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Abstract: Scheme 1. Previous route to AZD4407
The development of two efficient strategies for the synthesis of s HS~_ S
AZD4407 is reported, both of which are considered suitable \_| oms 1-nBuli N/ oy

. 2. MeSSMe
for large-scale manufacture. In the first approach, 3-bro- - .
mothiophene is coupled with (B)-2-methyltetrahydropyran-4- o ?7'7“5/0‘33';;3“) d
one using Grignard chemistry. Following hydroxyl protection Me Me

T . h . 2
and lithiation at thiophene C-2, reaction with a protected

5-mercapto-1-methyl-1,3-dihydro-indol-2-one derivative bearing

Br 1. Pde(Ph,P),
a leaving group on sulphur provides AZD4407 after acid- o:(\/©/ DMSO, KOBu
catalysed deprotection and epimerisation. The second approach N §: iﬁ'ﬂ,mamgraphy (41% overall)
starts from 2,4-dibromothiophene, which undergoes a selective Me 4. crystallisation (75%)
Grignard exchange reaction at C-2 followed by reaction with
similar protected mercapto-oxindole derivatives. Reprotection s._S
of the oxindole ring, followed by a second Grignard exchange, O:(N\/©/
and reaction with (2S)-2-methyltetrahydropyran-4-one provides /
AZD4407 after acid-catalysed deprotection and epimerisation. Me 4
AZD4407 Ve
Introduction of hurdles needed to be overcome before further scale-up

AZD44074 is a 5-lipoxygenase inhibitor expected to have could be considered:
activity in a variety of inflammatory conditions such as (1) The synthesis of thia? from thienyl pyranoll, for
asthma and chronic obstructive pulmonary disease (COPD).which the final part of the process was performed at a
To maintain supplies for development of this drug substance, temperature in excess of 100 and utilised dimethyl
a route capable of delivering multikilogram quantities of disulphide as reagent, thus generating a stoichiometric
material in a short time frame was required, alongside amount of dimethy! sulphide as byproduct.
identification of the long-term manufacturing route. One (2) The final bond forming reaction used a soluble
approach to the synthesis of AZD4407 has already beenpa|ladium catalyst at a level of 10 mol %, having cost of
disclosed,in which the key bond forming reaction involves  goods implications and necessitating a removal regime to

a palladium-catalysed coupling between the 2-mercap- ensyre that the palladium burden in the drug substance was
tothiophene2 and 5-bromo-N-methyloxindol8 affording reduced to an acceptable level.

AZD4407 in moderate yield, Scheme 1. The crude product  (3y | ack of solid intermediates with the exception of
mixture comprising a mixture of both the $AR)- and  h5mo.oxindole3, providing little scope for purification
(2S,4S)-diastereomers was then epimerised with acid tOpqfore isolation of crude AZD4407.

equilibrate predominantly to the thermodynamically more
stable (5,4R)-isome#4 (ratio 92:8), which was purified by

chromatography and crystallisation. Consequently, a research program was instigated to find

S rYt\Ilqr:alls,Sg g]l'zer%:: k\{YgSrasrl:](;CSfSZfru"yse&?;?cid ;‘onr ;:]Eeralternative routes to AZD4407, and the results of those
Y ' v iog ug su »anu studies are presented in this paper.

(4) Requirement for purification of the crude drug
substance by chromatography.
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Scheme 2. Reverse coupling strategy Scheme 4. Synthesis of protected thienyl pyranols 15 and
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Scheme 3. Lithio-thiophene approach to AZD4407 12
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PO{\D@/ metallic species derived from readily available 3-bro-
! _ . mothiophen® and (&)-2-methyltetrahydropyran-4-oié.
Me P = protecting group :
8 LG = leaving group Several syntheses &2 and precursors have been published.

) o o In the work reported previouslythis step was carried
of undesirable byproductsinitial investigations centered out via lithium—halogen exchange followed by transmeta-

around the use of a reverse coupling strategy, involving either|a¢iqn with chiorotitanium triisopropoxide, which generated
a palladium-catalysed or copper-mediated reaction between, intermediate titanate este, Scheme 4. The titanate has
oxindole thiol5 and a bromothiophert; Scheme 2. Copper- 5 reqyced basicity, leading to cleaner carbonyl addition and
mediated couplings between 2-bromothiophene and a varietyiharefore has a lower propensity to generate a 2-metal-

of simple aryl thiols, e.g.p-methoxybenzene thiol, naph- |thigphene than the organolithium precursor. Reaction of
thalene-2-thiol, and 4-acetamidothiophenol as model systemsy,ig species with pyranor2 provided a mixture of thienyl

worked reasonably well. However, coupling between oxin- 361513 and14 with good regiocontrol (less than 1% of
dole thiol5 and bromothiophenégave an unacceptably low 6 5 isomed 7 produced, Figure 1). As this process involved
yield of AZD4407 @) under conditions in which other simple |5rqe jumps in temperature, it was further developed in order
thiols such as naphthalene-2-thiol could be coupled successyy 4chieve a more constant reaction temperature profile and,
fully with 6. We were unable to synthesise a suitable erefore, reduce the reaction time at larger scale from
carbonyl-protected version 6fto determine if the oxindole unnecessary heating and cooling cycles.

methylene unit was responsible for the lack of reactivity in A temperature of-20 °C was found to be convenient

these coupling reactions. o _ and appropriate for the whole of this process as far as the
Thioether Formation using Organolithium Chemistry. workup. Thus, sequential lithiurrhalogen exchange between

By use of a suitable leaving group on sulphur, it was 3 hromothiophene anatbutyllithium, transmetalation using
envisaged that the coupling reaction could be accomplishedqporotitanium triisopropoxide, and addition of pyrandr

by, for example, organolithium chemistry, and the alternative \,are all carried out at around20 °C. After an aqueous
strategy shown in Scheme 3 was expected to overcome mostqigic workup and extraction, a mixture of produt&and

of the difficulties identified with the previous route (Scheme 14 \vas isolated as a toluene concentrate ir-80% yield.

1). This approach to AZD4407, using, for example, the \ynjst this procedure worked well on a laboratory scale

symmetrical oxindole disulphide, was proposed in the .,nirolling the level of the undesired 2-thienyl isomer to less
previous papet;however very little work was undertaken than 1% GC area, scale-up to 450 L (12 kgl@) resulted

at that time. One of the potential problems identified with , aised levels of the 2-isomer (at between 5 and 7% GC
this strategy was the acidity of the oxindole benzylic protons,
which would quench lithiothiophene. Hence appropriate (3) Atkinson, S.; Toros, J. WO 2003051862 Al. Holt, R. A.; Rigby, S. R.;

. ; i Waterson, D. WO 9719185 Al. Crawley, G. C.; Briggs, MJTOrg. Chem
prOteCtlon of the oxindole fragment was reqUIred' 1995,60, 4264. Haslegrave, J. A.; Jones, J.JBAm. Chem. Sod 982,

Coupling of the Thiophene and Pyran FragmentsThe 104, 4666. Hetero DielsAlder approaches to a dihydropyranone have been

method used for formation of the bond between thiophene  reported: Unni, A. K. Takenaka, N.; Yamamoto, H.; Rawal, V.JHAM.
Chem. Soc2005,127, 1336. Mitsuda, M.; Hasegawa, J. GB 2304339 Al.

C-3 and the pyran moiety involved reaction of an organo- A related method for the synthesis of similar pyranone precursors has also
been recently reported: Reiter, M.; Ropp, S.; GouverneurQkg. Lett.
(2) Bird, T. G. C.; Ple, P.; Crawley, G. C.; Large, M. S. EP 623614 B1, 1994. 2004,6, 91.

556 e  Vol. 9, No. 5, 2005 / Organic Process Research & Development



s The Grignard exchange process reproducibly gave levels

o \ 7 or of 2-isomersl7 (Figure 1) of<0.5% GC area on a laboratory
s y Ve scale and only marginally higher on a 450 L (30 kg pyranone)
\_/ OR © o scale. It is believed that the small amount of this impurity
17R=H Me 19R=H seen derives partly from the 2-bromothiophene present in
_ 18R=TMS 20R=TMS the starting material (limited t0<0.5%). The slightly
Figure 1. Some impurities. increased level of the 2-isomer (1.09 area%) on scale-up was

area). The reasons for this were not proved conclusively; not a concern, since a means of removal of impurities derived
however it is thought that formation of 2-lithiothiophene is from thls cqr)tamlr_]ant_further downstream n the hrocess had
assisted by the presence of small amounts of protic material,been identified .(V'de infra). The cher key impurity carried
which quench 3-lithiothiophene to provide a source of forwar_d from this stage was der|ved7from.a small amount
thiophene which can then undergo deprotonation at C—Z.Ef a dl'met:fg ?:rjalogule c_)ll‘hpyra?_orile Ig?dlr}g to mertjrgl
Control of the level of this impurity was thought to be crucial omologu .( 'gure )(; ) € optica punoyo pyrano .
as it was expected to give a regioisomer of AZD4407 on used was typically-99.5%; thus up to 0.5% of enantiomeric '
progression through the synthesis. Given the difficulties of ;ompoungs werefagsg expe;:gd tr? carry thr%u?.rl;thetal/nthesas.
maintaining scrupulously anhydrous conditions and control- *\" OVercharge ot s-bromothiophene was defiberately use
ling the quality of the titanium reagent, an alternative in this process to ensure maximum consumptlpn of the more
organometallic species and more robust synthesis of inter_expensn_/e_pyr_anon1=2, and the excess was partially removed
mediatesi3 and 14 were sought. during distillation at the end of the stage. It was demonstrated
Since 3-thienyl Grignard reagents are known to be that any thiophene produced due to adventitious moisture in
difficult to prepare using standard proceddreand being Fhe reaction med_lum WOUI.d not undergo deprptonaﬂon by
keen to avoid the use of an organolithium species in a isopropylmagnesium chloride, and hence the risk of forma-

transmetalation proce8s Grignard exchange procésgas tiqn'of significant amounts. of 2-metal!othiophene was
evaluated and found to work well in this situation. Reaction ehmmated.f tfl:r:ther b;?ef't of the' Grlgqard ei«':harlulge.
between 3-bromothiophene and isopropylmagnesium chlorigeProcess 1S that the need for cryogenic equipment 1S elimi-

in THF required up to 18 h at ambient temperature or around nated, since the exchange step takes place at ambient
3 h at 40°C to achieve a maximum conversion of around €mperature or above and cooling only to between 0 and 15

