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The Synthesis of the High-Potency Sweetener, NC-00637. Part 2: Preparation
of the Pyridine Moiety

David J. Ager,*" Robert A. Erickson, Diane E. Froen, Indra Prakasimd Ben Zhi
NutraSweet R&D, 601 East Kensington Road, Mount Prospect lllinois 60056, U.S.A.

Abstract: Scheme 1
The pyridine moiety within the high-potency sweetener, NC- COH
00637 (1), 5-amino-2-cyanopyridine (4), was prepared from /\/\r
2-hydroxy-5-nitropyridine (10). The sequence involved the CO-H 2
conversion of the hydroxy group to bromide followed by 0 i %%
substitution with cyanide to give 2-cyano-5-nitropyridine (8). /\/\I/LLN Y
. . —
Reduction of the nitro group proved to be troublesome when b6 | _ HN” ~COH
catalytic hydrogenation was used. Iron with an acid gave a ; N 3
reproducible reaction that could be used at scale. HaN vy
- CN

Introduction *

In relation to our studies on the synthesis of the new Scheme 2
sweetener candidate, NC-00637 (1), we have already de- HO:C. - NaCN, Megsicl 1020~ -~
scribed the preparation of the aliphatic moiety, 2-methyl- \Ej NEtz, DMF f\/'L
hexanoic acid (2}.0ur synthetic strategy fdt (Scheme 1) " ': N
required the use of three building blocks of which the acid 2
2 was one. The other two components wesglutamic acid FBUO,CNH_ HN
(3) and 5-amino-2-cyanopyriding), which was given the PhpPONs U HCI, H,0 |
trivial acronym CAP. In another contribution we describe NEts, +BuOH SNTCN SN CN
the strategy for the selective protection of the glutamate part 7
and the coupling of the components to for the final compound
12 that was difficult to purify, and some of the reagents, in

The amine4 is a poor nucleophile; this property com- particular phosphorus azide, were perceived as potential
plicated the coupling reactiodsHowever, as described hazards for very large-scale work. In addition, the cost was
below, the lack of basicity also allowed for some leeway in extremely high, with little hope for significant reductions
the purification and separation methods; the pyridine nitrogen with larger volumes. The literature does comment that
is not basie-in our hands, the dihydrochloride salt could Curtius rearrangements with 5-substituted pyridines can be
not be prepared. problematic

When work commenced on the large-scale synthesis of The N-oxide 5 is commercially available and readily
NC-00637, the final component in the coupling sequence, prepared from nicotinic acid. The reaction with trimethylsilyl
the pyridinylamine4, was not commercially available but cyanide, which was formed in situ, providédas the major
was known in the literature from a photochemical substitution product, but a significant amount of the regioisomer was also
of a 2-halopyridine by cyanideln addition, this portion of  formed. These two isomers were difficult to separate. The
the molecule, although deceptively simple in structure, was subsequent Curtius rearrangement gave a variable yield of
the most expensive to produce. This work describes the 7. tert-Butyl alcohol was found to be the best alcohol to trap
methods investigated to make the amihe the intermediate isocyanate, and on the up-side, this was the

At the outset of this work, initial material was obtained simplest carbamate to hydrolyze without concomitant hy-
by the method outlined in Scheme* 2 had already been  drolysis of the nitrile unit.
noted by the NutraSweet discovery group that this approach  Considerable effort was expended looking for alternative
was difficult to scale up. Many of the steps provided material routes to the amind. Nearly all of these resulted in failure.

In many cases, the failure was due to the unique array of
functional groups. The problem was compounded by the lack
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of suitable starting pyridines. Others have also had need to

accesg for pharmacological studi€€One approach has been
to react ammonia with 5-halo-2-cyanopyridines to effect a
substitution’, which is related to our final method in that a
substitution reaction is involved. However, all of these
preparations were laboratory-scale syntheses.

