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Organic chemistry just now is enough to drive one mad. It gives me the impression of a
pnimeval tropical forest, full of the most remarkable things, a monstrous and boundless
thicket, with no way of escape, into which one may well dread to enter.

--Fredrich Wéhler, 1835




Scientific developments are very ofien the result of human efforts either to mimic Nature or
to “create the unnatural,” whether in the field of human flight or chemistry. For example,
Icarus’s attempt to mimic Nature is part of Greek mythology; Wilbur and Orville Wright
successfully created the unnatural at Kitty Hawk, N.C., December 17, 1903. In chemistry,
along with synthesizing new compounds—an enormous effort has been devoted to
synthesizing naturally occurring compounds—copying Nature.

--Giovanni Desmoni, et al
Natural Product Synthesis through Pericyclic Reactions
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Abstract

This research has focused on the total synthesis of the iron—chelating natural
product 1-(2,3-hydroxyphenyl)-4-methoxy-1-butanone. An extract of the
iron—deficient fungus Gleophyllum iraebeum, this molecule is thought to bind to Fe** in a
hexacoordinate system to aid in transport through cell walls in order to help regulate iron
levels in such iron—deficient fungi. Since the proposed structure of the molecule is based
only on the spectral data of a very small sample, our hope is to synthesize and confirm its

structure as the extract of the brown rot fungus.
0) e
OH

OH

1-(2,3~dihydroxyphenyl)<4-methoxy-1-butanone

We have developed a relatively short retrosynthesis for our work on this
molecule. Our approach relies on an electrophilic aromatic substitution of the side chain
onto the aromatic ring of the catechol. By building up the ether side chain in the first few
steps of the synthesis, we will be able to add it to the catechol as an acid chloride through
a Friedel-Crafts acylation. This approach will allow us to avoid the use of protecting
groups for the reactive diol system; such methods have proved problematic in past work

done by our group.



Introduction

The extraction of natural products for human benefit is not new. In the ancient
worlds, extracts from plants, flowers, minerals, and insects provided the luxuries of
perfume oils and dyes used on clothing and in art. Primitive societies used various plants
for their magical healing capabilities, many of which are still used in natural medicines
today. These uses were no mistake. People were quick to realize the aesthetic appeal
associated with the coloring of houses, pictures, and clothing, as well as the medicinal
benefit of many plants. But it was not until Friedrich Wilhelm Sertiirner’s 1805
morphine isolation that a single active component from a pain-relieving plant was
separated for use.! The next 50 years yielded the isolation of five other major alkaloids
(strychnine, caffeine, nicotine, atropine, and cocaine)® and launched a massive search for
more natural products.

Marcelin Berthelot, a French chemist whose contributions to chemistry range
from organic synthesis to thermochemistry to documenting the history of chemistry,
believed that the fundamental problem of all organic chemistry was “to prove beyond all
question that compounds identical with those produced by plants and animals can be

' In the early years of chemistry it was

synthesized from inorganic or mineral matter.”
thought that there was a “vital force™ necessary for the production of organic compounds,
and that this force was found only in naturally occurring biological systems. In 1828
Fredrich Wghler shocked the world with his synthesis of urea,’ the first natural product
made from inorganic compounds outside of a living organism, a compound made without
the aid of a “vital force.” Of his accomplishment, Wgohler wrote, “I can no longer, as it
were, hold back my chemical urine; and I have to let out that I can maké urea without

needing a kidney, whether of man or dog; the ammonium salt of cyanic acid is urea.™




Waohler’s accomplishment was no small feat. It established the first stepping stones for
the development of synthetic organic chemistry.

Before the late 19™ century, dyes had been made exclusively from natural
products extracted from plants and imported into Europe from India at high costs.
Realizing the economic potential of this market, which was rapidly growing as the
demand for consumer goods increased, German scientists worked towards developing
syntheses for the active materials of the extracts. Chemist Adolf Baeyer led the field,
developing the first synthesis of indigo in 1880, a project that he had been working on
since the age of 13. In 1860, Germany had no dye exports; by 1914, they had a virtual
world monopoly on synthetic dyes, controlling 90% of the world’s dye market.*

The probing of natural products began to grow even faster after 1884, when Emil
Fischer, a student of Adolf Baeyer, announced to the world that he had determined the
structure of glucose. In 1887, Fischer succeeded in synthesizing fructose, the first
artificially produced carbohydrate, and in 1902 won the second ever Nobel Prize in
chemistry for his work in characterizing and synthesizing natural products.’

Today, the total synthesis of complex natural products has become an essential
piece in the development of many pharmaceuticals. Natural products, along with their
analogs and derivatives, make up more than half of all drugs currently in clinical use.’
One of the most common over~the—counter pain relievers, aspirin, 1s a derivative of
salicin, a component of willow juice that had been used to treat gout for over 2,000
years.” A relatively simple compound, acetylsalicylic acid (figure 1) was first prepared

by German chemists in 1899.




OOH

cocH,

Figure 1: Structure of acetylsalicylic acid

On the other end of the pharmaceutical spectrum are much more complicated
molecules that contain several chiral centers. These multiple chiral centers make
syntheses extremely difficult. One such compound is taxo) (figure 2), an extract of the
Pacific yew tree Taxus brevifolia. Found to have potent activity in fighting breast and
ovarian cancers, it has been estimated that one century-old tree is needed (o extract

enough of the compound (o treat one cancer patient.’

