X OCH

4.03 (s, 6H, 2 X DCH3) 4. 10 (g, 2H, DCHZCH

3)’
p =75 Hz), ,

.7.30 (s, 1, aromat1c) 7.68 (s 1H, aromatic} and 12.10
© (s, TH, ArQH). (Fig. 5).
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-+ IR: vmax;1735 cm
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Anal. Calc. for C]8H2008: C, 59.34; H, 5.35. Found: €, 59.50;
H, 5.64%.
HRMS : E;X’/qfor C]SHZOOS 364.?]5; Found: J64.113. ®

Reaction of 127b with 106 at atmospheric pressure

Compound 127b°(1.32 g, 5 m mole) and 106 (1.40 g; 10 m mole)
were heated together for 5 h at 155%C under an argon atmdsphere. The
excess of . dienophile was removéd under high vacuum distillation. The

orange solid was crystallized from methanol to give 1.2 g (67%) ;W’TEQb.

-

Ethylation of 13%b ‘ .

The compound 139b (364 mg, 1 m mole) was ethylated in the same
way that 139a was converted to 140a. The resulting product (231 mg, -
60%) was crystallized from ether and idenf&fied_gs dimethyl 6,7-dimethoxy-
1.4-diethoxynaphtha1ene-2,3-dicarboxy1ate. It méﬁted at 152-153°C and

had the fb]]owing sﬂéctroscopic properties:
A

S

41H NMR: 1.48 (t, 6H, 2 X OCHZCH3, J = 6.0 Hz), 3.98 (s, 6H, 2 X OCH3],

4.03 (s, 6H, 2 X OCH;), 4.18 (q, 4H, 2 X OCHyCH3, J = 6.0 Hz)

’ and 7.46 (s, 2H, aromatic). (Fig. 6).
Anal. Calc. for CZOH24OB: C, 61.22; H, 6.17. Found: C, 61.03; H, 5.10%.
HRMS : C?]C. for CZOH2408: 392.145; Found: 3921147.‘

Reaction of 127a with ethyl propiolate'lss

Ortho ester 127a (1 04 g, 5 m mole) and 165 (835 mg, 8. 5m mole)

© were heated together for 4 h at 115-120%under an argon atmosphere. The

-

excess of dienophile was then removed by distillation lTeaving 1.1 g.of
W
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brown 611 that was separated into two components by column chromatography
(silica gel for TLC, benzene: hexane = 50:50). The first component

(65 mg, 5%) to be eluted proved to be ethyl 1-hydroxy-4-ethoxynaphthalene-
2-carboxylate 167. It crystaTlized from hexane and melted at 99-101°C

and had the fol]bwing spectroscopic properties:

IR: v ;1665 cn™!  (Fig. 10).

max
THNMR: 1.45 and 1.53 (overlapping t's 6H, 2 X ocnzcu3) 4.18 (q, 2H,
0CH,CHy, 3 = 6.0 Hz), 4.6 (q, 2H, OCH,CHy, J = 6.0 Hz), 7.04

(s, 1H, aromdtic), 7.59 {(m, 2H, aromatic), 8.33 (m, ZH, aromatic}
and 11.70 (%, 1H, Ar0d). (Fig. 12).

Anal. Calc. for C]5HT604: C, 69.23; H, 6.20. Found: C, 68.74; H, SKZB%'

L

HRMS: . Calc. for C]SH1604 260.104; Found: 260.10&.
The second component (355 mg, 27%) eluted from the column was
an isomer of the previous compound. It proved to be ethyl 1-hydroxy-4-
eth%{ynaphtha1ene 3-carboxylate 166. It melted at 139- 141°¢C after = -
crystallization- from acetone-hexane and had the fo1low1ng spectroscopic
properties: v
IR: v, 3 3610, 3420 and 1720 en™!  (Fig. 9).
TH NMR:  1.49 and 1.53 (overlapping t's, 6H, 2 X OCH oHg)s 4.13 (,
. 2H, OCH,CH,, J = 7.5 Hz), 4.45 (q, 2H, OCHZCH3, J = 7.5 Hz),
5.90 (br.s, 1K, ArOH), 7.33 (s, TH, aromatic), 7.59 (m, 2H,
aromatic) and 8.2i (m, 2H, aromatic). (Fig. 11).
Ana]._Calc.-for Ci5hyg0s: €, 69.23; H, 6.20. Found: C, 68.75; H, 6.41%.

HRMS: Calc. for CISHT604: -260.104; Found:l 260.108.
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: : 4
Reaction of 127a with ethyl tetrolate 168 S

Ortho ester 127a (1.04 g, 5 m mole) and 168 (1.12 g, 10 m mole)
were heated for 4 h at 165-170°C under a nitrogen atmosphere. The
excess of dienophile was removed by distillation leaving 1.1 g of brown
0il that was separated into two-components by co;umn chromatography
(511€E$ gel for TLC, methy]ene ch]oridg?‘ petroleum ether = 50:50).

