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ABSTRACT
PART 1: SYNTHESIS OF STABLE FREE RADICALS AS POTENTIAL
ORGANIC METALS. PART 2: SYNTHESIS OF OXYGENATED INDACENE
DERIVATIVES. PART 3: REACTIONS OF AROMATIC
POLY (N, N-DIMETHYLAMIDES ) WITH ELECTROPHILES.
By

Mark Wayne Armsircug

Part 1: "Organic metals" are organic compounds which
conduct electricity. Those which have attracted the most
attention are charge transfer szlts, like TQNQ-TT?, in which
both the donor and acceptor molecules are highly cdelocalized,
planar molecules. Theoretical studies suggest that neutrality
and divalency are properties which could be desirable to the
design of more effective conductors, perhaps even allowing

the development of superconductors.

To this end, several syntiheses of diradicals deemed
likely to be stable were attempted. These included the
diradicals of 2,12-dihydro= 6,10-dihydrcxy--LH,8H~dibenzo
(cd,mn)pyren-2-one (5a), the L4,8,12-trioxa derivative of Sa
(sb)y L,7-dihydroxy-1H-pheralen~i-one (}), ani scveral
polychloro derivatives of these. The dinydroxy compounds
which were successfully prepared (i, 59) did not give stable
diradicals.

Part 2: 1,2,3,5,6,7-Hexahydro-s-indacene~1,2,3,5,6,7-
hexone (58), its L,8-dihydroxy derivative (5]), and the
quinone of 58 were of interest as electron acceptors in

potentially conducting charge transfer salts, as carbon



oxo-acids and oxccarbons and as precursors to tne interesting
polycyclic zromatic dicyclopentadicenc(a,k)-s-indacene.
Though the synthesis of none or these coupounds was achieved,
several interesting pathways were cxplored.

Bart 3: Partly as a result of several recoclions
explored in part 2, it was of interest to study the reactiors
of aromatic N,N-dimethyluzn:dss wiih electrophiles. Of
particular interest were compcounas naving two N,N-dimethyliuino
--carbonyl groups situatec ortho tc one another on a benzene
ring. These were studied tu determine whether the groups
react independently ofi each other and, if not, to what extent
neighboring group participation occurs. Though other
electrophiles were investigated, the major porticn of tne
study was limited to reactions of methyl trifluoromethanesul-
fonate (MeCTf) and thionyl chloride (SCCl,) because these
give straightforward chemical and spectral results. As models,
the reactions of these electrophiles with N,N-dimethylbenzamide
(153), N,N,N',N'-tetramethyl isophthalamide (15%), N,N,N',N'-
tetramethyl terephthalamide (157) were also studied. Both
156 and 157 reacted with two equivalents of MeOT{ and 50C1,
to give bis(methoxy dinethyliminium) salts and bis(chioro
dimethyliminium) salts respectively. N,N,N',N'-dimethyl
phthalauide (154) reacts with only one equivalent. NMR spec-
troscopy shows that the product of 154 with MeUTf displays a
small participation by the second auide group, while with SOC1)p

this participation is complete, or nearly so.
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Part 1

SYNTHESIS OF STABLE FREE RADICALS
AS POTENTIAL ORGANIC METALS



e

The vast majority of organic cowrounde do not conduct
electricity to any appreciable extent (10‘12-10'100nm-1cm-1).

The very few with coasiderably higner coandustivities have becn
given the optimistic if not entirely ascurate description of
"organic metaic".

The word "metal" is generally reserved for elements lying

to the left of boron, silicon, germanium, antimony and polonium
H

in the periodic tatle. In this svuce the ierm "organic mxetal"

is a misnomer as no wetal atoms uare nreserit. 1ln contrast, tne

class of compounds kneown as "orgunonmetallic' does involve metal

atoms, specificzlly those bonded tu o caruen etom in an organic

framework.

Alternatively, a metal wmay be considered to te arny substance
poscessing metallic charocteristics, i.e., high electrical con-
ductivity, thermal conductivitiy, luster and ductility or malleab-
ility.1 In this sence the term "orgenic metal" is at least
partially accurate.

The first organic matcrials fourd to have cornsiderable
conductivities were rudical ion salts of tetracyanoquinodimethane,

. . . 2,3 .
TCNQ, with various organic electron dorors.”’” The most studied
example of this class of compound i: the charge {ransfer salt of

TCNG with the electron donor tetrathiatulvaiene, TTF.
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Figure 1. Fomation of TCNQ-TTF.

This complex has a room temperatare conductivity of 10ohm

1

cm”™ ', comparable to graphite. For a cowparison of the con-

ductivity of TCNQ-TTF with tratv of othzr naterials see Table 1.

The properties of the salt have teen detailed by Engler.

-

Table 1. Ccnductivity of lelected Materialap

Material (ohn~lem™")
metals 104108
TCNQ-TTF 102

carbon 102

molten organic salts B

silicon 107k

alkali TCNQ salts 1078

most molecular crystals 1'3.”"--10"10
ferrocene 10”13
sulfur 10~k
quartz 1017

anthracene 10-17
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Since the discovery of TTF-TCNy, several variations
have teen made ir both tne donor and acceptor molecules.
Changes in the duncor molecu196 have invoived replacing the
Lydrogens in TTM with methyyls, poljuetrnslene bridges or benzo
rings, and/br replacing thz sulfur atcms with selenium. The
room temperature conductivities of the compourds with TCNQ
range from 10'5ohm"10m.1 to 2x1070ha ~lem™! for the tetra-
seleno analog of dicyclopenteno~'[‘TF.6 Changes in the acceptor
has involved adding substituents toe the ring of TCNQ,7
extending the ring system of ’I‘CNQ8 and/or substituting
hetercatoms into the ring system of TCNQ9)70v11. Unfortun-
ately, taose of the above which form charge transfer salts
with TTF have room temperature ccrnductivities less than that
¢ TCNQ-TTF.

There are two further properties of TCNQ-TTF and similar
compounds which bear mention. First, single crystals of
these complexes carry an electric currant much more readily
along one axis of the crystal than along any other axis.

They are thus anisotropic or more specifically, one-dimensional
metals.10 Secondly, the conductivity of TCNQ-TTF increases
with decreasing temperature, reaching a maximum at 58°K of

-1
1cm » then fallirg off sharply at still lower

over 10hohm-
temperatures.12 This sudden drop-off in conductivity is

1
known as the Peierls transition. 3 It is thought that this

transition from conductor to semi-conductor or insulator is
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I

due to distortions in the cryctal to lower syumetry.
The maximum value of 1Uhohm-1cm-1, approaches the con-
ductivities of certain metals (tin, lead) with conductivities
of Sx10h-1x105. This sharp maximun in conductivity1sat low
temperature is reminiscent of the superconductors, metals
which in fact lose all resistance at very low temperatures,

15

usually within a few degrees of absolute zero.

Several recently prepared derivatives have proven ev. i
more successful and have shed new light on the design of
organic metals. These were a series16 of organic cation
radical salts (TMTSF)zx, where TMISF is tetramethyltetra-

selenafulvalene (see Figure 2), and X is a symmetrical octa-

16a 164
hedral anion16 PFg ’ As?g 16b’c, Sng and TaFg 16dor

tetrahedral anion' ' BF; and (10

X

superconductivity at moderate hydrostatic pressures of 1.2

The former exhibit

GPa in the 0.4-1.5%K region. '® In these materials high
pressure suppresses a metal-to-insulator transition occurring
between 10 and 20°K at ambient pressure.'® In the tetrahedral
anion series, (TMTSF)2BFb and (TMTSF)zReOb are insulating
below 41 and 182°K respectively, while (TMTSF)201Oh remains
metallic down to 1.3-1.5°K, wnere & transition into a
superconducting state occure.1

These substances consist of two doror molecules per

anion. Thus, formally, only half of the TMTSF molecules are



charged. The structure oi the crystal is as might be expected.
The planar TMISF molecules ave stacked lize pancakes. These
stacks are interspersed with lines of anions.1

X-ray crystallography cf TCNG-TTF shows separate stacks
of TCNQ radical anions and TTI' radical caticns, with the
planar ions in each stack arranged parallel to one another,
though not perpendicular to the st:aclc.]8 The distance between
molecules in the TCNQ stacks is 3.17A. These very short
interplanar distances allow overlap of the pi-clouds and
delocalization of the unpeired electrons along the axis of
the stack (see Figure 2). Combining corductivity measure-
ments along the various axes of a single crystal with X-ray
data shows that the direction of conductivity is parallel to

the stacxks of TTF and TCNQ ions.

For both practical anl thecreticzl reasons, it is
. . . 20
clearly of interest to develop new wrganic netals,
ractical exanpies include the develormment of matarials wnich
may be superconductors at higner temperatures than are rnow
available. Theoretically, the inveatigation of such pheno-

mena as the Peierls transition could be aided by the avaii-

ability of organic metals with higher conductivities.

There have bezn several papcrs which detail factors

important in the design of an organic metal as determined by

17|19120’21

experimental ard theoretical studies. Among these

factors are: (1) An unpaired electron, 12 Clearly this is



7

necessary to allow the motion of individual elecirons between
molecules. Paired electrors are held in molecular orbitais. Tairs

is, of course, wh; most organic compounds are insulators.

(2) Uniform crys-al structure. The conductlszn band arises

C
r
€2}
@

e Se

Ch, CH,
s

TCNQ noy TS

¢] b
TTF rarm

Figure 2. TCNQ, TTF, TMISF and the crystal structure of TCNQ-TTF.



&
from a lincar combination of tane highest occapicd moliecular
i1c

orbitals (or conluction orbitals) cn each molecule, ©  Crveta)
defects (au with Peierls disvori . ons) lower symmetry ard
serarate the valence hand from the conducticn band. The
presence 0f counter:ons uay centribtute to Peierls distortions.
or at least reduce the symmetry of the crystal. Carito,

12,?11,_1 fact, that only

Heeger and co-workers have suggested,
one of the two kirds of chains in TTF-TCIQ aciually carries
a current vhile the ~ther simply supplies a framework. This
is the case in the superconductors (THTSF)CX, and the stack
!
which carries the current is tihe TTF-like donor, THTSF,
rather than a TCiG-1like acceptor as was eariier thought
likely.z Cleariy 1f the counterion could be eliminated,
gymmetry ccvld be increcced and, peviapc, defe2ts and dis-
tortions decreasad. (3) wWeek electren-clectron repulsicn or
low ycnic Tluctuation encrorre Wi Jo lne encroy required
Lo trunsfer an elcoucoor {rom one amolecul: te the next, as

chievm in ¥iocwre 3 for ceovecal typoes of arganic motals.

2

Tue secoad Sype showsn in Figure 3, renrecenting incomoplete

]

c*

electron transfer from donor Lo acceptor, would appear
have the lcwest ionic fluciuatiowo energy. It has been
suggested22 that complete elzctrun transfer is not only
unnecessary, but may actually be detrimental to the stability
of the metallic state in orgenic charge trausfer salts. In

fact, those salts with highest conductiviiy contain the
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TTE-TCHw Lyre: A + 4 i + 4
! 3 — +!
+ b} 'y + i
incompl: t- = , 2
Cfl{lrgC A + A ‘ ‘ + n
transfer o+ 51 - 54 + 3

TTF=TCuw type:

neutral

mono racical: R o R p— L
tyve

neutral

diradic 1: *HY o+ D — D4 +°D7
Lype

Figure 3. Mechanism of electiron transport for several types
of organic metals.

”~

species in mixed valence states.“® This is the case for the

N

(TMTSF)QD superconductors in which the valence of TMTSF is
formally +%. Thus careful matching of douor ard acceptor
bascd on the difference in their oxidation and reduction
potentials, respectively, could serve to maxinize conduct-
ivity. This may exnlain why some donors only foru conluc’ing
. . 23 . . .
salts with particular acceptorse. (4) Maximum ‘ntermolecular
transfer integra. The greater thz overlap between pi-clouds
of adjacent molecules in an organic conductor, the greater
the conductivity. This can be achieved in two ways. Firci,

simply decrease the intermolecular distance (Figure La). As
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the mclecules in a given stack of a radical ion sal%t such as
TTF-TCN¢ have the same charge, removing the charge would re-
duce couloabic repuigion and thus decrease intermolecular
distance. Secondly, as mentioned earlier, the planes cf the
TTT and TCNY radical ions are not perpendicular to the axes
0of the stacks. Rather threy are offset or not directly "above"
2l
one another. It is thought that this offset nay be due to
coulombic attracticn to the counterions in adjacent stacks as
: . . s 25
well as coulombic repulsion between moleczulcs within stackse.
Clearly, e¢lirinating the chawryes could reduce the intermole-

cular offset and thus increase overlap (Figure Lb).

(
Based on the above, Huddon1) propcsed that stable neutral
radicals, specifically cdd-alternant hydrocarbons, could serve
ae

R e ————

———————— e s e— . . e +%

Figuce L. Increasing the intermolecular transfer integral



as models for new organic conductors. Based on calculations
(MINDO/3 SCF MC) of geometry, bond order and charge densities,
he found the phenalenyl (ply) system to have many of the
characteristics {outlined above) considered important in the

design of organic metals.

ply
Specifically, it has a delocalized odd electron, no charge,
and a planar symmetrical structure. Furthermore, the redox
orbital in which the odd electron resides is non-bonding.
Calculations show that addition or removal of an electron
changes the geometry of the systemn very little and the energy
requirement is equaily smasll. Unfortunately, the phenalenyl
radical, though stable in solution undergoes dimerization on

26
attempts to isolate the solid radical.

1
Haddon 9 also mentions the trizhenyl methyl system in
passing as an odd-alternant hydrocarbor., but dismissed it out

of hand due “o0 its non-planar nature. He apparently did not



consider a bridsged triphenyimethyl such as sesquixanthydryl,

1. The corresponding carbonivm ion, 2, was prepared in 1963

R < |
l it O
0)\\'/;/\ ~ ' . l( ~ i
. LA N : e N
, 4 J \ ,
: , i | Y 7/ U//
SO re - L\ N ) el
- \\‘ T " N - N N PR B *
' i " { l ! [ | \n
~s A o . i . e
- v - ‘,-) U/ N
1 < 3

by Martin and Smith.27 Chromous ion reduction of 2 gave a
dimer, probably 3, presumably througn the radical 1,28

Yeating the dimer in xylene to 15000 causes dissociation and
dissolution enough to allow :detection of the radical by ESR.2?
The EGR spectrum of 1 consists of a quartet (J=3.17 gauss) of

septets (J=0.89 gauss), arising from the three identical para

protons and the six identicai acta protons.

Other factors suggested by Garito and Heegerzo to stabil-
ize the metallic state in organic conductors include nominal
divalency to promote mixed valence states, and heteroatoms at
points of high spin density in order to stabilize the rad:cal.
Thus it was our intention, ard the object of my research to

extend the idea of planar stable free radicals to include
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diradicals like 4 and 5.
a:X=CH

2
b:X=0
v
I
' ]
\ L E\w’g"(). ]{:/ ‘ o \\,;/" \\\
v \], ) \ l { /
‘\§~,,/’l k A T:,’/,‘J .0 P ,l'\ % ,/‘{\// o
o U L 5

These diradicals include the fea‘ures of the phenalenyl/
bridged triarylmethyl systems (planar, symmetrical, delocal-
ized, neutral) and add the features of divalency and hetero-
atoms at the cpin-rich peripbery.

That cross-conjugated diradicals of this type can be

stable is illustrated by the synthesis in 1960 of 6.27




4

The triplet ground state for 6 has been studied by ESR
Spectrosc:Opy,30 and justified by detailed molecular orbital
calculations.31 A similar diradical, digalvinoxyl, 7, was
studied by Chandross; and also chown to be a triplet.
Interestingly both € and ] are highly cclored with a metallic
luster. However, neither is reported to be conductinge.

It may well be that muck of the stability of 6 and ] is
due to the steric efforts of the bulky t-butyl groups. The
same steric effect would be expected to keep the molecules
far enough arar? in the crystalline state to prevent overlap
of the pi-clcuds and thus preclude conductivity. In addition
it was thought that the rings in 6 and ] were not coplanar,
but rather propeller-like, thus preventing complete delocal-
ization. It was our hope that the nlanar molecules 4 and S

would stavilize the diradical enough that the bulky t-butyl

groups would be unnecessary.
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Figure 5. Proposed synthesis of diradical Sa.
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RESULTZ AND DISCUSSION

The proposed synthesls of diradical & is given in
Pigure 5,

The methylaticn of 3-hydroxybenzyl alcohol is straignt-
forward and occura in guantitative yield with sodium hydride
and methyl iodide.

The ralogenation step is interesting in that the product
could be one of two isomers, 11 or 12, ignoring the isomer in
which the halogen atom is substituted between the other two
substituents. DBromination (Brz/CClh) gives a mixture of
isomers, including 4-bromo-3-wethoxymetbylanisole (10).
Todination (vsing I, and AgOOCCF?) aprcars to give a single
isomer as determired by nmr and TWC. Norval instrumental
methods of stiucture eiucidation all fail to distinguish
unequivocally between the possible isomers. The par spectra,
though clearly resolvad cannot differentiate between isomers
(see Table 2). The structure ci' 11 was finally determined by

the following sequence of reactions.

OMe Ohe /IOI'Ie
/L\\| i L -(.) >
RS

l \\\\\' 1 )L‘Etf
C?L\/OMe Z)CUE U\f;A\JOhO \’4yj7
I 1'.\!',1,,'. L()

G
1 2 16

Figure 6. Determination of isomer 11.
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The structure of lactone 1€ was proven by mass spec.,
noir and IR. Thus the monoiodo compound must be 11, as 12
would not give a &-lactone in the above reaction sequence.
As the nmr spectrum cf the isolated monobromo isomer is almost

identical to that of 11, it is assumed tkat it is 10.

Table 2. PMR Chemical Shifts (ppm downfield from TMS)

CH-OCH. CH.,,0CH.,

a ve £ ~ I /Ha
OCH, o NN
R j OCHy
r{C
X=H X=Br X=1 X=COOH
-CH2" ’4025 l‘ojo )4.21 l‘079
BzOCH, 3.23 3.34 3.33 3.4
PhOCH, 3.62 3.63 . 3.63 3.79
B 6.9 6.80 7.10
(J=3Hz) (J=3Hz) (J=3Hz)
B, 7.16 7.36 7.93
(J=8Hz) (J=8Hz) (J=6Hz)
H, 615 6430 6.70
(J=3Hz,8Hz) (J=3H2,8Hz) (s=3Hz,8Hz)
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Table 2 (cent'd.)

Hb Hy Hc

-— o = = =

ch(Jo) “'A(Jn)

lit3h values
Jo: 6-10 Hz
Jm: L-3 Hz

J : 0-1H
p p/

Treatment of iodide 11 with magnesium followed by di-
ethyl carbonate did not give the desired triaryl methanol, 13.
Instead only ethyl L-methoxy-3-methoxymethylbenzoate, 17 and
the diether, 9 were isolated, along with some starting

material.

el YA
)(’15 [ Ll
v, Do C
\ SR NAATE N - " " +
\\(l\/()(v} 'j (_)\UL)?.‘(/\) \\!/k\/ O(‘ij ’ /OCII

2 ' .
,:)}’w,(/ “Vi\':t
W e

7\

An approach to molecule 5b is shown in Figure 7.



3
15 N
— b\ul‘_l
ether
J UV1’5
Cii30 ! \CH-j
Li 19
C1LJ0CEY
or
“t0) .0
(“tu)z(o
HaOH
Sdit. A

Figure 7. Proposed synthesis of diradical Sh.
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Martin and Smith®' have prepared the bridged triaryl
carbonium ion 2 by the reaction of the lithium salt of
resorcinol aimethyl ether with diethyl carbnnate to give the

triaryl methano), followed by heating with pyridine hydrc-

chloride. It appears, therefore, that the first step of the

Figure 8. The synthesis of 2 as per Martin and Smith.27

sequence shown in Figure 6 should be straightforward. Upon
addition of an ether solution of butyilithium to an ether
solution of 1,3,5-trimethoxy benzene, a liéht yellow color
results and darkens slowly over a period of time. No precip-
itate is ohserved. Upon addition of diethyl carbonate in
benzene, the color changes very rapidly to a dark yellow and
eventually turns muddy green. The tarry substance obtained

is not solubie in water and only slightly soluble in ether.



It is, however, soluble in dilute acid, turning a brilliant
deep blue coior. The blue saterial wes shown to be the tri-
aryl carboriam iorn 21 with the counterion X~ depending on the
acid used in the work-up. When dilute hydrochloric acid is
used the counterion X is chloride. The blue triaryl methyl
carbonium ion 21 is analogous and quite similar in its
properties to the hexamethoxy triaryl methyl carbonium ion

25 of Martin and Smith®! (Figure 8).

The blue material can be extrected into chloroform or
methylene chioride but is insoluble in benzere. The yield
of blue material is only about two percent in this reaction.
However, if ethyl chloroformate is used instezd of diethyl

carbonate yields up to 80% can be obtained.

Reaction of the aryllithium 19 with methyl 2,l,6-tri-
methoxy benzoate gives the blue material 21 but in poor yield.
This ester was prepared from the corresponding acid using
sodium carbonate and methyl iodide rather than via the acid
chloride, because 2,l,6-trimethoxybenzoic acid readily de-

carboxylates under acid conditions, as discussed below.

Upon treatment of the blue carbonium icn 21 with hydroxide,
it becomes muddy yellow and can be extracted into copious
amounts of ether. It is assumed that ¢his material is the

triaryl methanol 20.
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Using a Grignard reagent instead of the organolithium as
outlined above is unsatisfactory for several reasons. First,
preparation of the organometallic reagent requires two steps
in the case of the Grignard and only one in that of the
organolithium. Second, monobromination of trimethoxybenzene
is no simple task as di- and tri-bromiration tend to occur
quite readily. Third, formation of thé Crignard is sluggish.
Finally, the only producte izolable frum the ireaction of the
Grignard reagent with ethyl chioroformate are ethyl 2,l4,6-
trimethoxy benzoate, 27, and starting material 18.

The same products are obtained on heating 2,L4,6-trimeth-
oxybenzoic acid 2l, with thionyl chloride followed by evapo-
ration and refluxing in ethanol. The prcduction of 1,3,5-
trimethoxybenzene in this reaction i apparently due *to acid
catalyzed decarboxylation in the thionyl chloride step. The
same process occurs in phosphorus oxychloride. The mechan-
ism of this decarboxylation may involve catalysis by traces
of proton present in the reaction mixture, aided by the

unusual stability of the trimcthorytenzenium ion.

A second approach to the triaryl methyl system (gl)
involves the phosphorus oxychloride induced condensation of

2,4,6-trimethoxy benzene 18 as shown in Figure 7.

when 2,l,6-trimetnoxybenzoic acid is heatad with two

equivalents of 1,3,5-trimethoxybenzene in phospncrus oxy-
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chloride as solvent, the reaction mixture became deeply
colored. Work-up involves carefully diluting the reaction
mixture with ice, washing with benzene, and extracting the
deep blue product into chloroform. Yields raznge from 5% to
20% and seem to devend strcrgly on the initial ratio of
starting waterials used. The only other organic material
isolated from the reaction mixture is 1,3,5-trimethoxybenzene,
and its quantity accounts for the portion of both starting
materials not going to product. Hence, 2,l,6-trimethoxy-
benzoic acid apparently decartoxylates under the reaction
conditions as discussed earlier for reaction with thionyl
chloride. The best yield (20%) was obtained when a ratio of

Lis1 trimethoxybenzene:trimethoxybenzoic acid was used.
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Figure 9. Attempted Crignard synthesis of 21.
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Figure 10, Mechanism of decarbtoxylation of 2!