80%. The reasons behind this incomplete exchange are notoC islrequired for the exothermic pyranone .addi.tion. Arange
fully understood: however, it seems that towards the end of of Grignard reagents have been screened in this process, and

the exchange, there is a competing reaction which consumes® far, |sopropylmqgne3|um_ chI.or|de has prpved the be;t.
isopropylmagnesium chloride, perhaps by reaction with the CycIohgxyImqgne_smm chlondei IS an alt_ernat|ve that meT'tS
byproduct, isopropyl bromide. A hazard assessment studyfurther !nvestlgatlon as it av0|ds. the issues surrounding
demonstrated that there were no safety concerns about thdene ratlo;ll Of dpropane on quenching excess isopropylmag-
all-in nature of this reaction, the adiabatic temperature rise nesium chioride. . .

on mixing the reagents being only 3C. Reaction with _ Protection of the Thienyl Pyranol Moiety. 'I_'he protect-
pyranonel2 was accomplished after cooling slightly, and INg group phosen _for pyrano_IE:_3 and14 was trlmethy_lsnyl

the product mixture comprising boft8 and14 was isolated (TMS), which provided gsufﬂmently stable !ntermed|ate and
as a toluene concentrate for continuation into the next stagea robust enough protecting group for use with the subsequent

as these compounds exist as oils at ambient temperature. Thgrgano—hthmm cherr_us_tﬁy_ This protecting group a[so influ-
combined yield on a 30 kg scale was 90%, and GC purity ences the site of |.IthlatI0n and favours formation of thg
was 82 area% as the sum 18 and 14, with thiophene and 2-lithio-4-pyranyl thiophene. T.he. procedure rgportgq previ-
3-bromothiophene at 6% and 6.6% GC areas, respectively,ousv was redevgloped, and imidazole was |Qentlfled as a
as the major impurities. The diastereoselectivity of this cheaper _alternatl\_/e to D.MAP' Thus, reaction beW_veen
addition was not a concern at this point in the synthesis, trimethylsilyl chlorld_e and imidazole followed by _addltlon
since previous work had shown that the mixture of epimers Of_ the toluene solution _of_pyranotls3 and 14 provided a
could be enriched in the desired32R)-isomer downstream mlxture 9f15 and16, again isolated as a toluene con(?entrate,
by acid-catalysed epimerisation of theecohot. In practice in 97% yield on a 50 kg scale. The level of 3-bromothiophene
the ratio was found to be up to 2:1 in favour of the undes:ired was further reduced to 4.4% GC area, due to codistillation
epimer14, although this ratio was dependent chiefly on the with toluene. Although the residual 3-bromothiophene was

length of time in contact with the aqueous hydrochloric acid e>.<pected 0 undergq “th'atlon in the next stage and react
during workup. with the oxindole derivativ8, we had shown that the levels

of the resultant impurities were tolerable in the anticipated
(4) Rieke, R. D.; Seung-Hoi, K.; Xiaoming, W. Org. Chem1997,62, 6921. purification regimé® This proved to be a useful hold point

(5) Jayasuriya, N.; Kagan, Bleterocyclesl986,24, 2261. in the synthesis and preferable to the previous stage, as this
(6) Boymond, L.; Rottlander, M.; Cahiez, G.; Knochel, P. WO 9951609 A1l. y P P ge,
Abarbri, M.; Dehmel, F.; Knochel, PTetrahedron Lett1999,40, 7449.

Trécourt, F.; Breton, G.; Bonnet, V.; Mongin, F.; Marsais, F.; Quéguiner,  (7) The synthesis of pyranori® by an intramolecular Prins cyclisation between

G.; Tetrahedron Lett1999,40, 4339. Trécourt, F.; Breton, G.; Bonnet, V.; 3-buten-1-ol and acetaldehyde is reversible and can go back either to the
Mongin, F.; Marsais, F.; Quéguiner, Betrahedror200Q 56, 1349. Martin, same starting materials or to formaldehyde and 4-penten-2-ol. The latter
G. J.; Mechin, B.; Leroux, Y.; Paulmier, C.; Meunier, J.JOrganomet. will undergo a Prins reaction with acetaldehyde to generate 2,6-dimeth-
Chem.1974,67, 327. ylpyran-4-ol.
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Scheme 5. Synthesis and protection of oxindole disulphide
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solution was stable for at least 3 months at ambient
temperature.

Synthesis and Protection of Oxindole DisulphideThe
synthesis of disulphide23 via chlorosulphonylation of
N-methyloxindole21 followed by reduction with hydriodic
acid (Scheme 3)was chosen for development and scale-
up. This provided an efficient preparation 88 and was
successfully used for the manufacture of over 200 kg of this
intermediate.

Initial studies into the reaction of disulphid23 with
lithiothiophene7, Scheme 3, demonstrated that protection
of the oxindole carbonyl functionality was critical for two
reasons. First, the lithiothiophene would be quenched by
deprotonation of the relatively acidic oxindole benzylic

protons in preference to the desired reaction at the disulfide

bridge. Second, the solubility of oxindole disulphide in
solvents commonly used for organometallic chemistry was
very low. It was found that both limitations could be
overcome by formation of a bis(t-butyldimethylsilyl)enol
ether? A screen encompassing a wide range of organic and
inorganic bases failed to find conditions under whieft-
butyldimethylsilyl (TBDMS) chloride could be utilised.
However, we found that a clean reaction occurred when
TBDMS triflate was used in conjunction with an organic
base, preferably triethylamine. This resulted in a rapid,

(8) Wiped-film evaporation (WFE) was briefly investigated as a technique for
the purification of the mixture of TMS ethel$ and16. Results on a small
scale demonstrated the feasibility of this technique since the purified mixture
of 15 and16 with an assay of around 100% by HPLC was produdeda
2-stage process. The first stage of this process distilled off residual
3-bromothiophene with the bulk of the toluene at°831—3 mbara. In the
second stage, the product itself was distilled at 414 mbara. This process
resulted in the 3-bromothiophene level being reduced from as much as 7%
w/w to 0.5% w/w. However, this additional level of purification was not
found to be necessary.

(9) Sawada, T.; Fuerst, D. E.; Wood, J. Tetrahedron Lett2003,44, 4919.
Moody, C. J.; Miah, S.; Slawin, A. M. Z.; Mansfield, D. J.; Richards, I. C.
Tetrahedron1998,54, 9689.
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guantitative formation of the bis-O-silyl enol eth24 and
liberation of triethylammonium triflate, which separated out
as a lower liquid phase. After removal of this layer, the
amount of triethylammonium triflate remaining in the product
solution was found to be variable and often too high, since
it quenched lithiothiophene in the next stage. Therefore,
further processing steps were introduced to control the level
to an acceptable limit. It was found that addition of
ethyldiisopropylamine achieved further removal of residual
triflate by crystallisation of the salt of this base, affording
residual levels reproducibly below 2 mol % after two
treatments. Consequently, an aqueous workup was avoided
which was important due to the instability &4 at elevated
temperatures in the presence of moisture. The product was
isolated as a toluene concentrate in a yield of 99% by assay
on a 35 kg scale. This intermediate could be stored for several
days at 10—20C without any detrimental effect, although
our preference was for immediate utilisation in the subse-
guent stage. Due to the extremely high acid sensitivity of
this material, HPLC analysis could not be performed. Instead,
product assays were carried out on samples treated with acid
to reconvert to disulphid@3, in conjunction withtH NMR
spectroscopy to demonstrate that complete TBDMS protec-
tion had been accomplished in the reaction. Attempts to
accomplish protection o023 using ethyldiisopropylamine
alone as base gave much slower conversion which was
attributed to the thick heterogeneous nature of the reaction
mixture.

Due to the relatively high cost dért-butyldimethylsilyl
protecting agents, particularly the triflate, many alternative
protecting groups were considered and investigated. These
included O-alkyl enol ethers® however these were dis-
counted due to the requirement of reagents such as trialkyl-
oxonium tetrafluoroborates for their synthesis. Trimethylsilyl
protection and formation of the bis-pivaloyl enol efievere
possible; however, both were found to be incompatible with
the subsequent lithiothiophene chemistry.

Coupling the Thienyl Pyranol and Oxindole Frag-
ments (Scheme 6).TMS-protected thienyl pyranol is
known to react with butyllithium selectively to give the
2-lithio-4-pyranylthiophene, presumably due to the bulk of
the trimethylsilyl group inhibiting deprotonation at the
adjacent carbdn To avoid having to cope with butane
evolution, the base for this stage was changed to hexyllithium
in hexane, which made no difference to the chemiktithe
starting material was transferred from the previous stage as
a toluene concentrate and required dilution with THF before
deprotonation would take place. The charge of hexyllithium
was regarded as critical, since an undercharge would result
in an underconsumption df, whereas an overcharge would
result in a competing reaction of hexyllithium wigt# or a
second deprotonation of the prod@&at C-5, followed by
intramolecular silyl abstraction to generat€ailyl analogue

(10) Esses-Reiter, K.; Reiter, J. Heterocycl. Chen2000, 37, 927. Deberly,
A.; Bourdais, JJ. Heterocycl. Chenml977,14, 781.

(11) Yamada, S.; Yaguchi, S.; Matsuda, Retrahedron Lett2002,43, 647.

(12) The cost of hexyllithium at the time this work was done was approximately
the same a®-butyllithium on a w/w basis; therefore in terms of molar
amounts, hexyllithium was only slightly more expensive.



