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ABSTRACT

CONDENSATION AND CYCLIZATION
OF 1,3-DIXETONES

USING'ORB%EPHALOSILANES
Y -
/

Thomas F. Ignacz

The reaction of a 8-diketone, or salt of a g-diketone,

and an organochalosilane yields a'suBstitutéd pyrylium salt.
_Reaction between 2,4;pentanedione, or the Tl or Na salts of
2,4—penta;edione, and (CH3)251C12 vyield a water soluble,
bright yellow compound, analyzing as the 2,4—diﬁéthyl-6-
(2'-hydroxy~1'-propenyl) pyrylium chloride. This compound
has also been prepared using various other Lewis acids
(CH3SiC13, (CGHS)zsiClz,'apd BC13). Reaction between

SiC12 and 2,4-hexanedione, or 4,6-nonanedione, produces

(CHB)Z

2-ethyl-4,5-dimethyl-6-(2'-hydroxy-1'-propenyl)pyrylium
chloride, or 2,4-di-n-propyl-S—-ethyl-6-(2'~hydroxy-1'-

pentenyl)pyrylium chloride, respectively. The pyrylium salts
were characterized by standard nuclear magnetic resonance,

infrared, ultraviolet-visible and mass spectral techniques.

iii



The reaction of'é flﬁoriﬂétedys-diketqpe’aﬁd siIicon.
tetrachloride yields a subétiéuted‘Zijyran. Reaction between
1,1,1-trifluoro-2, 4'—'.[-3enta.nedione, 1,1, l—trifluoro-z'«t- ‘
hetaredlone. o£ ¥,1,1- trxfluoro- -methyl 2 4-octanedlone,
and sxlxcon tetrachlorlde p:odupes 6 trlfluoromethyl 4-.
methyl 2 tr1fluoroacetyl-pyranyl1dene (I), 6-trifluoro-
mechyL—u—ethyl—3-methyl-z-trlfluproacetyl;fyranylxdewe, or
6—trifluoromeéhyl—4—isopentyl—B-isobutyl-z-ﬁrﬁfluoroacetyl-
pyranylidene, respectively. The séructuré‘oﬁ comgdund (I)
was ascertained by nuclear wagnetic_reéonancé expériments,

such as, double- and’ triple-resonance techniqueﬁh and 19? )

l ; . -
and 3C nmr- spectroscopy. All of the pyrans were characterized
by standard -nuclear.magnetic resonanée, infra;éd, ultra-

(iolet-visible and mass speétral techniqués.
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I. INTRODUCTION

. A

I.A.l. GENERAL —— SILICON

. i
Carbon and silicon belong to Group IV B of the

veriodic Table and, therefore, have similar electronic

»’

configurations, namely Cl1522522pz, and Si 1522522p63523p2_
The valency shell éontéins thé sam; number of electrons in
each case, and as expected the normal covalency of s%}icon'
-is four, the same as‘;hat of carbon. The normal orbital
hybridization 1is Sp3. Based on this close resemblance to
cafpon; the chemistry of sili;on is expected to be vast,
aﬁd this is attested to bf the numerous books ﬁublished on
the shbjec;%-7 In qddiﬁion, several réviewg have appeared
on many different aspects of silicon Ehemistryﬁ cyclic
organosilicon coﬁpounds? si;icon—nitrogen po;ymers? the
direct synthesis of alkylhalssilanes%o,keto_derivatives of
Group IV gleﬁents}l tﬂe_infrared spectra of trimefkylsilyl
Eompounds%2 qrganosilicon-phogphérous compounds%3 pi-bonding
in Group IV E‘éléments}4 organo-element (51, Gé, Sn, Phb)
derivatives of"keto—enols%s molecular rearrangements of

organosilicon compounds:,L6 silicon analogs of unsaturated

compounds%7 silylureas],‘8 and'silylurethanes%9



I.A.2. BONDING IN SILICON COMPOUNDS

The pbsition of silicon in the second row of the
Periodic Table should lead to great dlfferences between
the chemlstry of carbon and 5111con..The main éiggerence
is the availability of low lying d-orbitals to silicon
and their possible involvement in bond fo;mation. The
existence of'double-boﬂd character in certéih bonds and thé
ease of formation of five- and six-coordinated silicon
complexes has generally been rationalized in terms of the
d-orbital participation in the BOnding% These two important
aspects will now be discussed in detail.

There are three types of pi-bonding in silicon
chemistry: (p—é)n;boﬁdiﬂg, {p-d) n-bonding, and (d-d)z~

bonding? Carbon is capable of forming stable compounds

containing double-and triple bonds. However, the isclation of

stable silicon analogs of the olefins, ketones, etc., has.

not been realized (for example, see refs 1,4). Monomeric

species, such as SiO20 and SiNH:,gl have been described, but

the reaction-conditions may be considered to be rather
drastic. Alkene-analogous compounds containing. Si=C bonds

have frequently been pOStplated to explain reaction

22-25

mechanisms, but definite prqqf of these short-lived

intermediates was obtained only yecently from pyrolysis

26,27 28,29

reactions and from photochemlcal experiments.

Several explanatlons have been advanced for the

failure of sihicon to form a stable (p-p)n-bond with

-
L]



carbon, nitrogen, or oxygen. Douglas and McDaniel30 have
proposed that for the larger Si atom the (p-p)s-orbital
overlap is less favorable because of the larger and more

diffuse nature of the p-orbitals.

p(Si) p(C)

Pitzer?l on the other hand, suggested that repulsions
between the inner electron shells prevent the atoms from
approaéhiﬁg one anotﬁer to achieve the multiple bond.

7 The 'existence of SizC (p-p)v-bonds may depend od bond
polarities which can be very great in some cases. These bond
polaéities arise from the differences in electronegativity32
between the participating_elements, and thus lead to unedual
electron distributions, especially in_the readily polarizable
w—system?3 Depending on the elements involved, varying
contributions of the resénance hybrid (B) to the ground
state of the w-bonded molecules-must be expected. Theogetical
calculations33 indicate that there is a possibility of the
SiZSi (p-p)n-bonded moiety.being isolated.

Thesé explanations have been critiéized?4—38 and new

39-41

. I
theories have appeared in an attémpt to explain this

i1
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SizC <X si—é:
(A) (B

inability of silicon to form stable (p-p) =~bonds. The theory
currently accepted for the absence of (p-p)s-bonding in

silicon chemistrv indicates that formation of two o-YBonds

2 In other words,

is more favorable than one qouble b nd?
there is a stronger tendency to f9f£

polymers rather thar’
unsaturated monomers.

The participafion of d-orbitals in bqndiﬁg for the
second.row‘e;ements has been posthlated for many-years.

' 1,34,35,38,45

Several reviews of this concept pertaining to

silicon chemistry have appeared. There is much evidence for

~the-reality of (p-d)w-bonding in silicon chemistryl: (a). the

planar structure of (SiH3)3N?6
angles in siloxéhes?7'48 (c)-bond shortening below the

covalent radii in Si-0 and SizX (XEhaloéen) t:)cn'ldst;lg'_52 and

S3q

{d) dipole moment measurements:

(b) the large Si-0-Si bond

‘The third type of w-bonding involves tie d-orbitals
of siliéon and, usually, although not always, the.d—orbitals
of -a transition metal. Thé filled d-orbitals of the
transition metal overlap with the vacant d-orbitals of
silicon appear to produce the multipie—bond character in
‘the Si-M bond of transition metal derivatives, as evidenced

from infrared spectral studies?S"56 Further indication of a

" {(d-d) r—interaction comes from structural determinations on

43,44 -



a number of these c‘ompounds?7 The shortening @£ the Si-M

bond relative to the spm of the appropriate atomic radii
has been taken as indicative of a (d-d)w-interaction. The

najor difficulty encountered appears to be the’problem oL
. k'

obtaining 'sets of values for the radii of the transition

metals; as yet, no one set of values is generally acceoted57 +38

The stereochemlstry usually exhlblted by simple
~ e

molecular 5111con compounds is tetrahedral. The penta- .

,coordlnate 5111con complexes, if they are formed, would

presumably exhibit sp d hybridization and a trigonal bi-

pyramidal c0nfiguration%

120

investigation into the stereochemistry of five-coordinate

silicon compounds has led to some considerable advances 1in

recent years?’g_62 A major complication encountered in five-

coordinate silicon chemistry 1is determining whether a true
five-coordinate species is present. While the stoichiometry
may indlicate a five-coordinate species, as %or example,
SiH3I'NMe3'or Sin'NMe3 in reallty the ionic (SiH3NMe3)‘I-63
or the halogen ~bridged structure SJ.E‘4 NMe364 is present. ’

yilicon complexes that have been assxgned trigonal-bipyramidal
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structures have included neutral, as well as cationic and

anionic species. Some examples are:;SiCl4NMe3?S SiH3'C5H5N§6
-67

and SiFS. Five-coordinate silicon species have alsc been

postulated as intermediates in numerous reactions?'34’59

The octahedral six-coordinate cﬁemistry of silicon is
better established than the five-coordinate chemistry§5
There are known examples of neutral, anionic, and cationic

species. Perhaps the best known example of silicon using its

d-orbitals is in the Sin_ anion. The X-ray crystallographic

6
analysis of this anion has confirmed that six fluorine atoms
are octahedrally coordinated to silicon with-sp3§2
. L
hybridization?8

e

‘ Ay
The corresponding heavier halides, SiX

6
are unknown, and has been attributed to the small size of

’

the silicon atom} to the lower electronegativities of the

(X=Cl, Br, or I},

heavier halides? or to a combination of both.

There are many gix—coordinated silicon complexes
containing Si-0O bonds, particularly when a tetravalent
siliébn compound, for example SiCl,, is reacted with a
B—Giketone’or a B8-ketoe - A very weil known reaction 1is

.

and 2,4-pentanedione (CH_,COCH,COCH_,

thét betveen SicCl 3 5 3

4



e '

Hacac) to give the hexacoordinated ion pair Si(acac);HCl;.69

-

. | s |

The structure of the cation was‘COnfirmed by infrared
spectral syudies70 and by ;esolution into optical enantiomers
through tﬁé dibenzoyl-d-hydrogen tartrate salt-{l The
organdsi}icon Fompounds PhSiCl3 and-MeSiCl3 also react with
2,4;bent5nedi0ne to give tﬁé.corrESpoﬂding'six—coordinate

’ .silicon chélates, PhClSi(acac)z‘and MeClSi(acac) ,,
respectively?0 However, when dialkyl- or trialkflhalosilanes

(for example, Mezsicl2 or Me3SiCl) react with 2,4-pentane-

dione, only the O-silylated non-chelated enols are obtained-:}0

-

=§i-—0—CZH—C=0

|

CH3 CH3



I.A.3. SILICON COMPOUNDS IN SYNTHESIS

.

The importance of silicon compdunds has been
demonstrated in their usefulness as precursors in_ the

preparation of organic compounds. Ketones may be formed

from vinylsilanes with an epoxide:- as an intermediate-,.,2 iﬁ,/////

reaction Scheme 1, I' is converted into the .olefin II by a

Peterson reaction?3 Compound III is produced by the addition

of alkyl-lithium compounds, R'Li. Epoxidation of IV and

hydrelysis of V results in the formation of the required

ketone.
. CH-0 - . )
(=SipCLi Z > (2Si),C=CHy ,
1 1 R -
= — ESj Si=
=8i R"HCO ~
N~ . & 2N
"_C—CHR X CH,R L
H'CHZ

Iv 11T

Scheme 1
In a recent article, Conia74.has discussed the
' conversion of enones to cyclobutanones and cyclopentanones
(Scheme 2). An improved75 Simmons-Smith reaction76 was

described in whicl a shorter reaction time and,h}gﬁer yields'

resulted. The cyclopropanation of VIII was carried out via



ied Simmons-Smith 73 reaction to give the l-siloxy-

1584
a meoizl

l1-vinylcyclopropanes of type IX. An acid-catalyzed ring
.77 . '

expansxon7 of IX yields the cyclobutancne X. On heating

the vinylcyclopropane 1X, the cyclopentanone silyl enol

cther XI is formed’® which on acidification77 yields the

cvclopentanone XII.

SIME

Jo
P
—
-1

|

\ Scheme 2

These are but two examples that demonstrate the
potential usefulness of silanes in the synthesis of orgahic
compounds; other uses may be found in the literjture (for

cxample, see refs 79,80}.
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i.B.l. GENERAL —— PYRYLIUM SALTS AND PYRANS

As part of the continuing studiesBl in this laboratoryl
on configurational rearrangement phenomena, invéstigatiohs
hayg been carried out on the stereochemistry and labiliﬁy of
organotin(IV)} organogermanium(IV), and organosilicon(1lV)

8—diketonate complexes?2

Studies into the latter complexes
wgre concentrated on PhClSi(acac)z, MeClSi(acac)z,
thfi(acac)z, and MeZSi(acac)z, where acac is the 2,4-
pentanedionate anion. No£ surprisingly, such efforts were
successful only for the phenylchloro- and methylchloro~
silicon compounds; the latter white complex apparently
Lecomposed within 30 min of preparation of the.nmr sample,
.though great care was taken to maintain anhydrous conditions.
The decomposition was observed as a change in color from a
colorless solution to a aeep reddish-bréwn solution. This
color change was also observed aftef.S min from the start

of the synthesis ofIPhZSi(acacfz, and almest iﬁ&édiately

for the corresponding dimethylsilicon complex. Depending o©n
the pg-diketone used in the synthesis, a pyran or a pyYrylium
salt may Be obgéined§3 Further investigation into, these

reactions may result in the synthesis of new, as yet

unattainable, oxygen heterocycles.
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I.B.2. ELECTRONIC STRUCTURE

The replacement.of a -CHZ group in benzene with N,
0: or S+produces six-membered heteroaromatics which are iso--
electronic with benzene. The structure of pyridine and
benzene are analogous., being related by the substitution of
a -CH= by -N=. The principal differences between pyridine’
and benzene are?4
a) the irregular heiagonal geometry caused by the
shorter carbon-nitrogen bonds?5
b} the basicity of pyridine due to the unshared electron
pair on the nitrogen atém?s and
c) the strong perﬁanent dipole moment in pyridines.;7
The principal contributing forms of the resonance hybrid are

+he Kekulé structures XIII and XIV, but other structures

XV-XVII may also be importantE}8

L]

= T
N N
XJ1I XIV XV VI AVIT

To summarize the electronic properties of pyridine,
'
. it has been suggested84 that in pyridine the dipole is a
result of the inductive and mesomeric effects working in

the same direction, and that c-2, C-4, and C-6 oarry the
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8+

f\ _

s” ’\ JN §
£+

4=

A 4

" The pyridinium icn is formed by the eléctrophilic
addi;ion to the pyridine nitrogen. The pyridinium cation
is isoelectronic with benzene, and still contains very

much aromatic character.

/' N

The system is positively charged, a consequence of the
higher nuclear charge on nitrogen. The electronic structure
of the pyridinium cation is similar to that of pyridine,
but the positive fractional charges carried on C-2, C-4,
and C-6 are mueh higher in the pyridinium cation than in
pyridine?4 -

Since the co?alency of oxygen is usually two, unlike
nitrogen, it cannot replace a -CH=z group in an aromatic

ring. The compounds produced would be the pyrans XVIII



or XIX. However, two series of aromatic derivatives may

be formed from these pyrans

the pyrylium salts XX

and the pyrones XXI and XXII.

o0c DL

13

The pyrylium salts may be formed by the dehydrogenation

of a pyran by removal of a hydride anion from the methylene

group. The lone-pair electrons on the oxygen atom would

_ then replenish this deficiency of the carbon atom from which

the hydride ion was abstracted, and would result in an
aromatic ring with six nm-electrons. Again, the Kekulé

’
structures XXIII and XXIV are the major contributors to

the pyrylium cation*hybrid?0

'/ N
~ ) "
0 o

¥XIil . XXIV XXV XIVI XXVII
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In the pyrylium cation, the formal positive charge is
more strongly delocalized on the carbon (C-2, C-6) tnan'ipl.n
is in the pyridinium cation?4 Oxygen tolerates less of g';
positive chaxge than the nitroéen atom because éf the more
electronegative nature of the oxygen aﬁom?z Thus,.in the
'pyrylium cation the 2- énd 4-ring carbons are much more
electroohilic than the corresponding ring carbons of the-
pyridinium cation?4 |

The fact that pyrylium ions are cyclic cdnjugated
carboxonium ions with a m-electron séxtét,.makés Ehem'
particularly stable when substituents ogdupy:ﬁhe reacﬁive,
positions (C-2, C-4, C-6}. Thné, most of the knohn’pyrylium
salts synthesized have subs;ituents‘in the 2,74; and 6

-

positions.

I.B.3. GENERAL SYNTHESIS OF PYRYLIUM SALTS

Most pyrylium salts afe produced by the dehydration
of the conjugate acids oéscis—2—ene:;,5—diones?} Balaban
and_co-workers91 have classified the sinﬁhesis of pyrylium
salts according to the number of bulldlng blocks needed to
form the ring in a one-step process. A one-component synthe51s,

B, has a pyran Bl or a 1,5~ -enedione B2 ready for reactlon

to produce the pyrylium cation. In a two component synthe51s, - e
. . — .

C, %he five-membered carbon chain can be formed 1n two ., .

I

ways: a 4+1, Cl, or a 3+2, C2. The, three—component synthesis
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involves the reaction of a 1+2+2, D1 and D2, or a 1+1+3,

D3, type to produce a five-membered carbon chain.

ae
N —

c2
+
P
o
A-
D1 D?_ _5_

The general methods just described for preparing
oxygen hete;ocycles are the 'usual' syntheses. However,
recently; other more exotic syntheses have been described.
These will be discussed chronologically.

The acid catalysis of 1,2~ and l,3—diketone§‘has

yielded a novel 2,4,6,8-tetraoxatricyclo 3.3.1.03'7 nonane?2

The reaction between 2,3-butanedione and 2,4-pentanedione
in the presence of 10% sulfuric acid for 1-3 days at 0-25°

resulted.;n-the formation of 1,3,5,7-tetramethyl-2,4,6,8~
) 3,7 |

-

tetraoxatricyclo 3.3.1.0 nonane (Scheme 3, XXVIII)

(RI:R;I _Rv RVII_CHB). Several other substituted products
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were obtained with different starting diketones and

reaction times. The generality of this reaction may be

seen from Table 1.

00 0 0
I | %

RIIII(l}CRVII + RIQCHRIXLCH3'———'>
' 3 T ° cHy Q

(

gVl ' 1l
XRVIIT

Scheme 3

I O

By way of a solvqleis rgaction;‘dilute‘solutions
_of 2,4-pentanedione and tundsten(VI)oxytetra@hloride yield
WOClB(CH3CO)2CH?2 similarly,.l;loocl‘4 is reduced to yield .
MoOClB(CHBCO)ZCHZ?4 However, when undiluted 2,47pentanedione
is feacted with- the same compounds, namely WOCl4 and MoéClé,
new products are forméd?S-Reagtioanf undiluted 2,4-

pentanedione with MoOCl4 results in the dimerization of

two moiecules of the Bg-diketone to form XXIX.

1,3,5,7-tetramethyl-

‘2,4;6;8—tetpaoxa—

adamantane

N .
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Table 1. Generality of the reaction between 1,2-diketones

and 1,3-diketones in the presence of acid?2

R*- rIL rV1I \ rIX 3 vield
CH; = . H 'H \H 3
CH, H cg3'_ é 40.
CHy - \CHB . CH, _H o 80 .
CH, , CHy CH, CH 70 d
CHB CH,Cl ' CH, H ' 75
CHy ~°.  CHBr = CH,Br  H 50
CH, CH, CH, ~ CH,CH=CH, 23
CH, CH'3 CH, CH,C=CH 31
i-C Hgy CH2'B:r: CH, H 12
cH, CHy CHy CH,CO,CH, 10
CH, CH . CH » CH,CH,CO,CH, 60

3 3 - MM,

In a s%milar manner, WOC‘:14 has bgen reportéd to react wiﬁh
undiluted12,4rpentanedione to yield the 2,4,6-trimethyl-
3—Acety}pyrylium catioﬂ XXX (Scheme 4} and the dichloro-
dioxo—Z,4—pent5nedionatotungsten(VI) XXXI- In a recent ‘
pdblicaﬁion Fowles and co—wdrkers96 gave no information as
to;the purpose oftthe Lewis acid in the production of the

pyryllum cation XXX. The authors have proposed that the

hydrogen chloride liberated in the reaction between WOCl
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And Hacac resulted in the formation of the pyrylium cation.
Isolation of the'pyrylium salt was accomplished by addition
of metal halides {Lewis acids) with the purpose of forming

large anions.

WOCl, -+  3Hacac — [-.-1020_12(acac)]"+ 2HCL  + H0

X4KT o

E | CH3

e N
+ CH3 | + 9

chy” N Nen,
XXX
v Scheme 4

L  The reactioh of fresh platinum tetrachloride and

freshly distille&, undiluted 2,4-pentanedione results in a
pyrylium cationgﬁ _identical to §§§ {Scheme 4} . The counter-
ion in this case was the PtClg species. ‘

The last reaction concernlng the synthesis of “

N
“"\“‘pyryllum salts is based on platlnum. By reactlng l,l- ,

dimethylcyclopropane with chloroplatinic ac1d in anhydrlde
solvents (for example, acetic anhydrlde) for 3 hr results
in the formation of é pyrylium salt (SchemeVS). The
réactién was shown to proceed via diacylation of the cycld;

p;opane ring to produce the 1,5-diketone. Dehydration and

ring‘closure.produce the pyrylium cation.
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+ (RCO),0 ——— RCO
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CH,

By |
C%i//,/ﬁ>
(8]

)k/(/w(

+“—"M W Q
CHy O . R X

Scheme 5

In a subseguent paper, Earnest and Brbwn99 prepared

several alkyl substituted pyrylium salts,

in a manner

analogous to the synthesis described above. They have

expanded. on their mechanism and demonstrat

platinum in the reaction (Scheme 6). Thus,

sequence 1is:

(a) initial activation bys1ns

ed the role of
the reaction

ertion of platinum

ton the least-substituted cygloéropane ring bond; (b) the

acylation cf the platinum-bonded carbon by the anhydride.

solvent; (c) proton loss to yield a 8,y-un

saturated carbonyl;
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(d) a second acylation to give a 1,5-diketone; and finally

(e) ring closure. N

CHj

(@),

Chg

X

{(e) etc.

e

H,PiClg .
(a)- . 1
CH
3
&
’ o}
131
Scheme 6

CHy
Pt
CH3

RCO'+
(v)
+
CH3
(C) CH4
——0
R

-



II. EXPERIMENTAL .

II.A. REAGENTS AND SOLVENTS

The chemicals used in the reactions are listed in
- N o
“able 2. Generally, the chemicals were used as received

from the supplier without further purification. The

-

t~diketones were freshly distilled prior to use. Dichloro-
X
methane and practical hexanes were dried by refluxing

‘over calcium hydride chips for at least 12 hr.
\‘ - - -

II.B. GENERAL TECHNIQUES r

The initial mixing of ;he reagents in al'l syntheses
was carEZed out in a glovebag under an atmospherE'6g-dry
nltrogen gas. In most cases, refluxing was' carried out with
an oil-bubbler attached to the reflux condenser. Reaction
was con;idered’complete when the evoluéidn of gas ceased.
Glassware ;as oven—dtieﬁ and coagled by passing nitrogen gas
through the apparatus.’ Addlthn‘of a liquid reagent was
accompllshed via 1.00 or a 10.0 ml syringe.