One method we investigated took advantage of the

availability of nicotinamide. The introduction of the cyano
group could be achieved through tNeoxide in a manner

analgous to that illustrated in Scheme 2. Our focus, therefore
was on the conversions of the carboxylic acid group to an
amine. Rather than perform a Curtius rearrangement, we
looked at a Hoffman degradation with a variety of reagents.
In an alcoholic solvent, such as ethanol, the use of chlorine

or bleach led to reaction at the nitrile moiety. The Hoffman
degradation could be achieved #170% yield by reaction

of the amide with chlorine in acetonitrile; other solvents gave
inferior yields. TheN-chloro compound then underwent the

degradation by the addition of potassium carbonate. Good

conversions could only be achieved if thechloro com-

pound was isolated and this was considered to be a major
safety issue for large-scale work and this approach was

dropped.
One method that did provide some promise is outlined in
a retrosynthetic sense in Scheme 3. It was thought that th

the nitrile group. As pyridines are susceptible to nucleophilic

additions at the 2-position, a substitution reaction aided by
the para nitro group seemed feasible. Although Aldrich does

list 2-bromo-5-nitropyridine9) in their catalogue, it is very
expensive (ca. $5/g). Thus, as the hydroxy compaltis

available in bulk, this was considered as our starting material.

In some listings the hydroxy compourid is given as the
tautomeric pyridinoné 1 (vide infra). Although other halogen

derivatives might be considered as alternatives, as the

discussion below indicates, the bromo compo8mdovided
the cleanest methodology in the following cyanide displace-
ment reaction.

(6) Suh, W. G.; Oh, U. T.; Kim, H. D.; Lee, J. W.; Park, H. G.; Park, O. H.;
Lee, Y. S.; Park, Y. H.; Joo, Y. H.; Choi, J. K.; Lim, K. M.; Kim, S. Y.;
Kim, J. K.; Koh, H. J.; Moh, J. H.; Jeong, Y. S.; Yi, J. B.; Oh, Y. |. World
Patent Appl. 0216318, 2002; Yamauchi, K.; Chugenji, M.; Matsuno, S.;
Eda, M.; Nakamura, N.; Yamauchi, K. Jpn. Pat. Appl. 08175%Bem.
Abs.1996 125 221590; Yamaguchi, K.; Matsuno, S.; Imada, M.; Nakamura,
N. Jpn. Pat. Appl08175993;Chem. Abs1996,125, 221589; Takemoto,
T.; Ed, M.; Hihara, M.; Okada, T.; Sakashita, H.; Eiraku, M.; Fukaya, C.;
Nakamura, N.; Sugiura, M.; Matzno, S.; Goda, M.; Uchida, Y. Eur. Pat.
503627.

(7) Ueno, T.; Kimura, Y.; Kasuga, Y. Jpn. Pat. App001302639Chem. Abs.
2001,135, 331348

e
amine could be obtained by reduction of the nitro compound
8 even though this would mean reduction in the presence of

Scheme 4
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Bromination Step

From the literature, access to a 2-halopyridine can be
accomplished in a number of ways, including: a diazotization
reaction from the appropriate amib@, related reaction of
the amino compound with a brominating agent, substitution
of a pyridinium salf use of anN-pyridyl palladium
complext! or bromination of a pyridine either directfor
through theN-oxide!® Conversion of a 2-hydroxypyridine
to the corresponding 2-bromo derivative has been ac-
complished with a dehydrating agent, such as phosphorus
pentoxide, and a bromide soutter NBS in the presence
of triphenylphosphiné® These methods all have a disad-
vantage be it a low yield, obnoxious reagent, harsh condi-
tions, a multistep sequence to access the substrate, or

'combinations thereof. To us, the best approach seemed to

be a displacement reaction on either 2-amino- or 2-hydroxy-
5-nitropyridine. As the starting material for the preparation
of 2-hydroxy-5-nitropyridine 10) is 2-amino-5-nitropyridine

by a Sandmeyer reaction with water acting as the nucleophile,
the literature report for the direct conversion of 2-amino-5-
nitropyridine (8) to 2-bromo-5-nitropyridine (9) looked
encouragingd.In our hands, copious amounts of bromine and
nitrogen oxides were evolved during the reaction. Removal
of these noxious byproducts was not simple, and this
approach was dropped.

A variety of methods were tried for the conversion of
the hydroxy compoundO to the bromide9. In most cases,
the yields were low or the reaction failed completely. For
example, use of phosphorus tribromide in a variety of
solvents resulted in failure. 2-Hydroxy-5-nitropyridinEdj
can exist as the 2-pyridone tautonidr(Scheme 4} NMR
and IR spectroscopic evideréesuggests that the hydroxy
compound is the major contributor in a variety of solvents.
In nonpolar solvents intermolecular hydrogen-bonding can
also be discerned. The presence of the tautomer, as well as
the hydrogen-bonding, could be the reason the conversion
to the desired bromo compound was very sluggish. This was
in line with other workers’ observatioris.