Scheme 6. Synthesis of AZD4407 from 1 and 24 Scheme 7. Impurity formation from 3-bromothiophene
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Mez(BuSiOA(/j@/ S\E%;ms Epimerisation and Isolation. Deprotection and epimeri-
N sation of AZD4407 was carried out in a two-phase system
Me 25 J comprising dilute aqueous sulphuric acid with an acetonitrile/
toluene solvent mixture. Acetonitrile was initially chosen to
Me ensure that sufficient water was present in the reaction
1. Toluene / MeCN / H,SO, / . . .
H,0 then NaOAG medium to avoid dehydration and toluene was present due
2. Crystallisation to its use as the solvent for isolation of the substiziie
N ng?:r/ys?;ﬁggon (©5%) This solvent system was favoured over ethyl acetate reported
previously due to hydrolysis of the latter during the course
s._S s. S of the reaction. At ambient temperature, the acid treatment
Ow . o:(\/©/ \ / on rapidly removed both protecting groups and equilibrated the
/ . + N epimers of AZD4407 at the°3alcohol to a 92:8 mixture of
Me 4 Me 4 and26. When the epimerisation was carried out aG0
it was found that the ratio of diastereoisomers remained
approximately the same. However, the 2,5-regioisomer of
AZD4407 derived from progression of 2-thienyl pyraigl

AZDA407 % o

Me Me

B AZ.D4407' L he_xylllth!um charge required was highly (Figure 1) through the synthesis selectively underwent
sensitive to the quality of input TMS ether. Consequently, . . . ; . .

: : irreversible dehydration, enabling easier removal during
the requirement was determined from the GC assay data for L

. o crystallisation. Hence, the temperature of Q0 that was
the particular batch dof used, taking into account the amount ’ .

: . : chosen as the rate of dehydration of AZD4407 was negli-

3-bromothiophene present and residual unreacted thienyl

. . gible, whereas the 2,5-regioisomer dehydrated readily over
\F/)vggr(]:glr?il: daggtl\fvé?;ﬁ:ﬁg]foeLa;ucrﬁtii;\;yggrésﬁeopfgm&ae“on the course of the reaction period. At elevated temperatures

. - e ] . in the presence of acid, AZD4407 dehydrates irreversibly;
r.egloselectllvllty (.)f lithiation is ?t least 98:2, but abovg this therefore, it was important to ensure complete removal of
limit, selectivity is lost. At—40 °C or below deprotonation

il tak | t titrati te. but dvant . . dacid prior to any distillation.

f5| ?h.es g(‘;f.e al |ra|_|on rl? e, ud no a V"?‘g‘l atge IS gaine Whilst early development batches of AZD4407 drug
rom this adaitional cooling. It proved ImpossIbie 10 CoNSUme: ¢\, 1ance were purified by chromatography, isolation by
all the starting material in this reaction, since after about

. : _ crystallisation was vital for large-scale manufacture. Toluene
0.85 molar equiv of TBDMS-pr.otected disulphide had been proved a suitable solvent for crystallisation of AZD4407,
charged, no further conversion took place and excess

) : : . since it not only gave a good recovery of product with
disulphide was cgrned through after. acid tregtment. The acceptable quality and good physical form but also was used
reasons for th's. mco_mplete conversion remain unknown. as solvent in preceding stages and facilitated removal of
Studies into the |solat|(_)n of AZDM’O.? had |nd|c_ate(_j that the acetonitrile by distillation. It was found, however, that
presence of excess disulphide during crystallisation led to

effic ¢ AZDA4407. Theref h seeding was essential, otherwise the product failed to
anine |C|enF recovery o 07. There ore, the process crystallise, and this was done at an appropriate point in the
was fixed with a stoichiometry of 0.85 equiv of TBDMS-

cooling ramp. On scale-up of this process to a 20 kg scale,
protected disulphide24 until means of improving the g P P P g

R i X the solid filtered in less than 30 min on a 0.3 d¥ um
conversion in this st.a.\ge could be .found. During workup, filter-dryer and the isolated yield from disulphid was
oxindole thiolate partitioned cleanly into the aqueous l&yer, 5806,
with all the protected AZD44025 remaining in the organic
phase.

3-Bromothiophene brought though the synthesis to this
point was shown to undergo lithiurhalogen exchange and
react with TBDMS-protected disulphid&. Rearrangement
of 3-lithiothiophene to the more stable 2-lithio isomer was
expected to result in a mixture of the regioisomeric oxindole
thiophene sulphide28, Scheme 7. By tracking the fate of
these impurities during crystallisation of AZD4407, it was
determined that a level of residual 3'br0m0thi0phene of UP (14) One issue concerning the use of toluene in the final stage of the process is

to 5% carried into this stage was tolerable. the level of benzene in the final product, and until we had more information
on the amount in the dried product, a grade of low-benzene toluene was

chosen for this stage. A change in the risk phrases for toluene published

Toluene was also selected as the solvent for recrystalli-
sation since longer-term this would have facilitated progres-
sion of the damp crude produétit also provided a solid
with the desired polymorphic form, suitable filtration char-
acteristics, and very good quality. Seeding was used during
recrystallisation to ensure that the correct polymorphic form
was produced, and meta-stable zone width experiments
defined the optimal temperature window at which to seed.

(13) If this route had been selected for longer-term supply of AZD4407, recovery recently may have necessitated a change of solvent for this recrystallisation.
and recycling of the thiolate from the aqueous phase by oxidation to This change was made as a result of the 29th ATP to EU Directive 67/
disulphide23 would have been considered. 548/EEC.

Vol. 9, No. 5, 2005 / Organic Process Research & Development o 559



PUE:
S _S._+
oK ) e

i
Me 30

Figure 2. Some impurities in AZD4407.

This afforded AZD4407 pure in 88% recovery on a 22 kg
scale with a residual toluene level of below 0.1% w/w after
drying.

Impurities. A consequence of telescoping the whole route
from 3-bromothiophene and pyranof@ through to crude
AZD4407 meant that particular attention had to be paid to
the carry through of impurities. The key impurities found to
cocrystallize with AZD4407 and therefore not reduce in level
were the dimethyl analogug9, the enantiomer [[R 49)-
isomer], and 2,5-regioisome30, for which a method of

removal had been discovered (see above)(Figure 2). No
enhancement in optical purity was achieved during crystal-

lisation of AZD4407 so the optical purity mirrored the optical
purity of the input pyranone2. Likewise, the dimethyl
impurity 29 was present at a level of 0.5%, unchanged from
the level in the input pyranone. The (49-diastereoisomer
26 was reduced to below 1 area%, and disulphzZde to

below 0.1 area% when the level in the input crude product

solution was below 1 area% relative to AZD4407.
Further Improvement Using Sacrificial Leaving Groups.
Whilst the chemistry described above utilising oxindole

disulphide was highly successful and was expected to be

suitable for further scale-up, the drive for a more efficient
process led us to consider alternative, sacrificial leaving

groups on sulphur. A number of substrates were identified
as potential replacements including a mixed disulphide from

mercaptobenzothiazole, a mixed oxindole trityl disulphide,

Scheme 8. Synthesis of AZD4407 from oxindoles having
sacrificial leaving groups on sulphur
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Scheme 9. Synthesis of a mixed oxindole trityl disulphide
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Scheme 10. Synthesis of oxindole thiocyanate 32
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p-toluenethiosulphonate, thiocyanate, and a thiosulphate salt.
Several of these were selected for further evaluation, Scheme

8, and the results are presented herein.

Mixed Trityl Oxindole Disulphide. A mixed disulphide
of the form31was anticipated to undergo nucleophilic attack
at the least sterically crowded sulphur atom, thus forming
protected AZD4407 and liberating trityl thiolate on reaction
with lithiothiophene7. This intermediate was synthesised
in high yield on a small laboratory scale by the reaction
between triphenylmethylsulphenyl chloride and oxindole
thiol 5, Scheme 9. Formation of the silyl enol ether and
further conversion through to AZD4407 proceeded in an
unoptimised solution yield of 34% after acid treatment.

Oxindole Thiocyanate.Use of thiocyanates in the forma-
tion of thioethers by reaction with either Grignard reagents
or organo-lithium species is knowhand this strategy was
investigated for the synthesis of AZD4407. Direct electro-
philic thiocyanation of N-methyloxindole using well-

(15) Pakulski, Z.; Piergmski, D.; Zamojski, A.Tetrahedron1994,50, 2975.
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established conditions such &sbromosuccinimide with
sodium thiocyanate in acetic aé¥dproved very difficult;
therefore the synthesis given in Scheme 10 was used for the
preparation of thiocyanat2!” Transformation of thiols to
thiosulphate (Bunte) salts using pyridinsulphur trioxide
complex is precedentéd,as is conversion of an organic

(16) Toste, F. D.; De Stefano, V.; Still, I. W. Synth. Communi995 25, 1277.

(17) A recently reported procedure describes direct electrophilic thiocyanation
of a range of aromatic and heteroaromatic compounds including oxindoles
using ammonium thiocyanate and iodine: Yadav, J. S.; Reddy, B. V. S;
Shubashree, S.; Sadashiv, Retrahedron Lett2004,45, 2951.

(18) Kice, J. L.; Anderson, J. M.; Pawlowski, N. E. Am. Chem. Sod966,

88, 5245.



thiosulphate to a thiocyanate, although this is uncomion. Scheme 11.
Once its viability had been demonstrated, this synthesis was
developed using dichloromethane as solvent, since the

synthesis of oxindole sulphonyl chlorid@? in this solvent

was already established and its use allowed a telescope of

Synthesis of oxindole thiosulphonate 33

S—S
Seoanees
N N
/ 23 \

Me Me

some of the later stages.

It has been reported that sulphonyl chlorides can be
reduced to thiols directly using triphenylphosphine in aque-
ous dioxané® This procedure was successfully applied to
oxindole sulphonyl chlorid€2 in dichloromethane in the
presence of water, providing thid in 80—90% yield.
Conversion to Bunte sak7 was achieved using pyridine—
sulphur trioxide complex in up to 80% yield fror\-
methyloxindole21. Reaction of pyridinium thiosulpha8¥
with excess potassium cyanide in a biphasic aqueous toluen
mixture gave thiocyanat82 in 73% yield.

TBDMS-protection was carried out using TBDMS triflate
in conjunction with Hlinig’'s base as described below for
oxindole thiosulphonat&6. Reaction with excess lithio-
thiophener at around—50 °C proved best giving AZD4407
with a yield in solution of 52%, Scheme 8. When the reaction
was carried out at slightly higher temperature8(Q to—45
°C) the yield decreased to 44% and dropped further still to
34% at—20 °C.2* Although proven as a viable approach for
the synthesis of AZD4407, the use of oxindole thiocyanate
32 was discontinued for the following reasons: the require-
ment for a lower reaction temperature, suboptimal stoichi-
ometry, potential competing attack at carbon of th @ CN
unit, and the formation of tarlike byproducts during the
course of the reaction.