The first component eluted (73 mg, 5%) proved to é etfiyl 1-hydroxy-
3-methy1-4-eth0xynaphthalgne—2-carboxy1ate 170. ;;\ ystallized from
hexane and meTted at 82-84°C and had the following spectroscoﬁic
properties: ‘

IR: w5 1655 cn 5 - g
]H NMR: '1.45 and 1.48 (0ver1app1ng t's, 6H, 2 X 0CH,CHy, J = 6.0 Hz),

2.58 (s, 3H, 1 X CH3), 3.92 (q, 2H, OCHZCH —3— 6.0 Hz),

_ 4.47 (q,'ZH, OCHZEa;, J = 6.0 Hz), Y.EE—km, 2H, aromatic),

8.00 (m, 1H, a;;;atic), 8.40 (m, TH, aromatfc) and 12.10

(s, T, ArGH). |
Anal. Calc. for CigH o0,:" C, 70.13; H, 6.62. Found: C, 70.36; H, 6.43%.
HRMS: Calc.. for C,cH,q0,: 274.120; Found: 274.123.

1618
The second component (657 mg, 48%) eluted from the column was
an isomer of the pr?vious compound. It‘proved‘to be ethyl 1-hydroxy-2-
methy1-4-e£hoxyqaphtha1ene~3-carboxy1afe 168. It-melted at 91-92%
after crystallization from hexane and had the foliowing spectroscoﬁic
properties: -
R: v,. 3610, 3380 and 1730 e

[ NWR: 1.40 and 1.43 (overlapping t's, 6H, 2 X OCH,CH,), 2.25 (s, 3H,
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A

1 X CHy), 4.08 (g, 2H, [OCH,CH3, J = 6.0 Hz), 4.46 (q, 2H,

OCH,CHy, J #6.0 Hz), 5.?0 (s, 1H, ArOH), 7.43 (m, 2H, aromatic)

and 8.00 (m, 2H, aromatic).

w

Anal: Calc. for CigHied,: C, 70.13; 4, 6.62. Found: C, 70.25; H, 6.33%.
Anag 16M18%"°

HRMS.: Ca]c;-for C16H1804' 274.120; Found: 274.121.

Reaction of 127a with ethyl phenylpropiolate 171

Ortho ester 127a (1.04 g, 5 m mole) and 171 (1.90 ¢, 11 m moie)
were %eated tqgether for 4 h at 165-170°C under an argon atmosphere,
The so]u;ion was cooled, the excess of dienOphi1e.was removed by distil-
Tation aﬁd the residue (1.8 g) of brown oil was chromotographed on
silica gel for JLC using benzene: hexane = 50:50 as eluant. Thett |
first fraction (437 mg, 28%) was crysta111zed from hexane and me1ted .
at 84- 85° It proved to be ethyl 1;hydroxy-3-phenyl-4-ethoxy-
naphtha]ene 2~ carboxy]ate 173 and had the following spectroscopic
properties:

IR: w3 1650 cm'

' NMR: 0.73 (t, 3, OCHCHy, J = 6.0 Hz), 1.03 (t, 3H, OCH,,CH 3,
J = 6.0 Hz), 3.55 (q, 2H, OCH,CHy, J = 6.0 Kz), 3.97 (q, 2H,
OCH,CHy, J = 6.0 Hz), 7.35 (s, SH, phenyl), 7.40-7.90 (m, 21,

_aromatic), BTIO'(m, 1H, aromatic}, 8.47 (m, 1H, aromatic) and ‘
'12.70 (s, 1H, ArOH). '

Anal. Calc. for Coqhagls: €, 74.94; H, 5.99; Found: C, 74.86; H, 5.99%.

HRMS: Calc. for 521H2004‘ 336:136; Found: 336.134. .
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The second fraction from the column (576 mg, 34%) was an o0il -
that failed to crystaliize. The 0il was purffied by distillatien in

a Kugelrohr apparatus. It proved to be ethy] 1—hydroxy;2—pheny1-4—

ethoxynaphtha]ene-3-carbo§y1ate 172 which had the following properties:
bp 100°C at 0.05 mm-Hg.

)

IR {neat): v
1

-1
fax 3530 and 1730 cm

H NMR: 0.93 (t, -3H, OCHZCH3, J = 6.0 Hz), 1.45 (t, 3H, OCHZCHa,

6.0 Hz),.4.00_and 4.17 (overlapping q's, 2 X OCHZCH3), 5.43
{br.s, 1H, Arbﬂ), 7.10-8.40 (m, 4H, aromatic) ;;5-7.42 (s, 5H,
phenyl). J 7 . ‘

Anal. Cale. for Cortag0s: Cs 76863 H, 5.99; Found: C, 74.80; H, 6.01..

HRMS: Calc. for C21H2004 336.136; Found: 336.134.

Reaction of 127a with 1,4-hydroguinone 163

Orthqapster_lgig (1.04 g, 5 mmole) and 163 (550 mg, 5 m mo]é)
were -heated together.for 2 hat 165°C'under a nitrogen atmosphere. The
red oil was treated with methjlene chloride to precip%;ate 123 mg of
1§§. The soTvent‘was evaporated tb dryness and the residue (1.1 g)

was subjected to high vacuum distillgtion to yield 385 mg of i27a,
72 md_ of 163 and 598 mg of an orang ag]1d wh1ch was purified by prepar-

ative TLC (silica gel, methylené ch]or1de) and crysta]11zed from

acetone-hexane. It melted at 113-114°C. It was identified as

2-cafb0ethoxybenzyl 4-hydroxyphenyl ether 164 and had the following
spectroscopic propehties; | ‘

o O e e
IR: vmax, 3550, 3420 and 17]0’Cm (Fi 8).