The prodact is a deep blue-black solid which decompores
at 110°C. The ¥R is as expected and the mass spectrum shows
a large parent icn at m/e=513, corresponding to the tris(tri-

methoxyphenyl)methyl carbonium ion.

Reduction of the blue triaryl carbonium ion 21 with
lithium aluminum hydride gives the expected triarylmethane 28.
This material can also be prepared by adding formic acid to a
hot solution of 1,3,5-trimethoxybenzene in phosphorus
oxychloride. Large amounta of formic acid are needed as mest
of it decomposes in phosphorus oxychloride to hydrochloric
acid and carbon monoxide. Treatwent of 1,3,5-trimethoxybenzene

with DMF in POCl, gives only the Vilsmeier product, 2,L,6-

3
trimethcxybenzaldehyde.

The diphenol 22 was prepared from the carbonium ion 21
by the method of Martin and Smith,27 that is by fusion in
pyridine hydrochloride (prepared by passing hydrogen chloride
through a dry solution of pyridine in ethez‘).35 (See Figure 7).
Similar treatment of the triarylmethane 28 with pyridine
hydrochloride gives the same product 22. Apparently incidental

oxygen in the reaction mixture serves as the oxidizing agent.

The diphenol 22 is a highly insoluble brick red material
whose characterization is difficult. Thus one or more soluble

derivatives were necessary.
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Several attempts to prepare such soluble derivatives of

22 led to the eventual preparation of the diether 30, charac-

terized by nar (§0.90,t,6H;61.10-1.67,m,21H;53.90,t,LH;§5.97,5,

2H3;§642C,8,4H) ani mss spec. (m/e 55¢, Llly 332)¢ Further-

more, the diacetate 31 was prepared (acetic anhydride, pyridine)

Figure 11.

GCH.
5
. AN , A
Ch»]\) UK‘H'I
. TNF,
POCY .,

7

2

OCH,

CHO

Preparation of triaryl methane Z8.
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22 R=8H
30 R = n-CgHy7

Figure 12. Sesquixanhydrone-diol and Cerivatives

and an nmr spectrum of the crude, chioroform-soluble material

showed the presence of acetate, but it was not purified.

Oxidation of 22 in an attempt to prepare 5h was car:ied

out in aqueous KOH under N, atmosphere using K3Fe (CN)g. A

white solid was obtained in 80% yield which was totally in-

soluble in all solvents, though the solid turned blue in

acidic solvents. The material
the mass spectrometer. It was
polymerized.

One attempt to chlorinate
reaction gave a red solid, but

Figure 13 shows the route

phenalenone 6, as well as the

gave no detectable signal in

assumed that the radical had

22 was made using NaOCl. This

it could not be characterized.

used %o prepare l,7-dihydroxy-

diether 3] and the diacetate 3¢.
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Figure 13. Synthesis of |, T-dihydroxyphenalcne (}__) and
derivatives.
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36
All but the first step were taken from M. Jarcho.

Methylation of commercial 1,6-dihydroxynaphthalene gave
the corresponding diether in 80% yield. Friedel-Crafts acyl-
ation with trans-cinnamoyl chloride (generated in situ from
trans-cinnamic acid and phosphorus pentachloride) in benzene
gave a 71% yield of the single isomer l-cinnamoyl-1,6-dimeth-
oxynaphthalene. Cyclization occurs in $9% yield in polyphos-
phoric acid. Treatment of 35 with anhydrous A1013 in
refluxing benzene results in elimination of the elements of
benzene, as well as demethylation, to give a quantitative
yield of 36. Methylation cf 36 gave only a 30% yield of
diether 37. The method given by Jarcho for preparing the
diacetate 38 (acetic anhydride, catalytic amount cf con. HpS0,)
failed in my hands, but treatment with acetic anhydride and pyz-

idine gave the diacetate in 70% yield.

At this point an oxidation of 36 was attempted. An
oxygen-free solution of K3Fe(CN)6 in water was added to an
oxygen-free solution of 36 in aqueous KOH. The whole system
was kept under nitrogen atmosphere. The solution gradually
turned from light orange to dark red, which may indicate the
formation of a radical or diradical. The material appears to
be stable in basgsic solution, but defies all attempts to

isolate it. OCn introd:ctior of even traces of oxygen, an

intractable red solid appears.
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Much time was spent in attempts to halogenate 36, 37 and
38. This problem was approached from saveral angles. The
dihydroxy compound 36 was treated with halogen or hypohalite
in basic media. The dimethoxy compourd 37 was treated with
halogen in various organic solvents, and the diacetate with
chlorine in acetic acid, with and without added acetate.
Because 36 and its halogenated derivatives are insoluble in
organic solvents other than pyridine and DMSO, the products
of halogenation of 36 were converted to the corresponding
diethers or diacetates for purification and characterization.
Table 3 lists the reactions carried out and the results of

each.

Since we had little success with the direct introducticn
of three halogen atoms onto the delocalized ring system 36,
31, 38, the feasibility of halogenating intermediate 35 in
two or more steps was studied. Figure 14 illustrates the
possible pathways. Treatment of 35 with chlorine in benzene
at room temperature gave a mixture of 45 or 46 (mp 159-165 dec)
and L7 (mp 144-147) in a 60:40 ratio. Note that it is very
difficult to distinguish between isomers 45 and L6. The mass
spectrum of 4] also showed a small peak at m/e 350 correspond-
ing to 48 or an isomer. The same reaction in the presence of
FeCl; gave mostly tar but a small amount of L5 or L6 was

isolated (less than 10%).
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Treatment of 35 with 5% aq. NaOCl/wethanol in a hetero-
geneous reaction gave a 6U% yield (the remainder being unreacted
starting material) of L2. Due to contaminaticn by starting
material it was impossible to tell if either or both diaster-

iomers were present.

Reaction of L2 with aluminum trichloride in refluxing
benzene gave an insoluble red material which on treatment with

acetic anhydride and pyridire gave a 50% yield (from L42) of 50.



Starting
material

36

36

36

36

37

37

38

38

Table 3.

Conditions

) Br,, nyridire
) (CH,),50,, NaCH
3/2°Y),

1
[
2

1)Br2, aq. NaOH
Z)Aczo, pyridine
1) NaOC1

2) (CHB)QSOh, Hz0H
1) NaCCl

2) CgH171, YajH

1) NaOC1

2) Ac,0, pyridine

Bry, CHyC0-H

C < by dd
HyC0,Na

C12, CH

3€0E, o°

Cl,, CH,CO.H, 70°

4mp 240.5-242.5, m/e 398

mp 195-197, m/e 330

Halogenation of 36 and derivatives.

Results

10% yield of mix-

ture of mono-, di-,
and tri-bromo diethers
by mass spec

tar

i lubl 1
powdégso uble black

insoluble black
powder

uncharacterizable
0il

insoluble black
oil

30% yield of a
dibromoether® 39

70% yield of a
monochlorodiacetate

49

insoluble black
powder



CH 44

Figure 14+ Proposed synihesis of 2,5,8-trichloro-l,7-dihydroxy-
1H-phenalen-1-one (L4) via 35.
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Figure 15. Chloriration of 35 with chlorine in benzene.

JCH., 5% aq . HaG(l .
2 metranol

G Cli.

Figure 16. Chlorination of 35 with hypochlorite.
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Figure 17. Reaction of 42 with aluminum trichloride.

It is interesting Lo note that though one might expect to
obtain a mixture of isomers 50, 91 and 32, nmr and meliing
point data indicate the presence of only one isomer, apparently
0. In any case, the elimination of HC1l from 42 though not

unexpected, is rnot the desired result.
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EXPERIMENTAL

Measurements. Boiling points and melting points were

uncorrected. Melting points were determined on a Thomas-
Hoover melting point apparatus. 1H NMR spectra were recorded

on a Varian T-60 or Bruker 180 NMR spectrometer. 13C NMR
spectra were measured with a Varian CFT-20 sgectrometer.

Both types of NMR spectra were obtained with te*ramethylsilane as
the internal standard unless ntherwise noted. Chemical ghifts
(5) in parts per million from the interral standard are given
as positive values for downfield shifts in all cases. Infrared
spectra were recorded on a Perkin-Elmer Infracord 137 spectro-
photometer. Ultraviolet-visible spectra were recorded on a
Unicam 800 or Lambda 3. Mass spectra were obtained on a Hitachi
RMU-6 mass spectrometer by Mr. Mark Weidner or Mr. Ernest
Taylor, to whom I hereby acknowledge my gratitude. Elemental
analyses were performed by Galbraith Laboratories, Knoxville,
TN.

Solvents. Benzene was purified by distillation from
sodium metal. Tetrahydrofuran (THF) was dried by distillation
from potassium benzophenone ketyl. Anhydrous diethyl ether was
prepared via distillaticn from lithium aluminum hydride. Eacn

of the above distillations was performed under nitrogen.
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Anhydrous dimethylsulfoxide {DM30) was dried over and distilled
o]
from calcium hydride at reduced pressure and stored over L A

molecular sieves under nitrogen.

3-Methoxymethylanisole(9)3]. A dried 250 ml, 3-necked

rourd bottem flask equipped with magnetic stirring bar, addition
funnel, condenser and drying tube was charged with 2.5 g

(20 mmol) of 3-hydrcxybenzyl alcchol (Aldrich) dissolved iu

100 ml of dry tetrahydrofuran. To the mixture was added 10 ml
(5.0 g, 35 mmol) of methyl iodide. The mixture was cooled in
an ice oath and, while stirring, 2.4 g (100 mmol) of sodium
hydride (previously washed with benzene) was added. The
mixture foamed as hydrogen was liberated. After stirring at
room temperature for 20 hours, an additional 10 ml of methyl

iodide was added.

The excess sodium hydride was destroyed bty the careful
addition of saturated sodiuw sulfate. The THF was evaporated
and the residue extracted thoroughly with ether. The combined
organic phases were dried, filtered and evaporated. Short-
vath distillation gave 2.63 g (86%) of 3-methoxymethylanisole.
Por: §3.23,8,3H; §3.62,8, 3d; § 4.23,8,2H; § 6.5-7.2,m,LH.

L-Bremo-3-methoxymethylanisole(10). To a solution of
2.00 g (13.2 muol) of 3-methoxymethylansiole (9) in LO ml of
carbon tetrachloride wes added very slowly and with stirring

and cooling, & solution of 2.70 ¢ (13.2 mwol) of bromine in
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200 ml of CC1M. The rate of addition was determined by the
decolorization of the bromine. Hydrogen vromide was evolved
throughout the reaction. After the addition was complete,

stirring was continued for one hour.

The reaction mixture was extracted twice with 30 ml
portions of 5% sodium bicarbonrate and twice with water, dried

(Mgs0

h)’ filtered and rotary evaporated. The resulting dark
0il contained at least three componenis, one of which was

later shown to be L-bromo-2-methoxymethylanisole(1C). 4

second spot with a similar rf value may be the other isomer.
Chromatography (CHC13/hlumina) gave as the first band (0.9 g,
30%) of a single monobromo isomer. Pamr: § 3.3L,s,3H; §3.63,8,3H;
JL.30,8,2H; § 5.45,dd(J=3Hz,]=5E2), 1H; § 6.90,d(J=3Hz),1H; § 7.16,
d(J=8Hz),1H. From the dark oil crystallized a few milligrams
of white needles (mp 73.2-73.500), assumed from mass spec to

be a demethylated analog. Mass spec: m/e 216 (96%), 214 (100%),

185 (12%), 183 (13%), 63 (81%).

L4-Todo-3-me thoxymethylanisole(11). Under a nitrogen

atmosphereaéoo ml, 3-neck, round bottom flask was equipped
with stirring bar, addition funnel ard condenser. It was flame
dried, charged with 2.80 g (13.0 mmol) of silver(I) trifloro-
acetate and redried. To the salt was added 2.00 g (13.0
mmol) of 3-methoxymethylanisole. To the stirred slurry was

added through the addition funnel a sclution of 3.30 g (0.13
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mol) of iodine in 125 ml of chlorofurm. As the addition proceeded
the slurry graduslly dissolved and a yellowish precipitate of
silver iodide formed. After the addition was complete the mixture

was stirred for an additional hour.

The mixture was filtered to remove the agl, washing with
chloroform. The coirbined chloroform solution was evaporated
to give a yellow ¢il which was distilled under aspirator
pressure (bp 158°-160°C). Yield 3.3 g (90%) of colorlest oil
which on ccoling solidified, mp 30—3S°C. Por: § 3.33,s,3H; L 3.03,
5,3H; Y4.21,5,2H; 6.30,dd(J=3HZ,8Hz), 16; § 6.80,d(J=3Hz), 1H;
£ 7.36,d(J=8Hz), 1H.

L-Methoxy-2-methoxymethylbenzoic acid(15). 4 100 ml,

3-necked round bottom flask was fitted with stirring bar, two
rubber septums and condenser. The apparatus was fitted with

a nitrogen atzospnere and flame dried. It was charged with
0.30 g (0.125 mol) of magnesium turnings and redried. Enough
dry ether was injected to just cover the magnesium. A portion
of a solution of 3.0 g (10.8 mmol) of L-iodo-3-methoxymethyl-
anisole(11) in 20 ml of dry ether was added. Wren no reacticrn
occurred a few drops of methyl iodide were added. When the
mixture warmed slightly and bubbles began to form more of the
reaction proceeded. After the addition was complete and the
reaction appeared t. slow down, the mixture was heated at

reflux for several minutes.
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Carbon dioxide dried by passage through concerntrated
culfuric acid was introduced under the surface of the solution
causing masses of white solid to precipitate. Wwhen no more
white solid formed, the addition was stopped and 30 ml of 5%
aqueous sulfuric acid was added sicwly to the etherial mixture

causing the white solid to dissolve.

The ether layer was removed and the aqueous layer extract-
ed twice more with 15 ml portions of ether. The combined
organic layers were extracted three times with 15 ml portions
of 10% aqueous sodium hydroxide. The alkaline extracts were
combined, made acidic with 5% aqueous hydrochloric acid and
extracted again with ether. After drying (MgSOh), filtering
and rotary evaporation there was obtained a yellow powder.
Recrystallization from water gave 1.1 g (55%) of white needles,
mp 152.5-154.5. Pur: §3.44,8,3H; $3.79,8,3H;84.79,5,2H; $6.70,
dd(J=3Hz,8Hz), 18; § 7.10d(J=3Hz), 1H; § 7.93,d(J=8Hz),1H. Mass
spec: m/e 196 (1L%), 181 (17%), 163 (100%), 149 (3%), 135 (17%).

5-Methoxyphthalide(16). A solution of 100 mg (0.510 mmol)

of l-methoxy-2-methoxymethylbenzoic acid in 10 ml of concen-
trated sulfuric acid was allowed to stand at room temperature
for three days. It was then added dropwise to 100 ml of
crushed ice. After melting the aqueous solution was extracted
thoroughly with ether. The combined organic extracts were

dried (MgSOh), filtered and evaporated to give a dark powder.
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Recrystallization frcm a minimun of water gave white needles,

mp 113.0~11h.5°c. Yield 47 mg (5€%). Mass spec: m/e 164 (72%),
135 (100%), 107 (9%), 92 (11%), 77 (15%); meta stables: 111
(164-135), 85 (135-107). IR: 3025 cm'1(w), 1775(s), 1625, 1505,
1370, 13LS, 1275, 1160, 1110, 1060, 1025. Pur:§ 3.£0,s,3H; 45.76,

8,2H; §6.77, br 8,1H; §7.02,br d(J=84z),1H; § 7.67,br d(J=8Hz), 'H.

Ethyl L-rethoxy-2-methoxymethylbenzoate(17). The Grignard
reagent was prepared from L-iodo-3-methoxymethylanisole(1]l) as
reported above for the preparation of 15. The quantities of
starting materials used were 5.5 g (19 mmol) of 11 and 0.50 g
(21 mmol) of magnesium in 50 ml ether. To the Grignard solu-
tion was added, through an addition furncl, a sdlution of 0.93 g
(7.0 mmol) of diethy! carbonate in 10 ml of dry ether. Lfter
the addition was coxplete the mixture was stirred at reflux

for two hours.

To the cooled mixture was slowly added 30 ml of cold 10¢%
aqueous sulfuric acid. The aqueous layer was separated and
extracted with three 50 ml portions of ether. The combined
organic extracts were dried (Mgsoh), filtered and evaporated
to.give an o0il which on chromatography (CHCl3 on silica) gave
in order, 3-methoxymethylanisole(9), L-iodo-3-methoxymethyl-
anisole(11) and ethyl L-methoxy-2-methoxymethylbensoate(17).
Pmrs $1.33,t(J=THz),3H; & 3.36,8,3H; $3.80,8,3H; §Le2h,q(J=7Hz).

2H; § 4.80,8,2H; & 6.70,dd(J=3Ez,8Hz),1H; § 7.83,d(J=8KEz), 1H.
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Tris(2,l,6-trimethoxypheriyl) carbonium chloride (21) and

Tris(2,l,6-trimethoxyphenyl) methanol(20). A 250 ml, 3-necked
round bottom flask equipped with septum,condenser, magnetic
stirring bar and condenser was charged with a solution of 6.0
ml of 2.2M butyllithiwn (13 mmol) in 20 ml of dry ether. To
this mixture under an atmospnere of nitrogen was added slowly
a solution of 2.0 g (12 mmol) of phloroglucinol trimethyl ether
(18) in 20 ml of dry ether. The soluiion was stirred overnight
and a solution of 0.47 g (4.0 mmol) of diethyl carbonate in 20
ml dry ether was added slowly. The solution was stirred at

room temperature for 12 hours.

Tc the mixture was added 20 ml of 10% aqueous hLydrochloric
acid, causing the mixture to turn deep blue. The aqueous
layer was separated and the ether layer washed once with 10 ol
of 10% HCl to remove the last of the blue color from the ethzr.
The combined aqueous layers were washed five times with 10 ml
portions of ether to remove starting material. The blue mater-
ial stayed in the aqueous layer wnile the etker extracts
remained colorless. The blue material was extracted from the
aqueous solution with chloroform. Drying (MgSOh) and filter-
ing the organic solution followed by rotary evaporation gave
0.050 g (25) of blue-black solid, mp 135-140 dec. Vhen this
material is treated with 20 ml of 10% aqueous sodium hydroxide
the color is discharged. Extraction with ether followed by

drying (MgSOh), filtering and evaporation gave a trace of
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material assumed to be 20. Pmr of 21: §3.57,s,18H; $3.97,8,9K;
§ 6.00,8,6H. Mass spec of 21: m/e 513 (62%), L99 (11%), LE3
(L3%), 346 (100%), 315 (58%). UV/vis of 21: 584 nm, 450 na,
366 nm, 323.

Method B. Various ratios of 2,l,6-trimethoxybenzoic
acid were mixed with 1.0 g of 1,3,5-trimethoxybenzene and
dissolved in phosphorus oxychloride. The soiution was
stirred for 8 hours over a stezam bath under a condenser
protected by a drying tube. After cooling the solution was
poured over crushed ice. The dark aqueous acidic solution
was extracted thoroughly with benzene, which removed starting
material, as well as a reddish purple material. The blue
product stayed in tn2 agqueous layer until extracted into
chloroform. Drying (MgSOh), filtering and evaporating gave
yields rarging from 6% to 20% cf dark blue solid 21. From the
benzene layver i3 obtained mostly 1,3,5-trimethoxybenzene.
Anal. Calcd. for 028H330109: C, 61.27; E, 6.06%. Found: 72,
59.93; H, 6.15%.

Tris(2,)y, 6--trimethoxypheny) )methane(28). A small amount
(20 mg) of the blue triarylmethyl material 21 was dissolved
in 5 ml of dry THF and added to a slurry of 20 mg (0.52 mmol)
of lithium aluminum hydride in 5 ml of dry THF. The blue color
was discharged immediately. The excess LiAth was destroyed by
adding saturated aqueous sodium sulfate dropwise with stirring

in an ice bath. The mixture was filtered and the white solid
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washed thoroughiy with THF. The organic solution was dried
(MgSOb), filtered and evaporated giving a brown oily residue
which was crystallized from 95% ethanoi. The brownish needles
{(mp 178-18200) gave an naor which suggested the desired

triaryl methane, though cleariy iwmpure. Pur: §3.40,s,18H; § 3.70,
8,9H; § 6.00,8,6H; § 6.17,s,1H. IRs 2920 cm'1, 2810, 1575, 1450,

1500, 1315(w), 1125(st,br), 1050, 945.

Method B. Into a refluxing solution of 2.0 g (12 mmol)
of 1,3,5-trimethoxybenzene (18) in 20 m> of phosphorus
oxychloride was dripped 20 ml of 8Ci% aqucous formic acid. The
resulting rcaction is gquite vigorous, evolving quantities of
gas due to the reaction of POCI3 and water as well as POCl3
and formic acid (giving EC1 and CO). After the addition was
ccmplete the red solution was diluted carefully with water.
The resulting aqueous acid solution contained some solid
precipitate. It was extracted fhoroughly with bpenzene. The
combined organic extracts were washed with brine, dried
(Nazsoh), filtered and evaporated to give 2.3 g of dark solid
residue. Washing with 95% ethanol/chloroform gave 1.2 g (60%)

of triaryl methane, mp 205-20700. Pmr: See above.

2-Bromo-1,3,5-trimethoxybenzene (23). 4 soiution of 3.0

ml (9.0 g, 56 mmol) of bromine in 50 ml of carbon tetrachloride
wag added dropwise to an ice-bath chilled stirred solution of
10.0 g (A0 mmol) of 1,3,5-trimethoxybenzene in 50 ml of CClh.

After the addition was coumplete, the solvent was evaporated
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and the residue recrystallized from EtOH/H,0 to give 11.6 g
P . - . 38 o ¢ )
(78%) of white needles, mp 92-94.5, lit. 99°C. Fmr: 'l 3.75,s,

39; 5 3.81,s,€H; & 6.07,s,2H.

Etryl 2,1,6-trivethoxybenzoate(27). .n oven-dried

apparatus consisting of a 100 ml, three-recked round bottom
flask, condenser, addition funnel, septum and magnetic

stirring bar was charged witlh 0.50 g (21 mmol) of magnesium turn-
ings and redri:d under nitrogen atmosphere. A portion of a
solution of 3.6 g (4.6 mnol) of 2-bromo-1,3,5~trimethoxybenzere
in 30 ml of dried tetrahydrofuran was transferr2d into the
reaction flask by syringe. As the reaction did not commence
immediately, several drops of ?,2-dichloroethanc were addzd.
Soon the mixture began to form small bubblez, to warm slightly
and to turn a golden yellow shade. The remainder of the aryl
bromide solution was added gradually and *“he mixture was

stirred at room temperature for five hours. After most of

the magnesium had heen consumed and the solution had become

dark brown, a solution of 0.60 ml (0.5, g, 5.0 mmol) of ethyl
chloroformate in 15 ml of dry THEF was added. The mixture was

heated at reflux then stirred at room temperature overnight.

