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Abstract

Intramolecular benzyne trapping by alcohols have been applied to the synthesis of a series of
racemic chromans. The theme of this project was to utilise this technique in the synthesis of
the precursor, (R)-8-iodo-6-methoxy-2,5,7-trimethyl chroman-2-methanol, to the natural

product Vitamin E.

The racemic form of the above compound has been synthesised in 12 linear steps from the
commercially available 2.6-dimethyl-4-nitroanisole. Attempts to synthesize the
enantiomerically enriched side chain (-)-(S)-3.4-dihydroxy-3-methyl-1-butyne have also

taken place: and was achieved in seven linear steps.

Methylation of 8-i0do-6-methoxy-2.5.7-trimethyl chroman-2-methanol on its 8 position was

carried out by Stille coupling reaction; the best result was a 25% conversion to the product.

In addition. a series non-racemic chromans have also been synthesised. The benzyne
precursors were prepared by condensation between the dianion 391 and allylic halides. and

the chirality introduced by AD-mix reactions of the resulting alkenes.
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Chapter One

Introduction



1.1 Review of Dr P.B. Little’s Thesis—‘Novel Benzyne Chemistry’:

The current project follows on from and develops further the themes in Dr Paul B. Little’s
PhD thesis entitled “Novel Benzyne Chemistry™.” In this, he had developed a new synthetic
route which could possibly be applied to a synthesis of the precursor 1 to the natural product
Vitamin E and also to the syntheses of other optically active chromans, using intramolecular

benzyne trapping by alcohols as the key step.

(S)H1

One overall strategy. which was eventually established in Little’s work for synthesising
chromans and chromenes by intramolecular benzyne cyclisation, is outlined in Scheme 1.
The commercially available benzotriazole 2 could be aminated to an amine, followed by
protection to form the N-Boc derivative 3. It was hoped that precursor 3 would undergo a
regioselective lithiation. which would allow the introduction of an iodine into the 7-position
of this molecule, to give the iodide 4. Acetylenic alcohols 5 could then be formed by a
Sonogashira coupling reaction. Reduction of the triple bond could either give a (Z)-allylic
alcohol 6, for chromene synthesis, or a fully saturated side chain for chroman synthesis. After
the reduction. deprotection followed by benzyne formation, using the N-iodosuccinimide
(NIS) technology devised by Birkett.' should complete the required chroman / chromene 8
syntheses. The realisation of these ideas are described in more detail below to set the scene
for the present project. which is aimed at applying this type of chemistry to a new synthesis

of Vitamin E as indicated above.

'P.B.Little, PhD dissertation. Cardift University. 1999.
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1.1.1 Synthesis of 1-aminobenzotriazole

Direct amination of the commercially available benzotriazole 2 was carried out using
hydroxylamine-O-sulphonic acid as the aminating reagent. according to a literature method
(Scheme 2).° Alternative solvent systems as well as temperatures were tried by Little. As a
result. amination at room temperature in dimethylformamide containing 5% water, as well as
potassium hydroxide as base. was found to be a superior way to prepare |I-
aminobenzotriazole 9 in a reasonable yield (69%). In this way. the desired 1-
aminobenzotriazole 9 was the sole product. The conversion was improved (82%) when the
reaction was heated to 75-85°C under these conditions, but a 4:1 mixture of I-
aminobenzotriazole 9 and 2-aminobenzotriazole 10 was obtained due to the increased
stability of isomer 10 at this higher temperalure.2 Separation of the two isomers proved not to

be a simple matter.

Q
H2N_ O_ ISI_ OH
N, o) N =N,
N >~ N + _ N-NH,
N 5 eq. KOH, H,0 N N
70-75°C NH,
2 9 10

Scheme 2



A two-step method was also attempted for large scale production of the required 1-

aminobenzotriazole 9 (Scheme 3).