AcO (0) OH

o pPh o HC

Ph N : ()'”
H

HOBzO

AcO

Figure 2: Structure of taxol
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As taxol 1s environmentally unfriendly to isolate in large quantities, a synthetic route to
the drug is a necessity in the fight against cancer. By 1995, three separate groups had
reported syntheses™” for the complex molecule, with a fourth, shorter protocol' reported
in 1997.

Natural products have become vital in today’s world for everything from
economuc growth to medicine to the ever—strong desire to understand the workings of the

world 1n which we live.

(N]Jatural products continue to hold a unique fascination not only because of their
relationships to the organisms from which they are derived, not only because
plants that can photosynthesize possess synthetic power that far surpasses that of
man, not only because of their potential usefulness to man in their natural form or
as templates for synthetic analogs, but chiefly because each new structural type
reveals something of nature’s molecular architecture and passes new questions of
how and why these compounds are being produced.*

The search for biologically active natural products continues to expand as mankind needs
and desires these products more and more. But there sull remain millions of unexplored
species still waiting to be found. The chemistry of natural products is a vibrant and
exciting area for study. [n the pages that follow, we will describe our part in this

continuing story.

-11-




Background

This research has focused primarily on the natural product
1-(2,3-dihydroxyphenyl)=4—-methoxy-1-butanone, (that we will hereafter refer to as the
methoxy ketone) a potential iron—-binding compound isolated from a crude extract of the
iron-deficient fungus Gloeophyllum trabeum (figure 3). The extract was isolated by Dr.
Frank A. Fekete of the Colby College Biology Department in conjunction with
colleagues in the Forest Biology Department at the University of Maine, Orono.'" The
proposed structure (figure 4) of the iron-binding compound is based only on the spectral
data of a small amount of isolated material and has not been reported in the literature.
Our goal is to synthesize the proposed structure to confirm the identity of the extract.

0
O/

OH

OH

Figure 4: 1-(2,3—dihyroxyphenyl)~-4-methoxy—1-butanone (methoxy ketone)

Iron is an element that is essential for microbtal growth, as well as for normal
human development. It is mobilized intracellularly by organisms in its Fe(II) oxidation
state, but is found 1n aerobic environments in the insoluble Fe(III) state. It is necessary
for organisms to have the ability to scavenge and absorb Fe(1ll) and then reduce it to the
usable Fe(II) oxidation state. The potential iron chelator formed by G. trabeum, should

to have the ability to bind to Fe(Ill) in a hexacoordinate system. In this complexed form,

—2-




Figure 3: An example of the shelf-like brown rot fungus
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Fe(IIl) could putatively be transported into cells and be reduced intracellularly.
Although the exact binding mechamsm is unknown, there are two proposed schemes.
In one (figure 5a), Fe(Ill) is bound to the two hydroxyl groups of the aromatic ring. The
other proposed chelate (figure 5b) has Fe(III) bound to only one of the aromatic hydroxy!|
groups and to the carbonyl oxygen.

It has been postulated that the methoxy ketone is involved in wood degradation.
This degradative process is dependent on the generation of oxygen and hydroxy
free—radicals. Iron is believed to play an essential role in a nonenzymatic iron-hydrogen
peroxide catalysis of lignocellulose degradation, making the sequestering of iron from the

' One possible pathway through

surrounding environment a necessity for this fungus.
which iron levels in such fungi may be regulated is through iron chelated complexes
with organic substrates methoxy ketone.

There have been several earlier synthetic attempts made by our research group 1o
prepare 1-(2,3—dihydroxyphenyl)—4-methoxy-I-butanone. The earliest attempt utilized
organometallic chemistry, specifically organolithium reagents, in preparation of ketones
from carboxylic acids.'? The hope was to build the ether side chain from the resulting

ketone. Using 2,3-dihyroxybenzoic acid, a hydrocarbon chain was successfully added on

in a model reaction (scheme 1).

0] OH o

OH OH

s

= OH

Scheme 1: Early model reaction to synthesize the methoxy ketone
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Figure 5a: Proposed binding scheme for Fe™ to the two hydroxy groups of
1-(2,3—dihydroxyphenyl)<4-methoxy-1-butanone

/

o

HO

Figure 5b: Proposed binding of Fe* to the hydroxy and the carbonyl groups of
1-(2,3—dihydroxyphenyl)—4-methoxy—1~butanone
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The next step in this route was to synthesize the appropriate R-Li side chain (1)

for nucleophilic addition to 2,3—dihyroxybenzoic acid.

Li
\/\/\O/
(1)

Using methyl propargyl ether (2) to make the side chain would allow for a three step

synthesis of 1-(2,3—dihydroxyphenyl)—<4—methoxy—l-butanone (scheme 2).

(0] OH
OH
HC=C—C—OCH; Buli e
— H, — LlC.'::C_ﬁ_ OCH; +
2
Q) OH
(6] C=C=— l(i— OCH3 0 P
(6}
— on on
H,/Pd
__+.
OH OH
(3)

Scheme 2: Early projected syathesis for the methoxy ketone

Although the addition of the R-Li chain (3) was successful, model reactions using
salicylic acidd were unable to reduce the triple bond in the next step and this approach

was abandoned.

-16-



The failure of the reduction reaction in scheme 2 is likely attributed to an
electronic difference between carrying the negative charge of the anion on an
sp’—hybridized carbon, as in the case of BuLi (scheme 1), as opposed to an sp-hybridized
carbon of the methyl propargy] ether. The low reactivity of the lithium chain with the
carboxylic acid may be rationalized by this difference.