! The splvent was removed by passing a stream of

nltrOgen gas over the surface of the solution and applying

gentle heat via a heat-gun.

-
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Table 2. Chemicals and suppliers.

iq Chemiéal Supplier
Thalliunm carbonate (399.953%) | ) a
Chlorotrimethylsilane (98%) b
Dichlorodimethylsilane (99%) b
Dichlorodiphenylsilane (96%) ; b
Hethyltfichlor9silane {984) T
Silic?n tetrachloride (99%) a
1,1,1-trifluoro-2,4-pentanedione (95%) c
l1,1,1-trifluoro-2,4-hexanedione (bp lZl—iZGO} c
1,1,1-trifluoro-6-methyl-2,4-heptanedione
(bp 70-72%°/49 mm) ¢
l,l,l—trifluoro—?—methyl—Z,4—octanedione
(bp 55-65°/4 mm) c
. 4,6-nonanedione (bp 79—809/8 mm) c
2,4-hexanedione (bp 152-153°) ‘ c
2,4-pentanedione (Reagent grade) ' - d
l-benzoylacetone (Aldrich Analyzed) _ b
Ethylécetoacetate, 5odium salt (aldrich Analyzed) b
Sodium hydroxide (Reagent grade) . d
‘Percﬁloric acid (72%) d
Sodium sulfide (Reagent grade) .,d
Boron trichloride (C.P) ‘ e
ﬁydrogen chloride c
cont'd



Table 2, cont'd.
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i1) Solvents Supplier
Dichloromethane (Reagent ACS} f
Hexanes (Practical) d .
Ethanol (95%) d
Cvclohexane (Certified Spectroanalyzed) a
Methanol (Reagent'ACS) £
Chloroform (Reagent grade) d
Acetone (Reagent grade) d
Di;thyl ether (Anhydrous) d_

a: Alfa Inorganics .

b: Aldrich

c: Eastman Kodak

d: Fisher Scientific Co. Ltd.

e: Matheson

f: Anachemia
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In the case of the syntheses of pyrylium_salts, the
crude product was precipitated by the addition of practical
hekanes to the volume-reduced solutidn. Filtef&ng through a
medium porosity filter funnel and drying by passage of
nitrogen gas resulted in the desired cruég product. The
sublimation was carried out under a continuous vacuum, and
at‘approximatgly 85-90° on an oil-bath with either ice or
-cold water as a coolanti
The fracticnation of the crude product obtained in

the pyran synthesis was carried-out using the apparatus

pictured below:

"

HEAT

The crude product was heated in an oil-bath in vacuo with
collection of ,the product 'in the ligquid nitrogen flask.
All pure samples were_stored in vials under a nitrogen

atmosphere and placed in a free:zer (-100) in the dark.
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Melting points of the.pure producfs were obtained on
a Gallenkamp Melting Point Apparatus. The capillaries were
packed under a.nitrogen atmosphere in a glovebag and sealed
with modelling clay. The reported melting points are
uncorrected.

A Metrohm E300B pH mete{‘with a 20.00 ml Multi-
Dosimat buret in conjuction with a combination glass calomel

electrode was used in the acid-base titrations.

IT.C. SPECTRA

-

Infrared spectra were run on a Pefkin-Elmer Model
457 Grating spectrometer. All spectra were calibrated
against polystyreﬂé fiim {(0.05 mm) at 2850.7, 1601.4 and
1028.0 cm-l. The samples were run as Nujol mulls, unless
otherwise stated. Potassium bromide disc cells were used.
Sample preparation was carried out under an inert nitrogen
atmosphere in a glovebag.

Mass spectra wgre.;ecorded with a Hitachi-Perkin-
Elmer RMU-6E Aass spectfometer. Appropriate samples were
prepared just prior to the running of the spectra.

Absorption spectra were obtained with either a
Perkin-Elmer 323 or an Aminco-Bowman DW2 spectrophotometer.
Samples were prepared in a nitrogen atmosphere immediately
before the spectra were recorded. Beckman Blue-Label (10 mm)

cells were used. Reagent grade or spectroanalyzed solvents,

oo
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and de-ionized water were used as solvents. Luminescence
spectra were run in water on a Perkin-Elmer MPF3A spectro-
fluorimeter.

Nuclear magnetic resonance spectra were recorded with
a Varian Model A60-A specﬁrometer. Unless otherwise stated,
all spectra were run in CDCl3 with 1% TMS (tetramethyisilane)
as an internal stan@ard. Homonuclear and heteronuclear
decoupling of protons \was accomplished with a Bruker WH90
spectrometer.-Homonucséar triple irradiations and homo- '
nuclear Nuclear Overhauser’Egﬁect measurements ‘were determined
with a Varian HA-100 spectrometer. Heteronuclear Nuclear
Cverhauser Effect measurements and simultaneous homonuclear
and’ heteronuclear decoupling were recofded with a Va;ian

- -

DP-60 spectrometer. -t

IT.D. X~RAY CRYSTALLOGRAPHY

Weissenberg and precession cameras manufactured by
the Charles Supper Company were . used in determining the space
group of the crystal. Intensitids were collected on a Picker
Nuciear/FACS-l diffractometer controlled by a Digital
Equipment PDP-B8/S mini-computer. Data reduction and
refinement of the data were accomplished on Concordia

University'é CDC 6400 computer.
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ITI.E. SYNTHESES

IT.E.1. 2,4-PENTANEDIONE, THALLIUM SALT b

\

This compound was prepared according to lr¥terature

methods100 by réacting thallous carbonate with 2,4-pentane-

dione in refluxing ethanol.

II.E.2. 2,4-PENTANEDIONE, SODIUM SALT

The reaction of metallic sodium with 2,4-pentane-
dione in diethyl ether resulted in the production of the

sodium salt of 2,4-pentanedione].“ol

IT.E.3. 2,4-DIMETHYL-6-(2'-HYDROXY~-1'—-PROPENYL)PYRYLIUM

CHLORIDE

(a) Tl(acac) and (CHB)ZSiCl2

In a 50 ml Erlemmeyer flask, fitted with a side-arm,
dimethyldichlorosilane (2;00 ml, 0.0166 mol} was meed with
25 ml of dry dichloromethane. To this solution was added
the thallium salt of 2,4-pentanedione (3.00 g, 0.00988 mol).
Almost instantly, a dark-red solution with a white precipitate

formed. The stoppered flask was removed from the glovebag,

and the mixture was stirred for 1 hr at ambient temperdfure.
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A medium-porosity filter funnel was utilized in the removal
of the white precipitate (T1Cl). The volume of the "dark-red
filtrate was reduced gig a rotary évaporaﬁor to approkimately
10 ml. Dry hexanes (10 ml) was added to precipitate the
required crude product. The flésk.was placed in a freezer
(—40) for 1 hr to complete precipitation. An orange solid
was isolated by filtration on a fine-porosity filter Ffunnel,
_and the solid was dfied in vacuo for not more than 30 ﬁin.
The solid was sublimed at 90° under a continuous vacuum.

The required yellow product was washed from the cold-finger
with dry dichloromethane, and subsequently recovered by
precipitation with hexanes. The bright yellow solid was
'dried in vacuo for 15 min. Yield 0-.23 g (23% of theoretical).
Mp 155-156° (dec) .

{b} Na(acac) and (CH3)ZSiCl2

Dimethyldichlorosilane (2.27-ml, 0.0188 mol) was
added to 40 ml of dichloromethane in a 125 ml Erlenmeyer
flask, fitted with a side-arm. The sodiﬁm salt of 2,4-
pentanedione (2.30 g, 0.0188 mol) was then slowl& added
to this éolution. Within 5 min,-a dark-red color had
developed. The mixture was stirred at émbient temperature
for 15 min. The solvent was completely rémoved by passing
dry N2 gas over the surface of the solution, and the dry
residue (dark-red product containiné sodium chloride) was

sublimed in_ the same manner as in Synthesis II.E.3.a. The

-
,

desired yellow product was collected from the cold-finger,
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A yield of 0.08 g (4% of theoretical) was obtained.
Mp 155-156° (dec) . ’ .

(c} Hacac and (CH 5icl

3)2 2 c

Dimethyldichlorosilane (4.53 ml, 0.0375 mol) was
‘added to 30 ml of dichloromethane in a §0 ml Erlenmeyer
flask{ fitted with a sidé—arm. 2,4-pentanedione (2.50 ml,
0.0244 mol) was added to this solution which was subsequently
refluxed for 2.5 hr resulting in a dark-red solution. The
bulk of ‘the solvent was removed by passing dry N2 gas over
the surface of the solution and preéipitation of the product
was effected by the addition of hexanes. The precipifate
was collected on- a medium-porosity filter funnel, and was °
dried for 10 min under a nitrogen atmosphere. The orange
solid was sublimed as in Synthesis II.E.3.a. Yield 0.10 g
(4.1% of theoretical). Mp 155-156° (dec).
(d) Tl(acac) and (C6H5)251C12

To Bo'ﬁl"of dichloromethane in a 250 ml Erleqpeyer
flask, fitted with & side-arm, diphenyldichlorosiiane
(11.85 g, 0.0468 mol) was added. The thallium salt of.2,d-
pentanedione (5.68 g, 0.0187 mol) wés slowiy‘added to the
solution. A pale, red solution formed within 2 min. The
mixture was stirred for 20 min at aﬁbient teﬁperature.w
WOrk—upjof the solution resulted in a dark-red powder which

was dfled in vacuo for 30 min. The sublimation of this

product was carried out as in Synthesis II.E.3.a. Yield
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0.11 g {5.3% of theoretical). Mp 155-156° (dec). .-

" (e) Tl(acac) and CH,SiClg ‘ /.;
-Methyiirichlorosilane (3.00 ml, 0.0256 mol) was -
added to 75 ml of dichloromethane in ; 250 ml Erlenmeyer
,flaskr ?ittéd with a side=arm. To this solution was added
the thallium salt of'2,4-pentanedi;ne (3.00 g, 0.00989 mol).
The mix£ure was stirred fér BO.Min; only a slight yellow
céloration forﬁed. Refluxiné for 30 min resulted in a dark-
,_red solution. The solution was worked-up in the usual
:mahner, with the recovery of a dark-red powder,'Sublimation

yielded a bright yellow compound in a yield of 0.03 g

(3% of theoretical). Mp 155-156° (dec) .

(£) ?l(acac) and (CH3)3SiCl

The reaction betweén chlorotrimethylsilane (2.58 ml,
0.0203 mo%)Q@nd the thallium éalt of 2,4-pentanedione
(3.08 g, 0.0162 mol) in 50 ml of dichloromethane resulted
in no color change of the solution. The solution appeared‘to?
turn white, but this was a result of the.unreacted 2,%7

" pentanedionato salt. The mixture, was refluxed for 2 hr.

Work-up of the solution produced no desired product..

(g) Hacac and BCl,

To 125 ml of dry diethyl ether in a 250 ml Erlenmeyer

flask was dissolved bgoron trichl?ride (2.86 g, 0.025 mol) ,

102

according to the metypd of Serpone and Fay-. This solution



was filtered and to the filfrate waé added 2,4-pentanedione
(5-3 ml, 0.051 mol). The mixture was gtirred for 90 min —
with a resulting dafk-red solution. Filtration of the
precipitate followed by dissolution in dichloromethane, in

the open air, producéd aldark-red solution. Subsequent

stirring in the open air for 30 min and work-up in the

usual ménne; resulted in-a dark-red solid. Sublimation

produced a yellow coloration on the cold-finger;

unfortunétely, owing to the very minute amount of product
formed,precluded the use of instiumentation~td'determine

the nature of the yeilow product.

,' .

II;E.4.fZ—ETHYL—4,S—DIMETHYL—G-(2'—HYDROXY—1}—PROPENYL)

PYRYLIUM CHLORIDE-

In a 50 ml Erlenmeyer flask fitted with a side-
arm, contalnlng 20 ml of dlchloromethane was added 2, 4~
hexanedlone (2.60 g, 0.0228 mol}- To this solution was
‘added dimethyldichlorosilane (4.12 ml, 0.0342 mol). Refluxing
fgr 6 hr produced a dark-red'so%ution. Work-up of the
solution resultea"in a yelléw4green solid. Sublimation at
50° and under a’continuous vacuum yieided a very unstable

yellow compound. The yield of this partially decomposed

product was 0.05'g (2% of theoretical).
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II.E.5. 2,4~DI-n-PROPYL-5-ETHYL-6-(2'~HYDROXY~1'-PENTENYL)

PYRYLIUM CHLORIDE

4 ,6-nonanedione (3.54 g, 0.0227 mol) was addeé to
20 ml of dichloromethane in a 50 ml Erlenmeyer flask, fitted
with a side-arm. Dimetﬁyldichlorosilane (4.1 ml, 0.0340 mol)
was then added and the solution refluxed for 25 hr. Removal
of the solvent and sublimation {using the apparatus pictured
in Sectién II-B.) in an oil bath at 90° resultea in the
collection of -a brbwn product. Recrystal;}?ation from di-
‘chloromethane ‘and hexanes produced an oil. This oil was.
'sublimed’ at 600.‘A yellow-green product was collected, and
then i;olated in dichloromethane. Work-up of this solution
resulted in a small amount of yellow product. Also,

evaporation of the mother liquor produced a small amount of

product. Yield ca. 1% of theoretical.

1

I1.E.6. 6~TRIFLUOROMETHYL-4-METHYL-2-TRIFLUOROACETYL—

PYRANYLIDENE

To a solutton of l,l,l—trifluoro-z,é—pentanedione
(3.77 g, 0.0245 mol) and 20 ml of dichloromethane in a 50 ml
round-bottomed flésk was added silicon tetrachloride (1.40 g,
0.0122 mol). Refluxing for 5 hr resulted in a dark-red

solution. The solvent was removed and the remaining dark-

red oil was fractionated at a temperature of 30° and under
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' a continuous vacuum. Bright yellow crystals were obtained

in a yield of 0.55 g (16.5% of theoretical). Mp 45-46°.

P

ILI.E.7. 6-TRIFLUOROMETHYL~4~ETHYL-3-METHYL-2-TRLFLUORO-

ACETYL-PYRANYLIDENE

l,l,l-trifiuoro-z,4-hexanedio.e (4.0 g, 0.0242 mol)
was added to a 50 ml round-bottoﬁed flask with‘30 ml of
dichloromethane. To this solution was added silicon tetra-
chloride (1.38 ml, 0.0121 ﬁol). Refluxing for 24 hr produced
a dark-red solution. The solvent was removed, and
fractionation of the resulting oil at 60° and under a
continuous vacuum yielded largé vyellow crystals. Yield

0.12 g (3.5% of theoretical). Mp 70-72°.

ITI.E.8. 6—TRIFLUOROMETHYL—4—ISOBUTYL—3—ISOPROPYL—Z—TRI—

FLUORQACETYL-PYRANYLIDENE

Sevéral attempts at isolatiqg the desired pyran
proved unsuccessful. A biief description of these attempts
will bhe presented. In all cases, the silicon tetrachloride .
was added to the l,l;1—trifluoro-6—methyl~2,4—heptanedione
in dichloromethane in a ratio of 1:2. Reflux times were
varied between 1 and 72 hr, and in each synthesis a dark-

red oil was”recovered after solvent removal. Upon



fractionation, the sta;ting B-diketone Qas isolated along
with some uncharactérizable residue. The fractlonatlon ‘
methods used were vacuum distillation, and extractions
involv}ng hexanes and dichloromethane{ pentane and di;

chlordmethane, and methanol and water.

IT.E.9. 6—TRIFLUOROMETHYL"4—ISOPENTYLr3-ISOBUTYL-2—TRI—

. FLUQORQACETYL-PYRANYLIDENE

Dichloromethane (55 mli was added'to a 50 ml round-
bottomed flask containing 1,1,l-trifluoro-7-methyl-2,4-
octanedione (5.39 g, 0.0256.mol). To this.solution was
added silicon tetrachloride (1.47 ml, 0.0128 mol). Reflux

for 88'hr yielded a dark-red oil after solvent removal.

¢

Y

Fractionation produced a bright yellow semi-solid produptm'

Isolation of this product was accomplished by dissolution

in chloroform with subsequent evaporation. A yield of

=0.03 g (0.1% of theoretical) resulted. .

II.E.10. REACTION QF BENZdYLACETOﬁE AND LEWIS ACIDS

P
]

’
-

Attempts at the condensation and cyclization of
benzoylacetone to produce‘the‘pyrylium cation proved
unsuccessful. To a 125°'ml Erlenmeyer flask fltted with a

side-arm was added dlmethyldlchlorOSLIane (3.9 ml, i
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5.0324 mol) and dichloromethane (30 ml). Addition of
benéoylééetone (3.50 g,0.0216 mol) followed by refluxing

for 4(&;; rpsuléed“in a aa;kwred solution, similar to the
*color of the solation in Synthesis II.E.3.a. The removal

of thé solﬁgnt }ielded a large amount of éark—red ‘crystalline
matter. The me;éfﬁg point, ané infrared speétrum and nuclear
magnetic resonance spectrum indicated that benzoylaéetone

was present in large quantities in the dark-red matter.

Sublimation of the produét rasulted. in a white crystalline

L.

‘product whlch was. identical . to benzoylacetone, and an

11tractable dark-red oil. A similar rgactlon usxng sodium

benzoylacetonate yiglded-the same product, that is, benzoyl-

acetone.

" _ -~ . -

II.E.1l1. REACTION OF THE SODIUM SALT OF ETHYLACETOACETATE i

AND LEWIS ACIDS

Several éttempts were made at producing the pyryligm
‘cation‘from'sodium ethylacetoacetate: Oon addition of the .
sodium eghylacetoacéfate to a dichloromethane_soluéion

- cogtainigg dih;thyldichlofosilane, Vigorous'frothing took
piace The mlxture was either stirred (1-3 hr) or refluxed
(21 hr) Wlth the solutlon changing color from yellow to a
brown—orange. Removal of the solvent was accomplished via

a uater aspirator, followed by drying in vacuo for 1 hr.

The golden-brown ﬁroduct obtazined was always slightly moist
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in'appearance. Sublimation of this golden-brown product ]
produced a clear liquid on the cold-finger of the sublimation
apparatué. The odbg and nuclear magnetic resonance spectrum .
indicated that ethylacetoacetate was collected. The residue
turned into a blaqk oil at the end of the sublimation. In

some cases, fuming of the collected product was observed,

and this was attributed to unreacted dimethyldichlorosilane.

Benzene was also used as a solvent, but as above, only

ethylacetoacetate and a dark oil resulted.

hn
~

II1.F. REACTIONS OF THE PYRYLIUM SALTS AND OF THE PYRANS

II.F.1. 2,4—DIMETHYL—6-(2’-HYDROXY—l'-PROPENYL)THIAPYRYLIUM

CHLORIDE

The preparation of the thiapyrylium salt followed
the method of Wizinger and dlrich%03 A solution of.the
pyrylium salt (O 10 g, 0.00049 mol) in acetone (40 ml)
was added to a solution of sodium sulfide (0.5 g, 0. 0064
mol} in water (10 ml). The solution was shaken periodically
over a period of 30 min.with a color chanrge from a deep-red
to orange. Addition of a 20% hydrochloric acid solution
(10 ml) produced ‘a §e110# solution. The solution was allowed
. to stand for 2 hr, but no crystallization occured. Extraction

of the product using dichloromethane and hexanes produced

but a small amount of unknown produei.
—_
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II.F.2. 2,4-DIMETHYL-6-(2'-PROPANONE) PYRIDINE

To a solution cbntaining the pyrylium salt (0.65 g,
0.00324 mol) dissolved in water (10 pl) was added concentrated
aqueous ammonia {10 ml). The solutien immediately turned
from a yellow-orange to a bright orange color. Gentle heating
for 10 min to ensure.reaétion resulted in a deep-orange
color. The solution was filtered through glass-wool and ghe
filtrate was extracted with ether. Evaporation of the ether
via passage'af dry N, gas over the surface of the solution
‘resulted in a crude product. Recrystallization from dichloro-
methane and hexanes produced a small amount of the pyridine

derivative. Yield 0.15 g .{29% of theoretical).

II.F.3. PROTONATION QF 6-TRIFLUOROMETHYL-4~-METHYL-2-TRI—

FLUOROACETYL-PYRANYLIDENE TO FRODUCE THE PYRYLIUM

SALT DERIVATIVE

Attempts to protonate the pyran using perchloric
acid, anhydrous hydrogen chloride, or concentrated hydro-
chloric acid failed. The general procedure inyolved dissolving
the pyran in some solvené, usually methanol or chloroform,
followed by the addition of the acid. Infrared spectra in the
regions 2600-2300 crn—l and 1700-1500 cm-l were tqkeﬁ to
monitor the protonation. However, no new bands appgared

in this region.
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I1.G. pK OF 2,4-DIMETHYL-6—(2'—HYDROXY*I'—PROPENYL)PYRYLIUH

CHLORIDE

11.G.1. TITRATION METHOD

A stock sqlution of the_pyrylium chioride in water
(50.00 ml, 0.0492 mol) was prepared. Two 25.00 mi aliquots
were diluted to 50 ml with water. The pH titrations were
carried out with 0.1113 N sodium hydroxide (standardized
agalnst potassium acid phthalate'hccording to Dickloq).

The first sample was titrated slowly in order to avoid' over-
shooting the end-point. The second sample was titratved
accordlng to established procedures%04'The value of the pK
was lower than had been anticipated from Uv-visible spectral.
observations (pK=4) -

A second experiment was carrled out to detegmine the
pK of pyrylium chloride.'In this experiment, three samples
were titrated againét standardized sodium hydroxide (0.1064
N) . The average value for this experiment was higher'than
the anticipated value (pK=4).

The third attempt at obtaining the pK value of the -

pyrylium salt involved standardLZLng the pH meter with a
pbuffer of approximately the same pH as that of the_ acid

solution. The value of the pK was obtained from the pH of ‘a

solution of the pyrylium chloride (0.04592 M) .
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II.G.2. SPECTROPHOQTOMETRIC METHODlOS

A stock solution of the pyryliuﬁ salt in water/
hydrochloric acid was prepared (0.0026 g/100 ml, NaCl —
1.0 M). Aliquots of this solution were taken and the
absorbance of each solution was recorded at A -398 nm. The
'wor#ing'.solution was made up by adjusting the concentration
of the pyrylium salt solution in water such that it has an
absorbance of =1.0 at } 398 nm. The absorbance and pH of
the 'working' solution, and those of seﬁeral solutiohs in
which a small amount of dilute hydrochloric aéid was added,
were recorded. The pK of the pyryliu? salt was consistent
with that of the third determination of the titration

method in II.G.2.