To the reaction mixture was added 50 ml of 20% aqueous
hydrochloric acid. The mixture turned a very deep purple.
It was extracted several times with 30 ml portions of chloro-
form until the color wes removed from the aqueous layer. The

combined organic extracts were washed with brine, dried (MgSOh),
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and rotary evaporated to give 2.9 g of a dark oil. Chromato-
¢raphy gave 1.45 g (L1%) of ester as indicated by pmr. The
rest of the material stayed on the column. Pmr:$ 1.31,t(J=7Hz),

3H; $3.69,8,3H; §3.7TL,8,6K; 5 L,.27,q(J=7Hz),2H; 5$6.00,8,2H.

Method B. A solution of 2.C g of 2,4,6-trimethoxybenzoic
acid and 15 ml of freshly distilled thionyl chloride was
heated at ref{lux for four hours. The thionyl chloride was
removed under reduced pressure. The resulting yellow solid
was dissolved in 25 ml of absolute ethanol and the solution
was heated at reflux for two hours. Rotary evaporation gave
a colorless oil wnote pmr spectrum showed it to be a mixture

of the desired ester and 1,3,5-trimethoxytenzene.

2,k4,6-Trimethoxybenzaldebyde(23). A solution of 3.0 g

(18 mmol) of 1,3,5-trimethoxybenzene in 20 ml of phosphorus
oxychioride was chilled in an ice bata. With stirring, a
solution of 5.0 g (69 mmucl) of dimethyitormamide in phosphor-
us oxychloride was added dropwise. After the addition was
complete, the solution was allowed to come to room temperatiure

and stirred for three hours.

The solution was poured carefully over 100 ml of crushed
ices The aqueous solution was washed several times with
chloroform, neutralized with 20% aqueous sodium hydroxide and
allowed to stand overnight. From the solution crystallized
2.9 g (90%) of beautiful white needles, mp 117-119.5°C, 1it.-0

118-120°C. Pur: § 3.90,s8,9H; $6.07,8,2H; $51C.26,8,1H.
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Methyl 2,l,6-trimethoxybenzoate(26). A wixture of 1.0 g

(L4e75 mmol) of Z,l,6-trimethoxybenzoic acid(2y), 2.0 g (14.5
mnol) of potassium carbonate, 2.0 g (14.1 mmol) of methyl
iodide and 20 ml of dry acetcne was stirred at room temperature
for 21, hours. The mixture was then filtered and the acetone
evaporated to give 0.97 g (91%) of a white solid. Pmr: § 3.63,

8,3H; § 3.72,8,€H; §3.79,8,3H; § 5.98,s,2H.

Pyridine hydrochloride(}}). Hydrogen chloride gas was

passed through a solution of 79 g (1.0 mol) of dry pyridine
dissolved in 300 ml of dry ether. The white product precipi-
tated. After no more solid formed, the precipitate was filtered
and washed thoroughly with ether. Yield 1!5 g (100%), wp 1LL-1L6°C,
lit.35 143.4. ‘'ne salt is very hygroscopic, but can be stored
indefinitely in a dessicator. Par:§ 6.17-7.33,n.

©,9-Dihydroxy-1H-3,7,11-trioxatriangulen-1-one(22). A

mixture of 8.60 g (15.7 mmnol) of tris(2,4,6-trimethoxyphenyl)
carbonium chloride(21) and 30.0 g (261 mwol) of pyridine
hydrochloride were sealed in a tub2 and heated in a 180°C oil
bath for six hours. After coolinz, the dark fused maes was
taken up in water. The brown incgoluble soiid was washed
thoroughly with water, alcohol and chloroform giving S.1 g
(98%) of brown powder, mp300°C. Par (CFBCOQH):S 6.7,8. Par

(D,0,K0D): § 5.1,8. UT/vis (xoa/uzo): 416 nm.

Method B. The same procedure as above starting with
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tris(2,l,6-trimethoxyphenyl )methans gave a good yield of the
same material.

5,9-Dioctyloxy-1H-3,7,11-trioxatriangulen-1-one(30). A
mixture of the brown powder(22) (1.0 g, 3.0 mmol), potassium
carbonate (1.2 g, 9.3 mmol) aad octyl iodide (2.0 ml, 2.5 g,
10.4 mmol) in 25 ml of dimethylformamide was stirred and heated
at reflux for five hours. After cooling, the dark solution
wag diluted with 100 ml of 5% aqueous socdium hydroxide and
extracted with three 30 ml portions of chloroform. The com-
bined organic layers were dried (MgSOb), filtered and evapor-
ated to give a brown solid. Chromatography (CH3C1 on silica)
gave as an intermediate yellow-green fraction 0.5 g (3.%) of
orange solid, crystallized from acetone/chloroform, mp 2,7-
250°C. Mass spec: m/e 556 (100%), Ll (100%), 332 (L9%),

304 (10%). UV/vis: L8O, L50, 420(w). Pmr: §0.90,br t(J=6Ez),
6H; § 1.10-2.00,m,2LH; § 3.90,br t(J=THz),4H; § 5.97,52H; §6.25,br
8,4H.

Attempted oxidation to diradical 3. A solution of 0.50 g

(1.5 mmol) of brown material 19 and 4O ml of 5% aqueous potas-
sium hydroxide was purged of oxygen by refluxing under nitro-
gen while passing nitrogen through the refluxing solution.

To the solution was added an oxygen-purged solution of 1.00 g
(3.0 mmol) of potassium ferricyanide in 10 ml of water. Tke
mixture was heated at reflux for five hours, during which the

color of the solution lightened considerably, but the visible
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spectrum stayed the same (i.e., identical to a spectrum of the
starting material dissolved in ajguecus potassiunm hydroxide).
Gradually an off-wnite precipitate formed which was isolated
by centrifugation and vaccuum dried. It amounted to 0.40 g
(80%), did not melt below 300°C, was inscluble in all solvents
including aqueous acid and base, and gave no signal in the

mass spectrometer.

1,6-Dimethoxynaphthalene(33). In a 30Wml, three-necked

round bottom flask equipped with addition funnel, overhead
stirrer and condenser, 100 g (0.625 mnol) of 1,b-dihydroxy-
naphthalene was dissolved in 560 ml of ¢N aqueous sodium
hydroxide. To this was added, with ice bath cooling, 126 g
(1.00 mol) of dimethyl sulfate all at once. The ice bath was
removed and the exothermic reaction warmed the mixture above
room temperature. After the temperature had fallen back to
room temperature, an additional 280 ml of 2N sodium hydroxide
w.3 added, followed by 60 g (0.47 mol) of dimethyl sulfate.
The mixture was stirred for one hour with heating on a steam
btath. After cooling to room temperature, the mixture was
extracted five times with 75 ml portions cf chloroform. The
combined chloroform extracts were washed twice with 50 ml
portions of 2N sodium hydroxide and once with brine.
Drying(MgSOb) followed by filtration and evaporation gave 111 g
(9L%) of a dark cil which eventually solidified. Filtration

through a column of silica with chloroform, followed by two
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recrystallizations from petroleum ctner (bp 60-9000) gave 9L.0 g
(805%) of colorless needles. Mp 57.5-59.0°, 1it.37 50-61°C.
Par: §3.78, s,3H; §3.85,8,3H; £6.3-6.7,m,1H; § 6.9-T,m,LH;
7.9-902,m,1H.

1-Cinnamoyl-h,Z;dimethoxynaphthglene)é(ig). A 1-liter,

3-necked round bottom flask was fitted with overhead stirrer
and condenser with drying tube. It was charged with 55 g

(0.37 mol) of trans-cinnamic azid, 70 g (0.37 mol) of 1,6~
dimethoxynaphthalene and 500 ml of dry benzene. The solid

did not completely dissolve. The mixture was cooled in an

ice bath, and 80 g (0.38 mol) of solid phosphorus pentachloride
was added by spatula and the mixture was stirred vigorously.
After about five minutes the solution had turned light green
and there remained clumps of solid. The ice bath was removed
and the mixture was stirred at reflux over a steam bath for
five minutes until all the solid was dissclved and the solution
was dark green. It was again cooled in an ice bath and, while
stirring vigorously, 52 g (0.39 mol) of anhydrous aluminum
chloride was added in portions. Upon addition of aluminum
chloride the mixture immediately turned deep red. After all

of the aluminum chloride had been added, the mixture had

become semi-solid and difficult to stir. After refluxing for
an additional ten minutes, the mixture was cocled to room
temperature and a mixture (50:50) of ice and concentrated

hydrochloric acid was added slowly. After the hydrolysis
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was complete (about 100 ml of aqueous solution had been added)
the benzene layer was removed and the agueous layer extracted
twice with 75 ml portions of benzene. The combined organic
extracts were wasihed successively with two 50 ml portions of
10% aqueous hydrochloric acid, 50 ml of 10% aqusous sodium
hydroxide and water until neutral. The organic soluticn was
dried (MgSOh), filtered and evaporated to give a dark red oil
which slowly solidified. Crystallization from benzene/pet.
ether with the use of decolorizing charcoal gave 85 g (71%)
of light yellow-green needles, mp 95.5-97,500, lit.36 96-9800.
Pmr: §3.87,s,3H; § 3.97,s,3H; $0.56,4(J=8Hz),1H; § 6.9-7.5,m,8H;

§17.78,d(J=8Hz),14; £ 8.01,d(J=3Hz), 14; § 8.11,d(J=2Hz), 1H.

2,3-Dihydro-h,7—dimethoxy-3-phegyl~1H-nhenalenm1-one36(15).

In a one-liter beaker, 66 g (0.21 mol) of 1-cinnamoyl-l,7-
dimethoxynaphthalene, 3!, was mixed with 300 ml of polyphoe-
phoric acid, and the mixture was heated on a steam bath while
stirring the inick, syrupy mixture by hand with a stout glass
rod. After stirring and heating for 20 minutes, the brick red
mixture had become much easier to stir and essentially homo-
geneous. As much of the material as possible was poured cver
500 ml of ciuched ice in another beaker, and that remaining in
the reection beaker was treated with 500 ml of water. Event-
ually the syrupy insoluble material became hard and lumpy.

The water was decented and, while still hot, was extracted
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with L00 ml of benzerz. The solid remaining in the two
beakers was combined and boiled witn 400 ml of benzene. This
was decanted and added to the benzene extracts. This process
(neat in wzter, extract with benzene, heat in benzene) was
repeated three times, or until all the solid had dissolved.
The combired benzene extracts were evaporated to two liters,
washed with 500 ml each of water, 5% aqueous sodium hydroxide
and water, then dried (MgSOb), filtered and evaporated to
give 71 g of orange solid. Two crystallizations from pet.
ether/benzene gave L5.2 g (70%) of light yellow needles, mp
169.5-171.5°C, 1t.%173-174. Pur: § 3.0-3.3,m,2H; § 3.80, s, 3;
§ 3499,5,3%; $4e9-5.1,m,1H; § 6.67,4(J=8Hz),1H; § 6.93,br s,5H;

S 6.97, d(J=9%z),1H; 4 8.10,d(J=8Ez), 1H; 5 8.12,4(J=9Hz), 1H.

hJ-Dih@rom—1Il-phemlen-1-one36(}§). A two-liter,

three-necked round bottom flask was equipped with overhead
stirrer, ccndenser and drying tube and was charged with 45.0 g
(0.141 mol) of 2,3-dihydro-l,7~dimethoxy-3-phenyl-1H-phenalen-
1-one(35), and 500 ml of dry benzene. To this solution was
added, in 10 g portions, 91.0 g (0.681 mol) of anhydrous
aluminum chloride. The mixture was stirred at reflux for

two hours. After cooling it was poured into iced concentrated
hycérochloric acid. The pieces of solid material were rinsed
out with water. The solid was broken up a3 much as possible
and separated by filtration. Thorough washing with tenzene

and water gave an orange silt-lilke solid which was dissolved
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in 350 ml of 5% aqueous sodium hydroxide, washed with benzene
and precipitated with acetic acid. Washing with water and
vaccuum oven drying gave 29.9 g (100%) of orange solid, mp
300°.  Pmr(DMSO): §6.87,d(J=6Hz),3H; §8.20,d(J=8Hz),3H. Mass
spec: m/e 212 (100%), 184 (59%), 155 (22%), 128 (22%), 92
(20%); UV/vis(DMSO); 509 nm, L79, 4S5, L29, LOB, 363.
Q,Z-Dimethogx-1H-phenalen-1-one36(}1). Tn a 50 ml, 3-
necked round bottom flask fitted with stirrer and condenser,
2.0 g (9.4 mmol) of lL,7-dihydroxy-1ii-phcnalen-1-one(36) was
dissolved in 17 ml of 1N sodium hydroxide and cooled in an ice
bathe To the mixture was added 2.0 ml (21 mmol) of dimethyl
sulfate. The mixture was allowed to come to room temperature
and stirred until it solidified. An additional 9 ml of 1 N
NaOH was added, dissolving the solid, followed by 1.0 ml (10
mmol) of dimethyl sulfate. After stirring for one hour the
mixture was heated on a steam bath for 10 minutes. The con-
tents of the flask were poured into methylene chloride and
the solid material washed out with 1N NaOH and methylene
chloride. The aqueous solution was extracted three times
with 20 ml of methylene chloride. The organic phase was dried
(MgSOh), filtered and evaporated ito give 0.7 g (30%) of yellow
solid. Recrystallization from benzene/pet. ether gave yellow

36

needles, mp 173.5-175.5, 1it.” 176-178°C, Mass spec: m/e

240. Pumr:§ 3.97,s,3H; § 4.00,83H; § 6.50,d(J=10Hz), 1H; & 6.78,
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d{J=8Hz),1H; § 7.01,d(J=9Hz ), 1¥; 3 7.98,u4(J=10Hz ), 1E; § 8.18,d(J=9
Hz),1H; {8.43,d(J=8Hz). UV/vis: L5L, 439, 410, 388(sh), 365,

3
347(sh), 273; lit. LS5, L32, L10, 366, 270.

6
h,7-Diacetoxy-1nghena1cn-1-one3 {238). A mixture of 1.0

g (4«7 mmol) of L,7-dihydroxy-1H-phenalen-1-one(36), 20 ml of
acetic anhydride and 5 ml of pyridine was stirred at rcom
temperature for 16 hours. The solvent was rcmoved at room
temperature under reduced prescure. Crystallization of tne
residue from berzene gave 1.05 o (75.)of golden crystals, mp

177-179%, 1it.3°

180-182°C.  Pmr: . 2.43,s, 3H; V 2.45,s,3H; § 6.62,
d(J=10Hz ), 14; ~ 7.28,d(J=Ghz), iF'; & T.43,d0J=8Hs),15; $7.75,8(J-

10Hz ), 1H; $ 7.97,d(J=9Hz, 15; $8.51,d(J=8Kz), 1H.

Attempted oxidation to the diradical(l;). In the addition

funnel of a reaction apparatus which also included a 100 ml,
3-necked round bottom flask and condenser with nitrogen atmo-
sphere, a eolution of 1.55 g (4.71 mmol) of potassium ferri-
cyanide in 20 ml of water was purged of oxygen by bubbling
nitrogen through the solution. This solution was added to a
similarly purged solution of 0.5 & (2.36 mmol) of L,7-dihydroxy-
-1H-phenalen-1-one(36) in S ml of 5% aqueous sodium hydroxide.
The solution turned bright red within a few minutes and the
color deepened as time went on. This red material could not

be dissolved in water cr any organic solvent. Oa introdvcticn

of axygen, a brown solid precipitated.
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5,8-Dibromo-L,7-dimethoxy-1H-phenaien-1-one(39). In a

100 m1 round bottom flask equipped with condenser and magnetic
stirring bar, a mixture of 0.50 g (2.1 mmol) of l,7-dimethoxy-1H-
phenalen-1-one, 0.82 g (10 mmol) of sodium acetate, 0.32 ml

(1.0 g, 6.3 mmol) of bromine and 10 ml of glacial acetic acid

were stirred while heating at reflux for one hour. After cooling,
the mixture was diluted with 30 ml of water. The resulting solid
was filtered out, washed with water, and filtered out, washed with
water, and dissolved in methylene chloride. The organic solution
was washed with 5% aqueous scdium hydroxide, 1N hydrochloric

acid, water and brine. It was dried (MgSOh), filtered and
evaporated to give 0.55 g of a dull yellow solid. This was

boiled in carbon tetrachloride and the resulting orange solid

was filtered out, chromatographed and crystallized from benzene

to give 0.13 g of golden needles. From the carbon tetrachloride
solution, 0.42 g of needles crystallizeds Total yield 0.55 g (66%).
MP 2440.5-2L}4.5. Mass spec: m/e 40O (L9%), 398 (100%), 396 (L9%),
357 (13%), 355 (2L%0, 353 (12%). UV/vis: 476 nm(sh), LLS, L25(sh),
342, 327(sh), 275.

2-Chloro-),7-diacetoxy-1H-phenalen-1-one(40). A solution
of 0.30 g (1.01 mmol) of 4,7-diacetoxy-1H-phenalen-1-one(38)

in 25 ml of glacial acetic acid was added dropwise to a solu-
tion of 0.2 g (2.8 mmol) of chlorine in 25 ml of glacial acetic

acid (prepared by bubbling chlorine gas into a weighed amount
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of acetic acid, reweighing, and taking an aliquot to give tue
desired amount of chlorine). The addition was done at the
freezing point of acetic acid (16°C) by freezing the chlorine
solution in an ice bath, then adding the diacetate solution
with stirring as the acetic acid in the flask melted. The
reaction mixture was stirred at room temperature overnight

and the solvent was evaporated to give a golden oily liquid
which eventually solidified. Recrystallization from ethanol
gave 0.21 g (64%) of golden needles, mp 195-197°C.  Pur: § 2.1,
5,69; § 7.23,4(J=8Hz),1H; & 7.42,d(J=EHz),1E; § 7.87,s,1H; § 7.93,d
(J=8Hz),1H; § 8.51,d(J=tHz),1H. Mass spec: m/e 332 (3%), 330

(5%), 290 (5:), 288 (1495}, 218 (3L%), 2L6 (100%).

2-Chloro-2,3-dihydro-l,7-dimethoxy-3-phenyl-1H-phenalen-

l1-one(42). A mixture of 0.5 g (126 mmol) of 2,3-dihydro-4,7-
dimethoxy-3-phenyl-1H-phenalien-1-one(35), 2.4 ml of 5% sodiuw
hypochlorite (0.12 g, 1.65 mmnol) was diluted to five ml with
methanol. The heterogeneous mixture eventualily turned to a
g=2l. After three hours at room temperature, tae mixture was
dissolved in benzene/water, the organic layer separated, dried
(Na2SOh) and evaporated to give 0.57 g of yellow solid.
Recrystallization from benzene/bet. ether gave 0.54 g of a
60:40 mixture of starting material and product in two crops,
the first being mostly product. Analysis was carried out by
nnr. Puor: §3.78,s,3H; §L4.57,4(J=2Hz),1H; $4.00,s,3H; $5.17.d

(J=2Hz),1H; & 6.6-7.2,m,7H; $8.17,d(J=8Kz),2H. Mass spec: m/e 35
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(100%), 352 (37%).

Ql]-DiaCetoxy-j—phenyl-1H-nhona]en-1uone(50). A5 ml

flask fitted with stirrer, condenser and drying tube was
charged with a solution of 200 mg of the first crop from above
(0.60 mmol) in L ml of dry benzene. To the mixture was added
all at once ;00 mg (3.0 mmol) of anhydrous aluminum chloride.
The mixture was heated at reflux for 1% hours by which time it
had become deep red, and allowed to stir at room temperature
overnight. A red solid was filtered out and washed with water
and benzene. After drying this solid was dissclved in 20 ml
of acetic anhydride and S ml of pyridine. The solution was
stirred for four house at room temperature, then the solvent
was rotary evaporated. Recrystallization of the residue from
benzene gave 100 mg (L47%) of yellow needles, mp 199.5-202°C.
Purs §2.40,8,3H; $2.L3,s,34, $ 7.0-8.0,m,9H; §8.50,d(J=Hz), 1H.

Mass spec: m/e 372 (27%), 330 (30%), 288 (100%), 287 (91%).
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INTRODUCTION

Indacene, 53, an anti-aromatic, unstable, red liquid was

L2

prepared in 1963 by Hafner. It is a "benzo" derivative of
pentalene, the anti-aromatic hydrocarbon, S54. Though penta-
lene itself has resisted synthesis due to its great propensity

L3

to dimerize, its 1,3,5-tri-t-butyl derivative™ and its hexa-
phenyl derivativehb have been prepared. Hydrindacene, 55, is
the hexahydro derivative of indacene. It was my goal to pre-
pare several oxygenated hydrindacene derivatives, specifically

the hexaketone, 56 and its dihydroxy derivative 57 and the

octaketone 58.

235 24 22
O 0
4
0 0
0] ]
56 57 58

Figure 18. Indacene and derivatives.
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These molecules are interesting in themselves due to their
highly electron deficient nature. For example, they could
serve as electron acceptors in charge transfer salts. Their
small size, coplanarity and highly dclocalized nature sugeest
that the radical anions of 56 und LU (see Figure 19) might
serve as replacements for TCN¢e in the organic conduztor
TCNQ-TTF and similar charge transfer salts. The molecules
56 and 57 are also envisioned as precursors to novel poly-
cyclic aromatic coapcunds. 3Ixzamples of aromatics which could
possibly be synthesized from 56 are €4 and €6 (see Figure 20).
The first step is simply a double aldol condensation and will
be explored further in the results and discussion section.
The second step, though not furthor ecxpicred, was envisioned
as a Cleumensen or Wolf-Kishkier tyne reducticn to the hydro-
carbons 63 and 64. This would be followed vy aromatization
with a dehydrogenating agent such as chloranil. Though
aromatic, the molecules 65 and Ob incurperate two pentalene
systems. They thus could be considered benzopentalenes, and
could add to the growing body of knowledge about this elusive

anti-aromatic system.

Molecules 5] and 58 are of additional irterest as each
is a member of a class of compounds which has received consid-
erable attention recently, specifically the carbon oxo-acids

L5,L46

and the oxo-carbons respectively.
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Carbon oxo-acids are species containing only carbon,
oxygen and oxygen-bound hydrogen. Simple examples are car-
bonic acid and oxalic acid. The cyclic carbon oxo-acids,

squaric acid, %9, croconic acid, 79, and rhodizonic acid, 71,
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Figure 19. Gain or loss of an electron from radical anions

59 and 60.
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Figure 20. Possible synthesis of aromatics 61 and 62 from
hexaketone 56.
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Figure 21. Oxocarbons and carbon oxo-acids.

are strong acids as their mono- and dianions are stabilized by
delocalization. In fact, the dianions are delocalized to such
an extend that they are considered to be non-benzenoid aromat-
ics.bs’h6 The oxo-acids 69, 70, and 71 can be thought of as

reduction products of the corresponding oxocarbons cyclobuta-
tetrone, cyclopentapentaone and cyclohexahexaone. Oxacarbons
are, of course, compounds containing only oxygen and carpon.