In a second synthesis attempt, the aim was to build a brominated ether side chain

(4) before attaching it to 2,3—dihyroxybenzoic acid (scheme 3).

B'\/\/OH —— B’\/\/O\ + OH
4)

(&/\O/ OH
e

OH

OH

Scheme 3: Early proposed synthesis for the methoxy ketone

Analysis of the mode] reaction (scheme 4) was never completed as the brominated ether

side chain (4) for the methoxy ketone could not be synthesized.

0. OH o
Li (m) Li oH * OH
Br\/\ S NNt
ultrasound —

Scheme 4: Model reaction for the synthesis via scheme 3
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More recently, several synthesis attempts by our group have been made using
protection of the 1,2—diol system." Scheme 5§ shows a retrosynthetic analysis for the
methoxy ketone that includes the oxidation of a secondary alcohol on the side chain. The
high reactivity of the diol system would hinder a selective reduction of the secondary

alcohol without first protecting the diols.

< s
0 HO
o) 0/ O/
OH 0— : o— :
HO H
- o) = o H
O— O~ O o
g
—> —> - AN
(5)

Scheme 5: An early retrosynthesis for the complete synthesis of the methoxy ketone

This scheme utilizes methoxy groups as protecting groups, followed by a Grignard
reaction of 1-propenylmagnesium bromide to yield the secondary alcohol.
Both the protection of the diol system and the formation of the secondary alcohol

( 5) were successfully completed, but purification of 5 could not be achieved.

-18-




- 00 o 61

(e Cr=Cr

Scheme 6: A second early retrosynthesis utilizing protecting groups

A second attempt at utilizing protecting groups is shown in scheme 6. The
hydroxy groups of the catechol stariing material were protected in high yield using KF,
distilled DMF and dibromomethane. The next step was bromination of the aromatic nng
in order to add the carbonyl, but here this procedure was abandoned. Although only one

equivalent of bromine was used, the reaction repeatedly formed a dibrominated species

Br
> Brz, CH2C12 O
NaHCO3 O>
Br

(scheme 7).

Scheme 7: Bromination of the protected catechol

-19-




A way around the bromination step was developed and is shown in scheme 8.
This method was successful until punfication of 6 was attempted. Distillahon of the
reaction product left some residual starting material and the use of TLC plates could not
find an appropriate solvent in which to run a column. Model reactions for the remaining
steps of scheme 8 were successfully completed, but purification of 6 was never obtained

and this synthetic route was never completed.

0 0)
OH 71 OH KF
o T O
OH glaClal OH DMF, 0

acetic acid Br,CH,, A ©)
6) 0
o~ o~
IDA % H -
B Y O\ O
r OH
THF, -77°C

Scheme 8: Complete synthesis attempt for the methoxy ketone

Problems with the purification of these reaction products led our group to
abandon these attempts. A new methodology was developed to synthesize the ether side

chain first and then add it to catechol using a Friedel-Crafts acylation.




Retrosynthetic Analysis

Our current work on 1-(2,3-dihydroxyphenyl)-4—methoxy—I1-butanone entails

the use of catechol (1,2-benzene diol) for an electrophilic attack by a tertiary carbocation.

Once the appropriate acid chlornide side chain is made, it can be attached to the aromatic

ring using a Friedel-Crafts acylation. This retrosynthetic route (scheme 9), which builds

the side chain in its entirety before addition of the diol, does not require the use of

protecting groups as did previous work. Since the highly reactive diol system is not

added until the final step of the synthesis, it will not be affected either by early synthetic

steps or the acylation reaction.

(@) 0/
EEE; E;E )OK/\/\’:>

(14) (13) (12)
o OOH
o, —> —
HO) k/\/ N\ HOOC N
(11) (10)
OOEt OO
B CH,
= N * wooc”
ELOOC
©) (8) )

Scheme 9: Current retrosynthesis of
1-(2,3—dihydroxyphenyl)—4-methoxy-1-butanone
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Alkylation of diethyl malonate (7) with bromoethyl methyl ether (8) gives a
diester (9), which can then be hydrolyzed to give the diacid (10). The monoacid (11) can
then be obtained through decarboxylation. The necessary acid chloride (12) can be made
from the reaction of the monoacid and thionyl chloride and can then be attached to the
catechol (13) using any of a vanety of Lewis acids (AlCl,, TiCl,, H,SO,) to give our

target molecule (14).

6

Figure 6: Positions of 1,2-benzene diol (catechol)

We expected to obtain a mixture of isomers of the final product since the hydroxy
groups are ortho/para directors. Basic steric hindrance arguments favor the undesired
isomer, as the 4 and 5 positions of the catechol are Jess blocked by the bulky hydroxy

groups (figure 7).
0O P 0 7~
OH

OH OH

HO

Figure 7: Structures of the expected isomers




A semi-empincal PM3 calculation of the HOMO reactivity of these two positions was
performed (figure 8) and confirmed our suspicions that the 3 and 6 positions of 1,2-
benzene diol are less reactive than the more open 5 and 6 positions.

We were able to find a literature precedence reporied by Wihila and Hase'* that
suggests that the desired tsomer can be obtained in small yield. With this understanding
we decided to continue with this synthetic route, as only a small amount (50-100 mg) of

the methoxy ketone is needed to confirm the structure of the brown rot extract.
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Results/Discussion

The first step in our synthesis was the reaction of diethyl malonate and
bromoethyl methyl ether. Due to the high cost of the ether starting material, several
model reactions were run in order to find optimal conditions.