II.H. CRYSTAL STRUCTURE OF 6-TRIFLUORMETHYL-4-ETHYL-3~

METHYL-2-TRIFLUOROACETYL—PfRANYLIDENE

Crystals of the pyran were gro;n by slow, gentle
heating in vacuo in a sealed tube. The crystals were
individually seafed in c;pillary tubes in the presence of
Silicone grease (Dow Corning) to eﬁsure no movement of the
crystal during handling. However, the crystal appeared to
dissolve in this grease, and subsequently glue (Glyptal
Cement - General Electric) was substituted forlthe'grease.

The capillary tube was mounted on a goniometer head for the
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space group and unit cell parameter determinations.

Preliminary Weissenberg -and preceséion photographs
were taken with Mo Ku {A=0.71069 ﬂ) radiation in order to
check for any defects in the crystal and to determine
probable space groups. Accurate cell dimensions were obtained
via the diffractometer. Least-squares refinement of the unit
cell parameters and the crystal orientation matrix were
carried out from the values of 28, w, %, and ¢. These values
were obtained for 12 Bragg reflections centred at 28, both
positive and negative, and averaged appropriately. The
Picker-Nuclear Co. supplied the programs for this procedure.

Intensity data were collected using a 6-26 scan on
the diffractometer. An asymmetric unit of intensity data was
collected such that the angulér limits were chosen to include
all of the relatively strong reflections. Instrument
stability was monitored after every fifty cycles by measuring
the intensity of a standard reflection and also by the
measurement of the intensity of reciprocal axis reflections
with‘negative énd positive indices both before and after .
data collections.

A locally written program¥® PREP, Qas employed in data
reductions. An approximate scale factor and -overall isotropic
thermal parameters from reflection statistics were determined
‘using the Wilson plot. Reflection intensities, I, and

standard deviations, 0(I), were calculated from the

*Supplied by Dr. P.H. Bird, Concordia University, Montreal.

’
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expressions IZ(N-Bt_/t_) and o (1) ={ N-B(:s/tb)2 (0.020) 2 ]5,
where N and B are the total counts accumulated during the
scan period, ts, and the total backgrdund counting time,

t,, respectively. Data were rejected for I<3¢(I) and the
remaining intensity data were corrected for Lorentz and
pdlarization effects, according to the expression,

(Lp)_1 2

:sihzasicos 29m+l)/(c05226g+c052295), where 2am and
205 are diffraction angles at the monochromator and sample
crystal; respectively. Corrections for abéorption were not
applied. The structure factor amplitude, F, was-obtained

from the expression, F=/I/Lp, and standard deviations were
computed according to the expressions, o{F)=a(I)//I/Lp if

I<o (1), or o(F):F—[ I—o(I)/Lp)§ if I>o(I). The scattering

power of each atom for each reflection (fi e) was computed
!

from the expression,

. 2
- _p, . sin@_
£, = z a.. exp( b5 2 ]+ €5

where a, b, ¢ are empirical constants.

Program EGEN was used to calculate the normalized
structure factors, E, from the observed structure factors,
F according to the expressioh E2=]F |2/cif? where

obs’ ! obs g i’

¢ i an integer (usually 1) which may vary for special sets
of reflections. The Wilson plot was repeated in order to
optimize the scale factor and overall isotropic parameters,

and distribution of the E's into parity groups was also

‘accomplished with this program.
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The MULTAN program was composed of three parts:
a) SIGMA2; b) CONVERGE;and c) FASTAN.

a) SIGMA2 sets up all the L, phase relationships in the
form L NS N where h is the phase of Fh. Avweight
hh':2°3°;3/2|EhEh'Eh—h'I' where Un:-il Z?
zj is the fraction of the scattering power repres;;ted by
th

was giveﬁ'by K and

the 1 atom. The strongest relationships were retained
later for use in the tangent formula. The right-hand side of.
Sayre's equation, S(Fh)=S(Fh,)-S(Fh_h,}, where S5 means the
'sign of' and = means 'is probably equa; to', was set up
for these reflections.

b)" CONVERGE compute the probabilities of the signs of

the centric reflections via the L formula,

1 ntPhont
Generally, the high E's will affect the El probabilities
the most and thus these were used. These 'best' reflections
were used to define the drigin and other reflections which

appeared to provide a reasonably good starting point for

the phase determinations. The formula used was

2

2 ¢, : '
Khh,cos(¢h,+¢h_h.)] *(X Khh'Sln(¢h'+¢h-h')]

2.
ahf(g h

&

where, Khh' is defined previously and provides a measure of
the reliability with which the phase ¢y may be determined.
¢) FASTAN determines the phases of the reflections by

means of the tangent formula,
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Lo ¥y pe B By | sinlonaton ) Th

tans, = '
K = —
gwh'wh-h'lzh'ghéh'l cos oy oy pe) Bh

where Wy is the weight applied to the phase ¢h and this

weight was computed from

L

ot tanh(}uh)

o3
|

and

=
1

2 2,4%
[, 1 (T * B.)
Program EXPAND prepares the data for the Fourier

synthesis which was carried out by the subprogram, FFT,

pi{x,y,2) <=

D) § Frxl cosZn(hx*ky+lz-atkl) .

1
; h k
where, p(X,y,z) is the electron deﬁsity, V is the Qolume of
the unit cell and 2ma/,, is the phase angle. PKSRCH sub-
program searches for the largest peaks from FFT and attempts
to organize them into fragments of the structure using
symmetry relationships. A 20% excess of atoms were added as
input to this program. DRAW plotted the atom positions in
the portion of the unit cell specified in the input.

SFC and SFLS were used to calculate the F (and E) from
a partial structure that was inputed into the program. The
phases of E were calculated and compared to the observed E

values. Theé output resulted in a Fourier map in all of x,
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one-half in y, and one-half in z. The SFLS program used a
least-squares refinement ¢f the molecule as a means of

obtaining structure.
3 . —

II.I. PROTON NUCLEAR MAGNETIC RESONANCE SPECTRA OF 2,4-

DIMETHYL-G-(2'—HYDROXYfl’—PROPENYL)PYRYLIUM CHLORIDE

IN WATER, ACID, AND BASE

The pyrylium salt under.stﬁdy has an acidic proton

in the propenyl side-chain. A low temper@fure lH nmr
83 ' |

speétrum {in CDC13/TMS) indicated the'éresence of a fast’
keto—-enol type exchange in this side-chain. Literature
sources106 indicated that in the presence of OH there is
"a likelihood that reaction with a pyrylium salt will produce
a phenyl derivative. In addztiqn, titration with OH
(Section II.G.1l.) produced inconclusive results. This
experiment was undertaken in order to observe changes in
the nm? spectra corresponding to the changes that the
pyrylium salt undergoes with changing the pH of thersolution.
The first spectrum recorded was thaﬁ of the pyrylium
salt in water. The same solution was acidified with 1.0.M
HC1 and the spectrum was recorded. Addition of 1.0 M NaOH

to the acidic solution resulted in a color change from

yellow to orange. A spectrum was recorded.
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f
-IT.J. 13C NUCLEAR MAGNETIC RESONANCE AND lH DECOUPLING

- EXPERIMENTS OF 2,4-DIMETHYL—6—(2'—HfDROXY—l'—PROPENYL)

PYRYLIUM CHLORIDE

The X-ray crystallographic Sf?ucturg éeﬁerﬁiﬁation of
\\\iyrylium chloride indica;es the two oxygen atoms are trans-a.-3
' \35 nmr experiments are able to differentiate, iﬁ some cases,
thé\brientatioh of molecules. The pyrylium_éhloride was
analyzed by 13C nmr and_ln decoupling eggeiiments to
determine® the nature of this pyrylium salt in 'soluticén.
13C nuclear magnetic resonance spectra were recorded
on the pyrylium chloriée in CDCl3/TMS solution at ambient
temperature. lH decoupling experiments were‘perﬁormed on
all the protons of fhe PyYrylium chloridg to determine the
" proximity of the protons or alkyl groups to the heteronucléar
oxygen atom, and to determipe‘a probable.structure in
solution. . ‘ o

™~

-

IT.K. lH, l3C AND lsF NUCLEAR MAGNETIC RESONANCE SPECTRA OF

6-TRIFLUOROMETHYL—4 -METHYL-2-TRIFLUOROACETYL~

PYRANYLIDENE : L 3 E

An attempt was made to determine the positions of the
methyl- and trifluoromethyl groups with respect to the ring
oxygen via a crystal structure determination of 6-trifluoro-

methyl—4—ethyl—3-methyl—2-trifluoroacetylupyrdpylidene



\

-
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(Section'II I.). However, the structure of the molecule could

‘ not he solved and, therefore, nuclear magnetic resonance

spectroscopy was used.
Q
The problem of a531gn1ng the relative p051t10n5 of

.the trlfluoromethyl— and methyl groups was tedious. Several

nmr technlques were requlred to determine the position of
the methyl group (and trlfluoromethyl group) with respect to
the rlng oxygen. The lH nmr spectrum of the pyran under

study’ (in CDC13/IMS) was recorded at a frequency of 90 MHz.

- Decoupling experiments'we;e performed to determine the

positions of-the protons and neighboring proton groups in

a

the molecule, The decoupled group(s) and the frequency at
which measorements were recorded are listed in Table 3.
The 19F nuclear magnetic resonance spectrum of the
pyran was ;ecorded.at a frequency of 56.4 MHz. The proton
at §5.9 ppm was decougledf and the spectrum was recorded -
at 84.66 MHz. ' -
| N 13C omr spectra were recorded atva frequency of 22.62
MHz. In a 51mllar manner to the lH nmr spectra several
decoupllng experlments were.performed Table 3 contains a
listing of the actdal experlments perforﬁedlon the pyran.
Homonuclear and ﬂeteronuclear Nuclear Overhauser
Effect (NOE) measuremehts were perfbrmed.on the pyran
solution 'to distinguish between the -two possible Structures.
In the homonuclear NOE measurementsf the methyl group was

irradiated and several scans of the signal at §8.1 and 6.5

ppm were taken. The lowefield.flﬁorine resonance signal was
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irr&diated and several scans of the signals at §8.1 and 6.5

ppm_were taken (heteronuclear NOE).
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Table 3. Decoupling experiments of 6-trifluoromethyl-4-

methyl—24trifluoroacetyl-pyranylidené in CDClB/TMé solution.

-

CF :
. CF3

Nucleus Recording Erequency Nucleus/Nuclei
(MHz) ' ‘ Decouple&

lu 90 ‘ .- (CHy)

1y 90 o 'Hizg' y

1y ' . 100 (CH3) .and H(1)

1y 583 (CF4) (5)

1y ’ 58..3 : ’ ‘(CFB)(S)_

1y o S 58,3 " (CF4)(5) and CH,

1y - 5.3 | . (CF4) (5) and H(2)

L3 | 22.862 ) : proton coupled

l%c ' 22.62 proton decoupled

Lie 22.62 (cHy)

13c - 22.62 H(2)

13

c 22.62 " H(4)




III. RESULTS AND DISCUSSION

IIT.A. PYRYLIUM SALTS

IITI.A.l. SYNTHESIS

The usefulness of silicon complexes in preparative
organic chemistry has been described earlier (cf. Section

83

I.A.3.}). It was observed in this laboratory thatlthe

reaction getweapuan organohalosilane and a 8-diketone in
dichlorom;thane—FeSUlted in the isolation of oxygen hetero-
cycles, either a pyrylium salt or a pyran, depending‘on
the nature of the B-diketone. piscusiidn of the pyran
{synthesis, structure, etc.) wTII follow thatwf the pyrylium
salt. |

It is instructive at thi$ point to briefly review the
synthesis of pyryiium salts to facilitate an‘undérstanding
of the reaction between the Le&is acid and %heiﬁ—diketone.

. 1

Additionrof the B-diketPne {as a pure B—diketbhe, or as the
thallium or sodium salts) to a solution of an,prganohalo%
silane (e.g., (CH3)28iC12) in dighloromethanelvith stirring

. .0 ‘.
and/or refluxing results in the isolation of a pyrylium salt

(the salt was isolated by subliming the reaction residue) .

49

W
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Table 4. Summary of the different Lewis acids used in the
synthesis of 2,4-dimethyl-6-(2'-hydroxy-1'-propenyl)pyrylium

chloride with the yields produced.

Lewis acid . . Yield (%)-A
(CH;) ;Sicl - ‘ " no reaction
(CH3)251C12 23
CH,SiCl, f - =10
- (CgHg) S}Cl2 : =10
BCl3 trace

The Lewis acids used in the preparation and the yields oéb
the ' pyrylium salts dbtained using 2,4-pentanedione as the
B—diketOng are summarized in Table 4. It can be seen that

for the reaction to bfoduée_§ pyrylium salt there must be
present in the silicon‘gompiex at least 4¢wo replaceable
chlorine atoms. The reaction of (CH3)3SiC1 with 2,4-pentane-
dione or salts of -2,4-pentanedione fails to produce the
pyfylium salt: this organohaloFilane has only one replaceable
chlorine atom. However, compounds such as'(R')zsiCl2 or

RSiCl

where R' is CH, or C_.H. and R is CH

3’ 3 6°°5 3’
2,4-pentanedione to produce pyrylium salts in.yields of up

react with

to 23%. These complexes have-at least two replaceable‘
chlorine atoms. Thus, it may be concluded that two replace-’
able chlorine atoms on the organohalosilane (Lewis acid) are
required: in order for the reaction to form the pyrylium salt.

A

*
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The silicon atom in (XXXI) may be required to orientate

the acac ligahds into a favorable position for reaction.

CH, H O
I I
_o—¢=c—c—cH,
R,Si
2 P
\O—-—-C=C-_-—C-—CH
I -3
CHy H .
XXXI

It should be noted that the configuration of the acac

ligands shown in (XXXI) may be misleading. If such appropriate
orientation were not needed, the condensation and cyclization
reaction should have.pgoceeded in the absence of an organo-
halosilane: There is no evidence of this taking plage,
although in a recent paperg'6 the condensatien and cyclization
of 2,4-pentanedione is believed to proceed with the aid of
hydrochloric acid, but only in the presence of a Lewis

acid containing a heavy metal.

Returning to the discussion on the condensation and
cyclization reaction, failure to obtain ghe pyrylium salt
from the reaction between (CH,),SiCl anq.acac_ indicates
that two such ligands bonded to the silicon atom are required.

*In all of the reactions with 2,4-pentanedione and an
organohalosilane the product was the same pyrylium salt,
2,4;dimethyl—6—(2‘-hydro£y—l'-propenyl)pyrylium chloride.
This may ihdicaté, again, that éhe silicon moiety is required
to prevent the acac unidentate ligands from being randomly

arranged. If this were not the case, other isomers could be
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formed and could possibly be detected. However, no other

structures were found from the nuclear magnetic resonance

13C and 18. It should be noted that in a

96

spectra, both

recent publication Powlés, Rice and Shanton reacted 2,4-
pentanedione with several heavy-metal Lewis acids aﬁd
produced a pyrylium salt.that was different ffom the one
reported herein. Also, Oldham and Ketteringham96 have
prepared the same‘pyrylium salt as.Fowles and co—wprkers?6
albeit from different Lewis acids. In both cases the compound
was identified as the 2,4,6-trimethyl—B—acetpryryiium
cation. How the Lewis acids used are involved in the
condensatioﬁ and cyclization of the l,3—diket6ne was not.r

given?6'97

The counter-ion was usually a complex ion of the
Lewls acid. It .is interésting to note that reactions of
ofganohafbsilanes and acac produce one type of pyrylium
salt (this work), while reaction of PtCl4, or pther heavy-
metal Lewis acids, with 2,4-pentanedicne Produce a different
pyrylium salt. The platinum coﬁplex and otﬂer heaﬁy—metal
tomplexes, as well as gilicon'compounds, should affect the
reaction path. Earnest and Brown99 have démonstrated the
ﬁse of Pt in some condensation and cyclization feaction; of
" cyclopropanes. They have proposed that intermediates exist
as platinum-stabilized carbonium ions. This is the only
reference which illustrates how the Lewis acid is involved
in these reactions. |

The time of- reaction between 2,4-pentanedione and

Sicl., was found to be

(CH3)2SiC12, (CBHS)ZSiClZ' ané CH3 3
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approximately: (CH §icl., (1 hr)<(C.H.),SiCl, (1.5 hr}«<
2 6752 2

32
CH3SiCl3 (2 hr). As mentioned earlier the species that lead
to the formation of the pyrylium salt possess a unidentate
dikeﬁonate ligand. Compounds such as C6H551C13'and CHBSiCl3
react with 2,4-pentanedione to give six-coordinated silicon
complexes-.]0 This fact explains the rather slow reaction of
CH,SiCl, with 2,4-pentanedione tc form the pyrylium chloride.
When compounds such as {CH3)ZSiCl2 and (CGHS)ZSiClZ react
with 2,4-pen§anedione, the open-chain complexes are formegd,
i.e., the 2,4-pentanedionate ligand is unidentate?0 The
reaction times of these two dichlorosilanes are different.
ThlS may be attrlbuted to the large size of the phenyl
group in comparison to the methyl group. The reactivity at
Si-X (X is a halogen) bonds is determined mainly by steric
hindrance].'o7 The larger phenyl groups may impede the course
of the reaction to a grépter extent than the much smaller
methyl group.

The criterion used in determlnlng the completion of
the reaction was the color of thg reaction mixture. The
'completion®' of the rea;tion was taken to be when the color
of the solution was deep red. It was found that if the
reaction mixture was stirred for longer periods, for example
until it turned a dark-brown color, only trace amounts of
the pyrylium chloride were recovered. If the reaction was
allowed to occur over a shorter- time, that is, until the

solution was bright red, also no pyrylium chloride was

isolated. Thus, the production of the pyrylium salt is very
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sensitive to the reaction time: too long or too short a
reaction time produced no pyrylium salt. Completion of the
reaction was diffigult to assess. This difficulty may have
had an effect on the yields of each synthesis. It was

]

possible to approximate w&ether or not a good yield was
forthcoming by the addition of the hexanes. A dark-red or
brown precipitate resulted in a low yiéld, but the lighter
the brown color, that is, approaching the yellow color of
the pyrylium salt, the less the impurity and, thus, a higher
vield. In some cases, these slight impurities had lit;le
effect on the experiments being performed. In the reaction
between 2,4-pentanedione and (CH3)2SiC12 in refluxing di-
chloromethane, it was observed that an almost pure product
(pyrylium chloride) was recovered. On subliming the crude
product, there was vefy little residue. The melting point
was the same as the pure pyrylium chloride and only a slight
impurity was present in the 1H nuclear maénetic resonance
spectrum. This éynthesis was the main source of the pyrylium
chloride owing to .the simplicity in the experimental
procedure. Both the silane and the 2,4~-pentanedione are
readily aQailable liquid reaéents. There is no need to
prepare the Tl or Na salts of 2,4-pentanedione.

It was initially thought that the pyrylium chloride
was unstable in the air; later it was found that most
solutions could be prepared in. the open éir. This was
demonstrated by obtaining lH nmr spectra with samples

prepared in the same way but one in a glovebag under nitrogen



55

'and the othér in the open'air. The spectra were identical.
However, storage of the pyrylium salt was in the cold, in
the dark, and under a nitrogen atmosphere. Decompositiog was
observed as a change in color from a bright yellow to a dark-
green color. Once the salt was in solution, the pyrylium
chloride was stable for indefinite periods of time in the
dark. Light appears to have a marked effect on the solutioga
Depending on the concentratidn of the salt in water, the
solution slowly loses its color until it forms a colorless
solution. Th; light source was elther laboratory fluorescent
lighting or sunlight. In elther case the weak solutions
(10-5 M) lose their colors in less than 12 hr; whereas

the concentrated solutions (10—3 M) 1ose their coler in
about 4 days. Storing the pyryllum chloride in the darﬁ,fér
an indefinite period resulted in no color loss.

Several B-diketcnes, other than 2,4-pentanedione, were
used in syntheses, but most of the syntheses ended in ssme-
degree of failure. Each will be discussed in some detail. In
the teaction between 4 ,6-nonanedione and (CH3)ZSiC12 in
refluxing dichloromethane, only a small amount of pyrylium
salt was recovered {less than l% of theoretical). This
g-diketone is symmetrical in a manner similar to 2,4-pentane-
dione. The small amount of product was unexpected. Apparently,
the bulkiness of the intermediate formed (XXXII) prevents
formation of reasonable amounts of product. Longer reflux

times (25 hr) compared to 2,4-pentanedione (2.5 hr) did not

improve the yield of the product. Also, it 1is possible the



('.IH“‘-CH:Z—‘—CH2 ) 0

|

O——C=C—C —CH.— cH —-CH3°

0-*—-C===C--C——-CH-——CH-—CH

Ch3—— CHZ'—CH :
XXXII

longer reflux times lead to decomposition of the formed
Pyrylium salt. Another reason for the low Yield may be that
atta}nment of the correct configquration for reaction is
difgicult due to the bulkiness of the complex kzgg;;). As
can be seen from the structure, a -CH3 group is now replacéd
by a -CHZCH2CH3 group. One last point concerning this
reaction is that the reaction dces not appear to be
reproducible. Several attempts to produce thisfpyrylium salt
failed, even though the same reaction conditions were used.
In all cases that ended in failure, a dark-red colored
sclution was observed for the reaction, but only a small
amount of the dark-red Precipitate was recovered. Sublimation
produced no pyrylium salt.

A B-diketone similar to 2,4-pentanedione, benzoyl~
acetone, was reacted as the pure B-diketone and also as the
Tl and Na salts with (CH3)2SiCl2 but no pyrylium salt was
isolated. In all three forms (Tlbzac, Nabzac, or Hbzac) used

in the reaction a dark-red solution was worked up to give a
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.

dark-red solid. Subliming this solid resulted in the
cOllection of pure benzoylacetone, even when the starting
materials were the Tl or Na salts of the B-diketone. The
important intermediate may have one or more of the three
p0551b1e forms (XXXIIIa, b, c), due to the unsymmetrical

nature of the ligand.