1

H NMR: 1.35 (t, 3H, OCHZCH3, J = 7.5 Hz), 4.36 (q, 2H, OCHZCH3,

—_— ~m

J = 7.5 Hz}, 5.16 (s, 1H; ArOH, collapses with added 020)}} '
) 5.40 (s, 2H, ArCHZ). 6.78 (m, 4H, hydroquinone), 7.50 '

_/J (m, 3H, aromatic), and 8.03 (m, 1H,| dromatic). (Fig. 7).
Anal. Calc. for C16H1604: C, 70.64; H, 5.92; Found: C, 70.66; H, 6.14%.
HRMS?- Ca]g. for C{EH1604: 272.10?;aF0und: 272.104.

© ~ Attempt to brominate.127a with N~bromosuccinimide” (NBS) .

Qrthdvéster 127a (2.08 g, 10 m mole) and NBS (1.78 ;‘IO m mele)
j/;ere ref]uxed in 26 ml of dry carbon tetrachloride for 30 minutes under
fhe illumination o% a 100 watt Tithbu]b. The end_of:}he reaction was
indicated by disappearance of NBS from the bottom'and the accumulation
of succinimide at the top of the reaction.mixture. The succinimide
was removgd'b§ filtration. ‘The filtrate was concentrated to give an
0il (2.3 g) which showed two ymleku1ar 10;5 in the mass spectrum. The.
first, tentatively assigned to 158 contained the expected doublet for Br at
m/e 242 and at m/e 244 in a ratio of ca 1:1. The second molecular
ion was assigned to 159 at m/e 222. The infrared of the mixture

]

"showed a carbgnyl band at 1730 cm '. The 1H NMR ‘spectrum also indicated

4

that “the product was a mixture.

Attempt to generate i§§.at Tow teﬁperature

To a‘suspension of 132a (2.5 g, 10 m mole) in methylene
chloride at -40°C was added a solution of N-methylpiperidine (1 g,
10 m mole). During the addition gas was involved and the salt went

fnto the solution, After 20 min., the reaction solution was washed

. -

¥
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with brine, and the organic layer was e@aporated to.dryness

N 4
to give a solid identified as phthalide.

Reaction of 127a with diethyl maleate 174 in a sealed tube

Ortho ester 127a (344 mg, 2 m mole),alkene 174 {419 mg, 2 m mo]e)
and chloroform (2 mi) were placed-in a Carius tube. The tube was cooled
and sealed under vacuum.. The mixture was heated ;n a furnace for 72 h
at 170°C. The tube was cooled, opened and thé contents were removed.
Upon evaporation of the solvent the yellow o0il obtained on vacuum
distillation was subjected to preparative TLt (silica gel, benzene)
to give twp fractions. The first f;;ction (55 mg, 102) wis a yellow
0il that crystallized from hexane melting at 54-56°C. It was
identified as diethy] ]-hydroxynaphthalene-2;3-dic;rboxj1ate 180.

IR: v 5 1730 and 1665 cm '
THMMR: 1.48 (t, 6H, 2 x OCH,CHy, J = 6.0 Hz), 4.40 and 4.45  /

(overlébping qfs, 4H,—Er& OCHZCH3), 7.45. (s, iH,,aromatic),

7.68 (m, 3H, aromatic), 8.4;—Eﬁ, 1K, aromatic) and 12.10 (s,

H, ArOH). (Fig. 13). '
Anal. Calc. for Cpgh O C, 66.66; H, 5.55; Found: C, 66.07; H, 5.36%.
HRMS: Calc. for CogH, 0s: 288.099; Found: 288.099. -

The second fraction (214 mg,30%) was a yellow o0il that failed to
crystallize. The 01l was purified by distillation in & Kugelrohr
apparatus and prﬁ&ég to be diethyl 1-ethoxynaphthalene-2,3-dicarboxy-
late 178. ‘

1 ' -

IR (neat liquid): Vmax 1730 cm



. Ethylation of 180 {(56) -
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~
4

W MMR: 1.37, 1.38 and 1.43 (overlapping t's, 9H, 3 X 0CH,CH,),

4.20, 4.38 and 4.47 {overlapping q"s, 6H, 3 X OCH,CH,), 7.58

3)
(m, 2H, aromatic), 7.92 (m, 1H, aromatic), 8.12 (m,_1H, aromatic)
and 8.32 (s, 1H, aromatic). (Fig. 14). .

Anal. Calc. for CigH,cOc: C, 68.35: H, 6.32. Found: C, 68.29; H, 6.39%.°

HRMS: . Calc. for C]8H2005: 316.131; Found: 316.132.

A mixture of'ﬁgg_(97 mg, 0.3 m mole), ethyl iodide (2.5 g, 1.6

m mote) and potassium carbonate (2;5 g, 18 mmole) in 20 ml of anhydrous
acetone was refluxed for 50 h. The acetone was evaborated'and the

residue was taken up in benzene. ‘The benzene was washed .with 5%

" aqueous potassium hydroxide dried over sodium squate, and evaporated

to give a yellow 0il (76.5 mg, 72%) whose spectroscopic prbperties.were

~similar to those reported for 178, ) .