Phosphorus pentabromide did perform the desired reac-
tion, but only at higher temperatures (Scheme 5). When

(8) Boyer, J. H.; McCane, D. I.; McCarville, W. J.; Tweedie, A. X.Am.
Chem. Soc1953,75, 5298.

(9) Oae, S.; Shinhama, K.; Kim, Y. HBull. Chem. Soc. Jpri.980,53, 1065;
Kondo, S.; Nakanishi, M.; Tsuda, K. Heterocycl. Chen984,21, 1243.

(10) Katritzky, A. R.; Gruntz, U.; Ikizler, A. A.; Kenny, D. H.; Leddy, B. B.
Chem. Soc., Perkin Trans.1979, 436.

(11) Paraskewas, Synthesisl980, 378.

(12) Hebel, D.; Rozen, Sl. Org. Chem1988,53, 1123.

(13) Malinowski, M.; Kaczmarek, LSynthesid987, 1013; Balicki, R.; Kacz-
marek, L.; Malinowski, M.Synth. Commuri989,19, 897; Takeshita, M.;
Yoshida, SHeterocycles1990,30, 871.

(14) Kato, Y.; Okada, S.; Tomimoto, K.; Mase, Tetrahedron Lett2001,42,
4849.

(15) Sugimoto, O.; Mori, M.; Tanji, K.-ITetrahedron Lett1999,40, 7477.

(16) Katritzky, A. R.; Pozharskii, A. F. Ilandbook of Heterocyclic Chemistry
2nd ed.; Pergamon: Oxford, 2000,; pp 45—46.

(17) See the Aldrich Catalogue.
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Scheme 5 nucleophilic displacement is somewhat unusual as it employs
0N~ PBrs, DCE Q2N ~ ethylenediamine followed by sodium cyanitien alternative
| . < procedure from 2-chloro-5-nitropyridine is also known with
N™ OH N-methylpyrrolidone as solveftbut in our hands the
10 9 isolation of the product was always cumbersome and low
yielding. Our first few reactions with copper cyanide on the
OuN bromide9 provided very low yields of the required 2-cyano
OaN 2 [ CUCN, NaCN - ] product 8. The use of sodium cyanid&opper cyanide
SN Br DMF, A N7 CN complex increased the yield, but still not to an acceptable
9 8 level. Our thoughts turned to the unusual workup procedure
in the literature. When the reaction was followed by TLC,
dichloromethane or chloroform was used as the solvent, verycomplex mixtures could often be seen; the reaction mixture
little reaction was observed. However, in 1,2-dichloroethane went black. However, when HPLC was used, the reaction
(DCE) at reflux, the reaction proceeded smoothly. In addition mixture showed a very clean conversion of the bromide to
to chlorinated solvents, ethereal solvents such me#y the cyanide. Our conclusion, therefore, was that the desired
butyl ether could be used to accomplish the reaction. product was being destroyed during the workup stage. The
However, the workup was not as simple because phaseyse of a wide variety of conditions showed that this was
separations became problematic. The use of aromatic hy-indeed the case. The reaction mixture itself is very basic,
drocarbon solvents, such as toluene, also provided productgnd when added to water hydrolysis of the cyano group to
but halogenation of the solvent was a competing reaction. the amide and, on occasion, even the carboxylic acid can
Thus, our efforts concentrated around the use of 1,2- oceyr, To avoid this hydrolysis, acid workup conditions had

dichloroethane as solvent. It should also be noted thattO be employed. However, we chose to use a buffer as this
phosphorus oxybromide does allow conversion of 2-hydroxy- ,eviated any possibility for the evolution of hydrogen

5-nitropyridine to 2-bromo-5-nitropyridine, but in our hands, cyanide (a potential safety problem). With the buffer

the amount of phosphorus pentapromlde C‘?“"?' _not be redU_C("’dconditions, as described in the Experimental Section, we did
below an equimolar amount without a significant loss in

yield.