C.H 0
o 2> ] [ |l
—C==C —C—=CH —C=—=C—(C —
// 3 //O C C c CGHS
R, Si i

\\ | RZSl
===C——-C-CH3 \\0-“-C===C-—-C-——C H

ll

{c)

XXXIIT

If one considers the difference between (XXXIIIb) and {XXXI),
it lies in the nature and size of the pPhenyl groups at the -,
terminal carbon of the unidentate ligands. Referring to

structures (XXXIIIa) and (XXXIIXc), the pPhenyl group(s) are

adjacent to the oxygen(s) bound to the silicon atom. This

could have a considerable effect on the electronic structure
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of the complexes and thus 1nterfere in the reaction process.
" The prec;pltate that was obta1ned in the reaction ‘was
analyzed by mélting pointy 1H nmr, IR, and mass spectrometry;
eacﬁ method indicated that a large portion of the product
was, indeed, pure benzoylacetone. It is conceivable that the
condensation reacﬁion'prqéuct is very reactive (unspable)
or very dlfflcult to attain. Cyclizatioh to éroduce the
pyrylium salt would be favorable inasmuch as a large electxon
source, like the phenyl group, should stabillze the pyrylium
cation?l Thus, }t'appears that the condensation reaction may
be the slow step in the reéction. |

A p-ketoester, the sodium salt of ethylacetoacetate,
wés employed in the attempt to synthesize a pyrylium salt.

However, no success was realized in this reaction. A color

l‘

change from yellow to brown-orange was observed, but on
rgmoval of the solvegt, only the neat B—ketoester~was
rgcovered. As in the discussion above, this g-ketoester is N
unsymmetrical compared to 2,4-pentanedione and several
configurations are possible (XXXIV) . Complex {(XXXIVa) is
similar to complex (¥XXIIIb). The -OC2 5 group is larger
than the -CH3 group but smaller than the phenyl group- It
was expected that complex {(XXXIVa) would give a condensation
product, but apparently complex (XXXIVa) is' not produced

in the reaction. Complexes (XXXIVb) and (XXXIVc) are
conceivable but because of the —OC2H5 group attached close

to the Si atom, the ethoxy group may' cause a 1ange change

in the electronic structure at the Si centre and prevent
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CH 0

stl\\\
O—--(i::::C——-C-—-CH3
C2H50 0
(b)
XXXIV

condensation to occur. The product collected from the

reaction mixtﬁre was analyzed by lH nmr and IR spectro-

scopies, and was confirmed to be the pufe B~-ketoester.
Borothrichloride also was used as a Lewis acid in

the condensation and cyclization of 2,4-pentanedione. The

procedure was similar to that outlined by Fay and Serpone.

59
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The characteristic dark—féé color wag observed on expésing
the réaction nixture to.the éir. Work-up of the solution
and isolation of the product resulted in a slight yellow
coloration on the cold finger of the sublimation apparatus.
The coloration was very similar to that obtained in other
syntheses of pyrylium sa;ts. Only a small ‘amount was
recovered, not enéugh'to characterize th product fﬁrtper.
_The synthesis‘of the pyrylium salt from 2,4-hexane-
dione and (CH3)251':.C_212 results in a very unstable pyfylium
salt. The salt was characterized by mass'spgctroscopy. The
sampie had the characteristic yellow coior while under
vacuum, but when a sample was preéared for nuclear magnetéc
resonan;e studies the sample immediately deégﬁposed. The
unsymmetrical natuﬁe of this ligand compared to 2,4-pentane-_
dione-may result in some difficulty in obéaining the pyrylium

salt. The possible precursor complexes formed are given

in (XXXV). The‘-CzH5 group is larger than the -CH3 group

and this may affect the reaction. The el ctronic.effgcts are
very similar. There may be a competition :‘in the three
possible complexes resulfing in a mixture of pyrylium salts
that may be formed, but this does nqt explain the instability.
There is no explanation for the inability of the 2,4-hexane-~
dione to condense and‘cyclizé to fofm a pyrylium salt, even

though there is a very strong resemblance between the nature

of the two B—diketones.



61

CH 0 C.H. -0
12 . RS I
Qo CImEC e e —C=C (-
cc\c C,H, . o—C==c—C-—CH,
R251 . .RZSl
0—C—=—=C—C——C.H Q~—C==C=——C—CH
2758 1 3
I I | / |
CH3 ' CZHS .0
(a) {c}
C_H_ 0
5
5]
L ///O——-C——-C C CH3
stl\\\
= T (Y ey {7
8] ? C‘ C C2H5 3
CH3 ¢]
h (b)
XXXV
ITI.A.2. ACIDITY OF PYﬁYLIUM CHLORIDE-
{-.
The acidity of a weak organic acid may be determbped

by several techniques, of which the most popular are- pH

acid-base titrations and spectrophotometric techniques.

Before delving into these experimental techniques, a little

should be said about what the pK of a weak acid is. The

derivation and detailed explanation of the equations used

may be found in any analytical chemistry textbook:

104



The addition of a weak ‘acid, HAa, to water results \in

the reaction : . .

The resulting -expression for the equilibrium in this system

is:

[1,0°] [a7]

[Ha]

Qhere K is the dissociation constant of the acid, HA and
A" is the concentration of the dissociated acid. Thus, the
| PH gives the pKa of HA under the condition that [HA]:[A"];

The acid dissociation constant, pka, of pyrylium
chloride in water (1.0 M Naél) was determined by'pH and
spectrophotometrlc techniques. The pK 's are listed in
Table 5 and are 2. 98 and 5.69 for the- PH titration ‘Mmethod,
3.76 for the spectrophotometric method and 3.86 for the pH
determination of the p}rylium chloride solution.

Calibration curve data for the‘spectréphotometric
method is Presented ih‘Table 6. The concenﬁration of the
pyrylium’salt ranges from 0.52><10_5 g/cc to 1.89XI0—5 g/cc
with the co}responding aﬁsorbances ranging from 0.325 to ¢
0.890. The calibration curve (Absorbance Vs Concentratlon)

is presented in Figure la. pK 's from the spectrophotometrlc

-
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Table '5. The pK_'s of 2,4-dimethyl-6~(2'-pydroxy-1'-propenyl)

pyrylium chloride’ in water as determined’ by pH and spectro-

photometric¢ techniques. . : - -
lethod ' pKa .
a) pH titration L 2.98°

5.69%

b) pH of a solution of the-

pyrylium chloride:® 3.86-
B : Ave. . =.3.81
c) spectrophotometric 3.76

Cow?

% Not used in the final calculation of the pH wvalue (see

text).

"Table 6. The concentration of 2,4-dimethyl-6-(2'-hydroxy-1'-
propenyl) pyrylium chloride in water (1.0 M NaCl) and the

correspoﬁding absorbance at A=398 nm.

-

N -
Concent:ation-(LJS g/cc) ’ ) | Absogbancé
1.69 - Y 0.890
1.56 o  0.868 .
130 L o 0.760
) ‘1.04 . 0.626
;'6.78' - ’ 0.485
€0.52 * - : N 0.325

]
1Y
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method were determined b&th mathematically (Table 7} and
graphically.(?igure'lb). In both cases, the PK_ was determined
to be 3.76.

The pH acid;base titiation curves of the pyrylium

chloride and sodium hydroxide are presented in Appendix A.

’ ' o

Table 7. Log [A] / [HA] as a function of the pH of 2,4-
dimethyl-s-(2‘—hydroxy-l'-prbpenyl)pyrylium chloride in

water (1.0 M NaCl).

. _ _ e ";*u .
i [A7] (1A log[A7) /{uA}  px,
(10° g/cc) (10° g/ce) PR
3.20 6.211 2.243 0.442 , 3.64
3.39 5.509 2.940 0.273 ' 3.66
3.55 4.958 . 3.488 0.153 3.70
3.72 4.257 4.186 0.007 : 3.73
4.00  3.005 5.432 - -0.257 3.74
- 4.61 1.853 '6.588 -0.551 4.06
ave. 3.76+0.15°
a Mathematically determined value.
f >
b\\ " - \

The first method to be discussed will be the acid-

base titration technique. A known amount of the weak #cid

{(pyrylium chlqridé) was dissolved in distilled water. The



Figure,l. Calibration curve (a) and the plot of pH versus
log [A"]/[HA] (b) required for the pK, determination of

pyryliﬁm chloride in water.
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samples were titrated with a standardized sodium hydroxide
solution. After each aliquot of sodium hydroxide adde&, the
pH of the ‘'solution was recorded. A Plet of the pH vs ml of
ﬁitfant yielded a value of the pH at the equivalence point

(Appendix A). The Ka was calculated from the expression:

where Cs is the concentration of the salt, Va and Vb are the
volume of the acid and-base, respectively, Ma is the molarity
of the weak acid, [H30+] is the concentration‘éf the aciad
-obtained from the pH at the equivalence point and K, is the
ionization constant of water (1.0 x ‘10 1%).

The two values of the PK, obtained from the titration
method at two different ézﬁit‘uiih_fifsh solutions are 2.98
and 5.69. The reasonfor the large diéEEEpancy betwean the
two values is attributed to a possible reaction between the
weak acid and OH . When these titrations were performed,
it was believed that the neutralization reaction would be f
the predominant reaction. However, the results show that
this was noﬁ the case. - '
The reaction between the pyrylium chleride and

hydroxide was believed to proceed.accor&ing to Scheme 7:
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]
CH,
"y
OH
\ .
l . © . OH~  ——— H,0
/
CH3 CHy
SCHEME 7

The other reaction that is well known in pyrylium salt
. 06

-chemistry1 is presented in Scheme 8:

Al

. CHg
TR S
OH
H CH N

3 3

CHj
CH3

OH

sclieME 8
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The reaction depicted in Scheme 8 predominates and probably
causes the differences in the pK  values. During the titration
the OH must decide which site is more energetically
favorable, the acidic siﬁe or the 2-position on the ring;
it appears that the 3Penol formation interferes to a
marked degree.

A technigque that is a variation of the acid-base
titration method is one that involves a measurement of the
pH of a known amount of the wéak acid in water. From a
knowledge of the pH of the solution, a simple mathematical

treatment gives the value of the pKa from the expression:

-K :/x2+41<c
a a a a

[H30 ] = 2 .
where [H30+l is obtained from the pﬁ of the solution, and
C, is the concentration of the weak acid in water. This
method avoids the use of Base, which may cause unwanted side
reactions. This procedure necessitates calibrating the pH
meter with bufferdsolutions near the pH of the solution
contain;ng the weak acid. Thus, the.first'reliable value
cof the pxa was recorded. A value qf 3.86 was obtained which
agrees with the preliminary result of =4 obtained from
absorption épectra in acidic solutions.

This brings us to the third'aﬂd final method used in

the pK, determination of pyrylium chloride. The pyrylium

salt is stable in weak acid solutions. Thus, there appeared



to be no-interfering aspects in this experiment. A stock
solution of the weak acid in water (and 1.0 M NaCl) was
prepared. The calibration curve was prepared by making
successive dilutions of the stock solution with dilute
acid. Subsequent addition of acid (very small amounts) to
a solution in the upper region of the calibration curve
followéd by measurements of the absorption and the pH of
the solution resulted in the raw data required to determine
the pKa. The pl(a was determined in two ways: the girst was
graphical and the'pKa was obtained by plotting pH vs

log [A"]/[HA] , with the pH at the intercept being the PK, -

The second method involved substitution into the equation

pX = PH  + log [HA]/[A7]

In both cases the value of the pKa was 3.76.
The acid dissociation of pyrylium chloride in water

may be represented as that shown in Scheme 9:

L7

SCHEME 9
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Thus, the pyran is the conjugate base of the pyrylium salt,

as was expected.

III.A.3. REACTIONS OF PYRYLIUM CHLORIDE

The importance of pyrylium salt research lies in
the relative ease of converting the pyrylium salt into other

heterocyclic or benzenoid molecules. The pyrylium cation

can undergo three basic types of reactions]:‘06

a) recyclization
¥

b) changes in the substituents on the aromatic ring

c) reactions which retain the ring . ‘

The addition of nucleophilic agents to cyclic cations
results in the destruction of the aromaticity which frequently
leads to ring opening. There is a possibility of the open-

_chain compound to recyclize or remain open. Only those

reactions in which the open-chain recyclizes will be discussed.

Pfridine, pyridinium salts, and pyridine-N-oxides

can be prepared.from pyrylium salts by their interaction

Wwith ammonia and its derivatives. Several workers have

investigated these r:e'eact:icms],'08-llz and have reported that

-

the yields are almost always guantitative. Aqueous and

! alcoholic ammonia solutionst08s 110

or ammonium acetate in
acetic acia’!? are generally emplgyed in the conversion of
pyrylium salts to pyridine. The mechanism of the reaction

involves nucleophilic attack by ammonia at the 2-position’
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of the pyrylium ring (Scheme 10). This' leads to ring-opening

and subsequent closure to form the pyridine ring}14

D= G=Q—-0
H—_..A.
NH, NH,
SCHEME 10

| Similarly, primary aliphatic and dromatic amines
react with pyrylium salts to form N-alkyl=- and N-aryl-
pyridinium salts}15 This method is usgd to produce pyridinium
salts which would be otherwise difficult to prepare by
other methods!?8-109,112,115

The conversion of pyrylium chloride into 2,4-dimethyl-

6-(2'-propanone) pyridine was accomplished by adding
concentrated aqﬁeous ammonia to an aquedus solution of
pyrylium chloride. Extractio; with ether followed by
recrystallization from dichloromethane and hexanes yielqed
the desired product. This pyridine was an oil.
. The %H nuciear magnetic resonance spectrum of the
pyridine derivative in CDC13/TMS solution is redrawn as a
bar graph in Figure 2. Chemical shifts of this compound are
presented in Table 8. All signals are singlets. There is
one signal in the aromatic region (6 6.89 ppm), three signals
in the methyl region (3§ 2;23, 2.30, 2.50 ppm) and one

[

methylene resonance (§ 3.86 ppmf. ,



Figure 2. Nuclear magnétic resonan

dimethyl—ﬁ-(2'-propanone)pyridine

ce spectrum of 2,4~

in CDCl3 solution.
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; &
Table 8. Chemical shifts of substituted pyridine compounds.

i

Compound Substituent Chemical shifE,,Solvent Reference

(& ppm)
1 p .
1 R' CH, 2.50 epel, 116
R CH, 2.29
RS H 8.35
B - 6.99
P 6.97
W1 .3 .
2 R* ®% cH,  2.52 cpel 116
R® H 7.45
| H2, yP 6.97
{
1.3
3 R % CcH, 2.37 CCL, g .
r? CH, . 2.18
*g?, 5P 6.59 |
4 rRY cH 2.50 cocl -
3 . 3
R? CH, 2.30 '
H , HP 6.89
r> cuScocud () 3.86; () 2.23




Solvent effects are crgtical in ‘the nmr spectra of/

pyridines].'17 The two ring protons in the pyridine deri ative

LY

{compound 4) were recorded as a singlet at &§ 6.89 ppm. This

is in agreement with the literature for substi:yted pyfidihes ’

in CDCl 116 The ring methyl group in the 2-position (Rl) o

and 4-position (R2) are assigned to the signals at &  2.50

ppm and 2.30'ppm, respectively, in actordance to the chemical

shifts reported:l'16 The carbonyl methyl group chemical shift

is 1ocated at § 2.23 ppm, in agreement with carbohyk methyl

group chemical shifts obtained from standard spectroscopy

textbooks}l8 Methylene groups attached to aromatic rings

-

are observed in the nuclear magnetic resonance spectrum.at

=§ 4 ppm%‘19 ip agreement with the methflene_grogb signal at

—_

5 3.86 ppm. o 2

-

The infrared spectrum of the pyridine derivative was

\

recorded in-CDCl /TMS solution in NaCl. sealed cells (0 1 mm)

P
in the region 1900~800 cm -1 (Figure 3). Major absorption )

bands are listed in Table 9 wrth posSible aSSLQnments. The

band at 1705 cm l'is assigned‘the C=0 stretching €requency.

There are several absorption bands in the 1600-1400 em™t

'region indicatiné the presence of a pyridine &ing (Table 9,
and based on the SLmilarity of the two pyridine infrared

N
spectra (the pyridine derivative and the pyridine from the

literature) it may bg concluded that a pyridine ring i‘s

présent. in the molecule. ) S ‘

. The mass spectrum ol the pgridine deriﬁatiue is
presenﬁed in Figure 4 with the major fragmént“ions listed’
' ' - L g ol
-.| ’ ‘ : - - " - ‘-\' T
. ! ., . °
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Figure 3. Infrared spectrum of 2,4-dimethyl-6-(2'-propanone)

pyridine in the region 1900-800 et in cDC1, solution.

.-
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Table §. Infraredé absorptions of 2,4-dimethyl-6-(2'-

propanone) pyridine 1in CDCl3 solution.

v (cm'l)‘- Possible modes v (cm'l) a

1705 c=0 -

1605 : ring vibration 1583

1560 . ring vibration 1572

1450 ring vibration - 1482

1355 ring' vibration 1375 b
a

Ring vibrations of pyridine from ref. 120.

- ”
»

in fable 10. In the mass spectrum of the pyridine aer%vative
two points are noteworthy: the simplicifty of the mass
spectrum and the presence of the molecular ion (in contrast
to the mass spectrum of the pyrylium salt) . fhe molecular
ion (ClOHIBNO?) is located at m/e 163. Loss of a methyl
group {(m/e 15) and a HCN group (m/e 27) results in the
formation of ﬁhe ion CBHQO * (m/e 121)}2l Another process
which leads to the m/e 121 involves the loss of CH2CO‘

(m/e 42). Cleavage at the #=-carbon on a chain is a highly

probable pr0cess%lB The fragmentation pattern of the pyridine

derivative is presented in Scheme 1ll.



Figure 4. Mass spectrum of 2,4-dimethyl-6-(2'-propanocne)

pyridine.
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{
Table 10. Relative intensities of some major fragment ions

of 2,4—dimethyl—6—(2'-propan6ne)pyridine.

m/e (amu) ' - Relative Intensity (%) Fragﬁent
-

163 9.4 . o Tl 30 -
162 24.0 " €y gH N0 "
148 o 20.8 - Cgtty N0~
147 . 14.1 - CgHgNO :
121 00. CgHy N

| C3“9.0+
120 . . 84.9 oM '
119 17.4 CgHgl *
76 15.9 csazu*

All the instrumental techniques indicate the synthesis

of the pyridine derivative of pyrylium chloride produced

the expected product.
As far as the thiapyrylium salt synthesis is concerned,
addition of sodium sulfide to a pyrylium salt also results

in ring opening {Scheme 12):
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' | t
C)gHy a0
(163)
CH., + C_H, .NO +
(s i * . M . L LT
73 9710 - CH,CO + CoH N . CH,CO +-C8Hll
{13} (148) (43) - (120) (42{1 {121)
HCN + C_H.0 . CHj + C.HGN
(27) (121) (15) . (106)
. +
CHy + C HCN
{15) (91)
., ot
CH + 'C.H,N
(15) (76)
Scheme 11
PH PH
/
"~ 2HX , A
x -NAX >
PH o PH ~-H,0 = pH s PH
b X"

SCHEME 12

-~
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103 proposed that in the presence of an

Wizinger and Ulriﬁh
ipo;ganic acid the ring closes to form the thiaéyrylium salt.
The method used to pgépare the thiapyrylium salt

derivative of py}ylium chloridg'waS'that of Wizinger and
Ulriéh%03 However, all attempts to g;oduce'the desired
thiapyrylium salt proved unsuccessful. The reason for this
failure lay ih the structure of the pyrylium chloride (see
Scheme 7, A). In order for thi; reaction to proceed, a

106

phenyl group in the 2-position is required. There 1is no

known example of the reaction of a pyrylium salt proceeding

to a thiapyrylium salt without a phenyl group in the 2-
[
position. No explanation was givenl06 for the purpose of

—

the aryl group; apparently the eléctIOpic structure of the

‘aryl group somehow stabilizes the intermediate formed.
's

\ - ’

III.A.4. NUCLEAR MAGNETIC RESONANCE SPECTRA OF PYRYLIUM SALTS
; _ J

Since nuclear magnétic resonénce experiments have
become a routiqe analytical method, there is a lérge ambunt
of information on the proton chemical shifts of pyrylium
salts. A general survey of the proton chemical shifts of
pyrylium salts are presented (Table 11).

Earnest and'Brown99 have prepared several alkyl
substit;ted pyryliﬁm ;alts anq have characteriéed them by
nmr spectro§gopyﬂ All spectra were recorded as CD3CN solutions

-

and the proton resonances are ligted'in Table 11. The arcmatic



substituted pyryl

ium

99

ions:

LY
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nuclear magnetic resonance spectral data of

g \oRl, opm) R2 (éRz, ppm) R3 (éR3 ppm) Aromatic
Protons
CH (2.84) CH3 {2.40) CH3 (2.63) 8.02
(2.87)
. a
CH3 (2.96) -_— C2H5 (1.32,t)} 7.99
{3.02,q)
{J 7.6 Hz)'
Csz (1.41,t) ;r— C'2H5 (1.36,t) 8.00
(3.20,q9) (3.10,q)
{(J 7.5 Hz) {(J 7.5 Hz)
CH3 {2.90) CH3 (2.42) C2H5 (1.27,¢t) 7.90
{(3.01,q)
(J 8.0 Hz)
C2H5 (1.50,t) CH3 (1.67) ‘CH3 {2.58) e
(3.32,q)
(3 7.5 Hz)
a .
t, triplet; g, guartet.
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protons of the pPyYrylium hekachl&roplatinates are found in
the.regions § 7.80:8.06'ppm. The 2-alkyl protons absorb in
the region § 2.84-2.96 ppm, the 4-alkyl proton gignals occur
in the region § 2.58-2.78 ppm, and the 3-alkyl protons at
~ 6 1.67-2.42 ppm.’ The other alkyl groups (ethyl and iso-
propyl) have their characteristic splitting pattérns as
well as agreement‘with the resonance positions reported
by Balaban and coéworkers%zz

In a very recent gaper on the synthesis of pyrylium
salts by the c0naensationlof 2,4-pentanediong, Fowles,
Rice and Shanton®? reported that the nmr spectra of all °
species studied Qere &dentical in a given solvent. The
nuclear mégnetic resonance spectral results of 3-acetyl-
2,4,6-triﬁethylpyryiium salts are listed in Table 12. In
CD3CN, two of the proton resonances qverlap as compared to
CFBCOOH where all signals are clearly separate.-Aséignmentg
(C-2) and CH

were based on the ckiterion that CH (C~-6)

3 3

are adjacent to the ring oxygen and that because CH (C-2)

3
is adjacent to the acetyl group, this signal will occur at
a higher & valué. The other assignments were obtaihed by
comparison with analogous compounds.