The hexaketone-hydroquinone, 57, is one of a series of carbon

oxo-acids which includes 6] and octahydroxyindacene, 68, &all



o
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reduction products of the oxocarbon 58. For a review of carbon

oxo-acids and oxocarbons see References ),5 and lib.
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RESULTS AND DISCUSSION

After much of the fellowing work was completed, a syn-
thesis of hexaketone 56 was reported.L‘7 It involves an
oxidation of tetraketone ]2 (see Figure 22). It was also

reported that 56 has a half-wave potential measured on

polarographic reduction of 0.15 V (in acetonitrile vs. SCE).

L7

This approaches the value of 0.19 V found for tetracyanoquino-

8

L
dimethane. In addition, 56 was found to form a 1:1 complex

with pyrene,h7 lending some support to the idea of 5§ and
similar compounds serving as TCN{ replacements in organic

conductors.

0] 0 0
TOHNB/EY6L4 N,
EtGi
O O )
t-Bu0Cl
HCCOH
0] 0
0 Cl
QCHOU
C 0

Figure 22. Synthesis of hexaketone 56 by Gleiter and Schanz.

L
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Our first approach to hexaketone 56 is outlined in
Figure 23. This synthesir is analogous to a preparation of
ninhydrin, 79 (Figure 27), from dim:ihyl phthalate, as out-

L9

lined in Fieser and IMieser.

MeO2C QOQKC
i . N (.
11602(, \,LZMG
13
FTOAC,
1 NaH T
C- r\_1+ 9 0]
e
) “T/<§§ /4\\. HC1 T’ ™~
EtLCU SO B Theon
l\\;( \\1' \> Vi\\f/,
0 U_ I‘w-r’-* O 0
- N / =
+
U He CHO NH A e ;+
t) P L u63.j\4t1(/, h

0 §l 0]

Figure 24. Second approach to hexaketone 56.

Condensation of dimethyl sulfoxide (DMSO) with tetra-
methyl pyromellitate, 3, gave a dark material, assumed to be
the disodium salt 7L. Without further purification this
material was treated with concentrated hydrochloric acid to

give a yellow solid shown to be the tetraketodichlorobis-
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(thioether), JS. This interesting reaction, known as the
0 . . .
Pumnmerer rearrangcmentS is an intramclecular redox reaction

or, formally, a shift of hydroxide from sulfur to carbor.

0 .
/ . /
S S _
\ — > :
Chz / \,q
- Cil
7
UH Cl

Figure 25. Formal meckanizm of Pummerer rearranjercent.

The yellow material 75 is apparently ieadily hydrolized.
When it was left exvosed to air for any period of time, it
darkened and emitted a foul thiol-like odor. Treatment of
15 with water gave a red solid. This material was decolorized
with bromine, but always quickly regained its color. All of
this suggests that the red material may be a reduced form of

the desired hexaketone ié, such as J7. In an attempt to pre-
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vent such a reducing process the dichlorobis(methylthio)
compound ]5 was treated with ethylene glycol and mercury(II)
sulfate. It was hoped that the ketal 78 would result.

Unfortunately, no product could be isolated from this reaction.

A second approach involves tetraketone 72 as in the
scheme of Gleiter and Schanth(see Figure 22). It was prepared
by them and by us by the method of Neilands and Vavere.51
(see Figure 24). Sodium hydride-induced Claisen condensation
of ethyl acetate with tetramethyl pyromellitate gave a red
solid assumed to be the salt 80. Treatment of this salt
with concentrated HC1 in glacial acetic uzcid gave a 50% yield
of silvery flakes. This reaction involves protonation of the
salt, hydrolysis of the ester and decarboxyaltion of the
resulting acid. When the reaction was carried out in the
presence of benzaldehyde, aldol condensation gave the bis

benzylidene derivative (cis or trans isomers) 81. Similarly,

treatment of J2 with benzaldehyde and acid gave 81.

At this point let us pause for a moment for a discussion
of solubility aspects of this project. The desired product,
56, or its dihydrate, 76, would be expected to be quite
insoluble in organic solvents, but fairly soluble in aqueous
solvents. Thus the reaction in which one of these is formed
must not involve inorganic by-products which would bhe
difficult to seperate from the product. For example, selenium

dioxide is a convenient method for oconversim of the methylene
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group alpha tc a carbonyl group.52 However, it is uasuitabhle
for oxidation of [2 to 56, as separation of products would be
difficult. Thus to carry out the conversion of 72 to¢ 5§,
Gleiter and Schnnz pyrolyzed 82 (Figure 22) so that the only
by-products were the gases hydrogen chloride and carbon
monoxide.

Similarly oxidative cleavage of the bis-benzylidene 81
would give the ketone 56. However, cleavage reactions
involving periodate, osmiui tctroxide or otrer inorganic
oxides cannot be used for the same reasons as above. Ozon-
olysis of 81, on the other hand, would not give inseparable
by-products and thus would seem to be a reascinable alterna-
tive. However, the bis-benzylidene 61 is so insoluble that

ozonolysis is not possible.

It was our plan to carry out a multi-step oxidation of
12 to 56 in which the last step involved pyrolytic cleavage
of volatile molecules, thus providing the necessity for
separation of the product from by-products. This reascning
is, of course, the same as that of Gleiter and Schanz.b7
Our scheme (see Figure 26) was based on a ninhydrin synthesis
given in Fieser's undergraduate lab manual.53 Nitration of
the active methylene groups in 72 gave the dinitro compound
83. Bromination gave the dinitrodibromotetraketone 8l.
Pyrolysis of this compound should give the hexaketone 56.

However, heating the material in o-dichlorobengene (bp 180°¢)



gave only a black intractable solid.

Ore of the key steps in the preparation of the polycyclic
aromatics 65 and 66 is condensaticn of hexaketone 5€ with
acetone. As a model, ninhydrin 79 was dehydrated (reflux in
benzene under a Dean-Stark trap) then treated with acetone
and a catalytic amount of toluenesulfonic acid. The only
product isolated was 895, as characterized by pur, IR and mass
spec. This is an intermediate along the desired pathway.

Dehydration followed by an intramolecular aldol condensation

would give 86.
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Figure 26. Proposed synthesis of 56 from 72.
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Figure 27. Attempted synthesis of 86 as a model for 62.
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A different approach to the oxygenated hydrindacene
system 56 involves cyclization of benzene bis-propionic acid
derivatives and gives rise not only to the indacene skeleton
b1 but also to the as-indacene skeleton of 93 (Figure 28).
Cyclizations of the para and meta derivatives were explored,
but the ortho derivatives 98 were not, as they can only
produce the less desirable as-indacene skeleton. In any case,
cyclization of the ortho derivatives should be similar in
nature to that of the para derivatives.

Preparation of p-phenylene dipropionic acid derivatives
87- 90 and m-phenylene dipropionic acid derivatives 94 and 99
are outlined in Tigures 29 and 30, respectively. Treatment
of terephthaladehyde, 100, with malonic acid in refluxing
pyridine,Sh followed by esterification of the resulting bis
(acrylic acid), 99, gave 1,l-bis-(2-cartoethoxyvinyl) benzene,
102 in 75/ yield. The same diester was prepared directly from
terephthaladehyde by rcaction with the Wittig reagent, 103,
prepared from ethyl bromoacetate, albeit in lowen yield (25%)
since separation of the product from triphenylphosphine oxide
wes difficult. Hydrogenation to the bis(ethyl propionate),
87 and hydrolysis to the bis(propionic acid), 88, both
proceeded quantitatively. Similarly, reaction of isophthal-
dehyde55 with malonic acid56 gave the diacrylic acid 106 in

76% yield. Palladium catalyzed hydrogenation in aqueous



ammonia gave a nearly quantitative yield of diacid 9l.
Figure 31 shows the resultis of various attempts to
cyclize these derivatives. Warming of diester 87 in poly-

phosphoric acid followed by hydroiysis gives keto-acid 107
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Figure 28. Generalized scheme for preparation of hydrinda-
cene derivatives by cyclization of benzene bis-
propionic acid derivatives.
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Figure 30. Preparation of m-phenylene propionic acid deriva-
tives.
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in 91% yield (along with a small amount of keto-ester 108).
The product 107 was recovered unchanged after heating in PPA
for 2l hours. Treatment of the bis(acid chloride), 89, with
aluminum chloride in carbon disulfide gives only the keto-
acid 107. Apparently after the first electrophilic substitu-
tion, the newly formed ketone carbonyl deactivates the ring to
further substitution, especially since the only positions
available for the second substitution are ortho and para to
the newly formed carbonyl. Thus it was thought that deriva-
tives of 1,3-bis(propionic acids) might lend themselves more
readily to double cyclization. However, such was not the
case. Warming of diacid 94 with PPA followed by hydrolysis
gives a 92% yield of a mixture of keto-acids 109 and 110.

This mixture was converted to a mixture of the corresponding
acid chlorides 111 and 112 by treatment with thionyl chloride.
Treatuwent of this mixture of acid chlorides with aluminum
chloride in carbon disulfide followed by hydrolysis gave only
keto acids 109 and 110. Fusion of the same mixture of acid
chlorides in a melt of aluminum chloride, sodium chloride and

potassium chloride (mp 100° gave only unidentified

aliphatics.

Later developments in our laboratory showed that failure
of our system to undergo a second cyclization is not unusual.
In an unrelated project, Dr. L. L. Klein58 had reason to
desire to perform a double cyclization of the dimethoxy-p-

phenylenedipropionic acid !12. He found that only one cycliza-



81

tion would occur even in this system which is considerably
more electron-rich than ours, and thus would be cxpected to

undergo electrophilic substitution more readily.
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Figure 32. Failure of dimethoxy—pfphcgyleggdiprOpionic acid
to undergo double cyclizatlion.

One final attempt to cyclize a p-pnenylere dipropionic
acid derivative was based on the known59 methylation of
N,N-dialkylamides to give N,N-dialkyl methoxyiminium ions
using strong methylating agents such as trimethyl oxonium
salts of methyl trifluoromethore sulfonate. We considered
the possibility that the methylated amide 114 might be a
strong enough electrophile to substitute on the aromatic ring.

If so, the product (115) would not have a deactivating group
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and a second substitution should occur almost as readily as
the first. Hydrolysis would then give the desired diketone
9.

warming of 90 with two equivalents of methyl triflate

in chloroform, followed by hydrolysis gave an essentially
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Figure 33. Proposed cyclization of 90 via the O-methylated
Salto
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quantitative yield of 1,4-bis(2-carbomethoxyethyl)benzene,
116. As esters are the expected product of hydrolysis of
O-methylated-N,N—dimethylamide59, formation of 116 in this
reaction indicates that no cyclization occurs, though the
salt 114 is formed. Apparently U-methylated-N,N-dimethyl-
amides do not develop sufficiently reactive electrophiles to
effect electrophilic aromatic substitution, at least not on

unactivated rings.

NN
- Me2N 0 AR - MeOCO
UlﬂJlﬁ i o
20 116

Figure 34. Reaction of 90 with methyl triflate.

Another approach to the polyketohydrindacene system
involves substitution of a carbonyl equivalent into a tetra-
substituted durene. Tetrakis(bromomethyl) benzene, 118, can
be prepared in almost equal yields (50%) by either of two
methods. Free-radical bromination of durene,6o 119, gave a
rather impure product. Reducing tetramethyl pyromellitate,

13, with lithium aluminum hydride gave tetrakis(hydroxyvmethyl)
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benzene,61 120, which, due to its appreciable water solubility
isg difficult to separate from the metal hydroxicde by-products.
Treatment of this 1,2,L,5-tetrakis(hydroxymethyl)benzene
with HBr in acetic acid gave a quantitative yield of 1,2,4,5-
tetrakis(bromomethyl)benzene, 118.

It is reported62 that treatment of 1,2-bis{bromomethyl)
benzene with cobalt octacarbonyl in the presence of lithium
chloride gives 2-indanone. However, we found tnat similar
conditions gave no reaction with tetrabromide 118.

Treatment of 118 with malonic ester and scdium ethoxide
gave tetraester 121 in 85% yield. Hydrolysis to the tetra-
acid 122 was quantitative. The plan was to convert the
tetraacyl azidc 123, fcllowed by Curtius rearrangement to
the isocyanate and hydrolysis to diketone 11163. Treatment
of tetraacid 122 with thionyl chloride gave a yellow solid
which is insoluble in organic solvents. Heating in acetonitrile
with activated sodium azide, in a heterogeneous mixture gave,
after evaporation of the solvent, a glassy yel.ow solid, pre-
sumably the tetraazide 123. This material was highly insoluble
in organic solvents and appeared not to change on short heating
in chloroform. Prolonged heating gave only black intractable
material. Heating of 122 in ethanol gave a complex mixture
of unident.{ierd prod:wcts.

After thne report of the preparation of 5§P7, we set

aside further work on this system. However, the quinore and
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hydroquinone 57 and 58 are significantly different and were
deemed worth pursuing. A convenient entry to this system is

shown in Figure 306.

Treatment of hydroquinone with aqueous formaldehyde and

sodium hydroxide6h gave a 70% yield of 1,2,4,5-tetrakis(hydrox-

X
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Figure 35. Scheme for the synthesis of EQ by introduction of
a carbonyl equivalent into a tetrasubstituted durene.
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117
122: R=COOH
123: R=CON
124: R=NCO

Figure 37. Proposed conversion of tetrabromide 118 to
diketone 115 by a malonic ester synthesis.
ymethyl)hydroquinone 125. Treatment of 125 with HBr in acetic
acid gave tetrabromide 126. However, this material tends to
polymerize or oxidize to intractable material especially in
the presence of base, so methylation of 126 was impossible.
Thus it was thought to methylate the phenolic hydroxy groups
of 125 giving 127, then prepare the tetrakis tosylate 128.
(Substituting bromide for the hydroxyl groups in 127 with HBr
would cleave the phenolic ethers and give 1g§). Unfortunately,
the only product isolated from several methylation attempts

on 125 was a small amount of trimethyl compound 129. It
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should be noted that the preparation of 127 was not reported
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Figure 38. Approach to oxygenated system 5].

in reference 6l even though the preparation <f 130 from 131
was reported, suggesting that there may be a special difficul-
ty in this cesc. The apparent lack of formation of 127 may
in fact simply be a failure to isolate it from aqueous solu-
tion, as evidenced by the hign water solubility and low
organic solubility of the analogous 1,2,l,5-tetrakis(hydroxy-

methyl)benzene.
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wWhen 125 was treated with HCl in acetic acid, followed by
acetic anhydride in acetic acid with a catalytic amount of

sulfuric acid,614 there was isolated the tetrachloro diacetate in

()l\'le NN
. Che
OH OMe o OH
OH
OH .01 H
Olie UMe H
0OH
130 121
129
Figure 39. Poly(oxymethyl) derivatives of hydroquinone.
OH
OH Ot c1 Vheey
_Hel Acah
“hcoi H SO
OH OH o:! Cl OAc Ccl
12 32 133

Figure 0. Preparation of tetrakis(chloromethyl)hydroquinone
diacetate 133.
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;2% yield. Treatment of 133 with malonic ester and sodium
ethoxide led only to an oil which was apparently a mixture

of esters.

Another approach to the oxygenated system involves
annelation of two three-carbon moieties onto benzo uinone
via two Diels-Alder reactions as outlined below. This is

55

based on a paper by Diels and Alder themselves.
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Figure 1. Double Diels-alder approach to the oxygenated
hydrindacene system.
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Reaction of benzoquinone with cyclopentadiene (freshly cracked
from dicyclopentadiene) gave monoadduct 134, On heating 134
in refluxing acetic anhydride, the diadduct 135 was obtained
in 33% overall yieid, along with some of the by-product
hydroquinone diacetate. Initital attempts at ozonolysis cf
135 failed, perhaps due to attack oi ozone on the electron-
rich aromatic ring. Were the desired tetraaldehyde 135 to
be isolated, it could conceivably be converted to tetraketone
137 via any one of a number of multi-step oxidations.

Another approach involves cyclization of some derivatives
of the dimethoxy diacid 113. This rcute is analogous to that
explored earlier (Figure 31) for the same system without the

aromatic methoxy groups.
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Figure 2. Proposed cyclization of bis(propionamide) tc the
hydrindacene skeleton in the dimethoxy system.
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58 explored the

As was mentioned earlier, Dr. L. L. Klein
cyclization of these derivatives under acidic conditions,

and found that after the first cyclization the newly formed
ketone carbonyl deactivates the ring to further substitution.
In addition, we found (Figure 33) that O-methylated-N,N-
dimethyl amides were not powerful enough electrophiles to
effect aromatic substitution in the non-functionalized
system 114. However, it was of interest to investigate the
same reaction starting with 13J in which the aromatic ring
should be considerably more active. Again, the rationale
behind such a reaction is that, once the first cyclization

has occurred, the ring is not deactivated to a second

cyclization.

To this end 138 was synthesized via the following route.
The bis(chloromethyl) compound 142 was prepared in nearly
quantitative yield by the reaction of p-dimethoxybenzene
with excess paraformaldehyde and concentrated HCl. It was
initially isolated in an attempt to prepare the tetrakis
(chloromethyl) diether 141 which, despite all attempts, re-
mained elucive. The malonic ester synthesis and hydrolysis
proceeded in ;5% and 82% yields respectively giving tetraester
143 and tetraacid 14Y. The decarboxylation to diacid 113 was
carried out in L6% yield by heating 1Ll to melting (220°C)
over a low flame until evolution of gas subsides. The bis-

amide 138 was prepared in nearly quantitative yield by reaction
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of the acid chloride of acid 113 with aqueous dimethylamine.

Warming of 138 with methyl triflate in chlorcform, follow-

ed by addition of water gave only the diester 145. In addition

OiMe

cuo(cooat)2

NaCEt

141

Figure L3. Preparation of dimethoxydiamide 138.
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Figure LL. Attempted cyclizations of diamide 138.
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the diamide 138 was heated with thionyl chloride to give the
bis(chloroiminium) ion 146. Hydrclysis of tae residue from
evaporation of the thionyl chloride gave a low yield of

starting material 138 as the only isolable product.

The failure of these cations to cyclize is predicted by

66

Fodor and Nagubandi. They claim that cyclization of imid-

ium chlorides occurs only through the niirilium ion, as shown

in Figure 45.
/\ N ‘\/\,
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Figure L45. Cyclization of imidium chlorides through nitrilium

ions.
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As it is not possible to form a nitriliuwa ion from an N,N-
disubstituted amide unless an N-alkyl group is removed, thLe
cyclizations of these amides is not lilely. However, the
dinitrile 1.7, upon alkylation should cyclize once, though a
second cyclization is problematical., Nitriles can be alkylated
by strong methylating agents such as trimethyloxonium tetra-

fluoroborate, methyl fluorosulfonate and methyl trifluoro-

methanesulfonate.
CMe Ve OMe
-+ N
i N
CN MeOTf C
__—____ﬁ C
CN P "
¥ +
Ohkie OMe Me
OMe OMe
Me-N Me-N
?
“ C
L]
N-Me N+
Obe OMe Me

Figure L6. Proposed cyclization of dinitrile 145 through the
nitrilium salt.
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Though the second cyclization may seem unlikely due to the
electron withdrawing imino group {perhaps protonated in the
reaction mixture), there is precedence for nitrilium ions
attacking electron deficient aromatics. For example, the
electron deficient nitrilium ion 149 underwent cyclization.
Thus the already prepared diacid 113 was converted to the
diamide 149 via the acid chloride. The diamide was converted

to the dinitrile by dehydrating with P,)os.°9

NO, NO

> Py

+

\
", T
\_/

: NO
hOz 2

Figure 47. Electrophilic substitution of a nitrilium salt on

an electron deficient aromatic.66
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Figure L8. Preparation of dinitrile 147.

Treatment of dinitrile 147 with methyl triflate in
carbon tetrachloride gave a complex mixture of products which
was partially separated by column chromatography. All of the
fractions showed pmr absorbances in the aromatic region.

This suggests that, at most, one cyclization had occurred,
since double cyclization would require substitution at all

six aromatic carbons.

In a related development, it was discovered that some

70

Argentine chemists =~ claimed to have obtained the diketone
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151 in 59%% yicld as the only isolated product of the reaction

of diacid 150 with PCl. and AlClj. Although no experimental

5
details were given, it was also stated that, if SOCl2 and
AlCl3 were us=d, there was cbtained besides tha diketone 151,
a 227 yield of the keto acid 152. In my hands, reaction of
the diacid €8 in a melt of FC1; and AiCly gave only a 29%
Yield of the keto acid 107 along with an intractable tar.
Similarly, treatment of the diacid 113 with a melt of FCl

5

and AlCl3 gave no soluble products, perhaps due to cleavage

of the ether linkages followed by lactonization, oxidation

and/or polymerization.

R 0 cH
\ 3
COOH | XX }\ <\f|/§\[
k L COOH /-L\y\‘o
88: R=H 161 107: R=H
150: R=CH, - 152: R=CHj

Figure [9. Benzerne dipropionic acid ani derivavives.
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nstraventation, solvernts, etc. See experimental section

for Part I.

2,6-Bis(methylthio)-2,6-dichloro-1,3,5,7-hydrindacene

tetraone (75). A flame dried, 250 ml, 3-necked round bottom
flask under a nitrogen atmosphere was equipped with overhead
stirrer, addition funnel and condenser. It was charged with
1.5 g (0.063 mol) of sodium hydride. Through the addition
funnel was added 4O ml of dry DMSO (distilled from KOH and
stored over molecular sieves). After stirring for 15 minutes,
a solution of 6.2 g (0.02 mol) of tetramethyl pyromellitate in
LO ml of dry DMSO was added. The mixture was stirred at room
temperature for 24 hours. The DMSO was removed under reduced
pressure. To the sticky red residue was added 200 ml of 15%
aqe. hydrochloric acid. The initially homogeneous solution
slowly precipitated a yellow solid which was filtered out and
washed with water. It was dried in a vaccuum desiccator and
recrystallized from benzene. Mp 228-23100, yield 3.7 g (LO%).
Mass spec. m/e: 378 (7%), 376 (8%), 37L (10%), 3L1 (3%), 339 &7%),
317 (8%), 315 (12%), L5 (100%).

2,5-Bis{carboethoxy)-1 -hydrindacene tetraone, dis-
odium salt,(80). In a flame dried 250 ml reaction apparatus

(flask, condenser, addition funnel, N2 atmosphere), L.3 g

(0.18 mol) of THF-washed sodium hydride was added to 100 ml
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of dry THF. To this mixture was added 10 g {0.032 mol) of
tetramethyl pyromellitate (which had teen oven dried and
stored in a desiccator). The mixiure was brought to refiux.
A solution of 7.0 g (0.08 mol) of ethyl acetate and 25 ml of
THF was added slowly while the reacticn mixture continued to
reflux. After the addition was complete the reaction mixture
wag stirred at reflux for 24 hours. After cooling the reac-
tion mixture was rotary evaporated and the brown residue vas
dispersed in ethanol causing considerable foaming due to the
presence of excess sodium hydride. The resulting orange solid
was centrifuged out, dispersed in water and recentrifuged.
The resulting red solid was dried in vacuo to give 8.2 g

(61%) of brick red solid. Mp 300 c.