N, Fuming HNO, N, N,
N AcOH, t, 2h N N
H

Scheme 3
Nitration of benzotriazole 2 with fuming nitric acid in acetic acid gave 1-nitrobenzotriazole
11 in excellent yield (>90%). using the method developed by Fernandes and Habraken®
(Scheme 3), but the attempted conversion into 1-aminobenzotriazole 9 under palladium-

catalysed hydrogenations and other reducing conditions failed to give the desired product.

Due to the desire to find a more efficient and cleaner aminating reagent than hydroxylamine-
O-sulphonic acid. three other hydroxylamine-based electrophilic aminating reagents with
different leaving groups. namely diphenylphosphinoxy-13. methoxy-15 and tosyloxy-17,
were prepared from their commercially available precursors’ (Scheme 4) but none of these

reagents aminated the benzotriazole 2.
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Scheme 4

1.1.2 Protection of 1-aminobenzotriazole

Since the formation of 1-aminobenzotriazole 9 could be readily scaled up, to give a sufficient
amount by the one-step procedure, the amino group was then protected to generate a suitable
metallation directing group. as well as to remove any chance of premature oxidation to a
benzyne. 1-Butoxycarbonyl (Boc) was chosen as the protecting group: the mono-protected 1-

aminobenzotriazole 19 was prepared by a one-pot, two-step procedure. in 95% yield (Scheme

N

).
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Scheme 5
1-Aminobenzotriazole 9 was reacted with two equivalent of di-rert-butoxycarbonyl
dicarbonate in acetonitrile, containing a catalytic amount of 4-N,N-dimethylaminopyridine
(DMAP). This led to the formation of N,N-bis-tert-butoxycarbonyl aminobenzotriazole 18.
Sodium hydroxide was then added and after heating the reaction mixture to 50°C, one of the
Boc groups was selectively removed. It was found that using one equivalent of di-tert-
butoxycarbonyl dicarbonate led only to an equal mixture of bis-protected aminobenzotriazole
18 and starting material 9. This showed that the mono-protected amine 19 is of similar
reactivity to the unprotected amine 9. This was the first indication of the perhaps surprisingly

high nucleophilicity of the acylated amine 19, presumably due to the a-effect.

1.1.3 Lateral lithiation
After setting up the two-step methodology for obtaining the mono-protected amine 19. the
next step on the route to substituted benzyne precursors was a lithiation with subsequent

condensation with electrophiles (Scheme 6).
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Scheme 6
As a model reaction. tributyltin chloride was chosen as the electrophile due to it being. as

claimed by Little. an excellent electrophile. when combined with the ability of aryl stannanes



to participate in palladium-catalysed cross couplings. After a series of optimisations, Little
found that stirring the aminobenzotriazole 19 in a solution of n-butyl lithium and 12-crown-
4 in tetrahydrofuran at -78°C for half an hour, followed by the addition of tributyltin
chloride, gave an excellent yield (92%) of the stannane 21. Meanwhile, other conditions such
as using N.N,N,N-tetramethylethylene-1,2-diamine (TMEDA)® as a chelating agent, with
THF or diethyl ether as the solvent, as well as using fers-butyl lithium, potassium tert-
butoxide and lithium diisopropylamide as the base only resulted in partial conversions (~60%
or less). Use of a catalytic amount (20%) of the ligand, 12-crown-4, also only gave a poor
conversion (23%). On the other hand, a stoichiometric amount of tetraethylene glycol
dimethyl ether (tetraglyme),7 which can be regarded as a ring opened homologue of 12-
crown-4, and is cheaper and less toxic, worked as effectively as its cyclic counterpart.

However. when 5 equivalents of tetraglyme were used, the yield was increased to 94%.

Since Little proved that the dianion 20 could be completely formed and could be
reproducibly condensed with tributyltin chloride in excellent yield. a range of electrophiles

were condensed with this intermediate. using the tetraglyme protocol (Table 1).