The nuclear magnetic fesonance.spect:um of pyrylium
chloride in CDC.l3 solution consists of four signals
(Figure 5), two each in the aromatic (at § 8.10 and 6.73
ppm) and in the methyl {at ¢ 2.45 and 2.57 ppm) regiOné
(Table 13). In the low temperature (—44.80) nmr spectruﬁ§3

two additional proton signals appear at ¢ 5.6 and 14.3 ppm.
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Table 12. Nuclear magnetic resonance spectral data of 3-
acetyl-2,4,6-trimethylpyrylium cation in CF3COOH and CD3CN
solutions?6
1. CFBCOOH
N — ZnBrg— 2.76 ppm  CH, (C-2)
2.84 ppm  €Hy fC-G)
2.94 ppm CH3 .(C-4)
3.01 ppm CH3 (acetyl)
7.90 ppm H {(C=5)
X (WC1,0, (CH,CO) ,CH) 2.76 ppm  CH; (C-2)
2.84 ppm CH3 (C-6)
2.94 ppm CH3 (C~4)
3.01 ppm CH3 (acetyl)
7.90 ppm H ‘ (C-5)
2. CD,CN )
¥ — TaCl,0 2.65 ppm  CHy (C-2,6)
2.80 ppm  CH, (C—4f
2.99 ppm CH3 {acetyl)
7.93 ppm H (C-5) .
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Figure 5. Nuclear magnetic resonance spectrum of pyrylium,

chioride in CDCl,.
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Table 13. Proéon magnetic resonance chemical shifts of

-

pyrylium salts in ch13l

rY = r% = r¥= cHy §2.45-2.57 ppm
4 . -
R = H ¢8.10 ppm
B N  55.6 ppm
B - -
H .o §14.3 ppm
HC ¢6.73 ppm
rl= r%= g3: ¢ 4H,
4 ¢0.75-1.40, 1.40-2.08,
R* = C.H ‘ 2.30-3.00 ppm ‘ b
1C : £ 6.53ppm . ©

These two signals are attributed to the rapidly exchanging
protons (keto-enol tautomerism) present in the propenyl
siée chain (Scheme 13), where R is the substituted pyrylium
ring. The high acidity of_pyryliumuchloridé (pKa of 3.76)
is seen from the nmr signal at § 14.3 ppm. This region
indicates that an aéidic proton is.pfesent. Ezgfsignal at

¢ 5.6 ppm is characteristic of the alkene proton resonance
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OH ’ H 0]
\ / \ U
/ e —— R-——_—_C—_\-\CF
, \CH / E
(1)
Scheme 13

region, which supports the presence of structure (I) in
Scheme 13. Assignment of the other signals wére obtained from
the following argument  The 2-methyl group and the methyl
group adjacent to the hydroxyl group in the side chain have
similar ngironments and have been assigned to 6 2.57 (6H)
ppm. Due to the large amount of double-bond character present
in tge hydroxyl group, as observed frqm the X-ray crystallo-
83

graphic experiment,” the two methyl groups are in similar

envirqnments {Scheme 14):

N
LE=C

SCHEME 14

The third methyl group, the 4-methyl, is assigned as ¢ 2.45
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(3H) ppm. However; because this signal integrates to three
protons’ and is upfield from the signal at § 2.57 ppm, .
assignment was somewhat less-ambiguous: The aromatic protons
were assigned'by éompariSOn with the other pyrylium salt
synthesizéd in this laboratory. The pyrylium salt obtained
from the 4,6-nonanedione synthesis contained only one
aromatic proton at & 6.53 ppm. Thus, tge_B—posit{on proton
signal (adjacent to the 2-methyl group) in pyrylium chloride
was assigned as & 6.73 ppm. The proton adjacent to the
propenyl side chain was assigned the éignal_at § 8.10 ppm,
since the aromatic proton is deshielded by the propenyl
group which causes the proton signal to shift to lower field.

The assignment of the nmr spectrum of the pyrylium
- salt obtained from 4,6-nonanedione was more difficult than
the preceding pyrylium chloride. This is due to tﬂe presencé
of propyl and ethyl groups (Figure 6). The ethyl group |
produces the characteristic triplet and quartet in the
regions 6 1.0 and 2.5 ppm, respectively, and the propyl
group has fg;‘:haracteristic triplet (5 1.0 ppm), sextet
(6 1.5 ppm), and triplet (6 2.5 ppm). There is a large amount
of overlap in the alkyl region, which makes it difficult
to make assignments. The one assignment that is possible is
that of the aromatic proton with a cheﬁical shift of 6'6.53
ppm (Table 13).

The nuclear magnetic resonancé spectrum of pyrylium

chloride in CDCl3 was discussed earlier, and it was noted

that four signals are present. However, in distilled water,
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Figure 6. Nuclear magnetilc resonance spectrum of 2,4-d1i-
h-propyl-S—ethyl—G—(2‘-hydroxy-l'-pentenyl)pyrylium chloride

in CDC13.
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the same pyrylium salt produces five signals. A schematic
of the spectra is shown in Caption 1. The methyl region

changes from two signals to three signals. The aromatic
/

H,0/HCI I | H,0
H20 | I
MS
CDCI, | l T
i ¥ ¥ i 1
B 4 2 0
0 iPPM) .

CAPTION 1

region remained the same but, the signal which originally
represented two methyl groups split into two signals. A
reason for this ¢hange may be due to the high polarity of
the solvent, water, campared to thé organic solvent, CDC13.
The water may act as a base and affect the methyl group
adjacent to the hydroxyl group in the propenyl side chain.
This effect may cause the resonancelsignal to shift, that is,
the environment of the 2-methyl and the acetyl type methyl
are sufficiently different to cause the splitting to occur.

However, the purpose of this experiment was not to study

the nmr spectrum in water as to structure determination, but

7
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t .

L0 study the structural ehanges that may take place in acidic
and basic solutions.

In acidic solution, the nnclear magnetic resonance
sSpectrum is the same as in pure water The pK of pyryiium
chloride is 3. 76 and addition of hydr hloric acid (1.0 M)
does not affect the Spectrum, but thejsolution changes from
a bright yellow to a pale yellow cologk\it is possible that
a fast equilibrium is set up,which is not evident in the
room-temperature epectrum. This equilibrium is repres®nted

in Scheme 15:

SCHEME 15

The nmr spectrum woufd not be altered if the exchange is
fast. Because .the soivent is water, it may be difficult to
record a reliable low temperature spectrum. One can look

at the other possibility, that there is a reaction between
the hydrochloric acid and Pyrylium chloride to form structure
(IXI). It is enuirely pPossible that this entity is a pale
yellow color, since the.high degree of conjugation initially

. * . 3
present 1s now removed. However, a-haloalcohols are unstaplelZ
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so that this structure may not be a reality, but only an
intermediate in the fast exchange reaction. Therefére, it
‘is’difficult to find an explanation for the loss of color.

The addition of base to the pyrylium.salt in water
results in an orange colored solution. The nmr spectrum of
this solﬁtion is.nof given in Caption 1 because of its
complexity, that is, there were resonance signals in .all
regions of the spectrum. I+ should be remembered that base
causes the pyrylium ring to produce the open-chaiped moiety.
Thus, the nuclear magngtic resonance 'spectrum contains a
host of compounds because of a possible reaction occurring
in the sample tube. It should be noted that the aromatic
signals do disappear, added proof that there is a reaction
proceeding. .

The addition of acid and base to the nmr sample
solution has an effect on the system in solutfbn. A scheme
is proposed to account for the changes (Scheme 16). 1f one
considers the enol form of the pyrylium salt, three paths
are opén. The first (1} is the well known.keto-énol
tautomerism. The presence of this equilibrium was confirmed
by obtaining the nuclear magnetic resonance spectra at
ambient and at low temperatures. In the ambient temperatﬁre
spectrﬁm the rate of exchange between the vinylic and
ethylenic protons is faster than the nmr time scale. The
low temperature slows down the exchange process such that
the time reguired for exchange and the time scale of the

nmr are similar. This results in the appearance of two
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(2C)

2A)

A

N\

—
—

(3C)

{3B)

2

OH

SCHEME 16
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additional signals in the low temperature spectrum not
preSent in the ambient tgmperature spectrum.

The second path involves the addition of base (2A)
to a sclution of the pyrylium salt in water. A simple acid-
base reaction results in the abstraction of the acidic enolic
proton. This 'intermediate' may then be ,set up in an
equilibrium (2B) in which the 2witterion neutralizes itself
to form a substituted pyrén molecule, which may be a stable
species. Addition of acid (2C) results in the keto form of
the pyrylium salt, which changes to the starting enol form.

The third path again involves addition of base (3A),
but now follows the known.conversiqn of a pyrylium salt to
a phenol. An equilibrium (3B) may be set up to give a 2-
hydroxy pyran whicﬁ can be eonverted to the keto form (3C)
of the starting pyrylium chloride. From the nmr data
presented, 1t appears tﬁat the reaction observed in acid
solution is path (2), and, the basic reaction is path (3}.

To further elucidate the structure of pyrylium
chloride in solution, a series of l?c and lH decoupling
nuclear magnetic .resonance experiments were perfofmed. The
13C nm;-spectrum of pyrylium chloride was recorded in-;pCIB.

\

Chemical shifts in ppm downfield from TMS are presented in
Table 14 with references made to 2,4—pentanedione%24 Cer;ain
portions of pyryliuﬁ chieride are structurally similar to
2;4—pentanedipne. Carbon atoms 8, 9 and 10 of pyrylium

chloride are in a similar environment as carbon atoms 8, 9

ang 10 of 2,4-pentanedione. The chemical shifts of .C-2 and
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Table 14. 13C nuclear magnetic resonance chemical shifts of

pyrylium chloride and 2,4—pentanedione124 in CDC13/TMS
solution. . -
i
CHB—-C——CHZ——C——CH3
6 5 7 5
44
0—H----0
CHy—C == CH—C—CH,
8 : 10 9 &8
Chemical shift of Chemical shift of Carbon
pyrylium chloride (ppm) 2,4-pentanedione (ppm) atom
20.2 ’ 30.2 6
22.7 58.2 _ 7
24.8 o 24.3 8
94.6 ‘100.3 10
115.5 ' - 2
118.7 - - 4
163.2 ., 201.4 5
166.3 - A 1
172.9 ' o - _ 3

186'.0 191.4 . 9

N
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C-4 are similar, as are C-1, C-3 and C-5: Actual assignments

of the 13

C chemical shifts were performed elsewhere*

The results of the lH decoupling experiments performed
on pyrylium chloride are summarized in Tablg 15. The
decoupling experiments were performed'by successively
irradiating each proton or proton group and observing the
effect on the remainder of the protons. In the first part of
the experiment single pro£ons ;erg irradiated. Protons (1)
and (4) Aqe coupled by virtue of a keto—eﬁeigtautomerism§3
Irradiation of proton (1) or {4) resuits in the disappearance
of the nuclear magnetic resonance signal of the other. The
aromatic protons, (2) and (3), may be assigned by noting
the effect irradiation of these protons has on neighboring
groups. Irradiation of pfotén (2} sharpened'the nmr signals
Qf protons (3) and (5) and that of proton {3) sharpened_the
nmr sigﬁals éf protons (2), (5) and (6). This experimeht was
performed qualitatively.

- The second part of the lH deéoupling experiments
-cqnsiéted pf observing the effect-irradiation of the proton
groups (methyl) has on the aromatic protons. A'iH hmr
spectrum was recorded with no proton groups irradiated, and
tﬁe half-width ratgo, referenced to CHCl., weré recorded.
The proton groups were successively irradiatéd and an-effect

on the aromatic protons was observed in the case of proton

groups (5) and (6). Irradiation of proton group (7) resulted

*
Dr. M. McGlinchey, McMaster University, Hamilton, Ont.
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Table 15. lH'decoupling experiments performed on ﬁ&rylium'

chloride in CDCl, .

Proton/proton gfoup Peak studied Half-width Intensity
irradiaéed : ratio® " ratio
1 ) 4 (disappears) - : -
4 ' 1 (disappears) - -
2 3,5 (sharpened) - . -
3 | 2,5,6(sharp;ned) - -
none 2 o2 " 0.50
néne 3 2.11 -0,48
5 o _ 2 . 1.82 0.56
5 ) 3 . i.82 0.50
6 | 2 1.94 0.50
6 3 1.72 0.52
7 2 2.00 0.49

cont'd
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Table 15, cont'd.
no decoupling' o 2 ' 2.7 l;O-
no decoupling ‘ 3 2.1 ’ 1.0
no decoupling 5,6,7. - 2.1°
decouple 1 2 2.9 1.0
decouple 1 3 | 2.5 . 1.0
decouple 1 5,6,7 - 2.4
decouple 4 . 2 1.4 1.7
+decouple 4 3 1.6 1.4
decouple 4 5.,6,7 - 2.1
2Referenced to CHCl3

.

in proton. (2) signal sharpening, but proton (3} was

unaffected.

The

determined

has on the

decoupling

final part of the decoupling experiments
the effect irradiation of protons (1) and (4)
Py 4

aromatic protons. As in the second part of the

experiments, a spectrum of the aromatic protons

was recorded and-the half-width ratios reported. Decoupling

’

proton (1) did not affect either of the aromatic protons

which indicates no coupling between proton (1) and protons
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L)

(2} and (3). Proton (4), on the other.hénd, is coupled with

protons {(2) and (3). This long-range coupling (proton (4)-
proton {(3)) could occu¥ via éroton {2}, that is, proton
(4) is coupled to proton (2) and proton (2) 1is cqupled to
proton (3).

These lH decoupling experiments provide an uneguivocal:
assignment of the protons of p}rylium chloride in CDCl3
solution.

In Table 15 an equili%rium is presented and the
discussion of the chemical shifts is based on étructure (n),.
‘whereas earlier discussions were based on structure (B).

Both cases yielded satisfactory results and coﬁclusions.
Thig may be explained by the equilibrium AIB passing thraugh

an intermediate (Scheme 17) that is required for the reaction

to occur. The difference in the two structures (A) and (B)

”\\V/J
CH
2 OH

= 0 — - = O
o < o

N NN

8

SCHEME 17

lies in the position of the enolic proton: on the side-chain

oxygen or on the ring oxygen. iIn.the solid state, the proton
2

L]
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LY

is situated on the sidSe-chain oxygen?3 It is difficult to
say which structure prevails in solution, (A) or (B),.but
both will be used interchangeably inasmuch as their chemistry

is probably very similar.

L

III.A.5. INFRARED SPECTRUM OF PYRYLIUM CHLORIDE

The infrared spectra bf pyrylium g(lts have certain
characteristic absorptions which unmistakzkly determine
the presence of a pyrylium cation. An in depth survey of the
infrared spectra of pyrylium salts by Balaban and co-

125

workers has shed much light on the identification of

pyrylium ring modes of vibration. Bands assigned to ring
stretching modes centred near 1635 cm * and 1530 cm-l, as
well as an absorption near 870 cm_l are characteristic of
the pyrylium cation. The counter-ion has little effect on
the_pésition of the absorption bands except that tﬁég/ﬁ;ve
their own absorptions, and thus obscure some of the pyrylium
qation absorptions.

The infrared spectrum of pyrylium chloride was
recorded as a Nujdl mull in the region 4000-300 cm-l; the
important range 2600-800 cm_;'is presented in Figure 7 and
the major vibrational bands are listed in Table 16. At a
first glance, the striking feature of this spectrum is a

1

broad band of medium intensity centred at ca. 2390 cm .

- Other bands which are characteristic of this pyrylium salt

[
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Figure 7. Infrared spectrum of pyrylium chloride as a Nujol

mull in the region 2600-800 cm_l.
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Table 16. Infrared spectral assignments of pyrylium chloride

as a Nujol mull.

T en 1 Relative Possible
Intensity Modes

2389 m O0—H
1769 w =0
1654 | s ring
1644 s ring
1618 ' s ring
1538 vs ring

876 ’ w ring

are a weak band at 1769 cm—l, strong bands at 1654, 1644,
188, 1538 and a weak band at B67 cm_l.

The rather weak band at ca. 2390 em”t ig assigned as
an O-H stretch. The large amount of double-bond character
present, as observed from the X-ray crystallographic ’
experiment?3 shifts the band to lower energy.

The rather weak band at 1769 cm-1 is assigned to a
carbonyl stretch based on the double-bond character of the

C—=0-H bond. However, Andrieux and co-workers126 have noted

that the band at 1755 cm-l in their pyrylium salts is due
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to the C=0 stfetch. The only C=0 entity in their pyrylium

-

salt is the ring C=Q-C (XXXVI). This contradicts what is

125

generally accepted; in that the ring-CZO vibration occurs

at =.‘L635'cm-l and at =1530 cm-l, similar to the aromatic
vibrations found at 1600 and 1500 cm .

It was notea earlier that the synthesis of the thia-
pyrylium salt was unsuccessful. The purpose of this synthesis
was to shed light as to what vibrational modes are responsible
for the absorptions in the infrared spectrql region. In the

1

thiapyrylium salt the bands at 1635 cm — and 1530 cm 1 would

have been expected to shift to a lower energy because of
the increase in mass in going from oxygen to sulfur. This
shift would have confirmed that the ring CZ0-C vi?ration is
indeed at 1635 and 1530 cm-l. Since the synthesis of the
thiapyrylium salt proved unsuccessful, uncertainty in the

assignments in Table 16 remains.
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III.A.6. MASS SPECTRA OF THE PYRYLIUM SALTS

Mass spectrometry is mainly concerned with chemical
reactions, that is, feactidn between a molecule and an
electron. The vaporized sample is bombarded with low=-energy
electrons to produce the positive ions which are identified
at the detector:

o~

M o+ eFW——i Mt + 2e

These positive lons may further react via fragmentation or

rearrangement reactions: thus,

ABCD -+ e > ABCD' + 2e”
ABCD® —— aBC® + D’
L_é . } Fragmentation
AB + C
ABCDT —_— ACBt + D Rearrangement

In a publication by Hvistendahl and co-worker5127

on the mass spectroscopic study of pyrylium salts, it was
reported that the base peak in the mass spectra of several
2,4,6-triphenylpyrylium salts was ;he mass of the cation,
whereas, in the methyl derivatives, the base peak was found
at one unit below the mass of the cation. With respect to
the methyl derivatives, it was believed that the volatile

component is the anhydro base (B) in Scheme 18. Heating the
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CH3 CH5
/+ a + HI
L — 1 |
\\0
CeHs - CeHs  CgHs ° CeHs .
{A) - , (B)
SCHEME 18

pyrylium iodide results in the liberation of hydrogen iodide
and the 4-methylene pyfan, which is subsequently vaporized.
This_pyran molecule then undergoes the fragmentation and
rearrangement processes characteristic of the molecule. This
also explains the lack of the molecular ion in the mass
spectra of pyrylium salts. It seems reasonable that any
pyrylium salt whose anion is the chloride, bromide or iodide
containing at least one methyl group'would give a similar
mass spectrum, that 1is, thg molecular ion peak would be
absent but the peak of the highest mass to charge'would be
found at M-HX, where M is the molecular ips and X 1is one of
the halogens.

lThe mass spectra of the three pyrylium salts herein
repor£ed are presented in Figures 8 to 10, and .the listing
of the major fragment ions of these pyrylium salts is given
in Tables 17 to 19. Firstly, the molecular ion mass peak 1s
not present in the mass spectrum of any of the pyrylium
salts. This is in agreement with the observations obtained

by Hvistendah1127 discussed above. The base peak ion in
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each mass spectrum is found at a m/e of M-15 or M-43 (M is
tﬂe mass of the cation less on; unit) where a loss of a
methyi group is the main process in the pyrylium salts
synthesized from 2,4—pent$nedione and 2,4-hexanedione. A loss
of a propyl group appears to bé the main process in the
fragmentat;on battern of the pyrylium salt obtained ffom
4,6-nonanedione. These points are the general observations
found in comparing the three mass épectra.

The mass spectrum of pyryl%pm chloride is presented
in Figure 8 and the major fragment ions are listed in_ﬁ;ble
17. A fragmentation pattern of the pyrylium salt is presented
in Scheme 19. From the bar graph of the mass spectrum of
pyrylium chloride it can be seen that the most intense mass
peak is located at m/e 165. However, from the discussion

aboveJ,'27

the loss of hydrogen chloride results in a peak

at m/e 164. The m/e 165 may be due to the loss of only
chlorine, in addition to the peak due to the different
isotopes presént,-to give a somewhat large relative intensity
at m/e 165. Getting back to the m/e at 164 (denoted as M),
the loss of the methyl fadical from the acetyl side-chain
-gives the base peak ion at m/e 149. If one looks at the
structure of M (XXXVII) it is eéident that it is the anhydro

base of the pyrylium chloride, as exp'ectedj.'z7 Loss of a CHO

radical (m/e 29) from C_.H o (m/e 149) résqlts in the

797972
formation of CBHBOf (m/e 120). Loss of a second meth§l
radical results in the C7H50'+ ion (m/e 105). The C7H50+

fragment may lose eithér a CO molecule or a HCO radical to



113

Figure 8. Mass spectrum of pyrylium chloride.
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Table 17. Relative intensities of some major fragment ions

of pyrylium chloride. -

ﬁ/e‘(amu) Relative intensity f%) _'ﬁragments
165 - _ 14.4 C10H1302+
164 . . 86.6. gioalzozf
150 - . 30.9 cgaloozf
149 100. ‘ CéH902+

91 13.9 c6H3o+
77 25.8 . CeHT

43 / © 50.4 . C,HLO’
38 - 13.4 - | w37ca

36 S 28.1 w5

b

produce the.six-membered rings C6H5+ (m/e 77) and CGHI-

: {m/e 76), respecfiVE1y. Loss of a,CZH2 molecule (m/e 26)

from C6H4f'results in the formation of the four-membered

T- © CHg | -
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ring speéies, C,H . (m/e 50). Similarly,'loss of a C,H
2 272

. molecule from CGHS produces the C4 3

The fragmentation pattern of pyrylium chloride

ion (ﬁ/e 51).