1,3,5,7-Hydrindacene_tetraone{72). 5.0 g (12.4 mmol) of

finely divided red salt (£0) was dispersed in 50 ml of glacial
acetic acid and warmed on a steam bath. A small amcunt of
con. HC1l was added by dropper until the red suspension turned
light orange. Heating was continued as the mixture darkened,
evolved gas and became homogencous. Within a few minutes a
gray precipitate formed. The mixture was cooled in an ice
bath then centrifuged. The resulting silvery solid was washed
once with acetic acid and once with water then vaccuum dried
to give 1.3 g (50%) of solid. This material is quite insolu-
ble in most solvents. It can be sublimed (18500/1 torr).

Mp 30C°C. Mass spec. m/e 21k (100%), 186 (12%), 172 (31%),
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158 (173), 1Lk (27%), 130 (10%), 102(267). IR: 1750 cm (W),
1710 (s), 13L5 (m), 1225 (), 877 (s), 735 (w), 1355 (m).

2,6-Dibenzylidene-1,3,5,7-hvdrindacene tetraone(81). The

above procedure was followed, except that an excess of benzal-
dehyde was added before heating. A green-yellow solid is
obtained. After washing with acetic acid and drying, it can
be recrystallized from aniscle. Mp 330-332 dec. Mass spec.
m/e: 390 (80%), 389 (10070, 276 (16%), 194 (42%), 129 (35%),
102 (3Lg%).

2,6-Dinitro-1,3,5,7-hydrindacene_tetraone(83). To a

mixture of 10 ml acetic anhydride and 15 ml glacial acetic
acid was added in one ml portions 5 ml of con. nitric acid.
The temperature was kept below 60°C with an ice bath. After
the addition was complete the temperature was adjusted to 350
and the mixture was poured over 2.6 g (12.1 mmol) of the gray
tetraketone 72. The mixture was warmed to 35° and maintained
for twenty minutes by alternate warming and cooling. It was
then cooled to 5°C and suction filtered. The dirty yellow

solid was rinsed with ether and dried to give 2.70 g (7L%).

2,6-Dibromo-2,6-dinitro-1,3,5,7-hydrindacene tetraone(8L).

In a 50 ml Erlenmeyer flask 2.63 g (8.22 mmol) of freskly
prepared5 pyridinium hydrobromide perbromide and 15 ml acetic
acid were heated on a steam bath until all the solid dissolved.
It was then poured rapidly into a solution of 2.5 g (8.22 mmolj

of dinitrotetraone 83 in 25 ml water. The resulting white
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precipitate was suction filtered, dissolved in ether, dried
(Na2SOh) and evaporated to give 3.0 g (80%) of a white
crystalline solid.

Pyrolysis of 84. In a large test tube 3.0 g of the white

golid 84 and 10 ml of o-dichlorobenzene (bp 180°C) were heated
over a small flame for 3 minutes. The solid blackened and
after cooling was intractable.

p-Phenylene bis(3,3'-acrylic acid) (101). 4 mixture of

15 g (0.112 mol) terephthalaldehyde, 27.0 g (0.260 mol)
malonic acid, [}2 ml pyridine and a trace of piperdine were
heated at 100o for 5 hours. The cooled reaction product was
taken up in 300 ml of water and neutralized with 10% aq.
HCl. The resulting white solid was filtered, washed with
water, suspended in hot acetic acid and suction filtered.
Yield 20.0 g {82¢%). Mp 300°. IR: 1685 cm'1(s), 1630(m),
1330, 1320, 1290, 1230, 935, 950, 83C. For lit. values see

Ref. Shb'

Diethyl p-phenylene bis(3,3'-acrylate)(102). Method A.

To a solution prepared by adding 2.3 g (0.10 mol) of sodium

to 30 ml of absolute ethanol was added to a solution of 43 g
(0.10 mol) of carboethoxymethyltriphenylphosphonium bromide

in 70 ml of absolute ethanol. After the addition was compl-

ete the solution was allowed t. stand for one hour. To the solu-
t:ion was added 6.7 g (0.05 mol) of terephthaladehyde along

with an additional 50 ml of ethanol. The solution was stir-
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red for two days at room temperature. The solution was
filtered to remove a small amount of sodium bromide, thun
rotary evaporated. The resulting sticky residue was digested
with low boiling ligroin and filtered. This process was
repeated several times until the white solid showed no ethyl
signals in the nmr. The combined ligroin extracts were rotary
evaporated, giving a white semi-solid which is apparently a
mixture of the desired product and triphenylphosphine oxide.
They can be separated by chromatography on alumina with

chloroform.

Method 3. A solution of 15 g of p-phenylene bis(3,3'-
acrylic acid was heated at reflux with 700 ml of absolute
ethanol in 1 ml of coacentrated sulfuric azid. After 24 hours
the mixture had become homogencous (the starting diacid is
quite insoluble in ethanol). The hot solution was filtered to
remove a small amount of insoluble material. Upon cooling, it
deposited beautiful white needles. MIMp 92-930; lit.5ha95-96oc.
Concentration of the mother liquor led to additional product.
Total yield 17.2 g (91%). IR: 1717 cm"1, 1640, 1330, 1310,
1290, 1210, 1190, 1030, 1000, 880, 835. Pmr:$i.31,t(J=THz),
6H;SL.22,q(J=THz),LH;$6.39,d(J=16Hz),2H;§7.47,8,LH; §7.60,d
(J=8Hz),2H.

Diethyl p-phenylene bis(3,3'-propionate)(87). A mixture
of 10 g (37 mmol) of diethyl p-phenylene bis(3,3'-acrylate)

and 0.1 g of 5% palladium on charcoal in 100 ml of ethancl
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was hydrosenated in a Parr hydrogenator at room temperature
for 12 hours. Though the starting material was not completely
dissolved, the product was. The solution was filterecd to
remove the catalyst, and the solvent was removed giving 10.1 g
(100%) of white solid, mp 69-79°C, 1it.!' 69°. Par: $1.19.t
(J=THz),6H; §2.69,m(az"bb"),8H; $L.0l,q(J=Tdz),LH; §7.00,8,"H

p-Phenylene bis(3.3'-propionic acid)(88). A solution of

10 g (36 mmol) of diester 85 in 100 ml of ethanol was mixed
with a solution of 4.5 g (80 mnol) of potassium hydroxide in
50 ml of water. The mixture was heated at reflux for 15 hours.
After ccoling, the ethanol was removed by rotary evaporation.
The aqueous solution was made acidic with 10% aqueous HCl.

The resulting white precipitate was filtered out and washed
thoroughly with water. Recrystallization from ethanol gives
7.9 g (99%) of white needles. Mp 225—22700; lit.71 223°C.

Isqphthalaldehxde.SS In a two liter, three necked round

bottom flask equipped with overhead stirrer, addition funnel,
and thermometer extending to the bottom of the flask were
placed 29 ml (25 g, 0.24 mol) of m-xylene, 928 ml (1 kg)
acetic anhydride and 382 ml (LOO g) of glacial acetic acid.
The solution was cooled in an ice bath and 83 ml (150 g)

of concentrated sulfuric acid was added through the dropping
funnel at such a rate that the temperature stayed between 5
and 10°C. Over a period of 1% hours, 90 g (0.90 mol) of

chromium trioxide was added in small) quantities so that the
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temperature did not rise above 10°.  After the addition \ 5
complete, stirring was continued for 3 hours at 50. The
green r2action mixture was poured into two liters of crual.
ice and extracted three times with 250 ml portions of chloxr -
form to give two liters of light green solution. It was
concentrated to half its volume under uo°, then steam distil-
led until three liters of distillate were collected. This
was extracted with chloroform, which was dried and rotary
evaporated to give a yellow oil froam which crystallized L.l g
of white needles. An additional 2.7 g could be obtained from
the o0il on recrystallization from ethanol/water. Total yield
7.1 g (22%). Mp 85-89°C; lit.55 89°. small awounts of 3-

formyl benzoic acid and isophthalic acid could be isolated

from the steam distillation still pot.

m-Phenylene bis(3,3'-acrylic acid)56(106). A mixture of

2.2 g (16.] mmol) of isophthalaldehyle, 3.4 g (33.0 mmol) of
malonic acid and 10 ml of pyridine containing a trace of
piperidine was heated at 100°C overnight. After cooling the
solution was poured into water and made acidic with 10% aq.
HCl. The resulting white solid was filtered out and recrys-
tallized from acetic acid to give 2.9 g (80%) of white solid.

56

Mp 281-28L°¢; 1it.”" 280°C.

m-Phenylene bis '-propionic acid)(94). To a mixture
of 2.25 g (10.3 mmol) of m-phenylene bis(3,3'-acrylic acid)

and 15 ml of water was added enough con. ammonium hydroxide
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to dissolve the colid. To this solution was added 0.05 g of
5% Pd on charcoal. The mixture was shaken under hydrogen at
room temperature for 1¢ hours (until no more hydrogen was
taken up). The catalyst was filtered out and the solution
was made acidic with 105 KCl. After a moment a flaky white
8olid began to appear. After an hour this solid was filtered
out, washed with water and dried giving 1.9 g (85%). Mp 148~

56

150%, 1it.” 146-147°C.

6-(2--Carboxyethyl)-1-indandone(108). PNethod A. A mixture

of 4.5 g (16.2 mmol) of p-diester 85 and 50 ml of polyphos-
phoric acid was warmed with manval stirring on a steam bath
until the mixture became homogeneous and darkened consideratl..
After cooling, the syrupy mixture was poured into water and
stirred until the PPA was completely dissolved. The aqueous
solution was extracted thoroughly with chloroform. The organ-
ic solution was dried (Na2SOh), filtered and evaporated to
give a yellow solid. Fractional crystallization (ethanol/
water) gave 2.5 g (76%) of 109 (mp 1b0-1h2.500) and 0.57 g
(15%) of oily 108. Nmr of 109: $2.5-3.3,m,8H; $7.2-7.75,m,3H
Nmr of 108; $1.19,t(J=3.5Hz),3H; §$2.5-3.2,m,8H; §L4.03,q(J=3.50z),
2H; $6.9-7.7,m,3H.

Method B. A mixture of 3.5 g (15.8 mmol) of p-phenylene
bis(3,3'-propionic acid) and 15 ml of thionyl chloride
(freshly distilled from quinoline) was heatcd on a steam bath
under reflux. After one hour the solid had dissolved and no

further gas was evolved. The mixture was allowed to cool,
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and the thionyl chloride was remove! under reduced przssure.
The resulting yellow solid was dissclved in carbon disulfide,
cooled and stirred while 5.0 g (1,0 mmol) of aluminum chloride
was added all at once. A copious quantity of HCl was released
and the mixture turned red and lurpy. After standing over-
night it was refluxed for an hour. Ice water was added slow-
ly until all the aluminum chloride was hydrolyzed. The mix-
ture was extracted thoroughly with chloroform. The combined
extracts were washed with 5% sodium bicarbonate, dried (NaQSOh),
filtered and evaporated to give a dark solid. This was re-
crystallized from ethanol/water to give 3.0 g (95%) of 109

(mp 139-142°C). Nmr: see above.

Attempted cyclization of 109 with PPA. Varming of 1.0 g

of 109 with 15 ml of polyphosphoric acid overnight under Ny,
followed by hydrolysis and work-up as above gave quantitative

recovery of starting material.

9-(2-carboxyethyl )-1-indanone(109) and 7-(2-carboxyethyl)-

1-indanone(110). A mixture of 1.0 g (4.5 mmol) of m-phenylene

bis(3,3'-propionic acid) and 20 ml of polyphosphoric acid was
heated for two hours on a steam bath, then allowed to stand
overnight. Pouring the mixture into ice-cooled water gave 0.6 g
(67%) of white solid (109). Mp 165-166.5°C (1it.53 165-166)
from acetone. The mother liquor was extracted with chloro-

form which was dried, filtered and evaporated tc give 0.3 g

(33%) of a mixture of 109 and 110. Mp 93-100, 140-150°C from



111
ethanol/water. Nmr of 109: §2.5-2.9,m,lH; 52.9-3.5,m,LH; . 7.32,
dd(J=8.75,1.2542),1H; & 7.45,4(J-1.25H2),1H; § 7.57,d(J=£.T5Hz),
1H. (250 HMz).

1,2,4,5-Tetrakis (hydroxymethyl)benzene(120). The thimble

of a dried Soxhlet apparatus under nitrogen was charged with
5.0 g (16.1 mmol) of tetramethyl pyromellitate. A slurry of
5.0 g (132 mmol) of lithium aluminum hydride and 100 ml of
ether was boiled in the flask. After all the ester was dis-
solved and the reaction mixture cooled, the excess LAH was
destroyed with saturated ammonium sulfate. After the ether
was removed, the white residue was boiled in 200 ml of water.
The hot sclution was filtered and on cooling deiosited 0.6 g
(19,5) of white necdlos; wp 12-143°C (1it.61 1J3UC). Concen-
tration of the mother liquor guve an additional 0.9 g (28%).

1,2,L,5-Tetrakis(bromomethyl Jbenzene(118). Method A.

A mixture of 3.1 g (15.6 mmol) of 1,2,l,5-tetrakis(hydroxy-
methyl)benzene and 100 ml of glacial acetic acid was stirred
while gaseous hydrogen bromide was bubbled into the mixture.
The temperature increased, the solid slowly dissolved and the
solution became greenish. On cooling a light green solid
crystallized and was filtered, washed with water and air dried.
Yield 6.1 g (85%). Mp 157-159°¢ recrystallized from acetone.

Concentration of the acetic acid solution gave an additional

0.7 g (10%).
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Method B. A mixture cof 22.8 g (0.170 mol) of finely
ground durene, 125 g (0.702 mol) of N-bromosuccinimide, 1.5 g
(6.0 mmol) of benzoyl peroxide and 100 ml of carbon tetra-
chloride was heated at reflux with mechanical stirring.

After 30 minutes a vigorous reaction commenced causing con-
siderable foaming. After the reaction appeared to have
subsided, the mixture was stirred at reflux for an additional
two hours. The hot mixture was filtered and ths white solid
was rinsed with hot carbon tetrachloride. After standing
overnight the combined organic wasnes had deposited 12.5 g
of large plates (mp 139-154°C) Concentration of the mother
liquor led to an additional £.9 g. Crude yield 18.4 gz (25%).
Crystallization from acetone gave 15 g (mp 148-152; 1lit.

160°C). Nmr: $L.1,0,s,8H; $7.33,s,2H.

2,2',6,6'-Tetrakis(carboethoxy )hydrindacene(121). Under an

N> atmospheresdried 3-necked round bottom flask was equipped
with magnetic stirring bar, addition funnel and condenser.
Enough ethanol was added to 1.0 g (42 mmol) of sodium metal

in 50 ml of dry THF to react with all the scdium. To this
solution was added 9.0 g (56 mmol) of diethyl malonate followed
as quickly as possible by 6.0 g (13 mmol) of 1,2,4,5-tetrakis
(bromomethyl) benzene (prepared by Method A above) and 50 ml
THF. The reaction mixture was heated at reflux for ten hours.
After cooling most of the solvent was removed by rotary evapor-

ation. Water was added and the waxy white solid was centri-
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fuged out. After rinsing with water and drying;it was recrystal-
lized from ethanol, giving in two crops 4.7 g(80%). Mp 159.5-
160.5°C. Nmr: $1.22,t,12H; $3.L4,s,6H; &4.12,q,8H, 56.82,s,2H.
Mass spec. m/e: LL6 (%), 372 (30%), 298 (110%), 153 (56%).

2,2',6,6"'-Tetracarboxyhydrindacene(122). A mixture of

L.0 g (8,96 mmol) of tetraester 120, 4.0 g (72.4 mmol) of
potassium hydroxide, 50 ml of water and enough ethanol to
dissolve the solid was heated at reflux for 20 hours. After
cooling the homogereous rolution was made acidic with 10%
ECl. When precipitation of tlic white solid was complete, it
was filtered, washed witih acetone and dried to give 2.9 g
(95;5) of tetraacid 122 (mp320°C). Mass spec. m/e: 246 (39:),

200 (L8%), 155 (1005), Ll (92%).

2,3,5,6-Tetrakis(hydroxymetnyl )hydroquinene (125). 4

mixture of 22.0 g (0.20 mol) of hydroguincne and 20 ml of
water was purged with N2 gas. To the mixture was added 80 ml
of N,-purged 10% aqueous sodium hydroxide (0.20 mol). Under
nitrigen, 3.9 g of freshly opened aqueous forualdehyde was
slowly added. The homogenecus solution was allowed to stand
under nitrogen at room temperature for 3 days. It was
acidified with N,-purged 10% aqueous hydrochloric acid and
cooled in an ice bath for several hours. The light brown
solid was filtered out, washed thoroughly with water and

vaccuum dried to give 32 g (70%) of whitish solid. Mp 200-
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210°C in a preheated oil bath, 1lit. 210=22,

233,5,6-Tetrakis{chloromethyl)-1,)i-diace toxybenzene (132).

Excess hydrogen chloride was bubhied into a mixture of 10 g

(43 mmol) of hexaol 125 and 100 ml of glacial acetic acid.

The solution became warm and darkened as the solid dissolved.
After standing overnight, the solvent was removed under reduced
pressure. To the dark residue was added a solution of 15 ml
of acetic anhydride, 2 ml of concentrated sulfuric acid and

100 ml of glacial acetic acid. The solution was stirred
overnight, then diluted with water and immediately centrifuged.
The light green solid was washed with water and vaccuum dried.
Recrystallization from ethyl acetate gave 7.1 g (42%) of the
tetrachlorodiacetate. Mp 217.5-220.5°C. Nar: $2.41,s,6E;

$ L+5Lys,8H. Mass spcc. m/e: 390 (0.1%), 386 (0.1%), 348 (1%),
3u6 (3%), 3LL (2%), 308 (3%), 306 (12%), 304 (25%), 302 (215),
L3 (100%).

Cyclopentadiene-benzoguinore adduct(134). Cracking of

dicyclopentadiene was carried out by heating and distillirg
the resulting cyclopentadiene through a coluan of glass hel-
ices, bp 40-50°C. To an ice-cooled slurry of 20.3 g (0.172
mol) of benzoquinone in 200 ml of absolute ethanol was added
dropwise 11.4 g (0.172 mol) of freshly cracked cyclopentadienc.
After the addition was complete the mixture was allowed to
warm with stirring until the solution became dark red-brown.

The ethanol was distilled off under aspirator pressure. The
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dark residue was extracted with hot hexane until the hexane

appeared very light yellow. The combined hexane extracts

were hot filtered and concentrated. On cooling 16.7 g (53%)

of yellow needles formed. Mp YSOC; lit. 50 71—7300. Nor:

§1.4-1.6,m2H; 5 3.05-3.25,m2H; § 3e4=3.5,m2H; >6.0-6.1,m,2H
§6.4,5,s,2H. For lit. nmr sec Ref. 55b.

1,4,5,8-Dimethano-1,4,5,8-tetrahydro-9,10-diacetocy-

anthracene(135). A mixture of cyclopentadiene-benzoquinone
adduct (8.5 g, L45.6 mmol) and 45 ml of acetic anhydride was
heated at reflux for two hours ther allowed to cool in an ice
bath. From tue sclution crystallized 5.0 ¢ (62,5) of an
orange-wnite product. 1t was filtered out, rinced with e*lLer
and recrystallized from ethyl acetate (prisms, mp 222-22&00,
lit.65a 250°C). The by-product, 1,L-diacetoxybenzene, can

be isolated from the acetic anbydride invcher licuor. MNmr of
135: $2.17,mLH; ~2.27,5,6H; & 3.70,m,4k; > 6.33,m,4H. Maes spec.
m/e: 322 (L46%), 280 (23%), 238 (100%).

2,5-Bis(chloromethyl)-1,}-dimethoxybenzene(142). A

mixture of 4.5 g (32.6 mmol) of 1,L;-divethoxybenzene, 25 g
(0.83 mol) of paraformaldehyde, 80 ml of concentrated hydro-
chloric acid and 100 ml of glacial acetic acid was heated on
a steam bath for 24 hours. The hot mixture was filtered and
after cooling, the mixture was poured over ice, the solid
filtered out, washed with water and vacuum dried to give

6.7l & (88%) of yellowish product. Recrystallization from
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72 167.5%C. Nar:

acetone gave needles, mp 103.5-104.5, lit.
S 3.79,s,6H; SL4.55,8,4H; 5 6.79,s,2H. Mass spec. m/e:236 (L),
236 (2l5s), 234 (38%), 221 (L%, 219 (6%), 201 (3250, 199 (100%),
134 (L17%).

1,4-Dimethoxy-2,5-bis(2,2-dicarboethoxyethyl)benzene(143).

In a dried apparatus under nitrogen, 0.7 g (30 mmol) of sodium
was dissolved in a minimum of absolute ethanol in 150 ml of
dry THF. To the sodium ethoxide was added quickly 4.8 g

(39 mmol) of diethyl malonate followed immediately by 3.3 g
(1441 mmol) of 2,S-bis(chloromethyl)-3b-dimethoxybenzene(lgg).
The reaction mixture was heated at reflux for <0 hours. After
cooling, the solvent was evaporated, the residue taken up in
water and the resulting yellow solid was filtered and washed
with water. After drying, it was recrystallized from petro-
leum ether to give 3.0 g (45%) of white needles (mp 99.5-
100°C). MNmr: §$1.17,t(J=3Hz),12H; § 3.08,d(J=LHz), H; §3.57-
3.77, m,2H; §$3.70,86H;54.0L,q(J=3Hz),8H; $6.54,s,2H.

1, L-Dimethoxy-2,5-bis(2,2-dicarboxyethyl)benzene (1Lk).

A mixture of 2.9 g (6.0 mmol) of tetraester 143 and 1.4 g

(25 mmol) of potassium hydroxide in 10 ml of water was diluted
with enough ethanol to dissolve the solid. The mixture was
stirred at reflux overnight. After cooling to room tempera-
ture the solution was poured intc 5% aqueous hydrochloric
acid, then stored in the refrigerator overnight. The re-

sulting white solid was filtered out and air dried giving
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1.8 g (82%) of off-white powder. An additional 0.4 g (18%)
can be obtained by concentrating and chilling the mother
liquor. Mp 220°% dec, resulting material mp 189-19?00; lit.73
226 and 197-199.5.

1,L-Bis(2-carbomethoxyethyl )benzene(116). To a solution

of 0.60 g (2.2 mmol) of N,N,N',N'-tetramethyl-1,l4-bis(2-
carbamidoethyl)benzene, 90, in 5 ml of chlorcform was added
0.50 ml (0.72 g, L.4 mmol) of methyl trifluoromethanesulfonate.
The homogenecus solution was heated at reflux for 3 hours
after which time a dark o0il had separated. To the mixture

was added S ml of water and stirring was continued for 2 hours.
The organic layer was separated and the aqueous layer extracted
twice more with 5 ml portions of methylene chloride. The
combined organic layers wese dried (MgSOh), filtered and
evaporated to give an orange oil which eventually solidified.
Recrystallization from methancl save 0.35 ¢ (64%) of white

7 0 .
Y 115%C). tass spec. m/e: 250

needles, mp 110-111°¢C (lit.
(3250, 190 (55%), 176 (387%), 130 (3¢}, 117(16%%). Far:
§$2.5-2.9,m,8H; § 3.60,s6H; 5 7.01,s,4H4.
-Dimethoxy-2,5-bis(2-carboxyethyl)benzene(113). In
a small round bottom flask topped with an uncooled ccndenser,
L.O g (11 mmol) of the bis malonic acid 1Ll was heated to
2b0°C in an o0il bath and the resulting melt was allowed to

stand at 2L0°C for 15 minutes. After cooling to room tem-

perature, the brown solid was recrystallized from acetonitrilc
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to give 2.7 g (874) of white ncedles, mp 195-19700 (lit.z3

197-199.5°C). Mass spec. m/e: 282 (1005%), 223 (5L%). Pmr:
$2.5-2.8,m,0H; $3.73,s,6H; §6.73,s,2H.