Reaction of 127a with lzé at atmospheric pressure - :

Ortho ester ngé_(1.04 g, 5 mmole) ;nd 174 (1.72 g, 10 m mole)
were heated together for 6 h at 165-170°C under an atmosphere of argon,
The excess of dienophile was removed by distillation under vacuum
givjng‘1.8 g of yellow oily residue. Column chromatography of the oi%
(silica gel for TLC, benzene: acetone = 95:5) yig]deq three fractions.
The first fraction (688 mg, -43%) was the a]readyrfeporﬂ!ﬂ i1§3 the
second fracti;n (500 mg) proved to be a mixture of two components that

was sepaFate& by prepargtivgiTLC using the same conditions as-in i

column chroma.tography. This was comprise® of 76 mg {5%) of the

’
-
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-+
compound present in- the first fraction and 300 mg (18%) of a second
component (larger Rf} that proved to be diethyl I-hydroxy-4-ethoxy-
1,2-dihydronaphthalene 177a. ’ .

'l S

IR (neat 1iquidﬁ?§\vmax 3480 and 1730 cm

"y NMR: 105 {t, 3H, OCH,CH.. J = 6.0 Hz), 1.38 and 1.42 (overlapping

2-"3
t's, 6H, 2 X OCH,CHs), 4.04 (m, 5H, 2 X OCH,CH, and H-2),
4.31 (q, 2H, OCHZCH3, J = 6.0°Hz), 5.08 (d,d, 1H, H-1, : Y/

'J = 6.0 Hz, with added 020 this signal collapses to a doublet,

N J = 6.0 Hz), and 7.20-?.?%-(m, 4H aromatic). (Fig. 15).

1

H NMR' (DMSO-d): 0.95-1.40 (m, SH, 3 X OCH,CH,) 3.70-4.28 (m, 7H,

3)
3 X OCH CH and H-2), 5.16 {t, TH, H-1, J = 6.0 i
Hz, w1th addeﬁ 620 this‘signa] coliapses to a doublet (:
J = ?.0 Hz), 5.80 (d, 1H,~C0ﬂ, J = 6.0 Hz, this
~ signal disappears in added D,0) and 7.35-2.}5 >,
4H, aromatic). (Fig. 15b)'
HRMS: Calc. for CoHo,0c: 334 142; Found: 334.146.
n The third fraction (568 mg, 34%) isolated from the co]umn proved

to be an 1somer,177b of the previous substance. It was also obtained

as an oil and had the fol1owing physical properties:

IR-(neat liquid): v__; 3480 and 1730 cm|

Ty wR: 1.13, 1.30 ang 1.38 (overlapping t's, SH, 3 X OCH,CHy),

2.18 (b. S 1H, COH, disappears.in added DZO)’ 4.05 (m, 5H,

2 X OCHECH and H-2), 5.00 (d, 1H, H-1, J T 4.5 Hz) and
7230-7.80 (m, 4H, aromat1c) (Fig. 16).

‘HRMS: Calc for c18H2206 334.142; Found: 334.140,
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»
When the reaction was repeated under the same conditions as

above. except that a different batch of silica was used, two compoundse

were isolated. The first fraction (238 mg, 15%) identified as 178 and the

second fréqfion (970 mg, 63%) was also an 0il and identified as 179

IR (néat Tiquid): v__ <3480, 1735 and 1665 cn™ .

THoNMR: 1.03-1.43 (m, 6H, 2 X OCH,CH.), 2.80 (br.s, TH, COH), 3.90-

4.36 {m, 5H, 2 X OCH,CH, and H-2), 5.10 (b.s, 1H, H-1),

2 3
7.43-8.10 (m, 4H, aromatic) and 12.80 {s, 1H, COH).

HRMS CaTlc. for C]GHIBOG:' 306.107; Found: 306.110.

Conversion of 177a, 177b and 179 to 180

In each case, the compound was refluxed in benzene in the pre-
sence of catalytic quantities of p-toluenesulsufonic acid for 30 min.
The solution was washed with brine and dried over sodium sulfate to

give 180 in 92-95% yield, identified by its spectroscopic properties.

Reaction of 127a with maleic anhydride 70 - ' </

" Ortho ester. 127a'(1.04 g, 5 mmole) and 70 (500 mg, 5 m mole)
were heated together for 10 min. at 165%C under a nitrogen atmosphere.

The'so]ution was cooled and the solid residu? was crystallized from

that melted at 170- 172°

. acetone to give 668 mg (56%) of white crysta]s
and were identified as 1- ethoxynaphtha]ene- 3 d1carboxy11c ac1d
.anhydride. ‘
IR: v___; 1845 and 1785 cm™) \
T Tmax! - ’
]H NMR: .1.55 (t,.3H, OCHZCHa, J = 7.5 Hz), 4.82 (q, 2H, OCHZCHj,

J = 7.5 Hz),. 7.50-8.20 (m, 3H, aromatic), 8.07 (s, 1H,
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aromatic and 8.47 (m, 1H, aromatic). (Fig. 17).

Anal. Calc. for CjaH o0,: C, 69.42; H, 4.16. Found: C,.63.98; H, 4.17%.
HRIS: Calc. for CgHyg0y:  270.057; Found: 270.034.