.pbriginating from the C10H1302+ (m/e 165) ion is virtually
identical to the fragmentation pattern discussed earlier
originating from the C10H1202 (m/e 164) ion. Loss of the

thorine_radical to produce the C10H1302 species is the
main difference.
One last p01nt on the fragmentatlon pattern “involves
| the loss of the hydrogen chloride. Peaks at a m/e of 36’
and 38 in the ratio of 2:1 indicate the presence of hydrogen
chloride as HBSCl -and H37Cl+, respectively.
The fragmentatidn pattern for pyrylium chloride was
postulated via high-resoclution mass spectrometry? Hence,
the somewhat elaborate fragmentation pattern. On the other
hand the two subsequent fragmentation schemeglare rather
simple, for they afe based on low-resolution mass spectro-
lmetric'experiments. ’
The mass spectéum of 2-ethyl-4,5-dimethyl-6-(2'-"
hydroxy;l'-propen&l)pyrylium chloride is presented in
Figuré 9 and the major fragment ipns are listed in Table 18.
A fragmentation pattern was devised for this compound and
it is presented in Scheme 20. As was stated before, the base

\beak ion is located at (M-36)-15 and the peak at the highest

m/e value 1s located at M-36, where M 1is the molecular mass

- ‘
Dr. J. Miller, Brock University, .St. Catherines, Ont.
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Figure 9. Mass spectrum of 2~eth®l-4,5-dimethyl-6~(2"'-

hydroxy—l'-prdﬁenyl)pyrylium chloride.-

~-

=4
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Table 18. Relative intensities of some major fragment ions

of 2—ethyl—4}5-dimethyl~6-f2'-hydroxy-l'-propenyl)pyrylium ]

chloride.
m/e (amu) Relative intensity (%) Fragments
193 9.8 clzn”oz+
192 63.6 C12H1602T
178 o 19.3 C,1H 50,7
177 100. cllHlloz+
175 4.9 CiyHy0 "
163 13.4 clOHllozf
150 17.1 €, oH140 M
149 o 51.7 CyoH130 ©
91 - 17.7 C H,0 b
77 12.2 ' CHe *
43 33.6 C,H;0 °
38 9.0 837c1
36 23.7 v3°c1

mass of the molecule.
The frygmentation path from the molecular ion to
the base peak}involves simple loss of a methy) group. There

are three methyl groups, not to mention the methyl group
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C..H..0.C1%

1281792
(228)
H, .O.+ + HCl
Ci2H16%2°
k//////’/'(192) (36)

C. H..0 T+ CcH.CO® C.. H..0. '+ cun.t
1013 3 111192 CHy
(149) (43) (177) (15)

-cO (28)

~

+ .
C9H100 + CH3

(134) {15)

+ .
+
C,H.O C2H5

{(105) (29)

+ L
» - +
C6H3O + CH2 C6H5 cOo
{91) {14) ) (77) (28)
Scheme 20-
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dontained in the ethy} moiety, to chooig from. It would be
unlikely that the acetyl methyl group would be loét first,
because this fragmeﬁt tends to be removed as a single
fragment:.L18 This leaves the 4- and 5-methyl groups. Based on
the mass spectrum of pyrylium chloride, and on the relative
reactivity of the two positions, the 4-methyl group would
probably cleave resulting.in the base peak ion.

The next step in the fragmentation pattern results in
a peak at m/e 149 with a relative intensity of 51.7%. This
ion fragment can be formed in two ways: the first invoives
direct loss of an acetyl group, and the second results frém
the loss of CO from_the base peak 1ion.

The remainéef of the fragmentation scheme 1s rather
straightforward. A methyl group is removed, followeé by
the last ring substituentl the ethyl group. Subseguent
ring transformations result in CGH'30+ (m/e 91) andlCGHS*
{m/e 77) which are taken as indicativé of an aromatic
system%kg

The final pyrylium salt to be_discussed is the
2,4—di-n“propyl—5-etﬁyl-6—(2'-hydroxy—l'-pentenyl)pyrylium
chloride. Its mass spectrum is presented in figure 10 and
the major fragment ions are listed in Table 19. The proposed
fragmentation pattern is presented in Scheme 21. Again the
loss of hydrogen chloride prevents the observation of the
molecular ion. In a mander analogous to the fragmentation

pattern of pyrylium chloride (both are similar in structure)

the major fragmentation process probably, also, involves



Figure 10. Mass spectrum of 2,4-di-n-propyl-5-ethvl-6-

(2'-hydroxy—l'-pentenyl)pyrylium chloride.
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Table 19. Relative intensities of some major fragment ions

of 2,4-di-n—propyl-5-ethy;-6—(2‘-hydroxy—l'-pentenyl)

PYrylium chloride.

m/e {(amu) Relative intensity (%). Fragments
276 36.7 CgHag0,"
261 ' o 31.2 J647H2502f
247 | 17.5 €y Hs30,°
234 . 25.8 C,cHy 0.7
233 : 100. Cy gty 0"
206 21.4 C 4 Hy00 T
205 26.3 C 1 Hy0 "
191 | 25.8 Cy,H; 0,
71 - 3 13.9 C,H,CO~
38 91.1 137c1

37 ' . 23.4 3¢y

36 33.6 #35¢1

35 T sa2.3 350y

the propyl group.

The ion at the highest m/e has three possible

v

. the cleavage of a ring substituent, and in this case, it is
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C.-H. 0.c1%

18H2909,¢
(312)
. _
C18H2802 » 4+ HC1
(276) (36)

. + . . +
CH3" + C15H,50, C3H,C0 "+ €, 4H)0
(15) 1 C(261) . (71) l (205)

. oo + ' +
CH2 + C16H2302- C3H6 + CllHl50
(14) (247) q (42) (163)
AR + e (43) - +
CH2 + Clstloz C2H6 C9H90
(14)

(233) (30) (133)

-+

:

+
C3Hg C12M1 59, CeH30 ¥ CyHg
(42) : (191) . : ' (91) l (42)
C‘ v, + L _ . Y 0 +
JHe Cqlig0, . H,0 CH
(42) (149) ‘ - (18) (73)
W

. -+
CoHg + CyH40,

" (30) (119)

Scheme 21
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F

pathways open for fragmentation. Two of these pathways lead
to fhe base peak ion. The molecule can lose the/bropyl group
as one unit-qijaé iﬁdividdé{\units, that is, the process

can be a one—étep or a threewéiep process. The other. process
- N .a

-lnvolves the 1055 of the C3 7CO ion to give the C14H210 |
ion (m/e 205). Each of these (the base peak ion and the ion
at m/e 205) can then fragment in separate ways. These ions

fragment in a manner similar to the other two pyrylium

salts already discussed.

III.A.7. ELECTRONIC SPECTRA OF PYRYLIUM CHLORIDE

/'I
A brief look at the theory of electronic absorptions

is in order at the present -time, but more detailed information

may be found in texts devoted to instrumental analysis of
118,119

organlc compounds®

The absorptlon'peak found in the ultraviolet or

visible spectrum of an organic compound is caused by the

L
~

promotion of ‘an electron from a low-lying orbltal to a hlgher
energy Qrbital. The three types of electrons invelved may
be the o-, the n;;-or the n-electrons, where n indicates the
non-bonding type. In most cases, the o-electroh transitions
are of such large eﬁergy, that most instrumehts are not
equipped to handle the recording of the transitions.
'
There are two types of electronic transitions that

aréd of great importance to organic chemists:
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.a) n-n* transitions. These tfansitions in@olve the
excitation of a non-bonded electron (e.g., from
the oxygen in a carbonyl group) to an unstable ~
n=antibonding (n*} orbital. This is represented

) in Scheme 22a.

b) w-n* transitions. These transitions occur from the
n-orbital, of a carbonyl or alkene-type group,

to the n*;orbital. This transition is represented

in Scheme 22b, for the carbonyl group.

SCHEME 22~

.i- There are,'éener#ily speaking, two methods used in
characteriéing the types of tran;itions observed in the
electronic spectrum of an organic compoﬁhd. They are the
molar absorptivities (tmax) and the effect of the poiarity
.0of the solvent on the position of the péak maximum. The n-a*
transitiogs are characterized by rather small ¢ , generally

max
less than 100, and the large blue-shift (hypsochromic)

in changing from a non-polar to a polar solvent].'18 Hydrogen-
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bonding solyents strongly influénce the position of the n-mt*
band by.loﬁering the n-electron orbital energy level due to
the hydrogen bond formatlon].'l8 All transitions involving n-
electrons are affected in a similar manner.

The n~-n* transitions are characterized by the rather
large Emax; usually greater than 104. Solvent effects cause
@he position of the absorption maxima to shift, but not to
the same exteﬁt as the n-w* transitions. The n-n* bands red-
éhift {bathochromic) on géing’ffom non-polar to polar

solvents].'18 ' Tt

A’detailed publication by -Balaban and co-workers: 23
on the electronic absérption spectra of alkyl- and phenyl-
substitﬁted pyrylium, salts has appeared. The authors have
éiscussedlsolvent effects, as well as the éffect of alkyl-

) and phenyl-groups on the poéition of the band maxima. It

was observed that in non-acidified solutions a solvolysis

reaction occurs leading to the tautomeric pseudobases (A)

%
or ethers (B) shown in Scheme 23%28 In acid solutions, the
B —
. X
= Gl L
. o =
OH HOJ
o R
v L .
/.g.lﬁo\H . . ) r
> .
o — AN
Hx+]
X . -
0 Scheme 23
OR
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equilibria are shifted toward the left to the pyrylium
cation. Also, in acidic solutions the Enax Was larger than
in non-acidic media, which supports partial solvolysis
reactions.

Pyrylium salts which contain alkyl groups in the
2~, 4-, and 6-positions have two band maxima in the ultra-
violet spectrum, located at 230-235 nm and at 285-290 nm.
Alkyl groups affect the band maxima ana the € nax to only

a small degree, that is, the Emax ranges from 4.55 x 103

to 6.12 x 10° for the A___at 230-235.nm, and from 1.16 x 10°
4 . .
to 1.43 x 12 for Amax at 285-290 nm.
Phenyl groups have a marked effect on the electronic
spectra of pyrylium_salts. As the number of phenyl groups
increases (0 to 4) the color of the pyrylium salts changes

28 . .
The band maxima and € max change

from colorless to yellow1
'con51derdbly compared to those of the alkyl substltuted
pyYrylium salts. Whereas the change in ¢ max and Amax for the
alkyl groups is less than 30% and 10 nm, respectively, that -
for the phenyl groups is 300% and 100 nﬁ,.fespectively.rThe
electronic effects of the phenyl ring sﬁabilize the pyrylium
cation more efficiently than the 1nduct1ve effects of the
alel groups. “

In a more recent article, Wilt, Réynolds and Van

29 have discussed the-elecﬁronic spectra of alkyl and

Allanl
aromatic pyrylium salts, in a more theoretical manner than
beforej.“28 They have compared the spectra of the alkyl

pyrylium salts with the spectra of iso-electronic ‘species,
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r

such as benzene, pyriﬁiﬁe and- the pyridinium ioﬁ. The main
point made was that concerning the absence of the low—eneréy
r-n* transitions in pyrylium salts. Because the oxygen in

the pyrylium ring has non-bonding electrons, and also because
the n-n* transition-is the lowest energy transition in
pyridine, the n-n* transition in pyrylium salts would be
expected to occur at lower energ§ than the lowest rn-v*
transition. However, the bana.is not observed?‘29 and the
absence of this np-n* band is explained as resulting from an
electrostatic'effect not present in pyridine. The oxygen
atom of the pyrylium catién bears a~fréqtion of the positive
‘charge. An increase in thé pdsitive’charge on the oxygen
. atom is realized in the n-n* transition, since the non-
bonding electros comes from the oxyéén atom. The‘authors129
postglatéd that this eleptrostatic effect causes the n-n*
transitions Eé 'shift to higher energy.

All the electronic spectra of the-pfrylium salts iﬂ
this work é restricted to pyrylium qhioride because of the
ease of its preparation and stability. Thé electonic spectra
of ‘pyrylium chloride in methanol and in cyclohexane solventg-

4

. . — . A
are‘presented in Figure'll: the corresponding ‘max and € nax

-

are listed in Table 20. At a first glance, the spectra appear
identical except for the intensities of the corresponding
bands. Bands in the spectrum of pyrylium chloride in cyclo-

hexane reveal a much larger € nax for each band compared to

those in the methanol spectrum in the 225-310 nm region,

except for the band at 230 nm. In the visible region, the
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Figure 11. Absorption speétra of pyrylium chloride in

methancl and in cycighexane solvents.

-
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Table 20. Abserption spectra of pyrylium chloride in methanol

and in cyclohexane.

Solvent ' A ax | € max 1073
(Concentration, M} (nm) (M—lcm-l)
Methanol 224.0 3.97
=287 (sh) 4.71
(8.47 x 1077 296.0 5.19
307.0 4.71
390.0 7.33
Cyclohexane . 230.0 2.21
284.0 8.40
(3.49 x 1079, =291 (sh) 8.17
=306 (sh) 5.73
380.0 2.46

Situation is reversed, in that the band at 380 nm in the
cyclohexane Spectrum has an € max which is Qpproximately
33% of the band in the methanol Spectrum. This could be due

to solvent interactibﬁs, in that the polar solvent may

degree than the non-polar solvent. The situati&n is apparently
reversed in the 224-310 nm region. By noting the Amax of

each band it can be Seen that there is a regd shift in all

the bands, except the band at 230 nm, on goiné from cy;lo-'

hexane to methanol. This would indicate that the transitions
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- are n-n¥ types].'ls'll9 The lone exception is the band located

at 230 nm (cyclohexane) and 224 nm (methanol). This is a blue

shift which would indicate an n-n* transition%la’119 Baded

on the explanation given by Wilt and co-workers129 on the
position of the n-%* transition, it would appear that we
have observed the first n-n* transition in a pyrylium salt.
. The band in the visible regién (ca. 385 nm) 1is
assigned to a w-n* transition. Due to the unsymmetrical
nature of the envelope there is reason to suspect two bands
are present, one assigned to a n-n* transition and the other
possibily assigned to an n-n* transition. Unambiguous
assignment is difficult because of the intensity of n-n*

transitions and the overlap of the two bands.

.>The absorption spectra of pyrylium chloride in water

and acid solutions are presented in Figure 12 with the ’
corresponding A ax and €max listed in Table 21. As the acid
concentration increases, the Enax 2F ca- 390 nm decreases,

| 4

after the initial increase from water to 10~ M HCl, from
an e of 1.2 x 104 to 600. The change in color from yellow
to colorless may result from the 1555 of conjugation by
the—increasing acidity}23 according éo the equilibrium
presented in Scheme 15.

The electronic spectrum of pyrylium chloride in 10_4
M HCl is virtually identical to that in pure water. The pKa
of a weak acid eguals the pH of the solution when one-half

104

of the weak acid is in the dissociated form. The pK, of

pyrylium chloride in water is 3.8l ({(see Table 5). Thus,
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Figure 12. Absorption spectra of PYrylium chloride in water

and 1n acid solutions.
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Table 21. Absorption spectra of pyrylium chloride in water

ané 1in acid solutions.

Scolvent )y € x 10‘-3
max ) max )

{Concentration, g) (nm) (M_lcm_l)

f,0 . 227.5 5.89
296.0 7.135

(1.396 x 1074) =305 (sh) 6.80
398.0 11.96

1074 M el 228.5 6.44
294.0 814

—_ ~

(1.196 x 107 %) =305 (sh) 6.61
396.0 12.01

1077 M Hel 232.0 5.39
287.0 g.43 ~ .

(1.445 x 10~ %) =310 (sh) 2.70
389.0 ' 6.84

1072 Mmuc1 232.0 5.10
284.0 . 9.16

(1.596 x 10~ %) 382.5 4.78

1 M HC1 232.0 4.39

) ' 286.0 8.67

(2.093 x 10”9 382.0 3.12

Conc. HC1 237.0 4.10
289.0 9.14

(2.442 x 10”4 383.0 0.63
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1
1

recording the absorption spectrum of pyrylium chioride in

water and in 10-4

M HCl (pH 4)| may produ;p similar absorption
spectra. ' |

There is a gradual shift| to longer wavelength of the-
high energy t;gnsition (227.5-237 nm) caused by increasing
the concentration of acid. The second band (296-285 nm)
gradually blue shifts with increasing ionic strength of the
solvent medium; and the lowest energy band (382-396) blue
shifts as the ionic strength of the solvent increases. Thesé
results (in water and in aciq solutions) are in complete
reversal to the results obtained from pyrylium chloride on
going from cyclohexane to methanol. This is attributed to a°
large solvent efféct present in acidic solutions and
probably also to the close proximity of the n,n* and n,n*
energy states in pplar solvents. -

Luminescence is a process in which radiation is
emiﬁted by molecules that have been excited by the absorption
of radiation%30 Excitations usually originate from the

singlet ground state in organic molecules. A schematic state

energy level diagram (Scheme 24) illustrares the major

-
ol
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transitions occuring in the luminescence processes of organic
compounds. Absorption {A), fluorescence (F), phosphorescence
(P) and intersystem crossing (ISC) are labelled in the energy
level diagram. The multiplicities of the states involved in
the fluoréscence process are the saﬁe, usualiy the first
excited state to-the ground state (Sl+SO), whereés the
multiplicities of the states involved in phosphorescgence are
different, usually from the lowest triplet state (Tl) to the

‘ground state (S,}). There are several other transitions

0
possible (internal conversion, triplet-triplet absorption,
etc.), and these are discussed in textbooks dealing with
luminescence spectroscopy:.wo'131
The luminescence spectra of pyrylium chloride were
recordeé_in water and in acid solutions (Figure 13, Table 22).
Two aspects of the emission spectra are ;oteworthy on |
going from water to concent;ated acid: the blue shift in
the band maxima and the increase in relative intensity of
this band (18 to 100%). fhe lowest energy band in the
absorption spectrum 0f~pfrylium chloride is located in the
region 383-398 nm and has been assigned as a n;ﬂ* transition.
Two structures §f pyrylium chloride in solution were proposed
earlier (Scheme 17); the discussion will be based on both
of the structures.
The pH of the solution and the hydrogen-bonding
ability of the solvent can strongly affect the fluorescence
spectra of most aromatic compounds containing acidic or

131

basic functional groups. Hydrogen bonding effects on the
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Figure 13. Absorptlon and luminescence spectra of pyryllum

chlorlde in water and in acid solutions.
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Table 22. Luminesdence spectra of pyrylium chloride in water

and in acid soclutions at Aex

of 386

Solvent Amax Relative e
(Concentration, M) (nm) Intensity (%)
H,0 470 18
(1.396 x 1074 =520 (sh) 11
=2
107 M HC1 459 42
(1.595 .x 1079 -520 (sh) 19
Conc. HC1 450 100 *
(2.442 x 10”4

C !

fluorescence .spectra are often difficult to prédict%32

Differences in the Bronsted acidity between the ground state

and the lowest excited singlet state of organic molecules

range from-4 to 9 pK units. Depending on the compound class,

the excited state molecules may become either more acidic’

(phenols) or more basic (ketones and nitrogen heterocycles)

. Fa L
with lowest 7,m* singlets.

132,133

If one studies the excited state of the ring

chromophore of structures (A) or (B) (Scheme 17), the acidity
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of the ground state is higher than that in the excited state,
that 1is, the e3cited pyryliﬁm ring is more basic. Thé excited
state of the carbonyl group in (A) is much more basic than
_in the singlet ground state (SO),.and the hydroxy propeﬁe
(B) is more. acijdic ;n.the excited state tﬁan in the grognd
statel.'32 -
The- increase in the relative intensity of the exclted
state pyrylium chloride on going_érom pure water to
concentrated hydrochloric acid appears to indicate the

increased acidity of excited state compared to ground state

pyrylium chloride.
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I1TI.8. ANHYDRO BASES OF PYRYLIUM SALTS, PYRANS

- -

III.B.1. SYNTHESIS

Silicon tetrachloride and fluorinated 8-diketones in

refluxing dichloromethane yield the anhydro bases of pyrylium

salts. These bases are normally called pyrans. Very ‘little
work has been doné on simple pyrans (e.g., phenyl~ of methyl-
Ssubstituted pyrans) but a large amount of effort has been - ‘
spent in studting compounds which contain the pyran ring )
obtained from natural products. Thus, little information
is available that might relate to this work.
| To b?iefif review the synthesis of trifluoromé£hyl
pyrans from fluorinated g-diketones, the diketone was '
refluxed with silicon tetfachloride in dichloromethane until

. . ‘.
a deep-red color was present. Evaporat%on of the solvent via
nitrogen gas and a heat gun yielded a gummy résidue. This
residue was fractionated under vacuum, and yielded bright
vellow crystals. The product was used in different exéeriments
without further purification. .

i In the synthesié involving téifluoromethyl:244-

pentaneaione,_alyield of 16.5% was realized. However, due
to tpe nature of the crude product (an oil) it was very
difficult to obtain a pure product in the 'early stages of

this study. Several methods ranging from crystallization at

low temperatures to fractional crystallization were attempted.
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‘Subliming' the oil in a&subiimation apparatus was attempted,
but when the crude produét was heated, splattering occured
;whiéh contaminated. the product. Finally, a method was devised
in which the crystals were well reﬁéved from the crude
product. The apparatus utilized is shown in Section II.B.
This method optimizea the purifiéation of the product. In
addition, this technique was clean and efficient. Whereas it
took upto one month to recover a small.amouht of rather
impure product previously, it now took less than 24 hr‘to
accomplish complete recovery and purification in one process
Since both the fluorlnated diketone and the Lewis acid
(Siclq) are 1iquid§; thev can be hanﬁled easily and ’
effieiently. Although the yiéld wag only 16.5%, the amdunt
of product recovered in one synthesgg'(O.SS g} was large
enough to perform all the required experiments neeagd td
characterizelthis compound fully. This compqu§d had the
greatest yielé compared to the pyrans obtained from other

fluorinated diketones used, as Was the case in the synthesis

, of pyryiiﬁm chloride and other pyrylium salts.
»

»

In the reaction between trlfluoromethyl 2 4 hexane—
dione and silicon tetrachlorlde 1n dlchloromethane, a pyran
|
was recovered from the reactian mixture. The y;eld was much

rs

lower (=4%) than the pyran synthesized from trifluoromethyl-
L - ) -
2,4-pentanedione, but the quantity obtained (0.12 g} was

adequate to carry out the necessary instrumental analyse3-
required for structure characterization. The reaction time

for the synthesis of the pyran obtained from triflucrdmethyl-
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2,4-hexanedione increased to 24 hr compared to 5 hr for the
reaction yielding the- methyl pyran. If the reaction time was
too short (<20 hr) very little product was obtalned if any;
if too long (>28 hr), again very little product was obtaineéd.
Depending on the or;entation of the substituted methylene
side-cﬁain, the methyl group in the 3—positi;n could £find

itself in a crowded position (XXXVIII)% The methyl pyran

represents a less crowded structure and the reaction time is

XXXVITI

5 hr compared to 25 hr for the ethyl pyran synthesis.

_ As more bulky groups are substituted at thé 3- p051t10n,
the yleld of the pyran product appears to decrease. On
refluxing trifluoromethyl-7-methyl-2,4-octanedione with
silicon tetrachloride- in dichloromethane for 88 hr, a small
amount of thé required pyran (0.03 g, 0.1%) was recovered.
However, other atteméts at the synthesis proved unsuccessful.
The long reaction time required can be explained in terms
cf the size of the substituent that would occupy the 3-
positipn.'ln this case it is the isobutyl group. This is a

‘very large group compared to the methyl group and hydrogen



.Each of these will now be discussed.
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which océupy that position in other molecules. The long
reaction time and low yield are not difficult to imagine.
The low yield of the final producf gives.an indication of
the difficulty in forming the pyran, but intermediates may
also have a large part in the low yield of the reaction. Due
to steric factors, pyrans may be difficult to form. This

aspect will be discussed later.

f

: The final synthesis .involving a fluorinated diketone
involves trifluoromethyl-6-methyl-2,4-heptanedione and
silicon tetrachloride in refluxing dichloromethane. This
reaction failed to produce the desired pyran. The reason may
again be a steric one because there would be an isopropyl
group in the 3-position. This could cause a large degree of
interaction which may explain the failure to prepare the

desired pyran. .