N a) 2.2 eq. BuLi, THF, -78°C N
\‘N » (N
| Z~N 5 eq. Tetraglyme N

b) Electrophile

NHBoc E NHBoc
19 22
Electrophile E % Isolated Yield
1. Bu;SnCl SnBu; 96
2. DO D 89
3. p-MeOCcH,CHO p-MeOCoH4CH(OH) 79
4. DMF CHO 67
5. n-CsH,,CHO n-CsH;CH(OH) 20
6. NIS I 27
7. lodopertluorohexane i 29
8. n-PrCH=CHCHO n-PrCH=CHCH(OH) 75
Table 1



Little found that the dianion 20 reacted efficiently with non-enolizable electrophiles, such as
deuterium oxide (entry 2) and para-anisaldehyde (entry 3), while the yield was poor when it
was condensed with the alkyl aldehyde hexanal, an enolizable electrophile (entry 5). It was
reasoned that the nucleophilicity of the dianion was lower than its basicity and that the

dianion was deprotonating the enolizable electrophiles in preference to nucleophilic attack.

For his additional objective of forming the 7-iodoaminobenzotriazole (E=I), the use of N-
iodosuccinimide (NIS) and iodoperfluorohexane resulted in only 27 and 29% yields
respectively of the 7-iodo derivative 23. An alternative iodination method, which involved a
lithium / cerium exchange8 was therefore used (Scheme 7).

N a) 2.2 eq. BuLi, THF, -78°C N,
A : ~ N
C[ N'N 5 eq. TMEDA N 97%

‘ b) CeCl, ‘
NHBoc c) 1,2-diiodoethane ' NHBoc

19 23

Scheme 7
The exchange was made by transferring the dianion 20 solution, which was produced in the
normal way. to a slurry of cerium(Ill) chloride in tetrahydrofuran via canula at -78°C.
Electrophiles such as para-anisaldehyde (entry 3). dimethylformamide (entry 4), hexanal
(entry S5). rrans-2-hexenal (entry 8) as well as iodoperfluorohexane were applied again and all
of the yields were improved. to 95%. 95%. 79%., 87% and 55% respectively. These results
amply demonstrated the increased nucleophilicity of the cerium species. however, the
original reason for employing cerium was to reduce the basicity of the dianion towards
enolizable electrophiles. The iodination yield using iodoperfluorohexane was also increased,
from 29% to 55%. Eventually, he found that the use of 1.2-diiodoethane delivered an
outstanding 97% vyield of iodide 23, treating the initial dianion with five equivalents of

tetramethylethylenediamine (TMEDA).



1.1.4 The Sonogashira Coupling

As described above, a number of benzyne precursors 22 including iodide 23 had been
produced. The next phase of Little’s project was the introduction of tethered nucleophiles for
the projected intramolecular benzyne trapping. Due to the desire to incorporate asymmetry
into the synthesis in order to produce chiral chomans and chromenes, Sonogashira cross
coupling was examined as this strategy would give the opportunity for diversity in the
synthetic route, and allow the easy introduction of the desired stereogenic centres (see
structure 5, Scheme 1). After a series of modifications to the cross coupling using propargylic
alcohols, Little found that using a catalytic amount of retrakis-
triphenylphosphinepalladium(0), copper(l) iodide and triethylamine in tetrahydrofuran® under

reflux gaves a range of acetylenes 24 in moderate to good yields (Table 2).

20 mol% (PPh,)4Pd
20 mol% Cul, EtsN

X N‘N degassed anhyd. THF N‘N
‘ !/ N reflux } N
‘ NHBoc
| NHBoc 15eq. I l ’ |
23 R” | "OH
R R OH
24a
24
R R’ Yield (%)
1 H H 92
2 Et H 91
3 Me Me 87
4 Ph H 38
5 p-MeOCsHa H 81
6 CH20H Me 72
Table 2



1.1.5 Reduction / Deprotection / Cyclization

The incorporated tethers were then reduced. Palladium-catalysed hydrogenation in methanol
delivered the saturated alcohols 25 (Table 3). The last remaining transformations were a
deprotection followed by benzyne formation. A two-pot sequential reaction was developed to

avoid isolation and purification of the reactive and rather polar free amines 26.