-

'React1on of 127a with 1,4-benzaquinone 182

Ortho ester 127a (1.04 g, 5 m mole)- and 182 (540 mg, 5.5 m mole)
were heated together for 45 min. at 146-148°¢C under an argon atmosphere.
‘The brown 011 was cooled, dissdlved in methylene chloride and filtered
through alumina (neutral) to“nge 380 mg {29%) of white crystals that

after crysta111zat1on from ethano] melted at 121 122 C. The compound proved

to be ethyl 2-[(1 Bf, 6 s*, 7 ‘s*)-2',5'-dioxo-3'-norcaren-7'-yl] \\
v . [y - i B )
benzoate 183 and:had the fo119wing spectroscopic properties: #
1 '

IR: “max; 1715 and 1685 cm .
" THONMR: 1.37 (t, 3H, OCH,CHy, 0 = 7.5 Hz), 2.83 \@2Z, K-1' and H-6',
o J = 5.4 Hz), 4.02 (t, TH, H-7'1:9/F 514 Hz), 4.38 (q,%2H,
OCHZCH3, J = 7 5 Hz), 6.60 (s, 2H, H-3' and H-4'), 7.40 (m,
3H, aromatic) and 8. 05 (m, 1H, aromatic). (Fig. 18).
Anal. Calc. for C H]404 C, 71.14; H, 5.22.. Foundilc, 70.87;_H, 5.28%.

HRYS: _Calc. for Cyghy 0p: 2700895 Found:  270.090.°

- Reaction of 127a with 1,4- naphthoquinone 66

Ortho ester (1. 64 g, 5nm mole) and 66 (790 mg, 5 m mo1e) were,ﬁ,}
heated together at 140° C for 20 min. under an argon atmosphere. iﬁﬁgkf
resulting brown oil (1.6 g) was sﬁbjected to colﬁmn chromatography
(silica gel, 160 g) using methylene ﬁh]oride‘as eluant. The first
fraction (450 mg, 28%) was purified on a Lobar reverse phase column e

’

(CHBCN-HZO = 7:3) aqd,£ﬁe product crystallized from.pentane

»
LY
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N

and melted 82-83°C. It proved to be 2—(2'-carboethoxybenzy1);];d-

naphthoquinone 187 and had the following spectrbscopic pkopefties:

) L =1 . '
IR: Vmax® 1725 and 1675 ¢cm , P

1

H NMR: "1.28 (t, 3H, OCH,CHy, J = 6.0 Hz), 4.26 (g, 2H, OCHZCHS,

3
J = 6.0 Kz), 4.3d_zg, ZH, H-11), 6.28 (t, 1H, H-3), 7.4]
(m, 3H, aroma;ica, 7.73 (m, 2H, aromatic), and 8.10 {m,
3H, aromatic): (Fig. 22). 7 .
Anal. Calc. for C20H1604: C, 75.03; H, 5.03: Foqnd: C, 75.07; H, 5.20%.
HRMS: Calc. for C20H1604: 320.104; Found: 320.]04‘\é;
er

The second fraction from the column was filt

through neutral -
alumina to remove coloured impurities and-crystallized from ether to
giée white crystals ‘that melted at 126-127°C. It was identified as
<ethyl 2-[(1'3}, 1'as, 7'@5)—]'a,2',7‘,7a'-tetkahydro-2',7'-diox0-]ﬂ7
cyclopropa [b] naphthalen-1'-y1] benzoate ]Eyi.{
CIR: ;31725 and 1685 em”)!
T MRS 1.28 (t, 3H, OCHyCHy, J = 7.0 Hz), 3.01 (d. 24, H-1'a, and
H-7"a, J = 5.3 HZSTE.SS (t, 1H, H-}', J = 5.3 Hz), 4.29 (q,
2H, OCHZCHs, J = 7.0 Hz) and 7.20-8.20 (m; 8H, aromatic).(ng. 21) «
Anal. Cajc, fb;_Eé0H1604: C, 75.06; H, 5.03; Found: C, 74;74; H, 5.30%.
HRMS: Calc. for CogHic0y: 3éo.1q4; Found: 320.104. '

e

Reaction of 127b with 1,4-benzoquinone 182 | v

Ortho ester. 127b (1.3 g, 5 m mole) and 182 (540 mg, 5.5 m mole)
were heated together for 15 min. at 155°C under an érgén atmosphere,
The dark oil was coa)ed, dissolived in methy]éne chloride and filtered

throughﬂneutral alumina to give yellow crystals that were crystaliized

-
*
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\>’
h 1]

- 2',5'-dioxo-3'-norcaren-7'-y1] benzoate 185,

96"

-
-—

from benzene—ﬁentané (800 mg, 42%) and me]ted at 191-192°. The compound
was 1dent1f1ed as ethyl 4,5- d1methoxy 2 roe R* 6'S*, »7'5*--21 5'—diox0:

3'-norcaren 7'-y1] benzoate_Jih and had the following spectroscop1c

properties: )- . i
IR: v __; 1710 and 1785 cm™! | ' s -
max ) . . d‘
1

H NMR: 1.34 (t, 3H, OCHZCHB’ = 7.5 sz 2.77 (d 2H, H-1'-and H- 6'y
J = 5.3 Hz), 3'99 (s, 6H, 2 X OCH3), 4,02 (overlapping t 1H,
"H-75 J = 5.3 Hz), 4. 32 (q, ZH OCHZCHB, J = 7.5 Hz), §.55 (s,
_ 2H, H-3' and H-4'), 6.60 (s, 1H, aromatic) and 7.35 (s; 1H,
aromatic). (Fig. 19). |

1

Anal. Ca1c for c]8H1806 C, 65.45; H, 5.45. Foyng: C, 65.14; H, 6.60%.