III.B.2. REACTIONS OF PYRANS

There are two common and highly useful reactions of

-

the pyrans:

L4

a) dehydrogenation‘

b) electrophilic reéactions of methylene pyrans

The dehydrogenation of 2H- or-.4H-pyrans may occur by

hydride abstraction using a chemical species such as tri-

phenylmethyl perchlorate}34 or by catalytic_reduction%35



149

Pyrans of the type of the one shown (XXXIX), may produce two

a 4H-pyran: 0

XXXIX

diffgrent PYrylium salts: if the_group R' is resonance
Stabilized, decomposition by acids leads to the initial
reagents; however, a 2,4,6~trisubstituted pyYrylium salt and
hydride anion are obtained when R' is alkyl or aryl. The
hydride anion is transferred to an acceptor which may be

136 One condition to convert a pyran

methylene blue or indigo.

into a Pyryliem salt is that é removable hydrogen be present.
Two of the more important electrophilic reactions are

protonatiOn];37 and alkylation or acylation at the exocyclic

138,139

methylene carbon atom. The alkylation of 2,6-diphenyl-

4-isopropylidene-4H-pyran with refluxing methyl iodide
results in the 2,6-diphenyl-4-t-butyl pyrylium iodidej.'39 This
reaction is shown in Scheme 25:

CgHg CeHsg

Hal
(CH4),C o} 0_3__; 7 \0 -

SCHEME 25
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Comparing this reaction to protonation, it is obvious that
this alkylation is not refersible. .

Attempts to protonate the methyl pyran failed. Per-
chloric and hydrochloric acids, as well as-hydrogen chloride
gas, were used. The procedure involved dissolving the methyl
pyran in methanol or .in chloroform followed by the additiocn
0f the proton source. Based on the above discussions it would

seem reasonable "that a pyrylium salt would be formed

according to the reaction in Scheme 26.

e OH Hy
o} H ~ o OR s
| — “ = Sl
CH Z N N
B1 B2
SCHEME 26

Up to now the position of the methyl and the per-
fluoromethyl groups, with respect to the ring oxygen, is
unknown. It was hoped that by preparing the pyrylium salt (B)
and recording 1its infrared and nuclear magnetic resonance
spectra, the position of the alkyl groups might have been
elucidated. However, because the reactions were unsuccessful,
the positions of the alkyl still remain a mystery {(but see

Secticn III.B.4.).
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During the course of the protonation reaction, the
infrared spectrum was utilized to monitor the feaction in the
regions 2600-2300 cm © and 1700-1500 cm l. The region 2600-
2300 em * was used in the hope that structure (Bl) would be
_ present, since in the pyrylium chloride, there was a band
centred at approximately 2400 cm-l. The second region, 1700-
1500 cm-l, was utilized in the case where structure (B2) was
formed. Again, as noted in the infrared spectrum of pyrylium
chloride, bands in the 1630 cm'-l region characterize the
presence of a pyrylium salt. The infrared spectra indicated
no reaction had taken place.

The trifluoromethyl group has a marked effect on the
reactivity, and also on the infrared spectrum, of the pyran
under study. The infr;fﬁd'spectrum will be discussed later.
Because of the strong electron withdrawal effects of the
perfluorocalkyl group that. is alpha to a carbonyl group, the

addition of HX to the functional group occurs with relative

14 . .
ease, 0 as 1s seen from reaction Scheme 27:

R R
I |

Re$—C=0 + HX "—t—‘RF—clz—OH

X

SCHEME 27

Since the carbon atom feels a high positive charge, the

equilibriﬁm lies to the right. This case is similar to the
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cne that was tried in this laboratory (Scheme 26}, excé?t
that the reaction does not proceed in our case. Even if the
reaction proceeded as in Scheme 27, the structure shown in

(XL) would give a different infrared spectrum from that of

the starting pyran. The difference would lie in the carbonyl
region; there would not be an absorption in that region. It
is difficult at this point to explain why the reacticon does

not proceed to give the desired results (products).

III.B.3. CRYSTAL STRUCTURE OF 6-TRIFLUOROMETHYL-4-ETHYL-
]

3-METHYL-2~-TRIFLUOROACETYL-PYRANYLIDENE

A summary of the crystal 3ata and intensity data
collected for the pyfan is given in Table 23. The purpose of
obtaining the crystal structure of ethyl pyran was mainly to
determine the relative .positions of the alkyl and perflucro-
alkyl groups on the ring. The two possible structures are_

shown in Scheme 28. Infrared spectra failed to determine the



SCHEME 28
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positions conclusively. The crystal structure determination

was carried out in hopes of determining the re3pective

positions of the groups.

Thej}argest peaks (highest

electron density) in the

unit cell were determined and organized into fragments of the

structure of the molecule according to symmetry relationships.

A 20% excess of atoms were inputed to this program. Several

attempts to determine unambiguously the position of the fing

perfluoroalkyl group were unsuccessful.

A Fourier map was prepared
structure indicating the position
group_could be obtained. However,
of the partial structure resulted
that is, the position of the ring

not be determined by this method.

in the hope that a

of the ring perfluorocalkyl
least-squares refinement
in an ambiguous result,

perfluorcalkyl group could
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-Table 23. Summary of crystal data and intensity data

collection for ethyl pyran.

A) Crystal'parameters at 18° with Mo Ku = Q.71069 '

a 9.370 &
b 9.094 R
c 16.873 %
a 90.00°
5 111.60°
y 90.00°

) v 1344.7 &°
Space group P2l/c
Molecular weight ' 300;20

] 1.48 for 2 = 4

calc .

B} Measurement of intensity data

Radiation: Mo K_ = 0.71069 2
Monochromator: graphite 28002 = 12.1
Crystal to detector distance: 25 mm

Detector: scintillation detector and pulse height

analyzer set for 100% of Mo Ka peak

Attenuator: Ni foil used for intensities 104 cps
Take off angle: 3.0°
Detector aperture: 4 x 4 mm

cont'd.
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Table 23, cont'd.

1

" Scan type: = coupled 8-28, 1° min-'l

Scan length: 4{(26) = (base width *+ 0.692 tan 6)

starting base width/2 below peak

Rotation axis: b

Reflections measured: *h, =k, 1

Maximum and minimum 26: 45.0°%, 4.0°

Scan base width: 1.39.

‘Number of reflections collected: 1919
Number of reflections with I > 3o0(I): 1797
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III.B.4. NUCLEAR MAGNETIC RESONANCE SPECTRA OF THE PYRANS °

A brief review of the nuclear maéhetic resonance
spectra of pyrylium salts was presented in Sectiéh IIi.A.?.
Generally, the threé pyrans under sﬁudy have the Samé ring
structure, and thus, the corresponaihg protons on thé ring in
each molecule is expected to have similar chemical shifts
(Table 24). The remainder of the moleculé i; variable, énd
so the nmr spectra are expected to show va}iations;

The nuclear magnetic resonance spectrum of methyl
pyran is presented iﬁ Figure 14. There are two ring protons
present in the molec&le, located at the 3- and 5-positions.
The chemical sh%fts of these two protons are §8.16 and 6.58
ppm, respectively. Determination of these two chemical shifts
was obtained by compéring the spectrum of methxl pyran with
the spectrum of ethyl pyran. In the nmr spectrum of the ethyl
pyran a methyl group is subgtituted for the proton. Thus, the
assignment of the low~field region is complete. A single-
resonance signal appeared at 66.00 ppm, which was assigned as
the alkenic proton on the side-chain. There is only one
methyl group on this molecule, and it is assigﬂed to the
signal found at 62.29 ppm. The signal is split into a doublet.
One possible explanation for this splitting is the presence
of'coupling between the methyl protons and the ring protpns.'
Decoupling experiments would prove the presence of conbling
between the methyl protons and other protons.

One more point to mention on the nmr spectrum’of
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Table 24. The proton magnetic resonance chemical shifts of

the pyrans under study in CpCl3.

-

Rt (GRl ppm) R2 (6R2 ppm} 'GHA (ppm} sH> (ppm)
-CH3 (2.29) -B- (8.16) _ 6.58 6.00
-C Hg (1.19 t)f-CH3 (2.06) 6.57 .. 5.?7
(2.56 q)
(J = 7.5 Hz)
-iéopentyl -isobutyl

{2.5-0.8) (2.5-0.8) 6.41 5.72

.methyl pyran is the chemical shift of the proton at the 3-
position. This proton is downfield relative to the proton in
the 5-position on the ring. The orientation of the trifluoro-
acetyl group may be in a trans poéition_to the ring oxygen

(XLI) :
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Figure 14. Nuclear magnetic resonance spectrum of methyl

pyran in CDClB.
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~

. L
If this were so, there may be an interaction between the

L]

fluorine and hydrogen atoms, which causes the position of

the signal to shift downfield.

The nuclear magnetic ‘resonance spectrum of ethyl pyran

is presented in Figure 15. This molecule’has only one ring

proton (5-position) which is assignéd to the signal at 6 6.57

- .

Ppm. The alkenic’proton was aséigned to tﬁe signal'at 6§ 5.77
ppm, since there is only that one proton and only that one
signal present in the low-fleld reglon. There are two alkyl
groups present,‘an ethyl and a methyl groqp._The methyl group
is in the 3-position and a singlet resonance srgnel at 6 2.06
pﬁm is assigned to this“methyl group. gthyl greups produce

the characteristic triplet-quadruplet type signals. The ’
triplet (6 1.19 ppm) 1is assiéned-to the methyl group and

the quadruplet (8 2.56 pémi is assigned to the metbyiene
protons. A boupling constant of 7.5 Hz was observed,

< 119 oo
consistent wlth the llterature.

-

' "
The nmr spectrum oﬂ Epe pentyl pyran is presented in

Figure 16. Again, the assignment of the ring -and alkenic
. . b . \ “
protons’ is very.straightforward. The'?hemical shift of the

aromatic protep is 6 6.41 ppm and that of the Elkenie protoﬁ
is 8 5.72 ppm. There are two alkyl groups present on the
-rinJE arf isobpt?l éroup and an isopentyl group. Each of these

has a rather compllcated splitting pattern’and added to this,

the chemical shlfts are very close to each other, the nuclear

-

magnetic resonance spectrum in the alkyl region is e££ected

5

" to be rather complex. As can Pe seen from the nmr spectrum, .



l6l

P ! ?-B
- .

‘-.!/J
el
Figure 15. Nuclear magnetic resonance spectrum of ethyl

Y

pyran in CDClB.
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Fig&re 16. Nuclear magnetic resonance spectrum of pentyl

pyran 1in CDCl3. /—1\
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: :
this fact is borne out. This region was assigned on the basis

of the inte?rated area of the peaks. The area integrated to
20 protons which is the number of protons in the alkyl
groups. There is an.impurity present at about § 0.5 ppﬁ:'
This resonance signal is probably due to an organohalosilane
impurity. o

The position of the perfluoroalkyl group on the pyrans:
synthesized in this study was determined by application
of several nuclear”magnetic resonance technigques. Although
the problem appears to be straightforward, the complexity'
of the proton-proton and proton-fluorine couplings made
unambiguous assignment rather difficult. A brief explanation
of each technigque employed will be presented. More detailed
explanations may be found in spectroscopy boo]-cs:!‘ls'llg"141

Decoupling (or double-reéonance) techniques remove the
spin-spin couplings betweed'nxﬂei%4l A strong radiofreguency
field of the resonant frequency of one of the nuclei is
applied at the same time as the resonance of the other is
being observed. Absorpﬁion and emission are induced ﬂy the
strong radiofrequency field many timeg per secon?, and £hus
the time-;verage of. the coupling between the decoupled
nucleus and the.other is zero.

Experiments which utilized the decoupliﬁg'technique,
or a slight variation of this method, include: )

a} hemonuclear decouéling )

\ J
b) homonuclear triple irradiation which involves the

simultaneous decoupling of two protons while
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observing the remaining protons.

g) heteronuclear decoupling between the lH and 19? nuclei
(the protons are decoupled and the fluorine resonance
signals are observed), and between lH and 13C nuclei
{the selective decoup]’ing of the protons and the -
observation of the 13C resonance signals).

d) simultaneous homonuclear and heteronuclear decoupling
while observing the protonrresonénce signals. k‘

e) homonuclear and heteronuclear Overhauser effect (NOE)
" measurements. '

The Nuclear Overhausér Effect (NOE) arises when
saturation of the resonance of one nucleus can affect the
relaxation of another nucleus/nuclei, resulting in intensity
changes in‘the nuclear m#gnetic resonance spectx"umJ.‘l9 This
NOE phenomenon will occur when the nuclei in gquestion are
in close proximity,~although spin coupling need not be
present between them. Relaxation of the nucleus/nuclei under
observation may. aepend mainly upon spin exchange with the
irradiated nucleus, such that the saturation of the
irradiated nucleus can give an intensity enhancement of up
to 50% when the nuclei are of‘the same species.

F3

Discussion of the structure determinatidn of gethyl

pyran will be divided into four parts: (a) lH—lH decoupling:

(b) lH-lgF decoupling; (c) NOE measurement; and (d) lH-l3C

decoupling. In some cases, the nmr spectra have lost some
fine structure during the photo-reduction process which may

affect the understanding of parts of the discussion.
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The homonuclear decoupling nmr spectra are presented
in Figure 17. The lH nuclear magnetic reéonance spectrum of
methyl pyran is pictured in (1) of Figure 17. This spectrum
may be assigned to either structure (A) or (B} (Scheme 28f.
JIrradiation of the methyl group (é 2.3 ppm} affects all of
the remaining proton signals, which indicates coupling to the
other protons (spectrum 2). Spectrum {(3) shows that upon
irradiation of the proton signal at 6”8.1 ppm, the methyl
protons at § 2.3 ppm and the proton éignal at ¢ 6.5 ppm and
at § 5.9 ppm are affected. Thus, proton at ¢ 8.1 ppm is
primarily coupled to the methyl group and the proton at § 6.5
ppm. Irradiation-of the methyl proton signal at é 2.3 ppm
(spectrum 4) and looklng only at the protons at § 8. 1 and

6.5 ppm,. reveals that the’ methyl group is coupled to these

“T_protons. Trlple resonance experiments (decouplxng protons

at & 5.9 an& 2.3 ppm) indicate that the protons at & 8.1 and
" 6.5 ppm are_coupled (spectrum 5). These data lndlcate that
structure (A) in Scheme 28 could p0551b1y be correct. .
“{ In the hetercnuclear decoupling éxperiments, the l?r-
"nuclei were irraoiated and the lH nuclear magoetic résonance
spectra were recordeo. The lH nmr spectra of methyl pyran,
after decoupling, are presented in Figure.l18. Irradiation of
the loJ—fleld fluorlne szgnal (spectrum 4) removed the
coupling from the proton signal at § 8.1 and 6.5 ppm (compare
spectra 1 and fé Coupling was removed from'the proton .
signal at &4 5.9 ppm (spectrum 7} by irradiatino the high-

'fleld fluorlne 51gna1 (compdre spectra l and 7). Irradiation

, \



Figure 17. Homonuclear decoupled lH nuclear jgmagnetic

resonance spectra of methyl pyran in CDC13.

(1)
(2)
(3)
(4)
(5)

lH nmr

Irradiation
Irradiation
Irradiation

Irradiation

of methyl group (6 2.3 ppm)
of‘proton at 6§ B.1 ppm
of methyl group (6 2.3 ppm)

of protons at 6 5.9 and 2.3 ppm.
. s
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Figure 18. Heteronuclear decoupled (lgF) lH nuclear magnetic

resonance spectra of methyl pyran in CDC13.
(6) Irradiation of low-field fluorine signal (72.0 ppm)
(7) Irradiation of high-field fluorine signal (78.6 ppm)
(8) Irradiation of low-field fluorine signal and methyl
proton signal (& 2.3 ppm)
{9) Irradiation of iow-field fluorine signal and proton

signal at ¢ 8.1 ppm

wr
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of the lpw-field fluorine signal and the ﬁethyl proton
signals at 6 2.3 ppm indicates ehat the methyl protons are
coﬁpled to the protons ah § 8.1 ppm in the nmr spectrum (8}.
Confirmation that the methyl protons and the proton at & 8.1
ppm, and thet the protons at 6-3.1 angd 6;5 pbm, are coupled
was obtained by-irradiating'the low-field fluorine signal and
"the signal at 6 8.l pﬁm, simultaneeusly (spectrum_ 9).

19

_The F nuclear magnetlc resonance _spectrum of methyl

pyran ;s phesented in Flgure 19. Spectrum {10) was recorded
_in the absence of the decoupling experiments (spectrum 1l
__;is expanded),.wherees spectrum (12).was recorded with the
;rrediation of the proton signal at ¢ 5.9 ppm. The lgF signal
at§ 78.6, ppm (high f;eld) is coupled to the ‘proton at_6‘5.9
pﬁm;‘and the iow-field lgF signal is coupled to the protons
“at'é 8.1 ana 6.%“ppm. This indicates that the high-éield

-
.

fluorine signal“correéponds to the CF, group outside the

3
ring: thadt 1s, on the side chaiq,

Homonuclear NOE measurements would clearly distj"hiqh"

between the two possible structures (Scheme” 28). In the case
of structure (A), hhe protons at ¢ B.1l aqd 6.5 ppm.wouidlbe

"~ enhanced on irradiation of the methyl proton signal, Qhereas
in structure (B), only one proton signal would be enhaneed on
1rrad1augng the methyl group signal. The resul?s of thle‘
experiment are summarized in Table 25./%he protOnfsignalé at
¢ 8.1 and 6.5 ppm show ﬁOE enhancemenks of 21% end 14%,

respectlvely This confirms structure (A) of Scheme 28 as the

correct confﬂguratlon of the pyran

4



| Figure 19. Heteronuclear decoupled (lH) 193¢ huclear magnetic

L &
resonance spectra of methyl pyran in CDCl,.
(10) lgF nmr spectrum

(11) " 1°F nmr spectrum (expanded) T
19

(12) F .nmr spectrum with irradiation of proton sidnal

at 6 5.9 ppm.

Ay " .
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Table 25. Homonuclear NOE measurements on the low-field
proton signals of methyl pyran with irradiation of the

methyl group signal (& 2.3 PpRm) .

Proton signal Intensity in Intensity in Change

absence of NOE presence of NOE

§8.1 ppm 52 61
50 ° &0
48 . 61
50 61
* 50 " 60
ave, 50 1 61l =+ 0.5 . 21%
?
$6.5 ppm 56 ' 64
55 65
57 63
’ ™
56 ~64
56 ’ 62
ave,. 56 + ] 64 + 1 14%
¢5.9 ppm 53 52
52 52
53 52
53 53
53 52

ave. | 53+ 0.4 52+ 0.4 = 0%
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Heteronuclear NOE measurements would allow unambiguous
proton assignment and further evidence as to the structuré
of methyl pyran. The low-field fluorine signal was irradiated
and the 1H nmr spectrum indicated the proton sﬁgnal at § 6.5
ppm was enhanced in in;énsity by i?%vawhereas the irradiation
of the high-field fluorine signal eﬁhanced the proton signal
at § 5.9 ppm by 6 %.‘This is summarized in Table 2;,.Thus,
the position of the perfluoromethyl group on the pyran was
located, unequivoéally. —

Carbon-13 nuciear‘magneiic resonance Qaﬁﬂé§ﬁlized to
confirm the overall structure of the methyl pyran m;lecule.
Proton decoupling was performed to assign}the chemical shifts
of carbon atoms obtainable from the 13C nmr spectra. The 13C'
. nmr spectra of methyl pyran are presented in Figure 2b and

21, an the‘carbon—lB chemical shifts in ppm downfield from
TMS are listed in Table 27. (

In the fluorine coupled-proton decoupled 13C nuclear

-

magnetic resonance spectrum (Figure 21, A), four quartets are
present, two at low field and two at higher field. The low-

field guartet (177 .7 ppm, J = 33.8 Hz) is assigned to the

CCF
side-chain carbonyl group adjacent to a trifluoromethyl

\\\\\\\\‘__d/gfgggt-;ence, the other low-field quartet (145.9 ppm,

JCCF = 39.5 Hz) is assigned to the ring carbon adjacent to

the perfluoromethyl group. The remaining two quartets (118.3
and 117.1 ppm, JCF = 272.1 and 290.8 Hz, respectively) are
assigned to the two trifluoromethyl carbons. There is long-

range coupling between the fluorine and carbon atoms

/
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.Table 26. Heteronuclear NOE measurements on the low-field

proton signals of methyl pyran with the low field (72.0 ppm)

and high field (78.6 ppm) fluorines irradiated.

“

Proton Intensity in Intensity in Change
Signal absence of NOE presence of NOE
Low High Low High
§8.1 ppm 50 52 57
50 51 54
48 54 52
50 50 52
48 50 54
50 51 52
“ - ﬂ 2
ave. 49 :1 2 + 2 53 : =6% =B8%
§6.5 ppm 54 68 59
57 68 54
54 63 55
55 67 53
55 66 52
63 54
_ 62 —
ave. 55 = 1 65 + 3 55 19% =0%
¢5.9 ppm 49 55 . .52
50 53 53
50 53 50
50 53 49.
48 52 52
- 49 52 53
— =20 —
ave. 49 = 1 53 + 2 52 : =8%

"
O
L
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. 13 .
Figure 20. C nuclear magnetic resonance spectrum of methyl

PYran in CDC13.
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N

Figure 21. lH decoupled 13C nuclear magnetic resonance
spectra of methyl pyran in CDCl,. v

(A) Fluorine coupled-proton decoupled 13C nmr Sspectrum
(BY Irradiation of methyl group protons

(C) Decoupling of proton signal at ¢ 8.1 ppm

(D) Decoupling of proton signal at & 6.5 ppm
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Table 27. Carbon~13 nuclear magnetic resonance-chemical

shifts in ppm downfield from TMS. in CDCl3.

Chemical shift (ppm) _ Multiplicitya
177.7 (g CCF = 33.8 gz) gq

168.0 , s

148.2 ) . s

145.9 (JCCF'. 39.5 Hz) ¥ q
'120.7 S

J

118.3 (JCF = 272.1 Hz) of

117.1 (JCF = 290.8 Hz) _ q.
110.5 (JCCCF = 3 Hz) : d

91.6 ) s

21.9 ' % s
&

g = qguartet; s = singlet; 4 ;doublet.

-

v

represented by the signal at 110.5 Ppm (JCCCF = 3Hz), as well

@S proton coupling with thé S-position proton. This was

confirmed by decoupling the prot;n signal at § 6.5 ppm and

observing the effect on the Spectrum (Fiqure 21, D).
Irradiation of the methyl group'protons (Figure Zi,

C) sharpens the signal at 148.2 ppm, which indicates coupling

between the two nuclei. The signals centred at 118.3 ppm are

enhanced; the irradiation of the methyl protons removes some

of the long range coupling from the triflhoromethyl group,
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indicating the presence of the perfluoromethyl group on the
ring. Decoupling the proton at & 8.1 ppm (Figure 21, C)
resulés in the enhancement of the signal at 120.7 ppm, thus,
assigning this resonance signal to the ring carbon in-the 3-
position. All of the ring protons were ifradiated, but the
signal at 168.0 ppm was unaffected. This signal is assigned
to the carbon at the 2-position, while the remaining
resonance signal at 91.6 ppm ( a doublet) must be coupled to
‘the proton at 6 5.9 ppm.