After the removal of the terr-butoxycarbonyl protecting group., by treatment with a 20%
solution of trifluoroacetic acid (TFA) in dichloromethane over half an hour, the reaction
mixture was basified to liberate the free amine 26. Benzyne generation and cyclisation,

triggered by N-iodosuccinimide (NIS), formed chromanes 27, in satisfactory yields.

N N N,
N N 20% TFA N
N 10% Pd-C N DCM ‘i
—_— NHB —_—

”I NHBoc MeOH. H, oc 2

! r.t

: R™IOH

R OH '
R OH R R
R L N
24 25 26
2.5eq. NIS
I ‘W
O R’
R
27
R R’ 25(%) 27(%)

1. H H 95 86
2. Et H 94 85
3. Me Me 95 90
4. Me CH-OH 72 78
S. p-McOCeHy  H 0 ~

Table 3



1.1.6 Partial reduction: towards chromenes

It was felt that the partial reduction of acetylenes 24 to (Z)-allylic alcohols 28, followed by
deprotection and cyclisation could, in a similar fashion, give their unsaturated anologues.
After a lengthy search for optimised conditions for this partial reduction, Little found a
reproducible protocol using Rieke zinc,'® which is a highly divided zinc metal that acts as a
selective reducing agent in a tetrahydrofuran, methanol and water solvent mixture. Rieke zinc
was generated in situ by the reduction of zinc(ll) chloride with potassium metal in hot
tetrahydrofuran. As a result, a range of chromenes 29 have been synthesised by this method,

with the exception of the aryl substituted alcohol which gave unrecognisable products (entry

4) (Table 4).
N N |
1 P N 2 eq. Rieke zinc N a) 20% TFA/ DCM, 0.5 h
N — N' -
: THF, MeOH, H,0 OH \ o}
| NHBoc 7% r:fﬁx,' oA P NHBoc D) 2:5€4-NIS.DCM, 0.5h LR
I &t F
R/;OH 28 29
24
R R’ 28(%) 29(%)
1. Et H 94 83
2. Me Me 80 0
3. CH-OH Me 60 63
4. p-MeOCgH, H 0 -
Table 4

Little also mentioned but did not investigate the idea that the chromene 29 might be
functionalised by derivatisation of its double bond. Possibilities include dihydroxylation,

epoxidation. hydroboration. Heck type reactions erc.

10



1.1.7 Phenols as efficient traps in the benzyne cyclisation
Due to the fact that aromatic substituents are present in the majority of chroman natural
products. and that there was a gap with respect to this area in the literature,'' Little began to

focus on the efficient intramolecular trapping of a benzyne by a tethered phenol (Scheme 8).

Condensing the dianion derived from benzotriazole 19 with protected salicylaldehyde 30
tormed alcohol 31 in 82% yield; the silyl ether was then cleaved with hydrogen fluoride /
pyridine complex in dichloromethane to give the free phenol 32. Unfortunately, deprotection
of the Boc group using the routine method as well as under other mildly Lewis acidic
conditions'” failed. It was reasoned that the acidic lability of the bis-benzylic alcohol was to

blame for this result and the solution was to remove this functionality.

a) 2.2 eq. Buli, THF, -78°C N,
\r N, 5 eq. Tetraglyme HF/pyr. complex O N
—————— '
N
\/\ _ O, 0, \
N b) CeCls, -78-0°C NHBO DCM, 48 h, 82% NHBoc
NHBoc ¢©) O OH
19 @ OTBDMS OH
OTBDMS 32

30 0% TFA/DCM
5h
N N
"N 20% TFA/DCM N
N _ 1h N
‘ hl NHBoc NH,
sl o e
L = OH OH
35 34 33

2.5 eq. NIS/DCM

w

36

Scheme 8

11



Dehydroxylation of the bis-benzylic alcohol by palladium-catalysed hydrogenolysis formed
the phenol 34. Carbamate cleavage by trifluoroacetic acid as usual then gave the free amine
35. which underwent the benzyne cyclisation after treatment with N-iodosuccinimide and

aftforded a single product—the iodoxanthene 36.