Oxindole Thiosulphonate.The synthesis of thiosulpho-
nates by reaction of thiols with a sulphonyl halide has
precedenc® and was investigated for the synthesis of
oxindole thiosulphonat83. The results from a small number
of experiments wittp-toluenesulphonyl chloride suggested

that this reagent was unsuitable, since oxindole disulphide
23 was formed as the sole product, presumably via nucleo-
philic attack of unreacted thiol on the thiosulphonate as soon

as it forms. Use of tosyl bromidédid afford the desired

thiosulphonate; however, at present this reagent is not
commercially available and had to be synthesised. The bes

yields were obtained by a slow addition of thiblto a
solution of p-toluenesulphonyl bromide and pyridine in
dichloromethane at-10 °C, which minimised disulphide
formation.

A convenient method for the conversion of disulphides
to thiosulphonates has recently been publisiddoreover,
a well-established synthesis of oxindole disulph&Bewas
already in place. Therefore, after proving its viability, this

(19) Tyrrell, A. W. R.Tetrahedron Lett1985,26, 1753.

(20) Oae, S.; Togo, HBull. Chem. Soc. Jpri983,56, 3802.

(21) The reasons for this reduction in yield with increasing temperature were
not fully elucidated; however competing attack of the nucleophile at the
carbon in the thiocyanate unit was thought possible leading to a 2-cyan-
othiophene and liberation of oxindole thiolate. This in turn could react as
a nucleophile with oxindole thiocyanate forming the symmetrical disulphide
23, significant quantities of which were seen in many of the coupling
reactions tried.

(22) Ranasinghe, M. G.; Fuchs, P.&ynth Commuri988,18, 227. Prasad, J.

V. N. V. Org. Lett.2000,2, 1069.
(23) Fujiki, K.; Tanifuji, N.; Sasaki, Y.; Yokoyama, TSynthesi2002, 343.
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approach was selected for development and scale-up, Scheme
%1 Fora multikilogram scale synthesis, a modified process
was developed and implemented in which a solution of iodine
in dichloromethane was added slowly to a hot solution of
disulphide ang-toluene sulphinic acid in dichloromethane,
whilst allowing solvent to distill out so as to maintain a
roughly constant reaction volume. Thiosulphonagwas
prepared in a yield of 71% using this method with a purity
by HPLC of 97 area% on a 2 kg scale.

Silylation of oxindole thiosulphonat83 was achieved
using a modification of the procedure developed for the
symmetrical disulphide23, including a reduced TBDMS
triflate charge, Scheme ?8.In contrast to disulphide3,
thiosulphonat@&3was found to undergo successful protection
using ethyldiisopropylamine alone, which provided the
triflate byproduct as a solid and would have facilitated
recovery and recycling of the expensive triflic acid. It also
had the benefits of a simpler and more effective removal of
the byproduct and provided a more stable product solution.
Concentration of the solution by distillation was not neces-
sary and in fact was not possible with this material due to
thermal instability.

Reaction between lithiothiophereand protected thio-
sulphonate&6 was carried out at-30 °C, Scheme 8. A rapid
reaction followed, and on completion, the byproduct, a salt
of p-toluenesulphinic acid, was removed in the aqueous layer
during workup, leaving a solution of protected AZD4407
t25 in toluene/THF/hexanes which was progressed as de-
scribed above for the route using oxindole disulphd@e

After acid treatment, AZD4407 crude was isolated by
crystallisation from toluene in 32% overall yield from TMS-
protected thienyl pyrandl on a 1.6 kg scale. This proved
the viability of this approach for the large-scale manufacture
of AZD4407, and this route was preferred over that using
the symmetrical disulphid23 due to lower cost from more
efficient utilisation of oxindole disulphide. The discovery
of an alternative strategy for the synthesis of AZD4407
offering the additional benefits of a solid isolable intermediate
and later incorporation of the enantiopure pyrand2¢see
below) meant that no further development and optimisation
of this approach was carried out.

(24) Protection o33 was attempted using TBDMS chloride in the presence of
an alkoxide base but without success. Previous attempts at the coupling of
33 without protection using an excess of lithiothioph&read demonstrated
that the enolate 083 was unstable, and this was thought to be the reason
protection of the enolate under anionic conditions could not be accomplished.
Vol. 9, No. 5, 2005 / Organic Process Research & Development 561



Scheme 12. Alternative approach to AZD4407 starting
from 2,4-dibromothiophene
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Scheme 13. Thioether formation from
2,4-dibromothiophene
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Thioether Formation on 2,4-Dibromothiophene.While
the strategy described above worked well and was success:
fully scaled up in our pilot plant to deliver a total of 25 kg
of AZD4407, an alternative approach was devised and
developed, Scheme 12, in which the pyranone was incor-
porated late in the synthesis. This strategy was appealing on
the grounds that intermediatd8 was predicted to be
crystalline, and thus represent a potential control point. It
was envisaged thaB8 would derive from a selective
metalation of 2,4-dibromothiopher89 at C-2 followed by
reaction with a suitable electrophilic sulphur derivatd@

Although the selective lithiation d39 with butyllithium
has been describédl,in our hands this reaction was not
selective, even at 78 °C; therefore we turned again to the
Grignard exchange reaction pioneered by Kno€hthis

procedure has been described for this substrate, althougr};l

temperatures below €C were stated to be a requirement.
In contrast, we found that, at5 °C, magnesium—bromine
exchange occurred exclusively at C¢25cheme 13. Three
possibilities were considered for the coupling partner: the
symmetrical disulphide23, thiocyanate32, and p-tolyl
thiosulphonat&3. In each case the oxindole carbonyl group
was protected as theert-butyldimethylsilyl enol ether, as
described previously. In view of the lack of reactivity of the
TBDMS-protected disulphide with Grignard reagents, this

Scheme 14. Synthesis of AZD4407 from 38 with oxindole

protection
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was more successful, giving an 80% solution yield38t

The problem here was that workup under basic conditions
gave an inseparable emulsion. This was resolved by adopting
an acidic workup, but the evolution of stoichiometric HCN
under these conditions precluded scale-up of this chemistry.

In contrast, TBDMS-protected thiosulphon&@proved
to be an ideal substrate, and reaction occurred on mixing
with the thienyl Grignard reagent at20 °C followed by
warming to ambient temperatuféAfter an acidic quench,
the sulphinate byproduct was washed out during the workup
using aqueous sodium acetate and thioe8&isolated by
crystalllsatlon from toluert@ 65% vyield.

Initial efforts into progression of intermediad8 focused
upon a deprotonatienGrignard exchange tactic, using excess
isopropylmagnesium chloride, obviating the need for a
second oxindole protection step. However, this led to
formation of addition products between the oxindole enolate
and pyranone carbonyl group. A variety of other reagents
were therefore tried for deprotonation prior to Grignard
exchange. Using hexyllithium as base, lithittsromine
exchange was found to occur faster than deprotonation. Other
bases (NaH, LIHMDS, KHMDS, KOMe, KOMe/ TMEDA)

Il gave product mixtures containing the oxindefg/ranone

Protection of the oxindole was therefore required, Scheme
14. Formation of the magnesium enolate with isopropyl-
magnesium chloride followed by quenching with chlorotri-
methylsilane (TMSCI) failed to give the TMS protected
oxindole41. Changing the base to sodium hydride however
resulted in successful protection with TMSCI. After the
derived Grignard reaged was reacted with pyranorie,

candidate was dismissed. TBDMS-protected thiocyaBate

(25) Crawley, G. C.; Briggs, M. TJ. Med. Chem1995,38, 3951.

(26) This reaction was also applied to 2,3- and 2,5-dibromothiophene, to
determine the fate of impurities i89. The former was totally unreactive
towards Grignard exchange, and the latter gave only the product arising
from a single Grignard exchange. An iterated process did give the 2,5-
dithioether, but this was found to be extremely sensitive towards acid-
catalysed decomposition.
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(27) The excessPrMgCl was much less reactive towar88 than the aryl
Grignard reagent. A reaction between stoichioméeRidgCl and36 was
only 80% complete after 24 h. The isopropyl sulphide derived from this
side reaction was not detectable in crude solutions.

(28) Several other solvents were examined for the isolation: IMS (industrial
methylated spirit), IPA, THF, acetonitrile, ethyl acetate. IMS gave an
excellent recovery, but in one experiment a different, less soluble polymorph
was produced. In view of the success and practicality of the toluene
procedure, this was not pursued further.



diastereoisomerd and 26 were obtained at a combined Scheme 15. One-pot synthesis of an AZD4407 precursor
solution yield of 48%, still accompanied by significant from 2,4-dibromothiophene
amounts of the oxindotepyranone adducts. Substitution of

i S S
TMSCI by tert-butyldimethylsilyl chloride (TBDMS—CI) Sy e Me;susio%j@/ T\\/g
reduced formation of these byproducts to undetectable levels; g 238 N L
therefore this strategy was adopted for further development. 39 Me 42

The most practical way of carrying out the deprotonation
was to charge a solution 88in THF to the sodium hydride. » 5. S
The addition was performed in this manner to allow control 1. PPrivigCl MeZ‘BuSiO@ W
of the hydrogen evolution and dispersion in the large-scale 2.12 N
laboratory setup used. A solution of TBDMS chloride was Me 45 g
then charged, and the extent of formation of silyl enol ether e

42 was monitored byH NMR spectroscopy. This process
worked well on a small scale; however, on the sole occasion