HRMS Calc. -for C]8H1806: 330.110; Found: 330.1é9.

The mother liquor was evaporated to dryness and the residue

(]0 mg, 0.5%) was. crysta111zed from ether. The separated solid melted

» at 115 116°%. It proved te be ethyl 4,5-dimethoxy-[{1'R*, 6 R, 7' S*)-

A\

IR: v ;1680 and 1715 cn”'
THONMR: 1,41 (t, 3H, OCH,CHy, J = 7.5 Hz), 2.87 (d, 2H, K-1' and H-6", &
0= 9.0H2), 355 (t, 1H, H-7', J = 9.0 Hz), 3.80 (s, 3H,
_ 0CH,), 3.87 (s, 3H, OCH;), 4.30 (g, 2H, OCHCH,, J = 7.5 He),
, 6.1 H (s, 2H, H-3' and H-4'), 6.64 {s, 1@;_;}omatic) and 7.37 -

(s, 1H, aromatic). (Fig. éO).

. Mnal. Calc. for CioH 0. C, 65.48; H, 5.60. Found C, 65.07; H, 5.65%.

Reaction of 127b with 1,4-naphthoquinone 66 -

Ortho ester 127b (1.3 9, 5 mmole) and 66 (790 mg, 5 m mole)
J . :

wr s
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were heated together for 10 min. at 150°C under an argon atmosphere,
The dark oily product was filtered through neutral alumina to give a
brown oj] (1.4 g) that showed thfee spots on TLC (silica gel). Crystal-
lization of the oil from acetone-hexane yielded 377 mg (20%) of ethyl
4,5-dimethoxy-2-[{1'R*,1'aS,7'aR*)-1'a,2"',7',7"a-tetrahydro-2",7"'-dioxo-
1H-cyclopropa [b] naphthalen-1'-y1] benzoate 1§§, it melted at 151-152%¢
and had the following spectroscopic properties: |
R: vy, 1710 and 1680 cn”! ) : .
1ﬁ NMR: -1.26 (t, 3H, OCHyCHqy Jr= 7.5 Hz), 2.96 (d, 2H, H-T'a and
’ H-7a, W= 5.3 Hz-)-,—:ﬁéa f‘t, 1H; H=1', J = 5.3 Hz), 3.90

(s, 34, OCH3) 3.96 (s, 3H, OCH,), 4.23 (q, 2H, OCH,CH,,

- 7.5 Hz), 6.68 {s, 1H, anoEZZ};), 7.50 (s, 1H,_;;ematic),
f.75‘(m, 2H, arometic) end 8.06 (m, 2H, aromatic). (Fig. 23).

Anal’. Calc. for CoHpoOg: C, 69.53; H, 5.30. Found C, 69.73; H, 5.54%.
. HRMS: Calc. for CooHools: 380.125; Found: 380.124.

The mother liquors were evaporated to dryness and the residue
was subjected to column chromatograpﬁ} {silica gel, 100 g); Starting
materia1§, ﬁilmg'of ],4~nephthoquinone and 73 mg of 5,6-dimethoxy~
: phthalide were eluted with methylene chloride, and products (856 mg)
with methy]enechloride-ethef (50:50i."Recrystallizdtion of the mixture
(856 mg) from aéetoﬁe-hexane gave 2297mg'(12%) of the compound previously

x

described The mother liguor from th15 crysta111zat1on was removed and

-

the res1due (627 mg) showed two spots on TLC (reversed phase acetonitrile-

water = 60:40). A portion of the m1x;ure (3 X 10 mg) was subjected to

Lobar rever;ed phase chromatography;ﬁsipg acetonitrile-water {60:40)

g
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as e&uant. The first fraction (15 mg, 50%) was crystallized from
acetone-pentane and melted 131-133°C. " It proved to be ethyl 4,5-dimethoxy-
2-[{1'R*,1'aR*,7'as*)-1'a,2"',7"',7"'a-tetrahydro-2",7"'-dioxo-1H -cycTopropa

[g]naphthalené-1'-y]] benzoate 189 and had the following spectroscopic *

properties:

) ) -1
IR: Vinax 1710 and 1675 cm
1

H NMR: 1.45 (t, 3H, OCHZCHB, J = 7.5 Hz), 3.10 (d, 2H, H-1'a and

H-7'a, J = 9.8 Hz), 3.70 (overlapping t, 1H, H-1, J

9.8 Hz),

- 3.70 (s, BH, 2 X OCH3}, 4,36 (q, 2H, OCHZCH3 , J = 7.5 Hz),

6.68 (s, 1H, aromatic), 7.08 (s, 1K, aromatic), 7.41 (m, 2H,
aromatic) and 7.71 {m, 2H, aromatic). (Fig. 24).
Anal. Calc. for pzaHgbos: C, 69.53; H, 5.30. Eound: C, 69.06; H, 5.52%.

HRMS: Calc. for CZZHZODS: 380.125; Found: 380.126.

The second fraction (10 mg, 33%) showed spectroscopic properties

.

similar to those of 188.