Methoxy-substituted iodoxanthenes 37 (Scheme 9) have also been synthesised using a
similar method. The protecting group was changed from t-butyldimethylsilyl (TBDMS) to

benzyl (Bn), in order to achieve simultaneous deprotection and dehydroxylation under the

hydrogenolysis conditions.

R4=3-MeO, 81%;
R>=5-MeO, 81%.

Scheme 9
The same methodology has been successfully extended by Little to synthesise a fused-four
ring— benzoxanthene 41 (Scheme 10). Surprisingly. when the benzoxanthene 41 remained
in the reaction mixture with VN-iodosuccinimide for longer than half an hour, a further
oxidation reaction occurred and the benzoxanthone 42 was formed. It was reasoned that the
N-todosuccinimide is known to be a mild oxidising agent and this, combined with the

sensitive nature of the bis-benzylic methylene group. probably explains this result.

12
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e C
19 OBn OBn
O s
38 5% Pd-C, H,

MeOH, 4h, 82%
55%

I O N
N
O NI

a) 20% TFA/DCM, 1h \
- NHBoc
b) 2.5 eq. NIS/DCM
75%

41 OH
| 40

(LT

g

42

Scheme 10

1.1.8 An attempted synthesis of tocopherol

On the basis of Little’s investigations on the scope and limitations of the intramolecular
benzyne cyclisation, a series of chromans and chromenes were synthesised although, while
most of these were racemic. the non-racemic compounds were not proven to be optically
pure. More importantly. this methodology needed to be applied on a formal natural product
synthesis. to explore its potential value and gain our long-term aim of showing the utility of

this type of chemistry when applied to highly substituted benzynes.

There are a wide range of natural products containing the chroman core. Among these
vitamin E (u-tocopherol) 43 was chosen due to the juxta-positioning of the aliphatic and
aromatic sections of the molecule. The disconnection which Little developed would separate

these two sections.

13



43

Scheme 11

Little has laid out the initial retrosynthesis as follow (Scheme 12).

MeO |

&————— MeO 4 oH
N- NHBoc
N:N N/NHBOC
N=N
47 46
Scheme 12

Starting from chroman 1, the methyl group in the 8-position could be retrosynthetically
converted to the iodide 44, which would be synthesised from the Sonogashira product, the
acetylene 46. via the saturated diol 45. According to this. the iodide 47 was the key

compound to be prepared.

Little initially attempted to apply a 3 + 2 cycloaddition between benzyne and trimethylsilyl

azide to prepare benzotriazole 49 (Scheme 13). the 10dide 47 then could be achieved in a few

steps.

14



OMe OMe
t-BuLi, TMSN,

-78°C, THF N
N-N

Br ™S’
48 49
Scheme 13
Commercially available 4-bromo-2,6-dimethylanisole 48, a classical benzyne precursor, was

treated with trimethylsilyl azide under basic condition at -78°C. The cycloaddition was not

selective and multiple products (approximately 12) were formed.

After giving up the above method. Little began to focus on a five-step route' to the synthesis
of acetamide 55 (Scheme 14). which would hopefully be converted into the iodide 47 by
diazotization and then iodination. Nitration of anisole 50 in concentrated acids gave nitro
anisole 51, which was then reduced using a classic iron powder reduction method in the
presence of a catalytic amount of hydrochloric acid to give the aniline 52. Protection by a
standard triethylamine / acetyl chloride protocol afforded amide 53, which was followed by a
second nitration which delivered o-nitroamide 54 in 90% yield. The acetamide 55 was then
prepared via a transfer hydrogenation from cyclohexene before being subjected to the

standard diazotisation condition to give 1-acetylbenzotriazole 56.
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Scheme 14