1,4-Dimethoxy-2,5-bis(2--d:nethylaczinocarboryiet iyl Juen—

zene(138). A solution of 0.9 g (3.2 mmol) of the diacid 113
in 5 ml of thionyl chloride was heated at reflux for 3 hours.
The excess thionyl chloride was removed under reduced pressure
and the resulting solid was dissolved in 10 ml of methylene
chloride and added with stirring to an ice-chilled mixture of
5 ml of 25% aqueous dimethyl amine and 5 ml of methylene
chloride. After stirring overnight at room temperature, the
ovzanic layer was separated and the aqueous layer was extract-
ed twice more with 10 ml portions of methylene chloride. Tne
combined organic layers were washed with 10 ml portions of
10% NaOH and water, then dried, filtered and evaporated to
give 1.0 g (91%) of crude sclid. Recrystallization from
acetone gives plates, mp 126.5-12700. Mass spec. m/e: 335
(60%), 177 (67%), 72 (100%). Pmr:$2.4-2.9,m,84:52.95,s,12F;
$3.71,8,6H; §6.62,5,2H.

1,L4-Dimethoxy-2,5-bis(2-carbamidoethyl )bencene(1L49).

A mixture of 2.70 g of the diacid 113 and 50 ml of thionyl
chloride was warmed for L4 hours. The thionyl chloride was
removed under vaccuum. The residue was dissolved in toluene,
which was in turn removed under reduced pressure. The result-

ing yellow solid was dissolved in 100 ml of ether and to it
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was added rlowly with stirring 12 ml of concentrated ammonium
hydroxide. A yellow precipitate formed. After 15 minutes
the ether was rotary evuporated and the yzllow residue was
washed with water and suction filtered until dry. Recrystal-
lization from ethanol gave 1.75 g (66%) of yellow powder, mp

6 o]
9 225-223 C. Mass spec.

225-227°C (turns rad on melting), lit.
m/e: 280 (100%), 247 (5%), 235 (22%), 222 (11%), 177 (25%).

1,L-Dimethoxy-2,5-bis(2-cyancethyl )benzene(147). A

mixture of 1.50 g (5.36 mmol) of the diamide 149, 1.0 g

(7.07) mmol) of phosphorus pentoxide and 75 ml of mesitylene
was heated at reflux for two hours. Tne hot yellow super-
natant was decanted from a black residue. On cooling the
mesitylene solution deposited 0.50 g (38/%) of yellow leaves

(mp 152.5-15L.5, lit.69 155-156). The mother liquor was con-
centrated under vaccuum to half volume and chilled to give an
additional 0.25 g (1%5). Total yield 47,5 cryctallized from
ethanol, mp 154-155°C. Pur: §2.4-2.9,m,8H; €3.77,5,6H; § 6.63,s,

2H. Mass spec. m/c: 2LL (8%), 22) (&%), 204 (1005%), 189 (12%).

Fusion of 1,4-bis(2-carboxyethyl)benzene(88) in PC1 /
g;g;a. A mixture of 0.90 g of the diacid (4.1 mmol), 2.0 g of
phosphorus pentacnloride (10 mmol) and 2.0 g (15 mmol) of
aluminum chloride was heated slowly in an oil bath to the
melting point and allowed to stand for 15 minutes. After
cooling the dark solid muss was treated carefully with water.
After the hydrolysis was complete, a quantity of black tar

remained. The mixture was extracted thoroughly with methylene
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chloride. The organic solution was then dried, filtered and
evaporated to give 0.25 g (29%) of a dark oil which by nmr
consisted a2lmost exclusively of 6-(2-carboxyethyl)-1-indanone

(107).

Fusion of 1,L-direthoxy-2,5-bis{2-carboxyethyl)benzene

(113) in PCl;/thlB. The same procedure as above was carried
out starting with 1.20 g (L.25 mmol) of the dimethoxy diacid,
3.0 g (15 mmol) of phosphorus pentachloride and 2.0 g (15
mmol) of aluminum trichloride. The resultant methylene

chloride extract gave orly a trace of unidentifiable material.



Part III

REACTIONS CF
AROMATIC FOLY(N,N-DIMETHYL AMIDES)
WITE ELLCTROPHILES
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INTXODUCTION

Our investigation of N,N-dimethyl amides 90 and 138 as
well as nitrile 147, specifically their reactions with meth-
ylating agents and other electrophiles, led us to investigate
other examples. Several aromatic poly(N,N-dimethyl)amides
have interesting chemical and physical properties. For
example, all the amides shown in Figure 50 show appreciable
water solubility, but those with amide groups ortho to one
another, 154 and 155, are very soluble in water as well as

most other organic solvents.

CONMe,, COkMe Me NCO CONMe,7
) TX
\CONMe Me NCO CONM92

ONMe2
CONMe,)
CONMe,, CONMe,
156 121

Figure 50. Aromatic poly(N,N-dimethyl)amides.



It was of interest to us to explore the reactions of
diamide 154 with electrophiles to determine to what extent,
if any, the neighboring amide group enters into the reaction
of the other. For example, with methylating agents several
structures are possible, listed in Figure 51. It was of
interest to us to determine which of these, or others, is the

correct structure of the salt.

In addition, we desired to investigate the reactions of
154 with chlorine electrophiles such as thionyl chloride,
phosphorus oxychloride and oxalyl chloride. The structure
of the reaction product could be one of the following or
some other. For both types of reaction the salts can be
characterized by 1H- and 130—nmr, ac well as by reaction
with nucleophiles to give isolable neutral molecules.

The ready availability of amides 153, 156 and 157 makes
their use as model systems for the above reactions possible.
In addition, recaction of the tetraamide 155 with the above
reagents could give insight into the effect of a second iden-

tical reaction center in the same molecule.

It was also of interest to investigate the products, if
any, of reaction of the salts cof 154 with aromatics such as
1,),-dimethoxybenzene and N-methyl pyrrole. It was our intent
to determine whether acylation would occur, and, if so,

whether one or both amide groups would react.
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Also, it was thought that salts of tetraamide 155 could
serve as an entry into the polyketo hydrindacene system,
explored in Part II of this thesis, by reaction with masked
carbonyl anion equivalents such as malonic ester or 1,3-

dithiane an‘ons.
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Me< ~Me
N
~0
MeX
~0
I
154 Me” ™ Me

25k
or
+ +
- Me,N
X MeBN OHe f)(OMe2
ON -
o ©T l 0 X
~
- + - N+\
X Me/N“Me X e Me

Figure 51. Possible products of methrlation of N,N,N',N'-
tetramethylphthalanide 154.
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_ Me Me _Me _Me
1" 4 1™ 40N
AN Cl Cl
Me __Me ~ cl
N )
Vin ~N
\O Me~ Me Lie/ \Me
-0 -_ or
~N{
Me Me Me2N 1
0
¢1” Y N~
Me/ Me

Figure 52. Possible products of reaction of 154 with zhlorine

electrophiles.
OMe OMe
e
2
™
OMe
CONMc ., OMe
s E+
—_

CoNMe, \ 0
g \\
N
Me

Figure 53. Possible products of reaction of salits of 154
with aromatics.
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MezNCO CONMe2
125
Me2NCO CONMe2
MeOTf
or
80012 MeZN (' 'a MeO NMe2

&

Y CH(COSEL) s | w000

EtOCO

) C
/

Figure 54. Amide 155 as an entry into the polyketohydrindzcene
system.
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RESULTS AND DISCUSSION

Preparation of the amides. The ortho, meta and para

diamides 154, 156 and 157, as well as N,i-dimethyl benzamide
153 were prepared by the reaction of the corresponding acid
chlorides with excess 25% aqueous dimethylamine. (As these
amides were quite soluble in water it was necessary to extract
them from the aqueous reaction mixture with copious quantities
of methylene chloride followed by back extracting with a
minimum of aqueous sodium hydroxide to remove a sunall amount
of dimethylamine hydrochloride which was inevitably extracted
into the organic layer). The tetraamide 155 was prepared in
one step, albeit in fairly poor yields (22%) from pyromellitic
acid by reaction with dimethylformamide and phosphorus pent-

75

oxide. Altecnatively, reaction of pyromellitic anhydride
with dimethylamine gave a nearly quantitative yield of the
diacid-diamide (158). Treatment of this material with thionyl
chloride followed by dimethylamine gave the desired tetraamide
in 59% yield. This is shown in Figure 5%.

Reactions of 154 with electrophiles. The reactions of

154 with various electrophiles, P0C13, (COCl)2, (CFBCO)ZO,

CH,0S0,CF, and (CH3)2S0), both neat and in solution were

373

monitored by proton and carbon-13 nmr. The results are given

in Table L.
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0
H0OC CONMe,,
0 0 e, NH
—_—
Me ,NCO COOH
158
1)soc1,
2)Me2NH
HOOC COCH e, NCC COKMe,,
P50 |
HoOC CUOH DMF Me,NC CONMe,,
155

——

Fipure 55. Preparation of 1,2,4,5-tetrakis(!,i'=dimethylanino-
carbonyl jhenzene, 155,
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T aust. no alear patiern emerses “rom o tiese data (execert that

.

these reactionc are rore cornlicated than nxrected), saoveral iter.:
can be noted,

1) On treatment with rhosohorus oxychloride the nair of sirnals
normilly arisins from the Nemethyl proups coalesces intc a sinoled,
This coalescence may te due to catalysis of -l bond rotation by
traces of vrotor. 1n any case this phencmenon was observed with all
amides studied in thioryl chleride and vhosphorus oxychloride. Tre
reaction with rhosphorus coxychloride obviously ooes throush an in-
soluble intermediate in which the four nethyl eroups appear to be
identical and the aromatic roc-ion svymmetrical, The soluble final
product. is unsirinetrical (note the aromaliec reirion),

2) The rroduct of ~nnctlon with oxialvl ebloride is apparently
hydrolyzed by traces ol water in triflucrezcetic acicd as dimethvl
armonium ton is arparent in the sceectrum,  (The same spectrum arises

Ve

fren diamide 160 in T%3,) Th~2 product in CD?UK diffe

3

5 denendins on

whether or not the reaction mixture is heated, tut the rain sot of
peaks is the same in both cases: a brozd sinrlet for the methyls
and an avparent sin-let for the aromatic protors,

3) The diamide 15l does not react at all with trifluorozcetic
anhydridc,

i) "t reacts only very slowly with dimethyl sulfate and then sives

4 com lex mixturs, verians due in rart to the nresence of a srall

anount of mnetnyl hydroien sulfate,
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5) The diamide appears to add one methyl group immediately
(and then remains constant) on reaction with methyl trifluoro-
methanesulfonate, although the aromatic region appears symme-
trical.

Reactions of 15 and related amides with methyl triflate.

As the spectrum of 154 with methyl triflate appears to be the

most straightforward, the reactions of this electriphile will

be taken up first. Ilater, we will explore the reactions of

thionyl chloride and, to a lc¢sser extent, phesphorus oxychloride.
The reactions of aromatic poly(N,H-dimethyl anides) with

methylating agents, can be conveniently followed by 1H-- and

13C-nmr, as well as by the known hydrolysis of O-alkylated amides

‘7
. 1
to give esters.

6

0 OMe Me
R—</ MeOTf, g N\ 0, g —<\)

NMe2 + NMe2 0]

Figure 56. Preparation of esters from amides by alkylation/
hydrolysis.
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Treatnent of N,N-dimethylbenzamide with methyl trifluorometh-
anesulfonate clearly gives the salt 159 by por (CDCIS): $7.6%,
br s,S5H(ATH); §3.97,8,3H(0Me); §3.53,83H(iMe); §3.23,8,3H(NMe );
and, by cmr: $174.6(ArCON); $133.5, $130.1, $127.9, §12L.0(Arow.

C's); §62.6(Cie); §42.8(Nre); §39.L(NMe).

0] CMe

: s ~Me
Mlea 4 meors ——msr N o

Me

159

Figure 57. Rcaction of N,N-dimethylberzanide with methyl
triflate.
Treatment of the salt in chloroform with water gives quanti-

tatively methyl benzoate.

In cloroform, N,N,N',N'-tetramethyl isophthalamide reacts
very rapidly with excess methyl triflate to give the dimethyl-
ated salt 100. This salt iumediately oils out of the chloroform
solution, but is scluble in acetonitrile, with which it apparcntly
does not react, at least not immediately, as shown by nmr. por
(CDyCN): §7.92, br, s,LH(Ar-H); §3.95,8,3H(0Me); § 3.L3,83H(Ne);
3.17,8,3H(MMe ). cmr:$ 172.7(ArCON); $133.8, §132.8, §128.9,
$ 126.1(Arom. C's); § 63.6(0Me); $13.2, £39.7 (MMe). Treatment

of the oil in acetonitrile with water gave dimethyl isophthalate.
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1)2eq. MeOTS |

MeO OMe

Me,NC CONMe,, 2 )H,0 160
Me,N + + NMe
2 2
C“fO- l TfO
AN
A = -CONMe, |
N
B = —COOMe MeOCO COOMe

Figure 8. Rcasction of 156 with methyl triflate.

NyN,ii',4"~tetramethylterephthalacide reacts in chloroform
with excess methyl triflate very rapidly and gives crystals
which make obtaining an niir spectrum difficuit. An initial
spectrum, taken before crystallization becomes heavy, shows
(besides the sharp singlet at § 7.27 and the broad signal at
$ 2.98 arising from the starting material) a clear aa'bb'
multiplet at § 7.55 and sharp singlets at §3.90, §3.47, §3.20.
Clearly one of the amide functions is becoming methylated.

The signal arising from the N-methyl protons on the unaffected
amide group are obscured by the corresponding protons in the
starting material. Hydrolysis gives a 6:l; mixture of p-

carbomethoxy-N,N-dimethylbenzamide and dimethylterephthalate.
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Apparently the diamide can be dimethylated but in the reaction
mixture rapid crystallization prevents complete reaction.

Similarly, 1,2,,5-tetrakis(N,N-dimethylaminocarbonyl)
benzene reacts rapidly with methyl triflate to give white
crystals. Hydrolysis gives a white crystalline compound
having the correct molecular ion and pmr for a diester-diamide.
The question then arises as to whether the structure of the
hydrolysis product is 161, arising from the m-dimethylated
tetraamide, or 162 from the p-dimethylated isomer, or a mix-

ture of the two. Careful crystallization from methanol gives

A
15%
E
A el
1)dea. MeOTf
A 2Y) Ho O i
A ) .0
E A
152 85%
A E
A =-CONMe
2
E = -CO
2Me 1§§

Figure 57. Reaction of tetrakis amide 155 with methyl triflate
followed by hydrolysis.

beautiful prisms with a fairly sharp melting point (210.5-

213.0°C). The proton nmr (CDCIB) shows sharp singlets at
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§7.80 (2E), $3.83(6H), y'3.10(6) and y2.77(6E). This wmaterial
amounts to about half of the isolated product. Based on the
unique sharp singlet in the aromatic region, it is assumed
that the structure of this material is 162 which has only
one kind of aromatic proton. Evaporation of the methanol
mother liquor gave a material with a broader melting point
range (whose pur showed it to consist of the above compound
162) and a material shown to have the structure 161 in a
ratio of about 3:1, based on the pmr. The structure assign-
ment as 161 is based on the appearance in the pmr of two
singlets in the aromatic region as expected for 161 which
has two different aromatic protons. The chemical shifts of
these two protons are surprisingly different (7.10 ppm and
8.50 ppm). However, they can be confirmed by comparing these
chemical shifts with those of the aromatic protons in the
meta diamide, N,N,N'N'-tetramethylisophthalamide and in the
meta diester, dimethyl isophthalate. In the former all the
aromatic protons appear at 7.34 ppm, while in the latter one
aromatic proton (assigned by Sadtler!! as the proton between
the ester groups) appears at 8.63 ppm.

A" 2Connr spectrum of the original product (mp 175-205°C)
is consistent with a mixture of the two isomers. It shows
two amide carbonyl resonances ( §168.89 and 168.71, one for
each of the isomers. However, there is only one ester carbon-

yl resonance ( § 164.19) apparently due to coincidental overlap
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13
of the very similar carbons. The spectrum also shows seven

aromatic resonances. The two isomers have three and four kinds
of aromatic carbons, respectively. Thus, 162 outweighs 161 by
about T:1.

This result is surprising since, after the first amide
group is methylated, the resultant positive charge is expected
to be delocalized into the aromatic ring at the para and ortho
positions. Thus, a second methylation of the amide group
para to the previously methylated group would appear not to be
favored, relative to a methylation on the amide group meta to
the previously mcthylated group. Therefore, it would be pre-
dicted that the two methylated groups would be meta to each

other rather than primarily pares, as was found experimentally.
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Figure 60. Dimethylation of 155: Mechanism 1.
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amide group ortho to the initially wmethylated group.
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possible exulanatilon invelves participation by the

Should

the ortho group participate, the positive charge would be

delocalized into the ring at the positions meta and ipso tc

the initially methylated amide group.

Thus, it might be

expected that the second methylation would occur at the amide

group para to the initially methylated group, as was found

experimentally.
~
MezN OMe
A
O “—>
A
+ f‘\]"le2

AN

161

Figure 61.

Dimethylation of 155;:

A f/tg A
JL

{
MeOTS

MesN  ome
A
0
A N~

E
162

Mechanism 2.

>

others
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Two facters related to this discussion should be noted.
First, the idea that the ortho amide group participates in
the initially formed cation is supported by the discussion
of N,N,N',N'-tetramethylphthalamide found below. It is also
supported (though not proved) by the fact that no dimethyl-
,5-bis(N,N-dimethylaminocarbonyl )phthalate was detected.
This could be because the ortho group is "protected" by
participation with the initially formed cation. On the other
hand, it could simply be due to a steric interaction.

Secondly, it should be noted that the idea of participa-
tion by the ortho group in the initial methylation product
as an explanation for the product distribution depends upon
methylation ana neighboring group participation occuring in
two separate steps rather than simultaneously. Were the two
steps to occur simultaneously, the second methylation would

give the wrong isomer.

MeoN  oye
A
X
]i\}\ :
A X
NMe 4
c
E
A A

Figure 62. Dimethylation of 155: Mechanism 3.
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Of the diamides studied the most interesting is the
ortho diamide. Unlike the others, it is only monomethylated,
even in the presence of excess methylating agent. The pmr
spectra in the presence of 1 equivalent of nmethyl triflate
and in the presence of excess methyl triflate are identical
(except for the signal arising from the methylating agent
itself): § 7.75,br s,lH; $3.97,s8,3H; §£3.4L5,s,3H; $3.17,br s,9H.
(CDCIB). The resonances at §3.97, $3.,5 and §3.17 correspond
with those arising from cther metliylated NW,i-dimethyl amides

studied (see Table 5), thus supporting structure A, Figure 63.

Me < /Me
+ TfO~
(/Qk\ OMe
Me\N/Me — [/O
N
A Me e
1eQTf
—_—
~ or
i Me~N
Me™ ie :ik<pme
N:‘ TfO
oL Me Me

Figure 63. Reaction of 15 with methyl triflate.

The large signal at §3.17 does not correspond exactly with the
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typical N-methyl signal of N,N-dimethylamides (§ 2.87-3.00) as
would be necessary for structure A. This difference will be
discussed later. On the other hand, structure B requires a
signal at abont §2.2 for the amiro methyl g,roups,78 which is

not present in the spectrum.

Table 5. Methyl pmr resonances in N,N-dimethyl amides and
O-methylated N,N-dizethyl amides.

?ONMe Me
e MeO é +
3.97,

@ 3053'
3.23

CONMe2
/'” 2.98
S e,
ONMe, MeiN2Mye
3,90,
3.47,
CONMe2 3.20
[j:]\ 2,00 CONMe2
CONMe,, OMe 3.95,
| + 3.43,
MeONZMye 3,17
Me
CONMe2 3.00, _ +‘
l :I le
. 2.87
CONMe2 OMe

A1l chemical shifts are in parts per million downfield from
internal TMS in CDCly

-
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All chemical shifts are in parts per million downfield from
internal T3 in CO1 .

Table 6. <Chemical shifts predicted for possible products
of methylation of 154.

predicted for

. 3.94, 3.47, 3.20, 3.00(x2).

found:

3.97, 3.L5, 3.17(x2).

predicted for /Q

OMe
Me2N

£ 3,95, 3.47, 3.2(0ke)°, 2.2(wie,)

1
The 3C—nmr spectrum of the methylated N,N,N'

yN'-tetra-
methylphthalamide shows two carbonyl resonances ($ 175.2,
§157.1), six aromatic resonances (§ 134.1, §132.6, §131.9,
§128.9, §128.6,8124.5) and five methyl resonances, one
O-methyl (£ 62.4) and four different N-methyls (§ L2.3,

§ 39.7, §39.1, §35.9). The fact that there are two carbonyls
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and five methyls corresponds with structure A, but not structure
B. The chemical shifts of the carbonyl signals correspond
fairly well with one amide and one O-methylated amide, as shown
by comparison with the chemical shifts ¢f the carbonyl carbons
given below. The slight difference between predicted and actual
chemical shifts will be discussed later.

13
Table 7. C chemical shifts of the carbonyl carbons of
N,N-dimethyl amides and O-methylated N,N-dimethyl

amides.,
CONMe,,
Ef:J 170.879
Me
~Me
Y+ 174.6
CONMe,, NMe
E::] 171.0
CONMe2
NMeﬂ
171.0(CD4CN) MeO y
e
7
NMC -~
CORHe, | E+ 173.8
e
_Me (CD5CN)
MeO P
Me

COI\L
X o.s
CONMe
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All chemical shifts are in parts per million downfield from

internal TMC in CDC1.

unless otherwise noted.

Table 8. Methyl 13¢_chemical shifts for amides and O-
methylated arides(O-methyl chemical shifts)

CONMe ,
/)\\‘ 35 ° 6 ’
!i ‘ 39.7
i

\I-

|

CONMez

‘CONNG2

P 35.7,
Xy 39.¢6

- _COhNe..
\ P o
m i.)‘o’

T T CoNE.

MeZNCO\ CONMe

e
MeCll ™ N\
Me

2

COOMe

MeO N +

/
\

J
=
o

35.1,
38.8,
53 .2 (0Me)

40,0,
43,6,
6%.9(0Me)

29,3,
42.8,
62.6(0NMe)
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1
Table 9. 3C chemical shifts predicted for possible products
of methylation of 15L.

predicted for ore  %uMe  Tie °c=0 *c=0
63.3 L3.2 39.4 171.3 174.2
Xy CONMe,, 39.7  35.3
+
~ ZNMe ,
OMe
60- 38~ 35~
Mei\/NM92 65 L8 L0
\_/
| 0
S
NY
7/
Me Me
62., L2.3 39.1 167.1 175.2
found 39.7  35.9

Note that the signals in the range of 35-L5 ppm could
arise from the N,N-dimethylamino group cf structure B
(typical chemical shifts of N,N-diuethyl tertiary amines
are 38-48 ppm)80 or from both types of N-methyl groups of
structure A (see Table 8 for typical N-methyl chemical shifte).