The first test (scheme 10) used dimethyl malonate (14) and butyl bromide (15)

with NaH to give the diester dimethyl buty) malonate (16).

MeOOC\ MeOOC
B /\/\
JCH, + \/\/ — /CH
MeOOC MeOOC MM =204
14) 15) (16)

Scheme 10: Model reaction for the alkylation step

Unfortunately, GC/MS analysis showed no indication of a successful reaction under these
conditions. The same reaction was run using a stronger base, MeO~, and again no

evidence of the diester products was observed.

A literature search of similar reactions yielded a procedure reported by Rastetter'

using NaH in THF as the solvent for the alkylation. Using dimethyl malonate (14) and
bromoethyl ethyl ether (16) (scheme 11), we followed the procedure of Rastetter and
added the reactants at 0°C before heating to reflux. Under these reaction conditions, the

ester synthesis was successful and the product (17) was synthesized.

25-




1) NaH

MeOO THF MeOOC 0
B ° s
CH e CH
SCH + \/\O/\ e J
MeOOC MeOOC 18
2)A (18)
(4 (17) MM = 204

Scheme 11: Successful alkylation model reaction of the mthoxy ketone synthesis

However, the GC/MS of the reaction product shows only a small peak corresponding to

the desired diester, with mostly starting material remaining.

We thought it necessary to improve on this yield. Using diethylmalonate, the

alkylation was attempted again (scheme 12) using a procedure reported by Adams and

Marvel .'®
EtOO(“\ EtOOC\
Br. /\/\
SCH + \/\/ — CH
EtOOC EtOOC (19)
@) (15)
MM = 216

Scheme 12: Alkylation of diethyl malonate and butyl bromide

After several attempts under various reaction conditions, the GC/MS showed no evidence
of a m/z = 216 peak for the synthesis of diethyl butyl malonate (19).

-

Troubled by the tack of evidence for our product of the alkylation reaction, we
turned to the characterization method being used. Mass spectra of esters are generally

characterized by two different peaks. The fragmentation peak resulting from the

-26-




McLafferty Rearrangement, whose mechanism is shown in figure 9, tends to dominate
the mass spectrum of an ester.'” This rearrangement results from the transfer of a
¥y-hydrogen to the carbony] oxygen to produce an alkene as the neutral product and the
radical cation detected by the mass spectrometer. The peak of the radical cation is

almost always found in mass spectra of many carbonyl compounds.

_ . = i .
N ° H o
OJ &sz 0/ H,
g*\ cm | | o
7O\ C/ 2 /C§ CH,
H2 L R CHZ

i ) .

FKigure 9: The mechanism for the McLafferty Rearrangement

For the diester used in our model reactions, the peak resulting from the McLafferty

Rearrangement should be found at m/z = 158. None of our spectra contained this peak.

Looking further into peaks that should be found for esters, a set of six peaks
resulting from a—cleavage should also be fairly prominent: R*, RCO*, RCO,*, R”, R'O?,
and R'OCO"."" Of this set of six, the peak with the largest intensity should be the RCO*
peak. Since we are working with a diester, the a—cleavage peaks become a bit more
difficult to predict because there are two sites for cleavage. Table 1 outlines the peaks

expected from the ct—leavage of our model compound due to the cleavage of the ester

groups.

27-




”%JL“g

/\/\Me

Figure 10: Potential sites of a—cleavage, generically and in our diester

Table 1: Expected a~cleavage peaks of diethyl butyl malonate

R* RCO* RCO," R" R'O’ R'OCO’
one ester [CeHis0,)" | [CoH6O5)" | [CoH 604" | [CoHy)* [CHO]* | [CHO)
m/z_peak 144 172 188 29 45 61
two esters | [CHJ™ | [CHOP | [CHIO™ | [CHI” [CHO]" | [CHO,)"
m/z_peak | 35.5 49.5 57.5 29 45 61

The spectra of our reactions showed only two of these a—leavage peaks, at m/z = 29 and

m/z = 45. Since both of these peaks would also be present in the mass spectrum of our

starting material, we wanted to have a better characterization for this alkylation step.

Looking at the higher m/z peaks, were able to find was a m/z = 173 peak (Appendix,

spectrum 1), the largest in each of our spectra for this reaction. This corresponds to the

resonance stabilized y—cleavage of our diester (figure 11), another less probable

possibility of cleavage in the mass spectrum.'® Using this m/z = 173 peak and the peaks

28-




of smaller m/z, we were finally able to characterize the product of our model reactions as

the desired diethyl butyl malonate (19).

B 1 *
EDOC Et00 ’
CH/;’I’\/\ S C\CH/CHZ
/7
/
EtOOC EtOOC
MM =173

Figure 11: y—cleavage of diethyl butyl malonate

Interestingly, when a pure sample of diethyl butyl malonate from Acros was run
through the GC/MS as a comparison (Appendix, spectrum 2), we were further baffled 1o
find that the fragmentation pattern of this pure sample did not correlate to the peak we
had identified from the spectrum of the reaction. To make it even more confusing, a 'H
NMR was taken of both the pure sample and the reaction peak as collected by gas

chromatography; they were very similar and confirmed both as diethyl butyl malonate.

After realizing that the alkylation product was likely to be the desired ester, the

next step was to test the hydrolysis of the diester to give the diacid (scheme 13). Using a

distilled sample of diethyl butyl malonate, two equivalents of base were added. We

expected to obtain the diacid product (20).