But this route failed at the iodination step: no reaction occurred with N-iodosuccinimide and
catalytic amounts of p-toluenesulphonic acid:'* tetrabutylammonium iodide in acetonitrile
with two equivalents of ceric ammonium nitrate’” caused non-selective and multiple
iodinations: stirring 1-acetylbenzotriazole 56 with molecular i1odine. periodic acid and

sulphuric acid'® in acetic acid was also problematic.
Theretore Little decided to follow a moditied Campbell and Rees route to the 1-

aminobenzotriazole.' a classical way which was developed in 1969. In this case, 4-amino-

2.6-dimethylanisole 52 was the starting point for this route (Scheme 15).
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Diazotization of amine 52 under standard conditions, followed by a nucleophilic addition of
dimethyl malonate led to the hydrazone S58. Nitration of this hydrazone 58 gave o-
nitrohydrazone §9 which was reduced to the diamine derivative 60 by transfer hydrogenation
from cyclohexene. Again, a standard diazotisation afforded the protected benzotriazole 61.
At this point, the direct iodination procedures, which were described earlier were applied

again. this time on benzotriazole 61; again, no useful reactions occurred.

At this stage, Little returned to the lithiation protocol. which had been developed for the
unsubstituted aminobenzotriazoles, to form the iodide 47. Deprotection of benzotriazole 61
in acidic conditions gave the free 1-aminobenzotriazole 62, and was followed by the one-pot
protection procedure to give mono-carbamate 63. After forming the dianion intermediate by
the standard procedure from mono-carbamate 63, 1,2-diiodoethane was added as the
electrophile. but multiple addition products were formed. Little then used a better
electrophile, tributyltin chloride, to trap the presumed lithium dianion. As a result, two
substituted products were found: the desired stannane 64. in a poor 18% yield, along with

stannane 65 in 27% yield.

Despite this. the iodination was still performed by treating the stannane 64 with molecular
iodine in dichloromethane at room temperature. The key iodide 47 was then obtained but
obviously in an unacceptably low overall yield. However, sufticient material was isolated to

allow a further preliminary study.
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Scheme 15

Therefore. Little’s next step was to attempt a Sonogashira coupling of the key iodide 47 with

diol 69 (Scheme 16).
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Scheme 16
The enyne 68 was produced by Sonogashira coupling between 2-bromopropene 66 and
trimethylsilylacetylene 67 at room temperature. AD-mix reaction of enyne 68 followed by
deprotection afforded diol 69. Analytical methods such as Mosher’s ester and chiral GC
“failed to give clear results and therefore enantiomeric mixtures cannot be ruled out’, Little
stated. The key Sonogashira coupling of 10dide 47 with diol 69 under reflux as mentioned

above. gave the diol 70 in 85% isolated yield.

It now only required a hydrogenation to saturate the aliphatic chain, followed by deprotection
" cyclisation. to achieve the target. Unfortunately. the attempted hydrogenation, using the

method employed previously. did not return any product, possibly due to the very small scale

(Scheme 17).
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Overall, it can be stated that Little made substantial progress in the area of synthesising
ortho-substituted benzyne precursors, as well as in the benzyne cyclisation chemistry using
oxygen nucleophiles. He has also opened a new entry towards the natural product Vitamin E
(a-tocopherol) synthesis. Against the background of Little’s research, the current project was

aimed at developing this new route towards the optically pure Vitamin E precursor 1.

1.2 A General Introduction to Benzyne

Benzyne 72 is considered to be one of the classic reactive intermediates in organic chemistry.

This highly unstable. neutral species can be derived formally by the removal of two adjacent

g

72

hydrogen atoms from an aromatic ring.