Thus, from all the evidence it must be concluded that
the correct structure for the methylated diamide is structure
A. However, several questions musi be answered. First, why
is the o-diamide only monomethylated while under the same
conditions, the m-and p-diamides are dimethylated? Secondly,

why do the methyl protons of the unaffected amide function

have chemical shifts of 3.17 ppm rather than 3.00 as do other
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amide methyl groups? Finally, why are the chemical shifts of
the carbonyl carbons (particularly that of the neutral amide)
shifted from 171.3 and 174.2 as predicted to 167.1 and 175.2

as found? All of these questions can be answered by invoking
a small contribution by structure B, thus involving the second
amide group to a considerable extent. This type cf neighboring
group participation was invoked earlier in the 1,2,L,5-tetrakis

amide case.

Figure 64. Proposed "hybrid" structure of methylated 15).

Reactions of nitriles with methylating agents. As an

analogy to the amides just discussed, and because they are
germane to a mechanistic discussion to come later, the reac-
tions of several nitriles with methyl triflate were explored.
Neither benzonitrile, nor phthalonitrile react with methyl
triflate in chloroform solution, as evidenced by nmr spectra
of the reaction mixtures. These show only signals arising

from the original nitriles and from methyl triflate. However,
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methyl triflate does react wita acetonitrile as evidenced by
the change in the nmr spectrum of methyl triflate in aceto-
nitrile-dy. Within seven nours, the methyl singlet at $4.30
is replaced oy o _roup of three singlets of equal magnitucde
(J=1.5Hz) centered at 3.77. The multiplicity of this signal
is apparently due to coupling of the methyl protons with the

L

N nucleus in the N-methylated acetonitrile.

- + -
CD3-C=N: + MeOTf ——>» CDB-CEN-CHB 0oTf

Figure 65. Reaction of acetonitrile-d3 with methyl triflate.

Anticipating an increase in the methylating power of
methyl triflate on addition of antimony pentahalides, we
investigated the reaction of methyl triflate with antimony
pentachloride, and the reactions of that combination of
reagents with benzonitrile and phthalonitrile. The pmr
spectrum of a mixture of one equivalent each of methyl triflate
and antimony pentachloride in chloroform-d is identical
to that of methyl triflate alone, suggesting that the alkyla-
ting agent is unaffected by antimony pentachloride. Further-
more, when one equivalent of phthalonitrile is added and the

homogeneous solution allowed to stand at room temperature for
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several minutes, an off-white crystalline solid separates.

A por spectrum of the mother liquor shows only the singlet

due to methyl triflate. Thus, the phthalonitrile is appar-
ently involved in the crystulline solid, but without includ-
ing the methyl triflate. This suggests formation of an
insoluble phthalonitrile-antizony pentachloride complex.
Ffurther evidence for such a complex is guggested by hydrolysis.
After removal of the supernatant by pipette, the crystals were
rinsed with chloroform to remove traces of antimony penta-
chloride and methyl triflate. Addition of water to the
crystals gave a white powdery solid, insoluble in water or
chloroform, assumed to be antimony pentoxide (Sb205). Extrac-
tion of thie aqueous solution with chloroform gave quantitatively
phthalonitrile. This proves that no methylation occurred as
hydrolysis of alkylated nitriles is known to give N-methyl
amides.

Similarly, treatment of benzonitrile gives a purple solu-
tion which soon deposits white crystals. Hydrolysis of the
crystalline material gives benzonitrile and antimony pentoxide.

Reactions of poly(N,N-dimethylamides) with thionyl chlor-
ides. The pmr spectra of various polyamides were taken in
thionyl chloride as solvent. N,N,N',N'-tetramethylterephthal-
amide initially shows a singlet at 2.57 arising from the

N-methyl signals and a singlet at 7.33 arising from the
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aromatic protons. The single methyl signal is due to the
coalescence noted earlier. Over a period of about one hour
the signal at 7.33 decreases and is replaced by a pair of
doublets (J=lHz) at 7.4L0 and 7.73. The signal at 2.97 de-
creases to half its size while singlets at ;.00 and 3.87
increase until together they equal the size of the singlet
at 2.97. Clearly, one of the aamide groups first reacts to
give a chloriminum chloride (or the corresponding chloro-

sulfite ester).

Me
! +
0] NMe2 MeO /N\Me
SOCl2
_—
OCP:Me2 0 NMe2

Figure 66. Reuction of 157 with thionyl chloiide.

Soon after the complete conversion of the material to
the above, the second amide reacts as evidenced by the forma-
tion of crystals in the nmr tube, and the appearance of a

singlet at 8.07 ppm.

The white crystalline material which separates from the

reaction of the bis amide with thionyl chloride is apparently
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the bis chloroiminium salt 1’}. When this material is heated
at reflux with a solution of p-chloroaniline in chloroform
there is obtained the bis amidine 164. Hydrolysis of the

white crystalline salt, 163, gave quantitatively starting

material.
Cl
Me Me M @
| +1 F
S0C1
2 -C1¢@NH
¢ _____g____?_)
A _Me ~Me = Me
Ja TN Ny
Me Me Me
Cl
27 183 ey

Figure 67. Formation of bis-amidine 164.

Similarly, N,N,N',N'-ietramethyl isophthalamide reacts
to give the meta bis chloroiminium chloride salt as evidenced
by the disappearance of the singlet at §3.00 and the broad
singlet at T7.33 and the appearance of a puir of singlets at

3.07 and 3.87 and a multiplet at 7.2-7.8 ppm.

N,N-dimethylbenzamide reacts in a similar manner, 2

singlet a2t 2.97 ppm being replaced by two singlets at §$3.98
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and $3.83 and a singlet at 7.30 being replaced by a multiplet
($7.4-8.0). However, the reaction is much slower being com-
plete only after two weeks at room temperature. However, pro-
longed heating of N,N-dimethylbenzamide in thionyl chloride
results in 2,l;,6-triphenyl triazine, a reaction which will be

further discussed later.

As we have seen N,N,N',N'-tetramethylphthalamide does
not behave like other amides on reaction with methyl triflate.
The same is true on reaction with thionyl chloride. In thionyl
chloride as solvent the amide reacts within five minutes to
give a material with pmr signals at §3.€3 (two closely spaced
singlets) and an aa'bb' multiplet at §7.83. Within several
hours a yellow precipitate forms in the tube making further
nmr measurements difficult. However, this material eventually
redissolves. The nmr spectrum changes to a very broad methyl
signal at 3.07 ppm, two complex aromatic multiplets at §8.20-
8.35 and 7.47-7.93, in a ratio of 1:3, and together amounting
to one third (4:12) of the methyl signal. At this point, no
further change is noted in the spectrum even after refluxing

for three days.

1
The 3

C-nmr spectrum of the reaction product of N,N,N',N'-
tetramethylphthalamide with thionyl chloride in deuterochloro-
form was obtained after formation and redissolution of the

yellow solid. The spectrum consists of one carbonyl resonance

(167.7 ppm), six aromatic resonances (136.8, 134.2, 133.1,
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131.1, 130.3, 12%.7 ppm) and one lerge methyl signal (L43.7 ppm).
The signals at 8129.7 and 131.1 are about half the size of the
other four aromatic signals. These apparently arise from the
two substituted carbons. Wwhen the thionyl chloride is removed
and the solid residue is dissolved in water, there is isolated

mostly starting material and a small amount of phthalic acid.

A chloroform solution of one equivalent each of the bis
amide and thionyl chloride shows no change in its pmr, other
tnan the coalescence of the N-methyl signals. The sclution
deposits yellow crystals only when a minirmum of cnleroform
iz used to cissolve the reagents. Al higner ccncentrations,
the mixture remains a homogeneous solution. In any case,
the pmr spectrum of the mother liquor remains unchanged. The
crystals can be redissolved in greater amounts of chloroform
and the pmr spectrum of this solution is identical to that
of the mother liguor and to that of the starting materials.
Treatment of the yellow crystals with either water or absol-
ute ethanol gives back the starting bis-amide.

This yellow crystollire material apparently is a loose
complex of the diamide and thionyl chloride present to a
small degree (and hence not apparent in the nmr) in equil-
ibrium with the starting materials. As it is less soluble
in chloroform than the starting materials, it is removed from
the equilibrium at high concentration, by precipitation from

solution.



157

When N,N,N',N'-tetramethylphthalamide is allowed to
react with excess thionyl chloride, the initially formed
yellow crystals redissolve, and the reaction is complete as
indicated by pmr after l, days at room temperature or 12 hours
at reflux. No further change results from longer reaction
times. The product is the same as that from the reaction in

thionyl chloride as solvent.

Evaporation of the solvent from this material gives a
light yellow residuve, 165, which on hydrolysis gives mostly
starting material along with a swali amount of phthalic acid.
This shows that the dimethylamino groups are not cleaved after

the reaction with thionyl chloride is complete.

+
Me\N/Me Me,N,Me
<X Cl
0 50012
-0 —_— 0
N
Me Me Me'N\ Me
it E
MeoN 1
+
Me/N‘Me

Figure 68. Reaction of 154 witnh thionyl chloride.
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When the thionyl chloride product, 155, is treated with ant: -
mony pentachloride, in chloroform solution, a green solution is
obtained. From this solution soon separates light blue crystals.
The supernatant was drawn off and replaccd with fresh chloroform.
This process was repeated several times, each time waiting for the
mixture to come to equilibrium as indicated by no further color-
ation of the solvent. The individual washings were kept separate.
Each successive washing became less green and more blue, suggesting
the presence of a yellow chloroform soluble impurity. It is assumed
that the blue material has the structure shown in the second re-

action in Figure 69.
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Me2N

Cl
[:::I:CONMe
¢l CONMe2
/Ii‘Me
Me
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Me
\N+/Me _
"JK SbCl6
6 SbCl5 0
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Figure 69. Reactions of thionyl chloride product, 165.
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Figure 70. Possible structures of the product of 165 and p-chloroaniline.
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When the thionyl chloride product 165 was treated with
p-chloroaniline, a brilliant yellow material is obtained. Crystal-
lization from petroleum ether gave as becautiful lemon yellow needles
a compound which was pure by TLC and melting point (range 1.0°C).

It was highly soluble in chloroform, less so in ethanol. It had

only aromatic protons as shown by pmr. Thus, it is clear that both
dimethylamino groups from the original bis amide were cleaved. The
mass spectrum of the yellow material 166 showed the isotope pattern
expected for a molecule containing two chlorine atoms. The molecular
ion was m/é 366. This corresponds to a molecule obtained by sub-
stituting both dimethylamino groups in the original bis amide with
p-chloroaniline followed by dehydration. This could arise formally
in several ways, depending on whether one assumes N-alkylation, C-

alkylation or both.

Structure B would appear to be eliminated based on the unsym-
metrical pmr and on the fact that the cmr of the yellow material
shows at least 13 and perhaps as many as 16 different aromatic
carbons. This 130 evidence also apparently eliminates structure
D which would require 18 different aromatic carbons. Thus, it
appears that structure A or C is correct for the yellow material.
There was some evidence for gtructure C, which is a substituted

11H-dibenz(b,e)azepin-11-one.
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!
— N

Figure T1. 11H-dibenz(b,e)azepin-11-one.

This basic ring system was characterized in 1972 by Cooke and
Russell.81 It was recrystallized from pet. ether and was described
as "yellow". Cooke and Russell give ultraviolet data as

(ethanol) 244"nm",312 no(log E 4.48,3.75). The yellow dichloro
compound has a UV maximum at 255 nm and a much smaller one at 30S5nm.
Although Cooke and Russell gave no infrared data, the yellow dich-
loro compound gave IR data which were not inconsistent with
structure C.

On the otner hand, tuere is counsideruble cheuwical evidence,
as will be shown below, that 146 does not nave structure C (orD),
but rather structure A.

‘The N,N,N',N'-tetramethylphthalamide/thionyl chloride, 165,
was also treated with p-toluidine to give another bright yellow
crystalline material, 167. Its spectral properties are almost
identical to those of the dichloro compound. In addition, the pmr
has a broad singlet at 2.33 ppm and the cmr has two very closely
spaced signals at 20.66 and 20.94 ppm. These resonances correspond

to the methyl atoms.
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When this yellow tolyl product was heated with excess KOH in
aqueous dioxane, a trace of p-toluidine was obtained. The main
portion of the product, however, was a white insoluble material,
168, having the same molecular ion as the starting material. In
the presence of aqueous acid, this white material dissolves in
chloroform from which there is subsequently isolated a white
compound crystallized from chilled ethyl acetate/pzt. ether (mp
198-198.5) which was shown by chemical ionization mass spectrometry
to be mostly N-(p-tolyl)phthalemide (169), MW 237, mpS2 206°C with
small amounts of N,N'-bis(p-tolyl)phthalamide, MW 3L4, (170) and a
compound having molecular weight 326, cither the starting material

or an isomer.
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Figure 72.

Reactions of yellow 167.
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In an attempt to confirm the structure of the p-chloro-
aniline product as an 11H-dibenz(b,e)azepin-11-one, it was treated
with 2,4-dinitrophenylhydrazine in ethanol. There were obtained
beautiful orange crystals (mp 193.5-195, lit.83 194-195). The mass
spectrum and pmr showeed it to be N-(p-chlorophenyl)phthalamide 111,
The orange color may apparently arise from a small amount of impurity,
specifically 2,4-DNP or a reaction product of 166 with 2,L4-DNF, for
which some evidence i3 given below. The foimation of this product
proves the 11H-dibenz(b,e)azepin-11-one structure is not that of

166 because such a ketone would not be expected to be hydrolyzed.

Cl
17
0
=\ '/< =
1 _2,4-DNP N-%<‘:>-Cl
©%(N_<\__//_c aq. H,50, \\{ \_7
O .
1

EtOH

Figure 73. Reaction of 160 with 2,L-dinitrophenylhydrazone.
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Similar 2,4-DNP treatment of the yellow tolyl compound 167 gave
the same type of product, n-(p-tolyl)phthalamide 1@2,82 A second
compound 172 was detected in the product when it appeared in the
mass spectrum at a higher temperature. 1Its mass is 17 which
corresponds to a molecule in which a p-toluidine moiety in the

starting material was replaced with a 2,4~DNP moiety.

Qs

H.

N-Ar
169 O
Nopp 2»4-DNP .
aq. H,50,° O, N NO,
o EtOH
167 N-NH
= S ava
N - CH
P \‘( N\ 7/ '3
Ar- = p=tolyl 0

e

Figure TL4. Reaction of 167 with 2,4-dinitrophenylhydrazone.
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When the yellow compound was treated with aqueous acidic ethanol in
the absence of 2,,~-DNP there was obtained N-(p-tolyl)phthclamide 16y

82

characterized by nmr and melting point (199.5-200.5, lit. - 206°C).

The melting point is low due to a small amount of yellow impurity.

It is clear from these acid catalyzed hydrolyses that the yellow
substances 166 and 167 cannot have the 11H-dibenz(b,e) azepin-11-one
structure. It seems most likely that the correct structures are as
shown in Figures 72-TL. One picce of evidence against such a
structure is the melting point of 167 reported 8L by Islam et al
(207°C). The melting point of our yellow dimethyl compound is
114.5-116°C. The preximity of Islam's melting point to that reported

82 for N-(p-tolyl)phthalamide 169 (206°C) leads us to

by Porai-Koschiz
believe that Islam may have confused the two compounds. This suspi-
cion is enhanced by Islaun's repcrt that the work-up of his compound
included treatment with 10% aqueous HCl, a procedure which had been
shown®? (and confirmed by us) to hydrolyze sim.lar compounds to
phthalamides. However, Islam reports as microanalytical data
numbers which agree with structure 167. A second piece of evidence
against structures 166 and 167 is the lack of any recognizable
aa'bb' coupling pattern in the pur. This however, may not be nec-
essary for the proposed structure. For example, the spectra of
N-(p-tolyl)phthalaimde 169 and N-(p-chlorophenyl)phthalamide 171
both include singlets for the p-disubstituted aromatic protons.

Their chemical shifts are 7.17 and 7.33 ppm, respectively. The

yellow ditolyl compound 167 and dichloro compound 166 have broad
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singlets at 7.30 and 7.3 ppn, respectively.

A solution -f the yellows ditulyl conpound 1€7 in CDCl3 wa
treated with two equivalents of wethyl triflouromethane-sulfonate.
One methyl group is added ( §3.30) and the second cquivalent of
methyl triflate is unchanged (% 4.10). The broad siaglet (§ 2.33)
arising from the aromatic methyl groups in the starting material is
replaced by two singlets ( $2.43 and 2.3¢). The aromatic region
remains relatively unchanged (¢ 7.0-7.8, complex multiplet). These

data are completely consistent with the proposed structure of the

starting material.

O/CH 1
g LI
3Ny

N/ _k—,,cn.5 Meont, @'CH3
~CHcl,”
0

Figure 75. Reaction of 167 with methyl triflate.

As a model for 1659, (the product of N,N,N',N'-tetramethyl-
phthalamide and thionyl chloride) phthaloyl chloride was allowed

to react with p-chloroaniline. The white solid obtained (whicn
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was insoluble in organic solvents and in aqueous acid or base) was
shown to b2 N'N!bis(p-chlorophenyl)phthalamide, 173, as expected.-

. 3
Its melting point was 215-218°C (1it. 3

213-21,°C). The mass spectrum
shows a strong peak at m/e 257 which correspcnds to N-(p-chlorophenyl)

phthalimide, 171. The molecular ion

Figure T6. Reaction of phthalyl chloride with p-chloroaniline.

(n/e 38L) is a very small peak (1% of the peak at m/e 257). This
fact suggests facile fragmentation with loss of p-chloroaniline.
The pmr of this material in DMSO-dg shows an aa'bb' doublet of
doublets centered at 7.L5 ppm and a broad singlet at 7.57 ppm in
a ratio of 2:1.

Having considered the spectral and chemical eviderce, let us

now turn to the determination of the structure of the product of
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N,N,N',N'-tetramethylphthalamide with thionyl chloride, 155. The
nmr data strengly sugegest an uns;mnetrical molecule. This is not
surprising, given the evidcnce of th: analogous reaction with methyl
triflate explored carlier. Both hydrolysis and treatment with
antimony pentachloride followed by hydrolysis lead to nearly quantit-
ative recovery of N,N,N'N'-tetramethylphthalamide, suggesting that
both uimethylamino groups remain bonded to their respective carbons
throughout the reactions. Given these results, let us restrict

ourselves to consideration of the two structures below (see also

Figure 68).

Mes _HMMe
N+ -
cl Me N
Cl )
N M
N + e
Me”  SMe Me// o1
A B

Figure 77. Possible structures of 165.

Reaction of 165 with anilines to give iminophthalimides 106 and
167 (Figure 69) suggests (but by no means proves) structure B,

because B has two electron deficient centers, boih of waich can
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eacily undergo nucleophilic attack. To cubstitute the neutral amidn
structure of structure A requires protoration or participation by
the positive center.
In addition, the fact that yellow =orystals formr and then re-

dissolve before formation of 165 sutgesis (but again Goes not prove)

that structure B is the structure of 165 and that A is the structurc
of the initially formed crystalline material. This suggestion
requires a surprisingly slow ring closure from A toc B. That this
ring closure is slow is supported by the relatively slow second ring
closure in the dimethylation of 1,2,4,5-tetrakis(il,:i=Cimethylaninocar-
bonyl)benzene 155 with methyl triflate (Figure 61). In addition,
when considering the geometry of such a ring closure it becomes
obvious that the chloroiminium group must twist out of the plare

of the aromatic ring, and thus out of conjugation, to allow nucleo-
philic attack by the neutral amide oxygen. This clearly raises the
energy of activation rclative to the level that otherwise might be

expected.

e

N L /:—::\ ‘\+

L
N\ Vi . N\_/
___ she Me
Me2N N N o Me~N X

Cl + \48 2 O)
Cl

Figure 78. Conformation of ring clecsure of 16%5.
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Finally, 1ot us comeare ihe reactions of 154 with methyl
triflate and with thionyl c*loride, The extent of cyclization,
that is, tne extent of particivaticn Y i+« neighborines amide
group, wonld te expected to he sreater in ‘"ie thionyl chloride
case thian in the methyl triflate case, Iu the methoxy iminium
case it was shpwa earlicr (firure <)) that there is consider-
able participation. Thereforn, the fact that participation
appears to be complete, or nearly cc, in the chloro iminium

case is not surprisinr,

Me\N/Me
+ Meol 1
Cl .
A 0]
I\+
sN=Me
Me/N\Me Me
Me ( _Me
Me N ome
+
OMe —— 0
-0 +
',N~4ﬂe
7 N ~N Me
Me . Me

Figure 79. Comparison of the extent of amide group participation
in the chloro dimethyliminium ion ané in the methoxy

dimethyliminium ion.
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Addendum. In the course c¢f this work, two unusual, and not
unrelated, reactions were discovered. Because these reactions did
not directly relate to earlier discussions, but merit scme attention
in and of themselves, they will be discussed now.

vhen N,N,N', N'-tetramethylphti:alamide, 154, was heated in
phosphorus oxychloride there was obtained, along with phthalic acid,

a 10% yield of N-methylphthalimide, 17L.

X
NMe2
NMe2
Cl 0
1 \\Hl\él\ﬁ
AN
0

NMe2

Cl

175 ©

Figure 80. Formation of N-methylphthalimide from N,N,N',N'-
tetramethyl phthalamide or W,N-dimethyl phthala-
1oyl chloride.
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Its structure w2o susgested by macs spec, =nd pnr (although its pmr
was not identical to that given by Sadtler97) and confirmed by
independent synthnesis from potassium phthalimide and methyl iodide.

The formation of N-methylphthalimide in this reaction is some-
what surprising as it involves dealkylation of an amide, a process
for which there is little precedent. Some Czech chemists explored
the range and limitations of a similar reaction.86 Pyrolysis of an
N,.N-dialkyl phthalamoyl chloride gives an N-alkylphthalimide and
an alkyl chloride. It is suggested that the mechanisms of these
reactions are similar, that is, involving nucleophilic displacement

by chloride of an acyl quaternary nitrogen.
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Figure 81. Suggested mechanism of cleavage of per-N-alkyl
phthalamide or phthalamoyl chloride.
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Note that either of these reactions constitutes a method for
cleaving a secondary amine to a primary amine, a process for which
there is a surprising paucity of methods. Attempts to increase yield

of N-methylphthalimide failed.

A similar reaction occurs when N,N-dimethylbenzamide is heated
at reflux in thionyl chloride. From this reaction there was obtained
2,4,6-triphenyl triazine as an insoluble white solid identified by
melting point, mass spectrum and solubility properties. As a small
amount of benzonitrile was also formed in the reaction as evidenced
by the odor, it was hypothesized that the nitrile was an intermediate
in the formation of the triphenyl triazine. However, a refluxing
solution of benzonitrile in thionyl chloride gave no trace of

2,4,6-triphenyl triazine.