EtOO 1) OH L
N AN l__> W W

CH = j.
Et0OC (19) 2) H;0 HOOC (20)

MM = 164

Scheme 13A: Expected hydrolysis product

However, upon work-up of the reaction, we obtained hexanoic acid (21) (Appendix,

spectrum 3).
0
Et0OC_ N e
/CH ——0—>
2) H,0"
EtO0C (19) ) Hs HO 1)

Scheme 13B: Actual hydrolysis product

The product that was actually made by this reaction was the monoacid (21). The
diester was not only hydrolyzed, but also decarboxylated in this reaction to give a
transparent liquid that can be purified from residual starting material by distillation. This

means that we had one less reaction step to do in our synthesis.

After optimizing the alkylation and hydrolysis steps, the next reaction in our
synthesis of 1-(2,3-dihydroxyphenyl)-4-methoxy-1-butanone was to make the acid
chloride (22) to then undergo the Friedel-Crafts acylation to attach the catechol. We

used the purified hydrolysis product from scheme 13B to run the model reaction using

thiony! chloride (scheme 14).
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0

soCl,
R s
HO Cl

(21) (22)

Scheme 14: The synthesis of the desired acid chloride

We then tested the vnpurified acid chloride product (22) with the previously tested
Friedel-Crafls reaction. Using 'TiCl_l as the Lewis acid, we attempted to complete our
mode] reaction to give 23 (scheme 15). However, the GC/MS of the reaction product
gave no indication that we had successfully made our product. We believe that any
unreacted thionyl chloride may have hindered the reactivity of the acid carbocation which

is essential to obtaining our desired product.

O

0 OH
/u\/\/\ + ©i Lewis Acid OH
Cl . __—>
: OH

e 13) OH
(23)

Scheme 15: Expected outcome of the Friedel-Crafts acylation

Model reactions of this step had been extremely successful both in attaching the
side chain and in obtaining the desired isomer (scheme 16). Early tests used AIC], and

TiCl, to determine whether varying strength of the Lewis acid made a difference. We
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had expected that the stronger acid, AlICl;, would give a greater yield of the acylated
molecule. However, it was TiCl; that gave a greater product yield, as well as a much
cleaner final product as shown by the GC/MS spectrum. Some surprising results about

the product ratios were also obtained.

OH

+

0 TiCly OH

or

on € AICh - OH

(13) (24) (24) OH 25

Scheme 16: Comparision of lewis acid affects on model reactions

The model reactions of catechol (13) and butryl chloride (24) in the presence of
either acid yielded both isomers (24 and 25), as expected, but the major product changed
depending on the acid. In the case of the AICl,, the GC/MS specirum (A ppendix,
specira 4A and 4B) of the product showed two major peaks in a ratio of 2.5 to 1. The
spectrum of the TiCl, reaction (Appendix, spectra SA and 5B) showed the same two
peaks, but in a ratio of [ to 4. Attempts made to separate the isomers to determine their
identity (and thus which was our destred isomer) were made by gas chromatography and
TLC, but no suitable solvent could be found for separation. The packed column of the
preparative GC was unable to give a separation as the longer capillary column of the
GC/MS did. The differences in the polarities of the columns were source of the
separation difficulties here. The GC column has a non—-polar stationary p!:ase, compared

to the very polar polyethlylene glycol column of the preparative GC. If this separation
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can be achieved and the isomers identified, we can maximize the yield of our isomer

depending on which Lewis acid is used.

To further investigate the product isomers and try to ascertain their identities,
another model reactton using t-butyl alcohol (26) was tested. The Lewis acids tested
were TiCl,(Appendix, spectrum 6), AICl, (Appendix, spectrum 7), and H,SO,
(Appendix, spectrum 8). Catechol was reacted with the alcohol in each of these acids to

give a mixture of the isomer products (scheme 17).

TiCl,
—
OH
. AlCly oH
+
OH OH
H,SO, OH
(13) (26) » OH -
@7 (28)

Scheme 17: Lewis Acid test reactions with r~butyl alcohol

As these products are known compounds, we were able to use the GC/MS library
of compounds, to identify the major product of the H,SO, reaction as
[,1-dimethylethyl-1,2-benzene diol (27) with substitution in the desired position. The
undesired 1somer, 4-(1,1-dimethylethyl)-1,2-benzene diol (28), was identified as a
minor product. Comparing the spectra of the isomers, there are small, but definite

differences in the spectra of the different positions of the t—butyl group on the catechol;

3.




the fragmentation pattern of our major product matches better with the desired isomer, as
confirmed by the library. The tests with TiCl, and AICI; showed only one product peak,
though much smaller, also identified as the desired isomer both by the library and by the

retention time of the peak on the chromatograph.

Having optimized all of our model reaction conditions, it was time to proceed

with our planned synthetic route (scheme 18).

Na(s)

E100G P E(OH Et00 O
CH, /\/\ )
/2 T Br 0 a Et0OC ©)
E00C ® t
OH~ ; o Yolo 0
2
o —
N 0\
HO Cl s
(11) (12)
o)
0/
= H2SO4 OH
= N | ! I —— P
OH
OH
(13)
(14)

Scheme 18: Working synthetic route to
1-(2,3dibhydroxyphenyl)4-methoxy-1-butanone

We began with the alkylation step using the procedure reported by Adams and Marvet ,'®

as it was the one that we had the most success with in our model reactions. Using diethyl
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malonate and bromoethyl methyl ether, the alkylation was carned out with sodium metal

in ethanol (scheme 19).