1 13

The “H, ¢ ana '°F nuclear magnetic resonante

spectral data of methyl pyran is summarized in Table 28.
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Table 28. The lH, 13C and lgF chemical shifts of -methyl pyran
in CDCl,.
: 3 10, 12
CFq
Nucleus Atom Chemical shift, ppm Reference
L {coupling constant, Hz) (upfield/downfield})
13 ' .
C 2 168.0 TMS (downfield)
3. 120.7 '
4 148.2
5 110.5 (JCCCF = 3)
6 145.9 (qCCF = 39.5)
7 91.6.
8 177.7 (JCCF - 33.8)
9 - 118.3 (JCF - 272.1)
10 117.1 (JCF Z 290.8)
11 21.9
19¢ 12 78.6 (3 = 0.8) CFC1. (upfield)
' FCCCH ~ : . 3
13 72.0 .
lH 14 6.5 THMS {(downfield)
15
16
17
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I11.3.5. INFRARED SPECTRA OF THE PYRANS

Thg infrared spectfum of non-fluorinated pyrans may be °
_ ana}yzed in terms of the well—known‘functional groups
present, namely thg.ether linkage, and thus needs no
introduction. However, the pyrans in this study have_ per-
fluoroalkyl é;oups which are expected to affect the position
.CBf the vibrational peaks. Therefore, the vibrational spectraf
of fluorinated ethers and carbonyl compounds are briefly '
discussed. “
A pyran is a cyclic ether, and therefore shouldrabsbrb

in the infrared spectrum at 1150-1060 em T 142

due mainly to
the antisymmetric C-O-C stretching freguency. In vinyl éthers
the band is found at higher frequency in the range 1274-
1200 cm_l, with a'weaker band (the symmetric stretching
. : .
frequency) found at 1075-1020 cm-l.142 Use of these
absorptions is restricted because of the similar positions
of the fluorocarbon aBsorptiOns. .
Moving on to the next functional group associated
with the pyrans undér study isrthe carbonyl region of an
infrared spectrum. This region is very sensitive‘to the
substituents attdched to it. Normally, the carbonyl
' stretching frequency is found in the region 1850-1600
m—l. 142 Changes in the steric and electrical interactions
of the substituents with the carbonyl grouptfead Ed the

pbsitional changes of the carbonyl band.

The introduction of fluorine into a compound
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containing a carbonyl group results in an increase in the

'

carbonyl stretching frequency. The position and number of
;luorine atons determiﬁe the magnitude of the frequency
change.

If the carbonyl group is conjugated with an olefinic
or an aromatic system, thelfrequency of the carbonyl
stretching'vibratibn is decreased, because of the reduction
in the force constant of the carbonyl bond. The carbonyl
stretching frequencies of a representative collection of

fluorinated ketones142

is presented in Table 29. This effect
is éiearly visible from the stretching frequencies listed in
the table. Both aromatic and colefinic systems result in a
decreése of the carbonyl stretching fréquency.

The infrared spectra of methyl and ééhyl pyran were
recorded as Nujoi ﬁulls and are pictured in Figures 22 and
23. The major vibrations are liétea in Tables 30 and 31,
along with the postulated assignments.

Inspection of the infrared ‘spectra of the two
compounds reveals that the speééra are virtually identical.
Th%s is not unexpected as the geometry 6f_the two compounds
are very similar, the only difference being an added methyl
group in the 3-position. These two spectra may be compared
as- they were both run in the same solvent.

The two pyrans under study have a side-chain similar
tc the pure fiuorinated diketones. THus, one woui% expect the
carbonyi stretching frequency to be similar. From Tables

29, 30 and 31, it can be seen that the carbonyl stretching
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Table 29. Carbonyl. stretching frequencies of fluoroketones%3B

C;mpou;da ~ Fregquency (cm-l) : Reference
R COR : . 1775-1760 ‘ 143,144
RfCOCHéCH CH, . 1773 ‘ T 145
R COCH Ar 1767 143
R.COCH CHCH, . 1730 ' ) 146
R COCH,COCH, 1775,1745 147 ' .
) 1680-1605 148
CF3C0CH2COCF3 -1790,1765 147
1680 147
a

Rf is a perfluorcalkyl group; Ar is an aryl group.

s

+ ]

frequency is located at 1680-1605 em ! for trifluoromethyl-

2,4—pentanedione}48

and at 1684 cm_l for méthyl pyran and at
1676 tm * for ethyl pyran.-

The other Qibyétiqfal mode of interest is that
cbncernidg:fhe ether iinkage. It was stated earlier in this
séction-that the C-0-C antisymmet}ic'stretdhing freguency is
located at 1275-1200 cm ) and at 1075-1020 em > for the
symmetric'stretch;ng frequency for vinyl ethers%42 For both
compounds . there are intense bands in these regions. In the

methyl pyran, the bands are located at 1206-1276 cm_l and
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Figure 22. Infrared spectrum of methyl pyran as a Nujol mull

in the region 1800-650 cm—l.
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Infrared spectrum of ethyl pyran as a Nujol mull
1

Figure 23.

in the region 1800-650 cm
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Table 30. The infrared spectral assignments of methyl pyran

as a Nujol mull.

T (em™ ) ) Intensity® Assignment
1684 s —o
;
1276 m C-0-C \\_J//
1206 Vs C-0-C
1089 vs C~0~C
1044 m . C-0-C
1035 ’ m  c-0-C

a : .
5,strong; m,medium; v,very.

Table 31. The infrared spectral assignments of ethyl pyran

as a Nujol mull.

:(cm_l) Intensity® ' ’ Assignment
1676 ] cC=¢0C
1282 . s C-0~-C
1223 s v " c-o-C
1099 s C-0-C
1081 vs : C-0-C
1038 w C-0-C

s,strong; w,weak; v,very.
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1035~1089 cm l,- in the ethyl pyran, the bands are found at
1

1223-1282 ¢cm 1 and at 1038-1099 cm Both of these sets of
bands are in the range found in the.literature],'42 and are in
agreement with the.structuré identified via nuclear magnetic

resonance spectroscopy in Section III.B.4.

III.B.6. MASS SPECTRA OF THE PYRANS
j' - s e

The mass s%ectrometry of fluorinated organic compounds
is rather complicated. Fluorine compounds undergo
rearfangements upon ionization which préduce groups of‘atoms
which are not adjacent to each’other in the Pnionizea '
molecule].“49 The trifluoromethyl group is special in the mass
spectrum cf Yorganofluorine compounds. It can be formed by
rearrangement, evén though there is no group rgsembling
the trifiuoromethyl group, and it isAalmost always lost from

. 5 .
the molecular ion to give the base peak ion in the mass
spectrum.

Along the line of formation of the trifluoromethyl
group is the rearrangement resulting in the pentafluorcethyl
group%49 This fluorinated alkyl group is less frequently |
encountered, but it must be kept in mind ‘when discéssing the

mass spectra of fluorinated organic compounds. Another

fragment encountered, often if not always, is that which

contains hydrogen, carbon and fluorine. The fragment is found';ﬂ

in the mass spectrum at m/e 51, and it corresponds to the

-
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.difluoromethyl ion. A rearrangement peak at m/e 33 often
appears‘in the mass spectrum of compounds in which the raéio
of fluorine atoms to hydrogen atoms épproaches one. This
fragment'(m/e 33) correspoﬁds to .the monofluoromethyl ioﬂ
(CFHé). The last process to be mentioned which can lead to
cenfusion in the understanding of the masSiyspectrum of
organofluorine compounds is the eliminatio qf difluoro-
methylene, CFé. This réarrangement ion is génerally observed
in the mass spectrum of aromatic compounds'at m/e 50.

The mass spectrum of methyl pyran is presented in
Figure 24 and the major fragment ions are listed in Table 32.
The p£0poéed fragmentation pattern is presented in Scheme 29.

Pyrans are the anhydrorbases of pyrylium salts. It
was mentioned earlier (cf. Sectjon III.A.6) that in tpe mass
épectrum of éyrylium salts the vaporization of the gamples
résqlted in the absfraction of the hydrogen halide and the
anﬁydro base appears as the molecular ioni<’ It would be
expected to be present‘in these'mass quctra'(of pyrans) and,
indeed, it is. The molecular ion is the ion at the highest
m/e value. The loss of a trifluoromethyl radical yields the
base péak ion at m/é 203 (CgHsF 0+). There are’ two

372

fragmentation paths that involve the CgHGfBO; ion (m/e 203).

The” first begins by the loss of a CO molecule to give the

CBHGFBO+ (m/e 175) fragment, with the subsequent loss of thé

CFBCO radical (m/e 97), in two stages, to produce CSHG?

of a CO moleéule results in the formation of a five-membered

Loss

ring, C7H6F; (m/e 147). This ion loses the methyl radical to
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Figure 24. Mass spectrum of methyl pyran.
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Table 32. The relative intensities of some major fragment

ions of methyl pyran.

m/e {amu) Relative Fragment

Intensity (%)

. 3

272 92.6 G HF O, ‘
203 100. C9.H6F302+
127 71.1 ' C.]HSF;

106 ) 52.7 | - C,HLO e
101.5 21.2 CoHF 40,

78 | 53.7 CeHe T

77 61.5 c6H5'+

69 ' : 67.8 -~ CcEFy -

50 34.0 _ CF, *




198

|+.
CH=—CO

184

Scheme 29
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o
give C.H,F] (m/e 132) followed by loss of the ‘trifluoromethyl
group to produce the five-membered ripg,'éSH; dm/e 63).

The second path is initiated by the loss df the
fluorine rAdical to produce the C9H6F20£ (ﬁ/e 184) radical
ion. Subsequent loss of ?ye HCO radical followed’g;w;he loss
of a Co‘molecule results’in ‘the CBHSFZO+ (m/e l?Sl and
C7H5P; {m/e 127) ion, rqspect{;ely.‘Loss of two CZQ;;
molecules yield the fivefmembered ring CSH3F; {m/e 101} and
the three-membered ring,C3HF; (m/e 75), rgspectively.

The mass splectrum of ethyl pyran is presented i
-Figure 25 A and the major fragment ions are listed in ble
33. A fragmentation pattern was postulated and is presented
in écheme 30. On'inspection, the scheme is similar to that
proposed for methyl pyran. Ihis is expected since the two
molecules are very similar. Again, thg loss of a trifluoro-
methyl group (m/e 69} results in the production of the ion
corresponding to the base peak ion (CllHloFBO;; m/e 231).
Two paths are available for the base peaﬁ.ion to fragment.

The first path bagins with the loss of a methyl radical

+

followed by the loss of a CO molecule to produce C10H7F302-
(m/e 216) and C9H7F3O'f(m/e 188), respectively. Loss of a CO
molecule from the latter ion results in C8H7F3T(m/e 160) .

Subsequent fragmentation of a trifluoromethyl radiéal results

+ .
in the tropylium ion, C7H7 (m/e 91). Successive losses of two

C,H, fragments produce the five- and three-membered rings,

C5H5+(m/e 65) and CBH;'(m/e 39}, respectively. Loss of CFi,
CHé, and CO from C9H7F3O.tresult in the six—meﬁbefed'ring,

>
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Figure 25. Mass spectra of ethyi pyran (A) and pentyl

y
pyran (B). ' ;5

200
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Table 33. The relative intensities of some major ions in the

mass spectrum.cf ethyl pyran.

m/e {amu) Relative Fragment

Intensity (%)

200 39.7 C12M10F 607
231 100. C 1M F 50,
149 13.4 | cgngdzf
115.5 7.0 Cp1Hy0F 305 "
91 17.8 : ‘c653o*

77 14.2 Cghg

69 17.9 . CFy

+
CGHJ'(m/e 76). Fragmentation of a C2H2 molecule produces the

four-membered ring, Cqﬁér(m/e 50). Loss of a methyl radical

and a CO molecule from C9H7F3dt produces C7H4F; {m/e 145).

. Successive losses of two 'C,H, molecules result in the five-
and ghree—membered rings, C5H2F3+(m/e 119) and C3F;'(h/e 33},
respectively. | -

The second fragmentation path originates with the loss’

+ +
of a CO molecule fr9m.c11H10F302 to produce C10H10F30 (m/e

203) .- Loss of a C2H4 molecule results in C8H6F30+ (m/e 175).

Fragmentation of a CO molecule from C8H6F3O+ produces C7HGF3+
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(m/e 147). Loss of methyl or triflucoromethyl radicals produce

Cgﬁg?jr(m/e 132) and CGHGT(m/e 78), respectively. Subsequent

loss of two C,H, mblecules from CGHGT results in C4H4r(m/e

52) and Czﬁéf(m/e 26) . Similarly, loss of C,H, molecule from

C H,F_ produces C HF3f(m/e 106) . Fragmentation of a C,H

6 3 3 4 2

molecule from C8H6F3O+ results in C6H4F30+ (m/e 149). LOSS

of a CO molecule produces the 3-membered ring, CsﬂqF;'(m/e
121). Loss of a CHé or CFj results in the formation of
C,HFJ (m/e 106) and C,d,* (m/e 52). ..

The last mass sgectrum.to be discussed is that of
pentyl pyran and it is presented in Figure 25 B, ana the

r

major fragment ions are listed in Table 34. The propeosed
fragmentétion pattern is presented in Scheme 31. The loss of

a propvyl group (C3H m/e 43) results in the formation of the

77
base pea&lion. This is not difficult to understand when one
considers that the main process in aralkyl compound§ is
cleavage at the carbon alpha to the r’ing%l8 The propyl group
on tﬁe 3—is;5utyl side-chain is such a group. A'surprising
observation is the rather small relative intensity of the

CFi fragment 1on (ﬁ/e 69, 16%) compared to the other pyrans

studied.

4
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Table 34. The relative intensities of some major fragment

lons in the mass spectrum of pentyl pyran.

n/e (amu)

Relative

Intensity (%)

Fragment

La
w
£

L
o
b

13.7
16.5

100.
16.4
11.9
16.3
30.1

23.6

-+
Clauzstoz'

C,_H, F_o.t

151165692
C_lsﬂlsfsoz+
C1qH2F30,
CyoHsFg0p *
cF
CaHy -~
Cqfg *

IIT.B.7. ELECTRONIC SPECTRA OF THE PYRANS

205

The electronic spectra of methyl and ethyl pyran are

presented 1in Figures 26 and 27, respectively, and the

corresponding X
esp 9 *max

and ¢
max

are listed in Tables 35 and 36,

respectively. The spectra of both compounds were recorded in

methanol and in cyclohexane to assign the transitions.
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. i +
CygH22F6%2 "

(384)

\

—- + - + .
CigHanfsly 7F CyqH,,F 40, *CF5
" (365) (19) (315) {69)
c o ts . + .
CyqB,5F 0, CFy CygHaaf30 Cco
(2961 (69) ' (287) (28)
‘[' o, t e
Clsdzzf‘zo cO C15H220 CF3
(268) (28) (218) (69)
+ -
ClSHZlF2 + CHO
(239) (29) —-CHO
(29)
'r .
CygHa” * CFy
(189) (50)

C6H"5 + B CHZ'

(77) (14)
Scheme 31 cont'd.
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Scheme 31, cont'd.

+
C18F22F6%2 "

(384)

- . . + N + .
COCF 4" + ClGHZZFBO. CysHysFeO, + Cyiiy
(97) 1’ (287) (341) _ (43)
C. H. F.O ¥ +CH: i c..H..F.Of + F°

15=20°3° ° 2 15°15° 572 A

(273) (14) (322) (19)

C..H.. + CF.CO" ' C. . H i o’ CF.'
13720 ok 147155292 7 3
(176) (97) (ZSB)l (69)
C. . H..F.0  +cCO
13%15%2
(225) (28)

!

+
C,,H,,F,* t+CHO

12%14%2
(196{1 (29)
CF.  +cC..H, .
2 11714

(50) (146)
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¥

Figure 26. Absorption spectra of methyl pyran. in methanol

and in cyclohexane.
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Figure 27." Absorption spectra of ethyl pyﬁ:an in methanol

and in cyc% .
P
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Table 35. Absorption spectra of methyl pyran in methanol and

L]

in cyclohexane.

h Y

solvent = . L Ay I }0_4
(Concentration, M) (nm) M Lem™h ‘
/ ) ' X
Methanol ) 221.0 : . 0.41
(1.179 = 10”4 304.0 - : 0.98
| 316.0 1.10 -
391 1.11
Cyclohexane o ‘ 227.0 ©0.26
(6.98 x 107°) =294 (sh) . 0.77
305.0 ‘ 1.14
317.0 1.19
384.0 0.73
=411 (sh) 0.61
=441 (sh) . 0.32

-

In the méthyl pyran spectra, the high energy trénsition
{221-227 nm) is shifted by 6 nm to shorter wavelength on
*going from cyclohexane to methanol, and this would iﬁdica;e
an n-n* transition. The next two bands in the ultraviolet
regifn.ﬂ305 and 317 nm) are unaffgcted by changgs in the

solvent polarity and this would indicate the bands are the
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Table 36. "‘Absorption spectra of ethyl pyran in methanol and -~
[ S .

in cyclohexane. - ) P
Solvent S e g 1074
(Concentraﬁion, M) (nﬁ) ] (M_lcm_l)
Methanol 226.0 _ 1.36
(5.995 x 107°) =290 (sh) S 1.14
' 304.0 1.61
315.0 1.66
=3;§ (sh) 1.07
390.0 T1.72
=421 (sh) ©1.01 "
Cy;lohexaner -224.0 - 0.79
(6.33 x 107°) =292 (sh) . " 1.25
303.0 1.52
316.0 1.33
=346 (sh) 0.57
370.0 ’ 0.82
- =386 (sh) 0.76
=414 (sh) 0.44
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result of ﬂ?ﬂ; transitions. A shift to lgnger wavelength is
observéd in tne visib#e region band on ‘going from cyclohexane
to methanol (3é4 and 391 nm, respectively). This_is
indicative of =<%* transition.

A similar argument was used to assign the transitions
of ethyl pyran. Thus, the bands in the ultraﬁioleé region
{224-3;6'nm) undergo a red shift oy no observable ghift on
"going Irom cyclohexane to methanol solvents, and.thus these

. :
bands are assigned to n-n¥ transitions..The absézgiion bands
in the visible region (EE; 350-420 nm) apéear to consist of
several bands,‘suberimposed. Thus,\assignment of this region
is difficult.

In comparing the intqnsity of the bands in th; spectra
of the two pyrans in methanol and in cyclohexane, the largest
difference .lies in the Sands at the higﬁ (ca.- 225 nm) and
the low engrgy {ca. 410 nm)-eﬁd of the spectrum. Solvent
stabilization of the excited stéte (h-w*).of the pyran
results in the greater intensity of ﬁpe'high enerqy band
{ca. 225 nm) in the poi&r golqent, méthanol. Thus, the large

intensity increase in the low energy band (ca. 410 nm) would

indicate' the presence of n-an* transition.
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- ‘ .
III.C. REACTION PATH FOR THE FORMATION OF THE PYRANS AND

. THE PYRYLIUM SALTS

-

-

The reaction path proposed for the formaiion-of the
pyrylium salts is presented in Scheme 32. Nucleophilic -
displacement.of the halide from the silicon atom by 2,4-
.pentanedione (or 2,4-pentanedionato) to yield the tetravalent
silane containing two unidentate 2;4-pentanedionato ligands
is a well known reactioh?0 A proton from the terminal methyl
group is abstracted by the 2,4-pentaneéionato,anion to give
the resgnance-stabilized anion (III). Abstraction from the
other less acid;c and unstabilizable methyl éroup is highly
impfobable. An Aldol condensation123 between the terminal
Tethylene anion and carbonyl groub produces the ten-membered
hetero~-ring (IV). Subsequent attack b§ the —0 on thg
organoﬁalosilane (stiClz)”generates the siloxy group, which
is a'good‘leaﬁing group{so Abstraction of a proton from the
most acidic site to generate an enolizable carbanion results

150

in tﬁe_exPulsion of the sﬂloxi@e group (VII). A nucleo-

philic.attéck at Si by Y (where Y is 2,4-pentanedionato or
stix——o-) with migra‘ion of —0 to the carbonyl carbon, to

bring pboutlcyclizatiog to the desired ring. Attack by —O
on Si to dispiace ——O_,_follobed}gy the subsequent loss of
"the siloxide, produces the pyran (X). ProtOnatidn by HX
‘prodyces the desired pyrylium salts. |

The pyran, synthesized by reacting trifluoromethyl-

2,4-pentanedione with SiCld, would follow the same reaction
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path (CF3 groups replace the circled CH3 groups), wiﬁh the
exception of step (X)Ato {XI). Protonation would be inhibited
because of the large electron withdrawing power of the tri-
fluoromethyl group%40 This effect would remove electron
density from the ca;bodyl oxygen producing a more acidic

cencre.
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V.A. pH TITRATION CURVES OF PYRYLIUM CHLORIDE AND SODIUM

HYDROXIDE
A summary of the data required for the determination
of the pKa oI pyrylium chloride via the titration method

is presented in Table 37.

Table 37. pH titration data for the determination of the

eX_ of pyvrylium chloride.

a
Curve HA NaOH Equivalence Equivalence PK_
(s} {N) Volume (ml) Point pH

1 . 0.0984 0.1113 22.20 7.64 2.80
2 0.0984. 0.1113_ 22.58 7.84 3.15

3 0.0536  0.1064 24.63 7.90 ‘ 3.24
37, 0.0526 0.1064  25.07 8.98 5.39
’ 0.0489  0:1064 23.40 - 9.27 5.99




230

Figure 28. pH titration curves (1) and (2) of “pyrylium

chloride and sodium hydroxide.
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Figure 29. pH titration curves (3},

chloride and sodium hydroxide.
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V.B. ABBREVIATIONS

232

OF CHEMICALS USED IN THIS WORX

acac

Hacac

oyrylium chlcride

methv]l pyran

ethvl pyran

pentyl oyran

bzac

Hbzac

2,4-pentanedionate anion
2,4-pen£anedione '
2,4-dimethyl—6—(2'-hydroxy-l'-pfopenyl)
pyrylium chloride
6-triflucoromethyl-4-methyl-2-triflucro-
acetyl-pyranylidene
6-trifluoromethyl-4-ethyl-3-methyl-2-
trifluoroacetyl-p?ranylidene
6—trifluoromethyl—4-isopehtyl—3—isobutyl-
2—;rifluoroacetyl-pyranylidene

benzoylacetonate anion

benzodylacetone