Once the reagent and reaction conditions were defined,
optimisation work was necessary to remove a byproduct
formed in the reaction. This compound was 2,3-dibromo-5-
nitropyridine (L2). Fortunately, this byproduct is very soluble

Scheme 6

not detect any hydrogen cyanide evolution.

The initial isolation conditions were changed to provide
a method for the removal of DMF. The product is low
melting, and crystallisation often proved troublesome when
this polar solvent was present as an impurity. As the cyano

in hexane and could be removed either by crystallisation (the compoundB is not very so_luble in hexane, multiple recycles
dibromo compound.2 remaining in the mother liquors) or had to be employed to cwcumygnt th? use of an extrgrnely
by hot hexane washes of the solid. The crude orange Sohdlgrge amount of.solvent. In addltlor-1 this method of purifica-
was recrystallised from hexane. The yield was about 60%. fion was complicated by the melting point of the product
The use of a sodium thiosulphate wash was quickly dismissedP€ing below the boiling point of hexangroblems with oils

as the orange colour of the product from this procedure was SOmetimes occurred. The solution to this oiling problem
not due to bromine. A further change in the workup turned out to be isolation of solifl from water itself, the
procedure was to use hot solvents so that volumes could bePMF being soluble in water, while the product is not.
minimised and product did not crystallise out during handling ~ When the crude produdd was isolated from water,
and isolation. To ease isolation, ethyl acetate was used intoluene was used as the solvent for the recrystallisation with
place of 1,2-dichloroethane for the extractions. Again, as the hexane as the antisolvent. This procedure provided less-
dibromide12is more soluble in nonpolar solvents, a mixed- coloured material. The procedure was transferred to a toll
solvent precipitation allowed isolation of the desired mono- manufacturer for scale-up with a slight variation with regard
bromide9, the undesired dibromo byproduct remaining in to the workup procedure. The reaction mixture was diluted
solution. In the modified procedure, evaporation to dryness with isopropyl acetate so that higher temperatures could be
was no longer a step. As the temperature of the extractionsemployed during the separation process than when ethyl
could be controlled in the pilot plant, this method was used acetate was used. In addition, the phase separations were
for scale-up and then transferred to an external toll manu- cleaner with isopropyl acetate. The buffer was then added.

facturer and used on a multikilogram scale. In this way, the product remained in the organic phase and
N . did not have to be extracted or separated from the inorganic

z | salts. Charcoal treatment was used to remove the colour.

SN Br The substitution reaction is clearly a candidate for the

use of phase transfer catalysts either between solid and
solution phases or liquid/liquid phases. Although a wide
Cyanide Displacement variety of conditions were tried, most resulted in no reaction.

This specific reaction (Scheme 6) is known from the One of the key parameters seemed to be the use of high
literature? However, the reaction workup for this cyanide temperature to bring about the reaction.

12
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Scheme 7 of side reactions. The recycle studies were in alignment with
OoN._~ _ HaN__ these findings as it was found that the copper tended to be
| Reduction o absorbed onto the catalyst support. Thus, removal of this
CN CN material before the addition of fresh catalyst removed the
problematic trace metal contamination. From trace metal

. analysis we also found that different samples of the ni&ile
Reduc_tlon Step i contained variations in copper content even when taken from
This step (Scheme 7) was the most problematic to scalee same lot. As we had advanced with the dissolving metal
up due to competing side reactions. Indeed at larger scales o qyction at this stage, which was also cheaper in terms of

unwanted reactions often become the major pathway, andreagents, we decided to concentrate on this approach rather
the amount of amind formed was very low. Isolation of b1 the purification of the nitro compourgd

the desired amine from these complex reaction mixtures was  a number of byproducts were isolated from the metal-
not a trivial task as the 2-cyano-5-aminopyridine (4) is such catalysed reduction. The majority of byproducts were
a weak base. _ _ ~ coupled, that is they contained two pyridine rings. In some
The first method used a hydrogenation with palladium ca5es as with the symmetrical hydrazine and azo compounds,
on charcoal in THF. As the scale was relatively small, 10% 610nged reduction did give the desired monomeric amine,
palladium on charcoal was used at a large molar ratio of 1t reactions from the product amine and the cyano group
catalyst-to-substrate ratio. The cost of scaling up this reaction 4t another molecule ensured a dead-end pathway from our
directly was prohibitive. It was found that methanol gave a perspective. As time was a critical parameter, coupled with
better conversion and that the amount of catalyst could be o chemistry that had to precede this reduction step, an
S|gn|f|caqtly reduced. Hovyever, even at a few gram scale, giternative method was sought. The presence of the nitrile
the reaction showed that it was capricious, and the amountjimits the choice of reagents somewhat as this functional
of catalyst again had to be increased to ensure conversiongroup can also be reduced. Other methods that have been
In some cases, even when identical conditions, including the ;seq for this reaction, such as the use of sulphur-based