NaOEt
Et0O EtOH EtOO 0

N
CI]3-+ Br///~\\\/’//\\‘()’/, _—_Z-—_)-..

EtOOC/ Et0OOC MM = 218
68%

o) 6 )

Scheme 19: Alkylation step of the synthesis of the methoxy ketone

The mass spectrum of the product resulting from scheme 19 (Appendix,
spectrum 9) was somewhat puzzling due to the aforementioned fragmentation of these
types of compounds. Although the fragmentation pattern fit well, we wanted an absolute
confirmation that this was our product. A pure fraction of the product was collected by
gas chromatography and a '"H NMR spectrum (Appendix, spectrum 10) was taken. The

NMR fit exactly our diester and we were able to continue to the hydrolysis step (scheme

20).
EtOO OH "~ Q
y\/O\ /”\/\/0
Et00C HO ~
©)) MM =118
(11) 43 %

Scheme 20: Hydrolysis of the diester to the mono acid

E
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Addition of base to the diester resulted in a product that the GC/MS spectrum
(Appendix, spectrum 11) confirmed to be 4-methoxy butanoic acid (11). Unfortunately

the yield of this reaction was low, only 43%.

Having taken a much larger hit on the yield of our product than we expected, we
again turned to the literature hoping for a way in which we could avoid the problematic
acid chloride step. Wihala and Hase" report using BF, to react a mono acid directly with
catechol to obtain an isomeric mixture of products, with substitution in our desired
position with a 15% yield. Although this was a smaller yield than desired, it is likely
enough to confirm our product. Following Wihéld and Hase’s procedure, we reacted the
monoacid (11) with BF, (scheme 21) in an attempt to complete our synthesis of

1-(2,3—dihyroxyphenyl)}-<4-methoxy—1-butanone.

0 e
o (@)
J J\/\/ o ot _ors OH
HO ~ —
OH OH

ain a3 iz
MM =216

Scheme 21: Attempted BF, reaction of the acid with catechol

The GC/MS spectrum of this reaction product (Appendix, spectrum 12) showed
a single peak with M/Z = 198. Although this is not the mass of our product, it is
interesting to note that this could correspond to the loss of water from the molecule. In
previous, unpublished work done by the Mundy group, systems such ;s these ether

systems have been shown to lose water in the mass spectrometer and this M-18 peak

often dominates the fragmentation spectrum of such compounds.”® Since mass spec was
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unable to confirm our product, a 'H NMR was taken of the remaining black solid but it

was in too low of a concentration to see any peaks above the noise of the NMR.
Returning to the acylation with the acid chloride to complete our synthesis, we

reacted the remaining monoacid with thionyl chloride to make the acid chloride (scheme

22A).

(11) MM = 136
(12)

Scheme 22A: Anticipated reaction of 4-methoxy butanoic acid with thionyl chloride

The GC/MS of the crude product (Appendix, spectrum 13 A and B) of this
reaction had several peaks. A small amount of a m/z = 136 peak was present,
corresponding to the expected acid chloride product. However the major peak in the
spectrum was m/z = 158. This cortesponds to the reaction of the diacid (10) with one

equivalent of thionyl chlonide to generate the acid/acid chloride product (29) seen in

scheme 22B.
0
H
ao 0 —» HO O
Cl
HOOC (10) (29)
0 MM = 158

Scheme 22B: Main product of the acid chloride reaction




Apparently the hydrolysis did not result in a complete decarboxylation of the
product as seen in model reactions. It is possible that while some decarboxylation took
place as the reaction progressed, that decarboxylation was also occurming in the GC
column as we were trying to characterize our product. The consequence of this would be
the appearance of a m/z peak corresponding to the monoacid, as was detected after CO,
was lost in the column.

Correcting this problem was straightforward: heat the product to decarboxylate it

fully through the mechanism in figure 12.

R cl |
0 A\ —CO,
) e — R R
HL, Hoo XX <o
o0 H H
H
Figure 12: Decarboxylation mechanism for the acid/acid chloride product

Unfortunately, heating resulted in a thick intractable black. As the acid chloride must be

completely pure for the acylation reaction to be successful, we were unable to continue.
If isolating the purified acid chloride had been successful, the next step would be

to complete the synthesis using H,SO, as the Lewis acid to do the Fnedel-Crafts

E

acylation (scheme 23) with the catechol.




o 0
) J\/\/O o wso, OH
cl RS B »
OH
(11) ) OH
(14)
MM = 216

Scheme 23: The projected final step in the synthesis for scheme 18

A mixture of isomers would be obtained and the desired isomer (14) would need to be

isolated, possibly by HPLC.
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Conclusions

The goal of this project was the total synthesis and purification of
1—(2,3—dihydroxyphenyl)-4—methoxy-1-butanone (14) . Had we been able to complete
this synthesis, structural data for our product would have been compared to that of the
extract of the brown rot fungus Gleophyllum traebeum as a structural confirmation for the
iron—chelating extract. Unfortunately, this synthetic route has not yielded our desired

product, though model reactions for each of the procedural steps were successful.