It was sc:;lled_dup :]O 374 g, multiplde jodiumh_hydride alnd to incorporate the crystalline intermedi&®in the synthesis
TBDMS.C orl (;a (lf] arges werk;a r;](_aed eh' t%%c leve complete ¢ 5 point of control and hold point, it was considered feasible
gonver_smr:j, and the reasons behind this difference were N0ty ot the second protection stage could be omitted by carrying
etermined. . o . _out the second Grignard exchange reaction on intermediate
Th_e second Gr!gnard exchange using |sopropylmagne3|um42 without isolation and deprotection, Scheme 15. This
chlor:cdﬁ Wasdcsrrled out 4T, Ianq thf extent cl)f exchalag?j would therefore represent a one-pot synthesis of AZD4407
Wf”lﬁ oflowed by GC_'\r/]',S analysis Oh a san;]p € quenched o 2,4-dibromothiophene, a TBDMS-protected oxindole
wit CD3OD' From t 'Z’ I1t‘t W"’;]S S! wan tbat maX|r2numd thiol derivative and pyranon&2. In practice, this chemistry
conversion t04_4 occurred after ?‘a“”g or between and - only worked successfully with oxindole thiocyanat Thus,
20 h_and rgquwed 2.0.mo|ar equiv of isopropylmagnesium an excess of 2,4-dibromothiophe®® was treated with
chloride, giving a ratio of44:42'of a}round 92:8 on a ‘isopropylmagnesium chloride at below°E to form the
laboratory scale. Increased reaction times and reagent st0|-Grignard reagent at C-2 which was then reacted with
chiometry did not Ieaq to hig_h_er conversion. _Conducting the TBDMS-protected thiocyanat8s to give intermediatet2
reaction af reflux while d_|st||||ng off solyent In an attempt i, g41ytion. The second Grignard exchange was carried out
to remove the byproduct, isopropyl bromide, did not improve at 40 °C over 18 h and was followed by reaction with
conversion, while the higher temperature led to the formation pyranonel2. An aqueous work up gavs with a solution

8]]: ?;\)N r%yprl?r?:casésmni ucﬁo?if daéS;ssat_?]lcirr]]li(t)i;g[‘n\(/:vi?l’?asr:gfy yield calculated as AZD4407 of 21% based on the amount
ot 1Sopropyimagnes ) ) of input pyranond 2. Although this telescoped sequence was
ichiometric magnesium metal again offered no improvement only done on a small laboratory scale and remains unopti-

in conversion, but this did provide evidence that the reaction mised, it proved the concept of coupling the three fragments
could be run with catalytic isopropylmagnesium chloride. togeth,er in a one-pot process

Again, on the occasion this was run at a 374 g scale, this
step required additional reagent charges to achieve the targe&onclusions

conversion. . .
The reaction mixture containing Grignard reagéftvas Two new strategies for the synthesis of AZD4407 have

reacted with pyranon@2 at 0°C and then quenched with been developed, which involve reaction of a lithio-thiophene
aqueous sulphuric acid to remove the protecting group, which ©" thienyl Grignard reagent with electrophilic sulphur deriva-
provided a 60:40 mixture of diastereomedsand 26. tives to form the key thioether linkage. During the course
Removal of THF from the solvent mixture was found to be ©Of this work, the utility of the Grignard exchange process
important, as epimerisation of the diastereomeric mixture to NS been demonstrated for the formation of stable 3-metal-
give predominantly AZD440% was found to be impracti-  'Othiophenes, allowing clean addition to a ketone under
cably slow in the presence of this solvent. Epimerisation was NPNcryogenic conditions. In addition, a simple method for
carried out under conditions described previously affording SYnthesis and isolation of moisture and acid sensitive TBS-
crude AZD4407 in a 58% solution yield fro88. Crystal- protected oxindoles in solution has been developed enabling
lisation from a relatively dilute toluene solution gave only a their use on a large scale. ,

23% recovery of AZD4407 in 94.6% purity® which was The first strategy, starting from 3-bromoth|ophene, was
upgraded upon recrystallisation to 97% purity, comprising successfull_y scale(_j up to pilot plant affording AZD4407 W|_th
an almost identical impurity profile to material prepared via 900d chemical purity and excellent control over the formation
the alternative strategy described above. Preliminary experi-Of régioisomeric. impurities. This approach avoided the
ments suggested that more concentrated solutions affordedn@0rity of the challenges presented by the previously

up to 75% recovery of AZD4407 without seriously published routé, specifically no requirement for chroma-
compromising product quality. tography at any stage of the process and no volatile thiol-

or thioether-containing waste streams to treat, and avoided

(29) By HPLC peak area. The largest impurity wa$ @S)-AZD4407 at 3.7%, the use of palla}dlym and other heavy. metals. T.he. number
with 38 and the desbromo analogue reduced to 0.3% and 0.5%, respectively. Of stages was similar, and the overall yield was significantly

Telescoped SynthesisAlthough there was a keen desire
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improved at 45%, providing AZD4407 in good physical form reaction vessel was rinsed with THF (53.1 kg), and this was
and with high purity after a single recrystallisation. added to the quenched reaction mixture. The phases were
In addition, more efficient utilisation of oxindole disul- allowed to separate, and the upper organic layer was washed
phide was implemented by conversion to a thiosulphonate. with 6—8% sodium bicarbonate solution (303.2 kg) and the
Although requiring an additional chemical step, the amounts basic lower layer (pH 9) was discarded. The organic layer
of materials required for protection of the oxindole were was distilled at atmospheric pressure to remove TBME
consequently halved and the need for longer-term recycling (213.4 kg, maximum temperature 62®), and then toluene
of oxindole thiol was avoided. (259.0 kg) was added. A further distillation under reduced
A second approach, starting from 2,4-dibromothiophene, pressure was carried out to provide a mixturel8fand 14
has been identified, which has the important additional as a solution in toluene. Assay by HPLC was 32% wi/w,
advantage of proceeding via a solid isolable intermediate. giving a contained weight of3 and 14 of 47.1 kg (90.4%
This provided a convenient hold point in the synthesis yield). The isomer ratio was 2:3 by GC analysis. Spectral
together with a point of control for removal of impurities data are quoted for isolated, purified samples of each
and incorporated the enantiopure pyranddater in the diastereoisomer.
synthesis. Although not developed or scaled up to the same  (254R)-isomer13. GC retention time= 9.1 min.XH NMR
extent, it was intended that this route would have been (400 MHz, CDC}) ¢ 7.31 (dd,J = 5.0, 2.9 Hz, 1H), 7.20
subjected to further in-depth study to develop it to a point (dd, J = 3.1, 1.3 Hz, 1H), 7.13 (dd] = 5.0, 1.4 Hz, 1H),
where it would have been used for further supply of 4.00-3.87 (m, 3H), 2.07 (ddd,= 13.8, 12.3, 5.6 Hz, 1H),
AZDA4407 had the project continued. 1.84 (dt,J = 13.8, 2.4 Hz, 1H), 1.771.69 (m, 2H), 1.21
(d, J = 6.4 Hz, 3H).23C NMR (75 MHz, CDC}) 6 150.64
(s), 126.25 (d), 125.11 (d), 119.26 (d), 70.17 (s), 68.92 (d),
e63.48 (t), 46.23 (t), 38.34 (), 21.69 (g). GMIS: m/z198
(M™).
(2549-isomer14. GC retention time= 9.0 min.*H NMR
(400 MHz, CDC}) ¢ 7.35 (dd,J = 5.1, 2.8 Hz, 1H), 7.23
(dd,J = 2.8, 1.5 Hz, 1H), 7.17 (dd] = 5.0, 1.4 Hz, 1H),

Experimental Details

General. All reactions were performed under a nitrogen
atmosphere unless otherwise stated. NMR spectra wer
recorded using a Varian Unity-lnova 300 spectrometer
(operating at 300 MHz for proton and 75 MHz for 13-carbon
detection) or a Varian Unity-Inova 400 spectrometer (operat-
ing at 400 MHz for proton and 100 MHz for 13-carbon
detection) at a probe temperature of Za Chemical shifts 3.95 (ddd,J = 11.8, 4.9, 2.1 Hz, 1H), 3.473.36 (m, 2H),
are reported in ppm downfield relative to TMS as an internal 231 (dt.J=13.2, 2.3 Hz, 1H), 2.25 (dd} = 13.3, 2.3 Hz,
standard in CDGlor DMSO-ds. GC—MS data were obtained 1H), 1.98 (td,J = 12.9, 4.9 Hz, 1H), 1.68 (dd] = 13.1,

on an HP6890 Series GC and HP5973 Mass Selectivell-3 Hz, 1H), 1.21 (dJ = 6.2 Hz, 3H)."*C NMR (75 MHz,
Detector (MSD) using electron impact ionisation at 70 eV. CDCl) 0 145.90 (s), 126.52 (d), 126.24 (d), 121.97 (d), 71.12
Assays by HPLC were performed against purified and fully (d), 69.89 (s), 65.08 (1), 46.74 (1), 39.07 (1), 21.76 (q).--6C
characterised reference materials. Samples of TBDMS- MS m/z198 (M") . .
protected oxindoles for analysis were collected in plastic _(2S4R)-and (25,4S)-2-Methyl-4-(trimethylsilyloxy)-4-
containers, since decomposition was catalysed by certainthiophen-3-yltetrahydropyrans (15 and 16). Imidazole
types of glass vials. Full analytical methods are provided in (21.2 kg, 13 mol equiv) was dlssolvgd in THF (150_9 kg),
the Supporting Information. and the solution heated to 28. A solution of trimethylsilyl
(2S4R)- and (2549-2-Methyl-4-thiophen-3-yltetrahy- chloride (31.5 kg, 1.2 mol equiv) in toluene (123.3 kg) was
dropyran-4-ols (13 and 14).THF (106.0 kg) was added to added to the imidazole solution below 26 and washed in
a solution of isopropylmagnesium chloride in THF (20% With toluene (4.5 kg). The solution df3 and14 in toluene
wiw, 187.0 kg, 1.4 mol equiv) and the temperature was Prepared above (147.3 kg, 32% w/w, 1 mol equiv) was added
adjusted to 20°C. 3-Bromothiophene (51.5 kg, 1.2 mol at such a rate to maintain the temperature between 20 and
equiv) was added to the Grignard reagent, maintaining the 30 °C and was washed in with toluene (5.3 kg). The reaction
temperature below 25C during the addition. THF (5.5 kg) ~ Mixture was stirred at 33C for 4 h when less than 1%
was used to wash in any remaining 3-bromothiophene. Thestarting material remained by GC analysis. After cooling to
reaction mixture was stirred at A€ for 3 h, and then a 23 °C, the reaction mixture was washed with water(20
quenched sample was analysed by GC to check the extenkg), and the organic layer distilled under reduced pressure
of Grignard exchange, showing a ratio of thiophene/3- to provide a mixture ofl5 and16 as a solution in toluene.
bromothiophene of 4.6:1. The reaction mixture was cooled Assay by HPLC was 52.9%/w, giving a contained weight
to 3 °C, and 12 (30.0 kg, 1 mol equiv) was added, of 15and16of 62.3 kg (97% yield). Purity by GC (area%).
maintaining the temperature between 0 and@%note that ~ sum of isomersl5 and 16 89.0, 3-bromothiophene 4.37,
the vessel jacket was cooled+dl5 °C during this addition 2-isomers 0.72.
to control the exotherm). This was followed by THF (4.9 Bis[2-tert-butyldimethylsilyloxy)-1-methyl-1H-indol-5-
kg) as a line rinse, and the reaction mixture was held at 10 yl]disulphide (24). Triethylamine (23.3 kg, 2.3 mol equiv)
°C for 40 min. The reaction was quenched by addition to a was added to a slurry &3? (34.8 kg) in toluene (241.5 kg)
mixture of tert-butylmethyl ether (222.3 kg) and 2 M and washed in with toluene (16.0 kg). The suspension was
hydrochloric acid (307.5 kg). The temperature was main- cooled to 0°C, and TBDMS-triflate (57.8 kg, 2.2 mol equiv)
tained below 20°C by controlling the rate of addition. The was added at such a rate to maintain the temperature below