same lots of solvents, reactants, and reagents were used, ONgstems, were not considered as the potential byproducts
reaction would proceed without problems while another \,4id not be compatible with a food additiv.

would stall. As this step was key to the whole synthetic
strategy for this part of the molecule, a complete study of Dissolving Metal Reduction
reducing agents was undertaken. Hydrogenation of the HCI
salt of 2-cyano-5-nitropyridine was also attempted, but this effectively for the reduction of aryl nitro compounds to the
invariably gave a ”?'Xt“re of produgts. corresponding amin¥. Metals (tin, zinc, and iron) in the
O’?e of the criteria of the SCreening process was that theeloresence of acids (hydrochloric, sulphuric, or acetic acid)
reaction was repeatable. This was often ach|eved_by the us and in a variety of solvents (THF, water, EtOAc, and
of large amounts of catalyst. One method _that prowded SOME ¢ ombinations thereof), were tried for this reduction. All
hope was the use of a transfer hydrogenation .W'th ammonium ., hinations worked to some extent. The correct combina-
formate as the hydrogen source (see Experimental Section

P q 3) H this siill red hiah catalvst tion was determined with three criteria in mind: ease of
rocedure ). However, IS stll required high catalys reaction/workup, yield, and cost. Zinc and tin were too
loadings to ensure reproducibility.

. L . expensive for large-scale reactions. Hydrochloric and sul-
As the reaction was stalling in some cases, it was felt

that al talvst . thanol th th o tak phuric acids resulted in messy workup conditions for all the
atalower catalyst usage in methanol was the patn to take. , .o\ \;sed. The metal of choice was iron. With the metal

To show that this was feasible, a recycle study was per_forr_nedselected, the acids were again varied (acetic, hydrochloric,
at laboratory scale in methanol (procedure 4). We dm_l find formic, trifluoroacetic, sulphuric acid) to determine their
that the catalyst could be recycled through the reduction asimpact on the reaction. The best acid was acetic acid
long as some fresh catalyst was algo adc_jed. Thus, WhenSolvents were also varied (EtOAc, THFHPrOAc,n-BuOAC)
hydrogen uptgke slowed, the reaction mixture could be to determine their contribution to the reaction. The best
filtered and either fresh catalyst added to the liquors and solvent was ethyl acetate. Concentrations and the order of

?Ii/drogenatthnl co(rj\t;rr:yed, or Ifresz d.(;?talnyt ?ddedt }0 tthe addition of the reagents were thoroughly investigated. The
ered maternial and this red € addition orextracalalyst - o4 tion was a liquid/solid two-phase reaction. After the

dlretctl.y Ito thg readcthondmlfturrﬁ v;/asdnelzl ebr satlsfa(I:tory. The reaction was complete, some of the amitethat was
mﬂa erna prf[) l:“.lcet_ aTha Igl - fo dark- lr)ovixalln 30 0'{" ever|1| produced was trapped in the iron salts. Isolation was
aner recrystafisation. This colourwas probably due to sma complicated by long filtration times as the solids were very

almotunts of azo-t%/pe cgmpo(;mdf bﬁlng_dp:ﬁsent. (t)_ne I?['I(I)It'ﬁne. Numerous methods to recover the trapped amine were
plant run was performed, and not only did the reaction stafl, oy A biphasic slurry of iron salts, ethyl acetate, and either

but the formauon of byproducts_ also become S|gp|f|cant. acid or base was investigated for the isolation of the desired
Clearly, this was not the reduction path to take without a

complete study of the reaction mechanism and conditions. (18) wallace, R. G.: Barker, J. M.; Wood, M. Bynthesid990, 1143: Shia, M.
Finally, we did find that the side reactions were deter- iﬁLzai,HL- L-:JKFL;, V\x S, LFin,FP.SYH; Hv'\;uinRJ-ggg- ig;%?g,;&
. . . ; Hwu, J. R.; Wong, F. F; ia, M. J. Org. em ,57, .
mme_d to be a function of copper carried OYer from the (19) See March, JAdvanced Organic Chemistrylohn Wiley & Sons: New
previous steprhigher copper content ensured higher amounts ~  vork, 1985; pp 1103—1117.