There are several directions in which future focus of this project should be
directed. The most important would be finding an efficient separation of the isomers
obtained by the Friedel-Crafts acylation in order to better determine which of the Lewis
acids studied will result in the maximum yield of our desired isomer. One such
separation attempt may be using HPLC. Examination of the BF; reaction with the
monoacid also needs to be done. The possible loss of water from our ether system is an
interesting possibility that is without a good explanation. By increasing the scale of this
reaction, an NMR spectrum could likely be taken to help determine the structure of the
resulting product. If this reaction is found not to yield our product, further research needs
to be done on either the purification of the acid chloride or on a more efficient way in
which to make it. It would be terrific if this problematic step could be avoided altogether,

but this may not be possible.
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Experimental

General Procedures

'H NMR spectra at 400 MHz were determined in CDCl, solutions containing ca. 1%
TMS as an internal standard with a JEOL GSX-400/54 high resolution NMR
spectrometer. GC/MS analyses were performed on a Hewlett—Packard 5890 gas
chromatograph coupled to a 5970 series mass selective detector using Supelco 2—4026
15m x 0.25 capillary column packed with SPBM-1 (0.25 pm). Preparative GC
separations were performed on a Gow—Mac Series 350 gas chromatograph using 8’ x
0.25” 20% Carbowax 20M on Chrom—P 80/100 mesh column (injector port and detector
set to 50°C, column temperature of 45°C; He flow rate = 8 mL/min). Thin layer
chromatography (TLC) was done using Baker Flex IB-F silica gel plates using UV
absorption. Dichloromethane, toluene, and ethyl acetate were used as purchased from
Acros; anhydrous ether was purchased from Fischer. Absolute ethanol was purchased

from Aaper and distilled with Na, prior to use.

Preparation of 18: Hexane (40 mL) was mixed with NaH (6.3 g, 60% dispersion in oil).
After 15 minutes of mixing, the liquid was decanted from the solid NaH in order to
remove the oil residue. Distilled THF (30 mL) was used as the solvent to react dimethyl
matonate (23.0 mL, 0.2 mol) and bromoethyl ethyl ether (12.0 mL, 0.1 mol). The ether
was added to the system before adding the malonate dropwise at 0°C. The reaction
mixture was stirred and heated to reflux for 4 hours with a CaCl, drying tube to keep the
system dry. Once the reaction was complete, water was added to the system to quench

the reaction. The product was extracted three times with CH,Cl,. The organic layer was
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doed with Na,SO, (anhydrous) and the diester product was collected by removing the

remaining solvent by rotary evaporation. Reaction was analyzed by GC/MS.

Preparation of 19: Absolute ethanol (250 mL) distilied with Na metal was used as the
solvent to react diethyl malonate (3.2 mL, 0.02 mol) and butyl bromide (2.2 mL, 0.02
mol) in a round-bottom flask fitted with a CaCl, drying tube. Sodium metal (0.5 g, 0.02
mol) was added and stirred for 30 minutes. The reaction was refluxed for 2 hours. Once
the reaction was complete (pH was basic), the volume was reduced by rotary evaporation.
The product was acidified with IM HCI before extracting three times with E(,O. The
ether layer was dried with Na,SO, (anhydrous) and the diester product was collected by
removing the solvent by rotary evaporation. A 71.4% (0.011 mol) yield of crude diethyl
butyl malonate was obtained. Reaction was analyzed by GC/MS (Appendix, spectrum 1

and 2).

Preparation of 20 from 19: Under Ar, in a 50/50 water/ethanol mixture, distilled
diethyl butyl malonate (1 mL, 4.54 mmol) and allowed to stir for five minutes to obtain a
uniform solution. Two equivalents of NaOH (0.365 g, 10.0 mmol) were added and
dissolved. The reaction was heated to reflux for two hours and then cooled. The pH was
strongly basic. Solvent was removed by rotary evaporation to give a white solid that
dissolved upon addition of IM HCI used to acidify the product. The product was
extracted three times with CH,CI, and the organic layer was dried using anhydrous
Na,SO,. After filtering to remove the Na,SO,, the solvent was again Eemovcd using
rotary evaporation to give the monoacid. The product was analyzed by GC/MS

(Appendix, spectrum 3).
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Preparation of 22: In an inert Ar atmosphere, 1 equivalent of thiony! chloride (0.58 mL,
4.9 mmol) was added to 10 mL of CH,Cl,. The acid from scheme 15 was then added and
the reaction was gently heated for 30 minutes. Once cool, the CH,CI, solvent was
removed using rotary evaporation to obtain the acid chlonde product. The reaction

product was analyzed by GC/MS.

Preparation of 25 with AICl,: Under Ar and using excess toluene (10 mL) as the
solvent, catechol (0.1 g, 0.9 mmol) was dissolved. Butryl chloride (0.1 mL, 0.9 mmol)
was added to the reaction flask followed by one equivalent of AICI, (0.12 g, 0.9 mmol)
and the reaction stirred without heat. After 12 hours, the reaction was quenched with
deionized H,O. Extraction was done using Et,0 and the organic layer was dried with
Na,SO,. The solvent was removed by rotary evaporation to obtain the product which was

then analyzed by GC/MS (Appendix, spectrum 4A and 4B).

Preparation of 25 with TiCl;: Under Ar and using toluene (10 mL) as the solvent,
catechol (0.1 g, 0.9 mmol) was dissolved. Butryl chloride (0.1 mL, 0.9 mmol) was added
to the reaction flask followed by one equivalent of TiCl; (0.1 mL, 0.9 mmol) and the
reaction stirred without heat. After 12 hours, the reaction was quenched with deionized
H,0. Extraction was done using Et,O and the organic layer was dried with Na,SO,. The
solvent was removed by rotary evaporation. The resulting product was analyzed by

GC/MS (Appendix, spectrum SA and 5B).
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Preparation of 27 and 28 using TiCl;: Catechol (1.15 g, 10.4 mmol) was dissolved
with stirring in excess toluene (10 mL). I-Butyl alcohol (1.0 mL, 10.4 mmol) was added
and the reaction flask was capped and put under Ar. The Lewis acid TiCl, (1.15 mL,
10.4 mmol) was injected into the reaction vessel and left to react for 12 hours. Once
complete, H,O was used to quench the reaction and the product was extracted three times
in CH,Cl,. This organic layer was dried using Na,SO; and the solvent was removed by
rotary evaporation to obtain the product, which was then analyzed by GC/MS

(Appendix, spectrum 6).