564 e  Vol. 9, No. 5, 2005 / Organic Process Research & Development



10 °C. This was followed by a toluene rinse (15.5 kg), and
then the reaction mixture stirred at-Q0 °C for 15 min.
The reaction mixture was warmed to 4@ and analysed by

confirmed steady growth in the 9250 um range during
this time alongside attrition of the larger particles. The mean
particle size (chord length) was consistently aroundi3b

IH NMR to ensure complete reaction. The biphasic mixture After holding at this temperature overnight, the product was
was allowed to separate, and the lower triethylammonium filtered, washed with toluene (30.9 kg), and dried under
triflate/toluene layer separated off. Diisopropylethylamine vacuum (jacket temp 50C) to provide AZD4407 crude,
(12.9 kg) and toluene (15.3 kg) were added to the upper layer,22.15 kg. Yield based on HPLC assay of 95.5% w/w was
and the reaction mixture concentrated under reduced pressur68% from 24. Purity by HPLC (area%): 95.8, largest
(maximum temperature 32°&) and then cooled to 28C. impurity (2S,4S)-isome26 at 2.54.
The mixture was filtered to remove diisopropylethylammo- AZD4407 Pure (4). Toluene (159.3 kg) was added to
nium triflate. Then a second diisopropylethylamine charge AZD4407 crude (22.05 kg), and the mixture was heated to
(6.3 kg) in toluene (142.2 kg) was added, and the distillation/ 85 °C to dissolve the solid. The solution was filtered, cooled
filtration process was repeated to provig as a solution to 59 °C, and then seeded with AZD4407 of the desired
in toluene, 140.3 kg. Assay by HPECwas 40.2% w/w,  polymorphic form (33.1 g). The crystallisation was further
giving a contained weight d?4 of 56.4 kg (99% yield)H cooled to 10°C and then stirred at this temperature for 15
NMR (400 MHz, CDC}): 6 7.27 (d,J= 1.7 Hz, 2H), 6.74  h. The solid was filtered off, washed with toluene (38.0 kg),
(d,J=8.3 Hz, 2H), 5.19 (s, 2H), 3.20 (s, 6H), 0.73 (s, 18H), and dried under vacuum (maximum jacket temperature 50
0.00 (s, 12H). The remaining resonances were coincident°C) to afford AZD4407 pure, 19.5 kg (88% yield, including
with the toluene signals at 7.1—7.3 ppm. the heel). HPLC purity (area%): 98.4, largest impurity
AZDA4407 Crude. THF (106.3 kg) and toluene (31.2kg) (2S,4S)-isomeP6 at 0.83.
were added to a mixture df5 and 16 in toluene (57.9 kg 1-Methyl-5-trityldisulfanyl-1,3-dihydro-indol-2-one (31).
solution weight, 30.7 kg contained weight, 1.0 mol equiv). A solution of5 (3.0 g, 16.8 mmol) in dichloromethane (10
The resulting solution was cooled t623.5 °C, and n- mL) was cooled to C and then was slowly added to a
hexyllithium in hexanes (33% w/w, 40.1 kg, 1.28 mol suspension of triphenylmethanesulfenyl chloride (5.2 g, 16.7
equivy! was added, maintaining the temperature bete20 mmol) and pyridine (1.32 g, 16.7 mmol) in dichloromethane
°C, followed by a THF rinse (5.4 kg). A solution @ in at 0 °C. The mixture was allowed to warm to ambient
toluene (40.2% wiw, 56.4 kg contained weight, 0.85 mol temperature, stirred for ca. 20 h, and then washed with water
equiv) was added, keeping the temperature bet@®0 °C. (2 x 30 mL). The organic phase was dried over magnesium
The reaction mixture was warmed te5 °C and quenched  gy|phate, and the dichloromethane was removed to [@&ave
with aqueous sodium chloride (11.1 kg in 211 kg of water). a5 a solvent-damp, pale yellow solid, 8.40 g. BYyNMR
After warming to ambient temperature, the aqueous layer gnalysis this contained 14% w/w dichloromethane; therefore

was removed and the organic phase distilled under reducetcontained product weight was 7.22 g (95% yielt).NMR
pressure to remove THF and hexane to leave intermediate(400 MHz, CDC}): 6 7.31—7.14 (m, 15H), 6.98 (dd), =

25as atoluene solution. Acetonitrile (156.0 kg) and aqueous 8.1, 1.2 Hz, 1H), 6.78 (d] = 1.2 Hz, 1H), 6.53 (dJ = 8.2
sulphuric acid (2 M, 67.8 kg) were added to the toluene [z 1H), 3.36 (s, 2H), 3.17 (s, 3H).
concentrate, and the reaction mixture stirred atG@or 21 2-(tert-Butyldimethylsilyloxy)-1-methyl-5-trityldisul-

h and then at 20C for 44 h. The lower acidic layer was  fany|-1H-indole (34). TBDMS-protection of31 was carried
removed, and the organic layer was washed with sodium ot on a 2 gscale using a similar process to that given above
acetate solution (2.5 M, 68.6 kg) followed tsphexane (89.8 for the symmetrical disulphid@4. ProducB4 was isolated
kg). Water (141.0 kg) and toluene (160.8 kg) were added, 55 a toluene solution and was progressed without further
and the aqueous layer was removed. The organic layer wasyeatment!H NMR (400 MHz, CDC}): 6 7.02 (d,d = 1.3
concentrated by distillation under reduced pressure until Hz, 1H), 6.89 (d,J = 8.5 Hz, 1H), 6.83 (ddJ = 8.2, 1.8
197.4 kg of distillate had been removed. Further toluene Hz, 1H), 5.39 (s, 1H), 3.54 (s, 3H), 1.04 (s, 9H), 0.32 (s,
(152.7 kg) was added, and distillation continued until 156.5 6H). The remaining protons were coincident with toluene
kg of distillate had been removed. The solution was cooled (osonances at 7.1—7.3 ppm.

to 50 °C, seeded with AZD4407 (27 g) and cooled further Synthesis of AZD4407 (4) Using 34The solution of34

to 10°C. During laboratory development work, particle size prepared above (assumed 90% yield, 3.96 mmol) was reacted
analysis using focused beam reflectance measurementsiih the lithiothiophend (1.07 g, 3.96 mmol) at40°C as

=0 F— oot | Tl described above for the symmetrical disulphi2ie After
30) Assays were performed on samples of material treated with acid to hydrolyze i . g -
back to disulphid@3, since TBDMS-protected disulphi@d was unstable Workup and acid Catalysed eplmerlsatlon/deprotect|on, the

to HPLC.1H NMR was carried out before acid treatment to demonstrate yield of AZD4407 in solution by HPLC assay was 0.50 g
that the TBDMS-protection had gone to completion. (34% from 34)

(31) A multiplication factor for the hexyllithium charge to account for reagent e . .
consumed by reaction with impurities was determined as follows. Area Pyridinium S-(1-Methyl-2-oxo-2,3-dihydro-1H-indol-

percentages of impurities undergoing lithiation (thiophene, 3-bromothiophene, 5-yl) Thiosulphate (37).Chlorosulfonic acid (272 mL, 4.09
pyranonel2, and residual thienyl pyranols3 and 14) were converted to . ’

mole percentages by multiplying each by molecular weight ratios relative mol)_was heated to 7€C. A solution of21 (80 g, 0.54 mOI)

to TMS thienyl pyranolsl (3.07, 1.61, 2.35, 1.36, respectively) and their  jn dichloromethane (240 mL, 3 vol) was added to the
relative response factors (1.0, 1.7, 1.0, 1.0, respectively). The multiplication chlorosulfonic acid over 45 min, whilst aIIowing the dichlo-

factor for the hexyllithium charge was then calculated as (& mol % e -
impurities/total area%45 and 16). romethane to distil out. Dichloromethane (40 mL, 0.5 vol)
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was used as a line wash. The reaction was allowed to stir at8.09 (m, 2H), 7.39—7.45 (m, 2H), 6.93 (@= 7.7 Hz, 1H),

70 °C for a further 25 min. The mixture was cooled to 20 3.55 (s, 2H), 3.11 (s, 3H). HPLC purity: 98.5 area%.

°C and then added dropwise to a rapidly stirred mixture of  1-Methyl-5-thiocyanato-1,3-dihydro-indol-2-one (32).
dichloromethane (1400 mL, 17.5 vol) and ice/water (1400 Bunte salt37 (50.3 g, 59.6% w/w, 30 g contained weight,
mL, 17.5 vol) over a period of 20 min, maintaining the 0.089 mol) was slurried in water (150 mL). Aqueous sodium
temperature below 10C (exothermic). The mixture was carbonate was added slowly until pH 10 was achieved (20%
stirred for 10 min, and then the layers were allowed to w/w, 150 mL used), causing effervescence and producing a
separate and the aqueous phase was discarded. The dichl¢€llow solution. Toluene (450 mL) was then added to the
romethane phase was washed twice with water (320 mL, 4 vesseP?® and the mixture vigorously stirred. A solution of
vol each) and then concentrated by distillation removing 400 potassium cyanide (46.1 g, 0.71 mol) in water (100 mL) was

mL (5 vol) of solvent to yield22 as a solution in dichlo-

romethane. TypicalH NMR data for an isolated sample
(CDCl;, 300 MHz): 6 8.03 (m, 1H), 7.90 (s, 1H), 6.97 (d,
J = 8.3 Hz, 1H), 3.65 (s, 2H), 3.29 (s, 3H).