OxpNMe, .
7
SOC1
A ~
N |

Figure 82. Formation of 2,l,6-triphenyl triazine from MN,N-
e dimethylbenzam{g’. d !
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It is not difficult to propose a mecnanism for this reaction consist-
ent with the available data. Such a mechanism is shown in Figure 83.
However, no evidence was obtained which would support this mechanism
over others. As was discussed earlier, (Figurs 65) the product of
acetonitrile and methyl triflate is N-methylacetonitrilium triflate.
This salt shows uno sizn of forming 2,L,6-irimethyltriazine even in
the presence of excess acetonitrile as might be expected from a
mechanism like that outlined in Figure 83. However, that salt was not
heated. Furthermore, this mechanism (Figure 83) includes N-methyl-
benzonitrilium rathrer than N-methylacetonitrilium. As was noted
earlier, benzonitrile did not react with nethyl triflate even at
elevated temperatures. Thus, it may be that N-methylbengzonitrilium

is less stahle and hence more reactive than HN-methylacetonitrilium.
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Figure 83. Froposed mechanism for the formation of 2,L,5-triphenyl triazine from N,N-dimethylbenzamide.
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EXPERIMENTAL

Instrumentation, solvents, etc. GSce experimental section for

Part 1.

N, N, N',N'-tetrametaylohthalamide(154). A solution of 36 nl
(50.5 g, 0.25 mol) of phthaloyl chloride in 150 ml of methylene
chloride was added to an ice cooled mixture of 250 ml (62 g, 1.l mol)
of 25 agueous dimethylamine and 50 ml of methylene chloride. The
nixture was stirred for one hour. The organic layer was separated
and the aqueous laycr extracted wiili two portions of methylene
chloride. The combined organic layers were dried (NaQSOh), filtered
and evaporated to give a white solid which was vacuuw dried giving
L7.0 g (85%) of off-white solid. Recrystallization from heptane
gives beautiful white needles, mp 120-121°C; 1it/°0 122-123°. kars
§2.89,br 8,6H; § 302,br s,6H; § 7.23,m(aa'bb' ), H. Mass spec.
m/es 220 (7%), 219 (21%), 176 (100%), 1L8 (25%), 133 (50%).

N,N-dimethylbenzamide (153). 4 solution of 23.2 ml (28.1 g,

0.200 mol) of benzoyl chloride in 100 ml of methylene chloride was
added dropwise to an ice-chilled mixture of 100 ml of 25% aqueous
dimethylamine (0.55 mol) and 2.5 ml methylene chloride. The mixture
was stirred for an hour. The organic layer was removed and the
aqueous layer was extracted twice with 50 ml portions of methylene
chloride. The combined organic layers were washed once with a small

portion of chilled 20¢% NaOH to remove dimethylamine hydrochloride.
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The solution was dried (Na230h), filtered and evaporated to give a
clear colorless liquide Vacuum distillation gives 25 g (83%) of
colorless liquid. Though N,li-dimethylbenzamide is a solid
(mp bb-h500)95, this colorless liquid has the correct "H- and
1BC-nmr and behaves normally on reaction with methyl triflate or
thionyl chloride. Pmr: §2.97,br 8,6H; $7.27,8,5H.
N,N,N',N'-tetramethylisophthalamide(156). A solution of 25 g
(0.151) mo1) of isophthaloyl dichloride in 100 ml of methylene
chloride was added dropwise to a chilled mixture of 120 ml of 25%
aqueous dimethylawmine (30 g, 0.67 mol) and 20 ml of methylene
chloride. After the addition was complete, the solution was allowed
to warm to room temperature and stirred overnight. The organic
layer was separated and the aqueous layer extracted three more times
with 50 ml portions of methylene chloride. The combined organic
layers were washed once more with 50 ml of chilled 20% aqueous sodium
hydroxide, dried (MgSOb), filtered and rotary evaporated to give a
white solid. Recrystallization from petroleum ether gives 30.1 g

87

(91%) of white needles, mp 134-135.5; lit. 137-138. Pmr: §3.03,br

s,12H; §7.36,8,4H. Mass spec. m/e: 220 (25%), 219 (18%), 176 (100%).
N,N,N',N'-tetramethylterephthalamide(157). A mixture of 16.6 g

(0.100 mol) of terephthalic acid and 50 ml of freshly distilled (from

quinoline and cottcnseed 0il) thionyl chloride was heated at reflux

until the solution became homogeneous (about 24 hours). The thionyl
chloride was removed under reduced pressure and the residue taken up

in toluene, which was in turn removed under reduced pressure. (This



181

is to remove the last traces of thionyl chloride, sulfur dioxide and
hydrochloric acid.) The residue was dissolved in 50 ml of methyl-
ene chloride and added dropwise to a chilled mixture of 100 mi of
25% aqueous dimethylamine and 20 rl mcinylene chloride. After
stirring overnig¢lit, the layers were separated and the aqueous layer
extracted twice more with 20 ml portions of methylene chloride. The
combined organic layers were washed with 20 ml each of 0% NaOH and
brine. After drying (MgSOh), filtering and rotary evaporation, a
white solid was obtained. Recrystallization from a minimum of DMF
gave 15.4 g (70%) of white prisms, mp 192-197; lit. 207-20800,75a
2020088. Mass spec. m/e: 220 (63%), 219 (79%), 176 (100%).
1,l-Dicarboxy-2,5-bis(dimethylaminocarbonyl )benzene(158).
To a heterogeneous mixture of 21.8 g of pyromellitic anhydride
(0.100 mol) and 100 ml of methylene chloride was added with stirring
80 m1 (20 g, 0.4l mol) of 25% aqueous ¢imethylamine. The mixture
was vigorously stirred at room temperature for 5 hours. The organic
layer was removed and the aqueous layer washed once with methylene
chloride. The basic aqueous solution was acidified with 5% HC1
causing the precipitation of a white solid. It was washed thorough-
ly with water and dried to give 30.0 g (97%) of the diacid-diamide, mp
275. This material was used in the next step without further
purification. Mass spec. m/e: 262 (L43%), 219 (58%), 174 (100%), 1L7
(32%).

1,2,4,5-Tetrakis(dimethylaminocarbonyl )benzene(155).

Method A. A mixture of 5.00 g (16.2 mmol) of 2,5-Aicarboxy-
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1,4-bis(N,N-dimethylaminocarbonyl )benzene and )0 ml of thionyl
chloride was stirred at reflux for four hours. The initially
heterogeneous colorless mixture became homogerieous and golden

yellow in color. After cooling, the excess thionyl chloride was
removed under reduced pressure. The light jellow solid residuc wao
suspended in toluene and this was then removed under reduced pressure
leaving a white solid. This was taken up in 50 ml of methylene
chloride, in which it is partially soluble, and added slowly to an
ice-chilled mixture of 25 ml of 25% aqueous dimethylamine (6.25 g,
0.14 mol) and 10 ml of methylene chloride. After the addition was
complete, the reacticon mixture was stirred overnight at room temper-
ature. The organic layer was separated and the aqueous layer ex-
tracted with two more 30 ml porticns of methylene chloride. The
combined organic layers were washed with 30 ml of 15% NaOH and brine,
dried (MgSOh), filtered and evaporated to give 3.2 g (55%) of yellow
solid. Recrystallization from acetonitrile gave white prisms, mp

189-193; 1it.1°219,,-196.

Method B. To 2 mixture of 12.7 g (0.05 mol) of pyromellitic
acid and 100 ml of DMF was added 14.2 g (0.10 mol) of phosphorus
pentoxide. The temperature rose slightly. The mixture was stirred
at reflux for 20 hours. While still hot, the golden yellow solution
was decanted from a white sticky solid. This was filtered and air
dried to give 3.35 g. Recrystallization from a minimum of DIMF gives
3.0 g of prisms, mp 189.5-192.5; 1it. ”® 191,-196. An additional

1.0 g can be isolated from the reaction mixture by partial evapor-
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ation. Total yield 4.0 g (224). FPar: 32.98,br s,12H; §3.01,br s,
12H; §7.13,s,2H. Mass spec. m/e: 350 (5¢5), 361 (1555), 318 (100%),
317 (2L%), 274 (227%), 213 (17:%).

. . . 1
Observation of nmr spectra over tiwme. When H-nmr spectra werc

recorded over time (as thosz in Tablc L), the recagents ani solvents
(if any) were mixed in reccrded amounts and at a recorded time in a
clean, dry nmr tube. The tube was then scaled. When each spectrum
was run, the time was recorded and the time of reaction was recorded.
The results of each of these spectra are recorded in Table 4 or in the
text. These include reacticns of each of the amides studied with
excess methyl triflate in chloroform-d, and reactions of each with
excess thionyl chloride in chloroform-d. Also included are react-
ions of N,N,N',N'-tetramcthy’phthalamide 1S4 with one equivalent of
methyl triflate in CDClB, wilis one equivalent of thionyl chloride in
CDCl3 and with thionyl chlorid¢ as solvent, as well as the reactions
of benzonitrile and phthalonitrile with methyl triflate and/br
antimony pentachloride in CDCIB. Methyl triflate and thionyl chloridc
were measured in clean, dry syrin :s.

Hydrolysis of O-methyl sali: . poly(i,li-dimethylarinocarbonyl)

benzenes. To a solution of 4.2 mmei of N,N-dimethylbenzamide, the

three isomeric N,N,N',N'-tetramethylp- halamides of 1,2,4,5-tetrakis
(dimethylaminocarbonyl)benzene in 10 m of chloroform was added one
equivalent per amide group of methyl tri!'uoromethanesulfonate

(i.esy 0,50 ml, 0.72 g, L.42 mmol for N,N « .methylbenzamide; 1.00 ml,

14.5 ¢, 8.82 mmol for N,N,N',N'-tetramethyl: ithalamide). The
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homogeneous solutions were allowed to stard for 2l hours. To each

was added 10 ml of water and the mixtures were stirred vigorously

for three hours. The organic layers were separated, the aqueous
layers extiacted twice more with 10 ml portions of methylene chl:vide.
The comtined organic layers from each reaction were dried (MgSOh),
filtered and evaporated. N,N-dimethylbenzamide gave 0.60 g (100%)

cf methyl benzoate (not further purified). N,N,N',N'- tetramethyl-
phthalamide gave N,N -dimethyl-2- carbomethoxybenzamide as a colorless
oil. Heating the o0il under petroleum ether followed by decanting and

%9 91-9300. Total yield

cooling gave white needles, mp 89-9100; lit.
0.81 g (89%). The salt of N,N,N',N'-tetramethylisophthalamide came
out of chloroform solution as a dark oil. Hydrolysis gave 0.80 g
(94%) of dimethyl isophthalate, purified by filtration through a
short silica gel column with methylene chloride, followed by crystal-

lization from cool petroleum ether. Mp 66-67.5; 1it.9O 67.8-68.3°C.

The salt of N,N,N',N'-tetramethylterephthalamide came out of
chloroform solution as white needles. Hydrolysis, followed by work-
up gave 0.87 g of white solid which was shown by nmr to be a 58:42
(mole ratio) mixture of monocamide-monoester and diester
This amounts to a quantitative yield of the mixture. The two
substances were separated by filtratior through a short silica gel
column. Methylene chloride eluted the dimethyl terephthalate
(mp 136-13800; lit.91 141.0-141.8°C). Ethyl acetate eluted the
p-carbome thoxy-N,N-dimethylbenzamide (mp 103.5-105.5; 1it. 72

106-107).
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On reaction with methyl triflate tre tetracurboramide 155 also
forws white crystals in chicrcforin solution. Kiltration and hydrely-
sis followed by noramal work-up and careful recrysiellization from
methanol gave white prisus (mp 210.5-2137C) of .,N,H'N'-tetramethyli-
2,5-dicarbomethoxy~-1,ii-benzencdicartoxamide (162). Evapoiatior of
the mother liqucr gave a 3:! mixture (by nmr) of the above p-diamide-
diester 162 and N,N,N'K'-!etrazethyl=l,6-dicarbomethoxy-1,3-benzenedi-
carboxamide (161). The overall yield of these compounds was 65% and,
as the crystalline 162 accounted for unalf of the isolated material,
the overall ratio of 162:161 is 7:!. N,N-dimethyl-2-carbomethoxyben-
samide pmr: §2.63,s,3H; §$3.09,5,3l; §$3.82,s5,3H; $7.05-7.50,m, 3H;
§$7.77-7.97,m, 1H. Mass spec. m/e: 206 (L2%), 17€ (12), 163 (100%).
Dimethyl isophthalate pmr: §3.91,5,0H; 5 7.37,t(J=THz),1H; §8.10,dd
(J=2Hz,THz),2H; $8.53,t(J=2Hz),1H. N,N-dimethyl-l;-carborethoxyberz-
amide pmr: §3.00,br s, 6H; $3.90,s,3H; §7.33,4(J=8Hz),2H; §7.93,
d(J=8K),2H. Dimethyl terephthalate pmr: §3.91,s,6H; § 7.59,8,LI.
N,N,N',N'-tetramethyl-2,5-dicarbomethoxy-1,,~-benzenedicarboxamide
pur: $2.77,s,6H; $3.10,8,6H; §3.593,s6H; §7.80,s8,2H. N,N,N',N'-
tetramethyl-l,5-dicarbomethoxy-1,3-benzenedicarboxamide pmr: §2.70,s,
6H; $3.09,s,6H;$3.8L,56H; §7.10,s8,1H; §8.50,s,1H. DMass spec of
mixture m/es 336 (13%), 335 (31%), 305 (15%), 292 (100%), 162 (17%).

N,N,N',N'-tetramethyl-1,Li-benzene bis(chloroformiminium)

dichloride(163). A solution of 2.20 g (10.0 mmol) of N,N,N',N'-

tetramethylterephthalamide in 20 ml of freshly distilled thionyl

chloride was allowed to stand at room temperature for 2l hours.
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The supernatant was decanted from the beautiful white crystals and

they were washed severual times with chloroform.

Hydrolysis of 163. The white crystals formed in the

above recaction were dissolved in 30 wl of water and allowed to stand
at room temperature for one hour. The solution was extracted three
times with 20 ml portions of chloroform. The comoined organic
extracts were dried (MgSOu), filtered and evaporated tc give 2.00 g
(91%) of N,N,N',N'-tetramethylteraphthalamide.

1,L.~benzene bis(N,N-dimethyl-N'-(l;~chlorophenyl)carboxamidine)

(16L4). The white crystalline material 163 (see above) prepared from
2.20 g (10.0 mmol) of N,N,N',N'-tetramethylterephthalamide was taken
up in 25 ml methylene chloride and added to a solution of 5.10 g
(4L0.0 mmol) of p-chlorocaniline in 50 ml of methylene chloride. *fter
stirring overnight, a yellow solid had formed. The mixture was
chilled in an ice bath and to it was slowly added a chilled solution
of 1.6 g (40.0 mmol) of sodium hydroxide in 15 ml of water. The
organic layer was separated and the aqueous layer extracted twice
more with 20 ml each of methylene chloride. The combined organic
layers were dried (MgSOh), filtered and evaporated. The residue

was chromatographed on silica gel. Methylene chloride eluted the
excess p-chloroaniline.Thé bis-amidine was eluted with 1Cj} ethyl
acetate/methylene chloride and recrystallized from ethyl acetate,

mp 220-221°C. Yield 1.4 g (36%). The yield could probably be
improved by further elution of the column with larger proportions

of ethyl acetate. Mass spec. m/e: 390, 392, 394. Pmr (CDClB):
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$6.83,s8,LH; §6.76,4(J=8Hz),LH; $6.27,d(J=8Hz),lH; §2.87,s,12H. Anal.

calc'd. for CQL;HL’"-JClL)Nb: Cy 05.61%; i, 5.510. Tound O, 55.775; I,

5505,

2-(l-chloroplienyl)=-3-(l-chlorophenylimino)-2,3-dihydro=1H-

isoindol-1-one(166). A solution of 1.1 g (5.0 mmol) of N,N,N',N'-

tetramethylphthalamide in 10 ml of thionyl chloride was allowed to
stand at room temperature. The ycllow solution deposited crystals
which slowly redissolved. After the reaction was ccmplete as monit-
ored by nmr, the thionyl chloride was removed under reduced pressure
leaving a solid yellow residue. This was taken up in 10 ml of
methylene chloride and added by pipette to a solution of 2.55 g

(20.0 mmol) of p-chloroaniline in 15 ml of methylene chloride. A
yellow solid immediately began to appear and the reaction mixture
warmed slightly. After stirring overnight at room temperature, the
mixture was chilled and, with vigorous stirring, enough chilled
dilute sodium hydroxide was added to dissolve the so0lid and make the
aqueous layer slightly alkaline. The yellow organic phase was
separated and the aqueous phase extracted twice with 10 ml portions
of methylene chloride. The combined organic layers were dried
(MgSOh), filtered and evaporated to give a yellow residue. Chromato-
graphy on silica gel with methylene chloride as the eluting solvent
gave an initial yellow band followed closely by the starting p-chloro-
aniline. The yellow material was recrystallized from petroleum
ether to give 1.3 g (72%) of fine yellow needles, mp 148.5-149.5°C.

Mass spec. m/e: 366, 368, 377. Pmr: complex multiplet between 6.5
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and 8.0 ppm with a large broad singlet at 7.33 ppm. Anal. calc'd.
for C,gHioCLyN,0: €, 55.L1%5 H, 3.295. Found: C, 65.32%; H, 3.19%.

N,N'-bis{p-chlorcphenyl)phtha!amide(173). To a chilled solution

of 1.41 ml (2.03 g, 10 mmol) of phthaloyl chloride in 35 ml of
methylene chloride was added a solution of 5.10 g (4,0 mmol) of
p-chloroaniline. The mixture was allowed to stir overnight at room
temperature. To the mixture, in which some white solid had formed,
was added enough dilute aqueous sodium hydroxide to make the organic
layer slightly alkaline. As the white solid did not dissolve, it was
filtered out, washed with water, ethanol and methylene chloride and
dried to give 3.2 g (83%), mp 215-218; 15t.9h 213-214°C. HMass spec.
m/e: 38k, 257, 127. Pur (LM30-d/): §7.62,d(J=9Kz),LH; §7.57,br s,
LH; $7.28,a(J-9Hz ), H. Anal calc'd. for Co0lq),C1,N,00: C, 62.35%:
H, 3.66%. Found: C, 62.46%5; H, 3.62%.
2,3-dihydro-2-(4-methylphenyl )-3-(};-methylphenylimino )-

1H-isoindol-1-one(167). See the above procedure for the preparation

of 166. The yellow material was recrystallized from petroleum ether
to give an 81% yield of yellow needles, mp 114.5-116. Mass spec. m/e:
326. Pmr: $6.5-8.0,m,12H; $§2.33, s,6H. Anal. calc'd. for CppHig
N,0: C, 80.96%; H, 5.56%. Found: C, 80.65%; H, 5.76%.
1,3-bis(L-methylphenylimino)-1,3-dihydroisobenzofuran(168). A
mixture of 0.25 g (0.77 mmol) of the yellow crystalline 167, 0.20 g
(2.60 mmol) of potassium hydroxide, five ml of water and enough
dioxane to dissolve the solid was heated on a steam bath overnight.

After cooling, the resulting white solid was filtered, washed with
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boiling ethanol und air dried to give 0.25 g (103%) of white powder,
mp 147-148.5°C. 1Mass spec. 2/e: 326 (A5%), 325 (1004), 237 (13%),
193 (10%), 192 (13%), 165 (10%).

Acid catalyzed hydrolysis of 165. The white powder from the

abowve reaction (0.20 g, 0.65 mmol) was stirred with a mixture of

5 ml of 5% aqueous hydrochloric acid and 10 ml of chloroform for

30 minutes. The chloroform layer was separated and the aqueous
layer extracted with 5 ml of chloroform. The combined chloroform
extracts were dried (Nazsoh), filtered and evaporated to give a white
solid. Crystallization from chilled ethyl acetate/petrvleur ether
gave white ncedles, wp 198-196.5°C; lit. for Ni-(p-tolyl)phthala-
mide82, 206°C. Mass spec.(chemical ionization) m/e: 2386 (100%), N-p-
tolyl) phthalamide+1; m/es: 327 (1.C%, 166 or 168+1; m/es 345 (0.8%),
173+1.

Acid catalyzed hydrolysis of 167. A small amount of the yellow

material was dissclved in 5 ml of ethanol by warming on a steam bath.
To the mixture was added 1 ml of 10/ aqueous sulfuric acid. The
solution was allowed to stand overnight, after which time it had
deposited yellow crystals of N-(p-tolyl) phthalamide, mp 199.5-
200.5°C; 1.8 206%. N $7.70,m(aa'bb'),LE; §7.20,s,Ld; §2.37,
8, 3H.

Acid catalyzed hydrolysis of 166. The above procedure gave

orange crystals of N-(p-chlorophenyl)phthalamide, mp 199-202°C;
114,83 194-195%.  Nar: § 7.73,m(aa'bb" ), Li; §7.33,5, L.

2,l,6-Triphenyl-1,3,5-triazine. A solution of 2.50 ¢ (16.8
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mmol) of N,N-dimethylbenzamide in 15 ml of thionyl chloride was
heated at reflux for five days. A white solid had formed in the
reaction mixture. After cooling, the white solid was filtered out
and rinsed successively with chloroform, ethanol and water. It was
recrystallized from a large amount of ethancl to give 0.71 g (L1%) of
white needles, mp 233.2-233.5°C; 1it.”> 234,-234.5°C. Mass spec. m/e:
309.

N-methylphthalimide. Method A. N,N,N'N'-tetramethyl-

phthalimide (154) (1.5 g, 6.9 mmol) was dissolved in 20 ml of
phosphorus oxychloride and heated at reflux for 6 hours. After
cooling, the mixture was poured over enough crushed ice to keep the
mixture cold. The aqueous solution was extracted three times with
20 ml portions of methylene chloride. The combined organic layers
were dried (Na2SOb), filtered and evaporated to give O.4 g of dark

green oily sol'd. Chromatography (CH201 on silica gel) gave, after

2
a trace of purple material, 0.30 g (30%) of white needles, mp 129-
131, 1it.96 13b°C. Pmr (CFBCOQH for comparison with lit.97)3153.15,
8,3H; 7.65,m, k. Note: Sadtler97 chows a singlet for the aromatic
protons. Mass spec.(chemical ionization), m/e: 161 (100%). Mixed
mp with independently prepared N-methylphthalamide (Method B) showed
no depression.
Method B. In a sealed tube a mixture of 2.0 g (11 mmol) of

potassium phthalamide and 10 ml of freshly distilled methyl iodide

was heated at 130°C in an oil bath for 10 hours. After cooling,

the excess methyl iodide was removed by evaporation and the solid
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residue was taken up in 20 ml of wateir's Extraction with three 20 ml
portions of methylene chloride, followed by drying, filtering and
evaporation of the organic exiracts gave 1.65 g (955) of yellow
solid. Recrystallization from ethanol/water followed by chromato-
graphy (CH2012 on silica gel) gave off-white crystals, mp 130-131.5°

C; lit.96 13&00. Pmor: same as above.
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