& 2
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The use of dissolving metal reductions has been used
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Scheme 8 spectra were recorded on a GE 300 spectrometer in €DCI
HoN__ HCL THF ClHeHN using TMS as internal standard.
\@\ Laboratory hydrogenations were performed in mechani-
cally stirred Parr reactors with external heating. In some
4 12 cases, FischerPorter bottles fitted with appropriate inlet and
outlet tubes and valves were used for screenings; external
material. Solutions of various molarities of hydrochloric acid, heat was applied through an oil bath, and stirring was
sodium bicarbonate, sodium hydroxide, and sodium hydro- magnetic. The systems included pressure sensors that were

sulphite were also investigated. All of the reactants freed computer monitored to allow for the reactions to be followed
the product from the iron. However, only the sodium py hydrogen uptake.

hydrosulphite produced an iron salt that was filterable. The

other reagents produced iron salts that were unmanageablénalytical Methods

and/or unfilterable. In many cases, a bright red sticky “mud”  Unless otherwise noted, the method used to determine
was produced. This reaction was successfully scaled up agpurity and follow reactions was HPLC: Analysis was
described in Procedure 5 using the bisulphite method. Theperformed with a Supelco LC-18, 25 csn 4.6 mm i.d., 5

toll manufacturer also found that replacement of ethyl acetateum using a gradient elusion. Solvent A was 0.02 M
by n-butyl acetate had some benefits for a faster filtration, heptanesulphonic acid, sodium salt in 1% aqueous triethyl-
but this is questionable as the final product was not of high amine adjusted to pH 2.2, while solvent B was 95:5 (vol/
purity.2 The main impurities in these large batches were vol) acetonitrile/water. The flow rate was 2 mL/min. The

N™ "CN N~ CN

inorganic salts as determined by titration. gradient was 92:8 solvent A:B for 15 min, then 50:50 solvent
A:B for 10 min, and then returning to 92:8 for a further 10
Formation of the Hydrochloride Salt min. Detection was at 254 nm with an injection volume of

25uL. Retention times were 2-hydroxy-5-nitropyridine (3.0
min), 2-cyano-5-(hydroxyamino) pyridine (3.5 min), 2-cyano-
not very basic. In aqueous media, an equilibrium exists 5-gm|20bpyr|d|n§ (4.0 m'g') Zi(;ygno_-S-nltrzpzygdér)s (8.0
between the salt and free base. An organic solvent had to pein), 2-bromo-5-nitropyridine (12.0 min), and 2,3-dibromo-
used where the salt was insoluble as this was required toS-mtropyndme_ (18.0 m_|n). Sample preparation for |nject_|on
drive the reaction in the desired direction. THF was found \évasl,_fofr allqwd_, to we:)gh atl)out 25? m? of th(;samdpée Lnto
to be the solvent of choice (Scheme 8). This reaction was mL of a 1:1 mixture (by volume) of solvents A and B that

uneventful during scale-up; the original procedure was not was then made up to 25 m!_. For solid samples, 20 mg of
significantly modified sample was treated as for liquid samples.

In addition, it was found that any inorganic material 2-Bromo-5-n|tropyr|d|r_1e ©). F!rst ProcedurgAthree-
carried through from the dissolving metal reduction that was neck, 3-L flask_was equipped with a mechanlca_l_snrrer, a
seen on occasion at larger scales from our toll supplier Couldthermometer, nitrogen, a condenser, and an addition funnel.
simply be removed by filtration prior to the addition of the P.hosphoru.s ”'bmf“'de (260.3 g, 90.3 mL, 0.961 mol) was
hydrogen chloride. It should be noted that no conditions dissolved in 1,2-dichloroethane (DCE) (150 mL), and the

could be found to form a bis-salt with the common strong flask was cooled with an ice bath to.about’(S._Bromlne
inorganic or organic acids. (153.7 g, 49.5 mL, 0.961 mol)_ was dissolved in DCE (270
The hydrochloride salt could also be used as a purification ml) anq theq gdded dropwise t(.) _the BBKith good
process for the aming. Treatment of the hydrochloride salt mechanlcal st|rr|n.g'. A yellow precipitate OT Pgiormed ,
with an aqueous base in a biphasic mixture with ethyl acetate'n_Stantly' The addition tw_ne was about 45 min. The reaction
resulted in the free amingin the organic layer. The addition mixture was a heavy, bright-yellow slurry of Rfn DCE.