A solution of triphenylphosphine (427 g, 1.63 mol) in
dichloromethane (200 mL, 2.5 vol), prepared by warming
the mixture to 30°C, was added to the solution &2
prepared above over a period of 25 min (exothermic
addition), followed by a dichloromethane line wash (40 mL,
0.5 vol). Water (80 mL, 1 vol) was then added to the reaction
mixture, and after heating under reflux for 30 min no starting
material remained, so the mixture was allowed to cool to
ambient temperature and held overnight. Water (600 mL,
7.5 vol) was added followed by dropwise addition of aqueous
sodium hydroxide until pH 12 was achieved (10 M, 90 mL
used, 1.13 vol). The layers (both orange in colour) were

allowed to separate, the dichloromethane phase was dis-
carded, and the aqueous phase was washed with one portion

of dichloromethane (400 mL, 5 vol). Dichloromethane (1200
mL, 15 vol) was then added to the aqueous phase followe
by HCI until pH 2 was achieved (11.65 M, 50 mL used,
0.63 vol). The mixture was stirred for 5 min before allowing

the layers to separate. The organic phase was concentrate

by distillation removing 400 mL (5 vol) of solvent to yield
5 as a solution in dichloromethane. Typiddl NMR data
for an isolated sample (CD¢1300 MHz): ¢ 7.20-7.29 (m,
2H), 6.70 (d,J = 8.1 Hz, 1H), 3.49 (s, 2H), 3.42 (s, 1H),
3.19 (s, 3H).

Pyridine—sulfur trioxide complex (86.5 g, 0.54 mol) was
slurried in dichloromethane (400 mL, 5 vol), and the solution

of 5 in dichloromethane prepared above was added. The

mixture was heated under reflux for 2 h and then cooled to
5 °C and stirred at this temperature for 100 min. The solid
product was filtered off, and the filter cake was washed with
dichloromethane (% 200 mL). The resulting solid was dried
in a vacuum oven at 4€8C to yield 37 as a white solid, 155

g, assay byH NMR 95% wi/w, giving an overall yield from
N-methyloxindole (21) of 80%'H NMR (de-DMSO, 400
MHz): 6 8.92 (ddJ=6.5, 1.4 Hz, 2H), 8.58 (m, 1H), 8.02

(32) It was found that the product was unstable in the presence of excess aqueou

sodium thiosulphate, particularly during a prolonged workup. To generate
a more robust process by minimising risk of degradation in the workup,
the amount of sodium thiosulphate solution charged was reduced by
calculating a slight excess over the amount of excess iodine input over the
1 molar equiv required for reaction. Although this process was not proven
on any scale larger than 10 g, the stability of the reaction mixture in the
presence of the wash solution over a period of 2 h indicated that no problems
with workup were expected on scale-up. This wash regime was preferred
over the use of mildly basic aqueous systems which led to emulsion
formation.
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then added to the reaction vessel. After stirring for 60 min,
the biphasic mixture was filtered. The two layers were
separated, the organic phase was washed with water (120
mL) and then two portions of 80% aqueous ethanol (120
mL each). The volume was reduced to 90 mL by distillation
at 35°C/40—70 mbar (360 mL of toluene was removed).
The resulting slurry was heated to 96 to give a solution
and then allowed to cool to 80C. Acetonitrile (4.5 mL,
5% v/v with respect to toluene) was then added, and the
solution was allowed to cool to ambient temperature
overnight. The resulting slurry was cooled t6©, held for

3 h, and then filtered. The filter cake was washed with
isohexane (90 mL) and then dried in a vacuum oven at 40
°C to provide37 as a white solid 13.25 g (73%) NMR
(CDCls, 400 MHz): 6 7.46—7.55 (m, 2H), 6.86 (d] = 8.2

Hz, 1H), 3.57 (s, 2H), 3.23 (s, 3H). HPLC purity (area%):
98.8, disulphide23, 1.2.
2-(tert-Butyldimethylsilanyloxy)-1-methyl-5-thiocyanato-
1H-indole (35). This was prepared using the method

ddescribed below for thiosulphona®8. 35 was isolated as a

solution in toluene in an assumed 100% yiéld NMR (400
MHz, CDChk): 6 7.58—7.43 (dJ = 1.8 Hz, 1H), 5.54 (s,
&H), 3.51 (s, 3H), 1.02 (s, 9H), 0.31 (s, 6H). The remaining
resonances were coincident with toluene at-7Z.1 ppm.
Synthesis of AZD4407 Using 35This was carried out
on a 12 g scale oi5and16 using a similar process to that
described above for disulphid®t, with a relative stoichi-
ometry of 1:0.83L5 and16/35, except that the reaction was
performed at between50 and—54 °C. After epimerisation,
the yield of AZD4407 in solution by HPLC assay was 52%
from 35. Crystallisation from toluene afforded 4.0 g (64%
recovery) of crude AZD4407. Recrystallisation from toluene
gave 3.0 g (75%) of purified AZD4407 (22% overall yield
from 35). Purity by HPLC (area%): 97.3, largest impurity
was the (2S,4S)-diasterecison2érat 1.22.
Toluene-4-thiosulfonic Acid, S-(1-Methyl-2-oxo0-2,3-
dihydro-1H-indol-5-yl) Ester (33). Disulphide23 (2.2 kg,
6.17 mol), anhydrous sodiupitoluenesulfinate (2.9 kg, 16.3
mol), and dichloromethane (33 L) were charged to a reaction
vessel. Separately, iodine (1.74 kg, 6.86 mol) was dissolved
in dichloromethane (55 L). The suspension in the reaction
Vessel was heated to reflux, and the solution of iodine in

(33) The rationale behind use of this two-phase aqueous organic solvent system
was to minimise contact between the prods2tnd cyanide, by extraction
into the organic phase. Degradation occurred when water alone was used
as solvent leading to formation of large amounts of oxindole disulphide by
nucleophilic displacement of thiolate from thiocyanate by cyanide, which
would then react with thiocyanate to form disulphide and liberate cyanide.
It is important to add the toluene before the potassium cyanide, since the
reaction is rapid.



dichloromethane was added to this in portions (6 L every 30 min and then warmed te5 °C over 15 min. A line wash

30 min). As the iodine solution was added, a similar volume of toluene (3 L) was added, followed by 5% aqueous sodium
of dichloromethane was removed from the batch by distil- chloride solution (9.2 L), and then the mixture was warmed
lation so as to keep the reaction volume constant. At the to 20—25°C over 30 min and stirred at this temperature for
end of the addition, the mixture was stirred fioh atreflux. 30 min. The phases were separated, and the upper layer was
The amount of starting material remaining was 4%, so further washed again with 5% aqueous sodium chloride solution by
iodine (157 g, 0.62 mol) was added in one portion and the stirring for 30 min at 26-25 °C. The upper layer was then
mixture was heated overnight at 38. This led to comple-  concentrated to 8.5 L by distillation under vacuum at below
tion of reaction, so the mixture was cooled to room 50 °C, and then the contents of the reaction vessel were
temperature and washed with sodium thiosulfate solution (1 cooled to 26-25 °C. Acetonitrile (14 L) and 2 M sulphuric

M, 22 L) by stirring for 23 min®2 The phases were separated, acid (4.5 L) were added, and the mixture stirred at°80
and the dichloromethane solution was washed again with for 24 h. Stirring was stopped, the lower aqueous layer was
sodium thiosulfate solution (1 M, 24 L) and then with water removed, the upper layer was cooled to-25 °C and then

(22 L). The resulting dichloromethane solution was distilled Washed with 20% aqueous sodium acetate solution (4.7 L),
to leave a volume of approximately 12 L, and then toluene followed by isohexane (9.3 L). The lower product-containing
(17 L) was added. The remaining dichloromethane was layer was washed with water (4.7 L). The toluene/acetonitrile
removed by distillation under vacuum, and the resulting Solution was concentrated 8 L by distillation under vacuum
toluene solution cooled from 50C to 0 °C over 6 h and at below 50°C, additional toluene (20.5 L) was added, and
then stirred at (°C overnight. The product was filtered, the distillation was repeated to reduce the volume to 8 L.
washed with toluene (4.4 L), and dried to constant weight The mixture was heated to 8C and then cooled to 58C

at 40°C under vacuum to provida3 as an off-white solid over 40 min and seeded with AZD4407 (5 g). The mixture
(2.92 kg, 71%)H NMR (400 MHz, CDC}): 6 7.49 (d,J was held at 56C for 10 min,_ cooled to 10C over 5:5 h,

= 8 Hz, 2H), 7.23-7.28 (m, 4H), 6.77 (dJ = 8 Hz, 1H), and then stirred at 18C overnight. The product was filtered

3.49 (s, 2H), 3.22 (s, 3H), 2.43 (s, 3H). HPLC purity: 96.8 ©ff, washed with toluene (3.1 L), and dried to constant weight
area%. at 40°C under vacuum to give AZD4404) as an off-white
Toluene-4-thiosulfonic Acid S-(2-tert-Butyldimethyl- solid (0.76 kg, 32%). HPLC purity (area%): 94.33(2S)-
silyloxy)-1-methyl-1H-indol-5-yl) Ester (36). Diisopropyl- ~ 'Somer2éwas 2.13. = _
ethylamine (0.95 kg, 7.35 mol) was added over 13 min to a A portion of this material was recrystallised from toluene
stirred suspension &3 (2.16 kg, 6.48 mol) in toluene (13.7 N @20 g scale as described above to afford AZD4407 pure,
L) at between—2 °C and+2 °C followed by a toluene line ~ 16-6 9 (83%). HPLC purity (area%): 97.6,32S)-isomer
wash (0.5 L). TBDMS triflate (1.85 kg, 7.00 mol) was then 26> 0-94, dimethyl analogu2d, 0.54. _
added to the reaction mixture avé h at—5 °C to —3 °C 5-(4-Bromothiophen-2-ylsulfanyl)-1-methyl-1,3-dihydro-
followed by a toluene line wash (0.5 L). The mixture was ndol-2-one (38).2,4-Dibromothiophene (30.89 g, 94% wiw,
stirred at between-3 °C and—1 °C for 30 min, warmed to 29 g contained weight, 120 mmol)_was Q|ssolved in THF
20—25°C over 30 min, and then sampled. Analysis by (154 mL) and cooled to OC. A solution of isopropylmag-