Preparation of 27 and 28 with AICl;: Catechol (1.15 g, 10.4 mmol) was dissolved with
stirring in excess toluene (15 mL). ~Butyl alcohol (1.0 mL, 10.4 mmol) and AICI, (1.39
g, 10.4 mmol) were added. The reaction flask was capped and put under Ar then left to
react for 12 hours. Once complete, H,O was used to quench the reaction and the product
was extracted three times in Et,0. The ether layer was dried using Na,SO, and the
solvent was removed by rotary evaporation to obtain the product. GC/MS was used for

product analysis (Appendix, spectrum 7).

Preparation of 27 and 28 with H,SO,: Using stirring, catechol (1.15 g, 10.4 mmol) was
dissolved in excess toluene (10 mL). r-butyl alcohol (1.0 mL, 10.4 mmol) was added and
the reaction flask was capped and put under Ar. Concentrated H,SO, (0.55 mL, 10.4
mmol) was injected into the reaction vessel and left to react for 12 hours. Once complete,
H,0 was used to quench the reaction and the product was extracted three times in
CH,Cl,. This organic layer was dried using N2a,SO, and the solvent was removed by
rotary evaporation to obtain the product. The resulting product was analyzed by GC/MS

(Appendix, spectrum 7).
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Preparation of 9: Absolute EtOH was distilled with Na metal to give an anhydrous
solvent. Absolute EtOH (150 mL) was put into a round-bottom flask with a stir bar fit
with a CaCl, drying tube. Na metal (3.28 g, 72.0 mmol) was added and stirred until
dissolved. Diethyl malonate (11.0 mL, 72.0 mmol) was added and stirred for 20 minutes
before bromoethyl methyl ether (6.8 mL, 72.0 mmol) was added dropwise at 0°C. The
ice bath was removed and the reaction was refluxed. After 4 hours, the pH was checked
and confirmed to be basic. The volume of the reaction was reduced to give a white solid
that dissolved upon addition of cold H,O. The product was extracted three times with
anhydrous Et,0. The ether layer was dried with Na,SO, (anhydrous) and the solvent was
removed. Analysis of the product was done by GC/MS. The diester was distilled to
purify. The liquid diester product has an approximate boiling point of [75°C at a
pressure of 4 mm Hg. The purified diester product was obtained in a 68% yield after
purification by distillation. GC/MS and '"H NMR spectra were taken for identification of
the resulting product. (Appendix, spectra 9 and 10). 1H NMR (CDCl,—d) &: 1.28 (6 H,

1),2.17(2H,q),3.31 3H,s),3.43 2 H,t),3.55(1 H,1),4.20 (4 H, q).

Preparation of 11 from 9: A portion of the purified diester product 9 (3.25 g. 15 mmol)
was added to 100 mL of 50/50 EtOH/H,O solution. Two equivalents of NaOH pellets
(1.2 g, 30.0 mmol) were stirred until dissolved. The reaction was refluxed for 12 hours,
during which time there was evolution of gas. The pH was checked to be basic before
work—up. Excess solvent was removed by rotary evaporation until near dr.yness. A small

amount of water (5 mL) was added to the reaction flask before the product was acidified

with 1M HCIl. Extraction was done three times in Et,0 and the organic layer was dried
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with anhydrous Na,SO,. The ether was removed via rotary distillation and the product

analyzed by GC/MS (Appendix, spectrum 11). A 43% product yietd was obtained.

Preparation of 14 via BF;: The monoacid product 11 (0.39 g, 3.3 mmol) from scheme
20 was added under Ar to 20 equivalents of BF;*2Et,O (8.13 mL, 66.1 mmol). Heat was
added. After 7 hours of refluxing, the reaction was cooled to room temperature and an
aqueous solution of NaOAc (12 g/100 mL) was added to crystallize the solid product. A
thick smoke evolved but cleared upon addition of Et,O. The small amount of solid was
filtered and rinsed with a small amount of cold water. Analysis of the product was done

by GC/MS.

Scheme 22, acid chloride from the acid (11): In excess CH,Cl, a portion of the acid
product 11 (1.63 g, 13.8 mmol) was reacted with one equivalent of thionyl chloride,
SOCl,, (1.0 mL, 13.8 mmol). Upon addition of the thionyl chloride, the solution turned
bright blue. Reflux was started and continued for 2 hours. GC/MS was used to analyze
the product (Appendix, spectrum 12). Distillation was attempted for purification but

was unsuccessful.
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Appendix: Supporting Spectra
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File
Operator
Acquired

Instrument
Sample Name:

Misc Info

Vial Number:

dpecTrum ]

D:\MEWJAN20.D
Michelle

4 Jan 80
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2:34 pm using AcgMethod _OCHEM
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File : C:\HPCHEM\ 1\DATA\MEWHYF1.D

Operator : Michelle

Acquired : 10 Apr 100 9:33 am using AcgMethod _OCHEM
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Instrument
Sample Name:
Misc Info
Vial Number:
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