[}

Attempts to react 127a wiph cyclooctene or T-phenyl-1-propyne

The reactions were carried out in sealed NMR tubes using CDCI3
or‘DMSD—dé as solvent. In each case equivalent -amounts of 127a with
cyclooctene or 1-phenyl-1-propyne were used. The solutions were heated

in an oil bath at temperatures over the range 120-190°C over a 1Q\Efa,,f——hﬁ\ﬁﬂh‘-:)

périod. The tubes were examined periodically by NMﬁ but no reaction

was found to occur.
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SUMMARY

A new react{on between phthalide ortho esters with a series of
‘dienophi1es has been stugdied. Thus, treatment of 1,1-diethoxyphthalan
pr-S,G-dimethoxy-],l-diethoxyphtha]an with dimethyl acetylenedicarboxylate
afforded tetrasubstituted naphtha]enes in yields of 65-70%. The regio-
Tchemistry of the cycloadditions with unsymmetr1ca1 acetyTenes was studied
and it was found that "ortho adducts" were found as major products.

When the study of the reactions of phthalide ortho esters.was
extended to activated alkenes, such ag diethyi maleate, a mixtbre of
tetrasubstituted 1,2-dihydronaphthalenes and a trisubstituted naphthalene
was obtained. The mixture of tetrasubstituted 1,2-dihydronaphthalenes
was converted into a disubstituted naphthol by dehydration and hydrolysis
under acidic conditions. Maleic'aﬁhydride was also used as dienophile
and one product was;isolated from the reaction.

In the case, of ‘the treatment of phthalide ortho esters with
guinones, it was found that théy reacted in an abnorfnal fashion to give,_

2
in most cases, p-homoquinones.

——

The structures_o% the compounds prepared in this study the

majority of which were new compounds, were established on the basis of

1

their'Spectroscopic properties. Infrared,'H NMR and ]3C NMR were used

extensively to d1st1ngu1sh between configurational 1somers and to .

determine the pos1t1on of the functional groups in the molecules.

The formation of the compounds prepared by the reactions




100

of phthalide ortho esters with dienophileX _has been rationalized in
terms of a mechanism that involvgs 1-ethoxyisobenzofurans as inter-
mediates. It has been proposed that the jintermediate, unstable
adducts from the cyclcaddition with acetylenes or alkenes underge C-0
bond cleavage to give zwitterions that later collapse to the products,
In the case of the adducts with.quinones it is postulated that they
undergo simultaneous C-C bond cleavage and enolization followed by
internal nucleophilic attack to give the p-homoguinones.

Finally, the mesg?d described in this thesis for the preparation
of polysubstituted naphthalenes has several advantages. The starting
materials are readily available, the reaction is regioselective and
leads in a single step to the products in relatively good yield. In
the case of the synthesis of p-homoquinones, this method provides a |
new ‘route to this group of compounds that {5 short and éives yields that

are comparable to those obtained from the standard procedures.
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'

FIGURE 1. 'H NMR spectrum of ortho ester 127a..

(1] g
frm— ez —

FIGURE 2. 1H NMR spectrum of ortho ester 127b.
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139a.

FIGURE 3. ]H NMR spectrum of naphthalene

FIGURE 4. 'H NMR spectrum of naphthalene 140a.
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13%b.

FIGURE 5. 1

J

H NMR spectrum of naphthalene

FIGURE 6. TH NMR spectrum of naphthalene 140b.

P
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FIGURE 7. 'H NMR spectrum of 164.
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FIGURE 11. 'H NMR spectrum of naphthalene 166.
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FIGURE 12. ]H NMR spectrum of naphthalene 167.
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FIGURE 13, 'H NMR spectrum of naphthalene 180.
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FIGURE 14. 'H NMR spectrum of naphthalene 179
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FIGURE 15. 'H NMR spectrum of enol ether 177a.
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1

FIGURE 19.

i
]
-

H NMR spectrum of p-homobenzoquinone 184.

FIGURE 20, ]H NMR spectrum of p-homobenzoquinone 185.
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H NMR spectrum of p-homonaphthoquinone 186,

1]

FIGURE 21.

ot

H NMR spectrum of 187,

1

FIGURE 22.
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H NMR spectrum of p-homonaphthoquinone 188.

e

1

FIGURE 23.

e

H NMR spectrum of p-homonaphthoquinone 189.

1

. FIGURE 24.
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APPENDIX

]3C NMR chemical shifts of substituted naphthaienes, tetrasubstituted

1,2-dihydronaphthalenes and compounds 183-187.

(2



TABLE 3. 13¢ nmR chemical shifts of tetrasubstituted naphthalenes
derived from dimethyl acetylenedicarboxylate.
~
Carbon 13%a 13%b 140a 140b
1 158.5 157.0 150.9 151.5
2 “102.0 100.9 121.4 120.1
3 122.5 121.1 121.4 120.1
4 145.1 1441 150.9 151.5
5 122.5 101.6 123.6 102.3
6 127.2 150.3 128.3 149.7
7 130.2 1529 123.6 149.7
8 124.7 103.5 130.5 102.3
9 126.3 127.8 130.5 126.3
10 131.7 127.8 130.5 126.3
1-0CH,CHy 72.5 72.0
1-0CH,CH3 15.7 15.9
2-CO0CH, 170.2 170.3 - 166.9 167.1
2-COOCH 52.5 52.6 52.6 52.5
31gngﬁ; 168.2 168.4 166.9 167.1
3-C00CH, 52.8° 52.4% 52.6 52.5
4-0CH,CHy 72.1 71.7 72.5 72.0
4-0CH,CHy 15.7 15.8 15.7 15.9
6-Otte 55.9 56.0
7-0Me 56.1 56.0

r .