1.2.1 Structure and reactivity

The first proot of benzyne came from Roberts'” in 1953. His experiments on the conversion
of *C-labeled chlorobenzene with potassium amide into aniline gave strong support to the
intermediacy of o-benzyne in this and related reactions. Additional direct evidence for the
existence of benzyne was provided by the observation of its infrared spectrum. solid-state e

dipolar NMR spectrum. 'H and '?C NMR in a molecular cage and by ultraviolet
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photoelectron spectroscopy.18 Benzyne has been the subject of extensive high-level

theoretical studies.

The experimental findings and theoretical calculations agree in concluding that benzyne has
the general structure depicted above, in which a degree of triple bonding with some diradical

character exists between two adjacent carbons.

Even at low temperatures, benzyne is extraordinarily reactive. The reactions of this
compound can be divided into three groups: pericyclic reactions, nucleophilic additions and

transition metal-catalysed reactions.

1.2.2 Generation of benzyne
Benzyne is an important reactive intermediate and many studies on its generation have been
undertaken. Due to their extreme reactivity, benzynes must be trapped in situ. The generation

methods most widely used are summarised in Scheme 18.'®

X X ] CO.H
{ = -
e = .
Y M N,

NH,
75 76 79 80

Scheme 18
A halide 73 can be treated with a strong base. such as butyl lithium or sodamide. to remove
the o-aromatic proton and generate benzyne via an anion. The use of strong bases which
may act as nucleophiles can be avoided by treatment of o-dihalosubstituted benzenes 75 with
a metal (lithium or magnesium) to generate an o-metallohalobenzene 76. which rapidly

collapses to benzyne by climination.
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A more recent and milder method features a very similar mechanism to the metal-halogen
exchange method and is instigated by fluoride attack onto a silylbenzene 81, having also an

excellent leaving group (triflate) in the ortho-position (Scheme 19).'%

E
=
SiMe; Bu,NF QO
. —— Q|
OTH
81 72 82

Scheme 19
In contrast, another classical approach operates under mildly acidic conditions by
diazotisation of anthranilic acid 80. Neutralising the diazonium salt with NaOH gives a
zwitterion 79 with the negative charge on the carboxylate. The loss of nitrogen and carbon

dioxide delivers benzyne 72.

Alternatively. oxidation of aminobenzotriazole 78 usually produces good yields, but has the

disadvantage of requiring an oxidant such as lead tetraacetate in the reaction mixture.

Recent typical and improved examples of the different methods outlined above. in addition to

novel methods. are introduced below.

Ph Ph

X ~ n-Buli/ THF O@O
+ -

o _ -78°C
oTf

Ph

Ph 90%
83 84

Scheme 20
Metal-halogen exchange of o-halotriflates 83 with n-BuLi at -78°C produces arynes (Scheme

22



XN oTf LDA ©/ N(iPr),
@ Diisopropylamine [ =

R R

86 87
Scheme 21
Aryl triflates 86 react with lithium diisopropylamine (LDA) in diisopropylamine to give the

corresponding amines 87, which must proceed by a benzyne mechanism (Scheme 21).'*

Whereas o-halolithium or magnesium arenes readily undergo elimination to benzynes, o-
fluoro and o-chloro-copper reagents 89 do not, and can therefore be used in nucleophilic

displacements (Scheme 22).'8

D D Cr
—_—m
| THF, 25°C Cu

R

Y

38 89 90

R= Me. Et, PhCO, MeCO
Scheme 22
An efficient triphenylene synthesis involves o-sodiofluorobenzene 92 as an intermediate. Its
fast decomposition gives rise to a high benzyne concentration and hence a high yield of
triphenylene 93 (Scheme 23).'*
F nBuLiNaO-tBu F
©/ THF, hexane B C[Na @I
-100°C
91 92 72

, @l . @:a -NaF Q

72 92 93

Y

Scheme 23
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A remarkable generation of a benzyne intermediate has been proposed in the thermal

decomposition of azidoquinone 94 in benzene which provides cycloadduct 95 by reaction

with the solvent (Scheme 24).'*