NMR showed complete reaction, so the suspension wasesium chlorlde_ln THF (2 M, 66_mL, 132 mméf)was
filtered. The collected solid was washed with toluene (2.1 added whilst maintaining the reaction temperature between

L), and the filtrates were combined to providé as a pale 0 an? ,[5 c. thT]e redetjc{l_on W?S rll(f“fth sumr:g fol h lon
brown solution in toluene, which was stored at@© until compietion of the addition, at which point-a sample was

used in the subsequent step. The yield was assumed to béemoved and analysed by HPLC to check conversion and

100%.H NMR (300 MHz, CDC): & 7.39—7.43 (m, 3H), confirmed that the Grignard reagent had formed. The reaction

was cooled to-20 °C, and a solution 086 in toluene (320
6.97—7.05 (m, 2H), 5.49 (s, 1H), 3.53 (s, 3H), 2.38 (s, 3H), 0 ' : N
1.02 (s, 9H), 0.31 (s, 6H). The remaining resonances were?’ 16.8% w/w, 120 mmol) was added whilst maintaining the

coincident with toluene at 7.1—7.3 ppm. reaction temperature betweerl0 and—20 °C. Once the

. N addition was complete the reaction was warmed td’Q0
h Syntheszlsogkazggéé(gj (L}) fr(;n2123§%Hexyllgglu(;n n over 2 h. The reaction was then quenched by the addition of
ngarjest 2. " g,d .I f W W’15' q 16")\'3?2?( (?52%\:7 aqueous sulphuric acid (2 M, 230 mL, 460 mmol). The layers
/ ””!'”t‘i as wrg 1950 u Ilog'lot dan ith T(HF 492’5 L. Od were separated, the organic layer was washed with aqueous
\tlt\gl\;velr?e ?4“;2(3':) AHQSC): t(l)u 25 Y,VCI: The S(()|L.Jti0n 2,\/2'; sodium acetate solution (20% w/v,>2 220 mL) followed
' - ‘ by water (220 mL), and then toluene (290 mL) was added.
stirred at—25°C to —28°C for 5 min. TMS-chloride quench y ( ) ( )

f | d sis B h di | The organic phase was concentrated by distillation under
ol a sampl€ and analysis Ly _NMR showed incomp €€ yacuum until the concentration 88 was around 20% wiw.
lithiation, so additionah-hexyllithium in hexanes (0.1 kg,

o X . The mixture was heated to 8@ and then cooled to ambient
32.9%w/w, 0.36 mol) was added. The solution was stirred yomnerature. The solid product was collected by filtration,
for 5 min and then resampled. Analysis as above demon-

oo ‘ ] washed with toluene (29 mL), and then dried in a vacuum
strated complete lithiation, so the reaction solution was

cooled to—33 °C. The solution of36 (assumed 6.48 mol) (34) The excessPrMgCl was much less reactive towar@6 than the aryl

. . Grignard reagent. A reaction between stoichioméRid/1gCl and36 was
in toluene prepared above was then added over 70 min at only 80% complete after 24 h. The isopropyl sulphide derived from this

—33°C to —25°C. The mixture was stirred at25 °C for side reaction was not detectable in crude solutions.
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oven at 40C to afford a beige crystalline solid, 26.6 g (65% 0.784 kg). The mixture was heated to 30 with stirring,
yield). '"H NMR (300 MHz, CDC}): 6 7.34—7.37 (m, 1H), and stirring continued at this temperature for 18 h. The layers

7.26—7.28 (m, 2H), 7.10 (dl = 1.5 Hz, 1H), 6.76 (dJ = were allowed to separate, and the lower aqueous layer was
8 Hz, 1H), 3.52 (s, 2H), 3.19 (s, 3H). Purity by HPLC: 98.52 discarded. The organic (toluene/acetonitrile) phase was
area%. washed with sodium acetate solution (20% w/v, 0.75 L),

Synthesis of AZD4407 (4) from 38Compound38 (0.374 isohexane (1.088 kg), and then water (1.7 kg). The product-
kg, 1.10 mol) was dissolved in THF (2.91 kg) by heating to containing solution was diluted with toluene (2.196 kg) and
50 °C with stirring. The solution was cooled to 2& and distilled under reduced pressure (280 mbarg) to give
then added to a suspension of sodium hydride (0.048 kg of 1.871 kg of a solution of AZD4407 in toluene (12.7% w/w,
a 60% dispersion in mineral oil, 1.20 mol) in THF (0.355 contained weight of AZD4407 therefore 237.4 g, 58% yield).
kg) followed by a THF line wash (0.172 kg). A solution of ~This was heated to 68C, and a cooling ramp of 16C/h
TBDMS chloride (0.185 kg, 1.23 mol) in THF (0.353 kg) Wwas set. When the temperature had fallen to°@s the
was added followed by a THF line wash (0.170 kg). The mixture was seeded with AZD4407 (2.37 g, 1 mol %).
mixture was stirred at 20C for 2 h and then analysed by Stirring was continued at 18C for 72 h. The product was
IH NMR which showed only 50% conversion had taken collected by filtration, and the filter cake was washed with
place. The mixture was then added to sodium hydride (0.026oluene (0.375 L) and dried under vacuum at*@for 4 h,
kg of a 60% dispersion in mineral oil, 0.65 mol). The mixture {0 give AZD4407 crude (54.9 g, 23%) in 95% purity by
was stirred at 20C for 2 h and then analysed By NMR HPLC peak area. This was slurried in toluene (0.46 L) and
which showed only 60% conversion had taken place. A heated to 88C and filtered at this temperature, and a cooling
solution of TBDMS chloride (0.101 kg, 0.67 mol) in THF ~ ramp of 10°C/h was set. When the temperature had fallen
(0.179 kg) was added. The mixture was stirred for 16.5 h at t0 45°C, the mixture was seeded with AZD4407 (2.37 g, 1
20 °C and then analysed by4 NMR which showed only mol %). Stirring was continued at 18C for 18 h. The
75% conversion had taken place. The mixture was then addedProduct was collected by suction filtration, and the filter cake
to sodium hydride (0.023 kg of a 60% dispersion in mineral Was v:/ashed with toluene (0.11 L) and dried under vacuum
oil, 0.58 mol). A solution of TBDMS chloride (0.085 kg, &t 50°C for 4 h, to give AZD4407 (43.9 g, 80%) in 97.2%
0.56 mol) in THF (0.168 kg) was added. The mixture was PUrity by HPLC peak area. _ _
stirred for 1 h at 20C and then analysed BiA NMR which _ Synthesis of AZD4407 (4) from 2,4-Dibromothiphene
showed that complete conversion4@ had taken place. via a One-Pot ProcessA solution of isopropylmagnesium

A solution of isopropylmagnesium chloride in THF (2 chloride in THF (16.7 mL, 20.5% wiw, 33.5 mmol) was
M, 1.142 kg, 2.34 mol) was added to the reaction mixture, added over 10 min t.o a solution of 2,4—d|bromoth|ophene
followed by a THF line wash (0.189 kg), resulting in a 5.4 (737 9, 30.5 mmol) in THF (26.5 mL) at & causing an
°C exotherm. The mixture was heated to 4D and stirred exotherm to+12 °C. The resulting reaction mixture was
at this temperature. After 5 h, analysis by NMR indicated stirred at this temperature for 30 min during which time a
that 50% conversion to the arylmagnesium haliiehad thick light-coloured precipitate formed. A solution 85 in

0,
taken place. The mixture was cooled to°%5 and a further ~ tolu€ne (21.9 g, 31% wiw, 21.3 mmol) was added over a

charge of isopropylmagnesium chloride in THF (2 M, 0.564 period of 5 min. The reaction mixture was allowed to warm
kg, 1.16 mol) was added. The mixture was heated t,OGlO to ambient temperature and stirred overnight. A solution of

and stirred at this temperature for 1.5 h. AnalysiSH\NMR isopropylmagnesium chloride in THF (12.1 mL, 20.5% wiw,

indicated that 92% conversion to the arylmagnesium halide 24.4 r?mol) was added, and the reactlon.m|xture was heated
to 40 °C. After 18 h the exchange reaction had proceeded
44 had taken place.

>809 i i i
The mixture was cooled to ©C, and a solution of.2 to >80% conversion, so the reaction mixture was cooled to

(0.127 kg, 1.11 mol)) in THF (0.334 kg) was added, followed -2 C and pyranoné2 (2.78 g, 24.4 mmol) was added over
o ! 5 min. The reaction was stirredrfd h at 10°C and then

by a THF line rinse (0.165 kg). The mixture was warmed to : .

N . ) warmed to 20°C. Aqueous sodium chloride (5% wi/v, 100
20°C and stirred at this temperature for 14 h and then added o . :
i Iohuri {4 (0.24 M. 7.00 ka) held £ mL) was added, and stirring continued for 20 min. Toluene
0 aqueous sulphuric acid (0. T 9) © (100 mL) was added, and the mixture was allowed to stand
(exotherm of @C observed) followed by a toluene line wash

. . for 1 h, after which the layers had separated. The lower
(1.'414.k9)' The mixture was warmed to 20 over 30 min aqueous layer was re-extracted with toluene (100 mL), and
with stirring. The layers were allowed to separate, and the

. . the combined organic layers were washed with water (100
lower layer was discarded. The organic layer was washed g Y (

mL) to leave a dark brown solution @b, weight 33.4 g.
with sodium acetate solution (20% w/v, 0.78 L), followed ) - g

e Assay by HPLC of an acidified sample gave a result of 5.7%
by water (1.523 kg), then distilled under vacuum (150 mbarg) wiw for the combined isomersand26, corresponding to a

to remove THF. A further charge of toluene (1.426 kg) was 21% yield of AZD4407 and the @4S)-epimer (26) from
added once the volume had been reduced by approximately; 5

50%, and distillation continued until 1.936 kg remained.
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