a These assignments may be reversed.
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- TABLE 4. 13 NMR chemical shifts of naphthalenes 141-145,
., Carbon 141 142 143° 144 145

1 128.0 151.3 160.5 129.2 130.2
"2 125.9 . 108.9  106.2 130.0  128.6
3 125.9.  125.9 125.9 130.0  128.6
4 128.0 120.9  118.4 1292 130.2
5 128.0 127.8 127.7 128.5 128.6
6 125.9 126.5 129.4 128.5 128.6
7 125.9 125.4 123.3 128.5 128.6
8 128.0 121.6 125.0 128.5 128.6
9 133.6 124.5 124.3 132.9 133.4
10 133.6 134.9  136.9 132.9  133.4

2-CO0H 173.2 168.9

~ 3-COOH 168.9
2-C00Me 168.2
2-CO0Me 52.6
3-CO0Me 168.2
3-CO0Me 52.6

aJCDB)ZSO

119
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TABLE 6. 13C NMR chemical shifts of subs_t-itl}ted napnthalenes derived
from unsymmetrically substituted acetylenes.
Carbon 166 167 169 170 172 173
1 150.8 155.7 158.8 146.2 157.9
2 108.5 104.7 106.5 124.9 106.3
3 119.3 191.9 124.4 118.6 129.8
4 148.1 147.1 145.4 144.7 145.4
5 122.4 122.1 121.8 122.8 122.4
6 127.0 126.4 129.5 129.5 127.0
7 127.7 128.9 125.2 130:4 129.8
8 123.9 123.9 124.4 123.0 123.9
9 128.4 125.8 125.2 125.7 125.6
10 130.0 130.3 131.6 130.4 131.9
2-CODCH,CH, 171.1 172.6 171.8
2-COOCH,CH., 61.1 61.6 61.0
2-COOTH,CH, 14.3 14.2 13.0
3-COOCH,CH;  167.3 167.4
3-COOCH,CHy  61.6 61.1
3-cooEﬁ§EE§ 14.3 13.7
3-TH, _ _29.7
4-0CH,CH 72.0 64.9 71.9 69.5 72.1 69.6
4-0CH,CHy 15.7 14.9 ©15.7 15.6 15.8 15.4
2-CHe ' 128.6,127.0
129.5
3Cghs | | ‘ 127411565

4~
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TABLE 7 13C NMR chemical shifts of naphthalenes and dihydronaphthalenes
- derived from diethyl maleate and maleic anhydride by reaction
with .127a. . .
Carbon 1772 7w 178 180 181
1 69.4 68.9 153.4 161.2 157.5
2 46.0 50.2 ~124.5 103.3 109.3
3 -111.6 110.0 130.2 130.8 137.3
4 160.3 159.6 127.6 119.5 121.8
5 124.6 127.8 129.6 127.3 130.0
6 127.8 129.1 127.9 130.2 130.3
7 130.9 130.6 128.7 128.1 131.2
8 126.8  125.0 122.8 124.2 125.6
9 140.8 137.4 126.0 125.5 127.2
10 ’ 1 129.8 130.6 133.9 135.3 131.6
T-OCHZCH3 72.3 72.9
LOG&G& . ) 15.7 _ ... 16.0
Z-QQQCHZCH3 172.6 170.9 165.6 170.2
2-COOCHZCH3 . 61.3 61.2 61.6 62.1
2-C00CH2CH3 14.4 14.2 14.2 14.3
3-§QDCHZCH3 166.0 ¢ 166.3 167..9 169.2
3-C00CH2CH3 , 60.8 60.7 61.6 61.5
3-C00CH2CH3 13.9 14,0 14.2 14.0
4-OCH2(IH3 70.0 70.2
4-QEHEEE§ 15.5 15.5 ) ‘
2-C0 161.5

3-C0 ' 163.5



TABLE 10. 13C NMR chemical shifts of the compounds 183-189 derived
from reaction of 1,4-benzoquinone and 1,4-naphthoquinone
with ortho esters.

Carbon 183 184 186 187 188 189

i 131.5 123.2 131.4 185.0  123.4 ’
2 137.3  131.3  137.2 o
3 127.0  109.8 127.2  126.1 114.6  114.5
4 132.6  152.3  132.5 185.2  152.3  150.8
5 131.5  148.3  131.4 1337 148.3  150.8
6 128.0  114.3  127.9  132.,5 110.0 113.5
7 134.9
8 133.7
9 134.3
10
11 34.3
1 35.8 36.0 36.0  138.5 36.4 34.4
1'a 36.4 36.7 34.0
2! ©193.2  193.5 192.2  130.3  192.3  193.0
3 137.9  137.9 127.2 126.8 177.0  126.0
4" 137.9  193.5 134.3  127.4  134.2  133.7
5! 193.2 36.0 134.3  132.5  134.2  133.7
6" 35.8 36.8 127.2 131.5 127.2  126.0
7t 36.3 192.2 ©7192.3  193.0
7'a 36.4 36.7 34.0
8 132.8 132.9 134.4
g’ 132.8 1329 134.0
COOCH,CH,, 166.6  166.2  166.8  166.8  166.3 _
COOCH,CH 4 61.5 61.4 61.5 61.0 61.3 61.6
COOCH,,CH 14.8 14.3 14.1 14.2. 14.3 14.3
4-0Me 56.2 56.2 56.0
5-0Me 56.2 56.2 56.0
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