. . o . . The reaction was stirred for a further 30 min at® °C
of hexane while hot resulted in crystallisation of high-qualit ’
4 y gh-a y and then the 2-hydroxy-5-nitropyridin&@) (122.49 g, 0.874

mol) was added as a solid. The ice bath was removed, and
Summary the dark-orange heterogeneous reaction mixture was heated
) . o ) to reflux. The reaction was heated under reflux for 3.5 h.
Synthesis of 2-cyano-5-aminopyriding) (was achieved  There is a small evolution of bromine during this period.
by a three-step process that consisted of conversion ofrhe gurry slowly dissolved, and then a fine solid dropped.
2-hydroxy-5-nitropyridine (10) to the bromid@)(by use of The reaction was monitored by TLC or HPLC. When
phosphorus pentabromide. Nucleophilic displacement with (o4ction was complete, it was cooled to D with an ice
sodium cyanide in the presence of copper cyanide lead topath Sodium hydroxide (1 N, 250 mL) was added dropwise
the nitrile (8). Reduction of the nitro group proved prob- it good stirring (this is very exothermic!). A precipitate
lematic, but the use of a dissolving metal reduction with iron ¢5,med that was not soluble in either the organic or aqueous

The coupling process to NC-00637)(required the
hydrochloride salt2? As already mentioned, the amine is

in acetic acid gave a workable solution. phase. The slurry was filtered and washed with DCE (100
) ) mL). The combined filtrates were separated. The organic
Experimental Section phase was the top layer. The agqueous phase was extracted

The melting points are uncorrected. IR spectra (Nujol) with DCE (2 x 250 mL). The combined organic phases were
were recorded on a Nicolet FT-IR spectromefét.NMR washed with 1 M sodium thiosulphate (100 mL), dried

66 o Vol 8, No. 1, 2004 / Organic Process Research & Development



(Na&SOy), filtered, and concentrated under reduced pressurecombined. The organic phase was separated, and the aqueous
to give an orange solid that was recrystallised from hexane phase extracted with EtOAc (8 400 mL). The combined
some of the solid did not dissolve and had to be filtered off organic extracts were washed with water (500 mL), and
while hot. Repeating this recrystallisation using the mother concentrated under reduced pressuré/(&mmHg then 79
liqguors can increase the yield. It was sometimes necessaryl5 mmHg) to give an orange-brown oil. This oil was diluted
to repeat the recrystallisation to remove a faster-running with water (1 L) and stirred for 10 min. The black solid was
impurity. Yield was about 60%. Mp 139141 °C (lit.*” mp purified by recrystallisation from hexane. This was done by
139-141°C). Spectra were identical to an Aldrich sample.  use of 2 L of hexane and recycling the mother liquors. The
Second Procedurédn a four-necked 1-L flask equipped  product was still soluble in cold hexane, and the efficiency
with a reflux condenser, stirrer, pressure equalising dropping of this method could be increased by cooling the suspension
funnel, and thermometer was placed of 1,2-dichloroethanetg jce temperature prior to filtration. Four or five cycles were
(200 mL). Phosphorus tribromide (90 g; 31.25 mL) was ysually necessary to obtain all of the product. An alternative,
added to this solvent and the solution cooled &Sy an  yse of a continuous extraction apparatus (the solid melts
external ice bath. Bromine (50 g; 16.1 mL) was then added pejow the boiling point of hexane) provided a less labour
to the solution washing in with DCE (8 mL). The mixture jntensjve solution. The slightly yellow solid was recrystallised
was stirred while keeping cool, for about 15 min when no fom hexane, if required, to give the produg(65—70%):
bromine vapors were visible above the liquid. 2-Hydroxy- mp 51-52 °C; IR vma(KBr) 2250, 1600, 1355 cni;
5-nitropyridine (10) (40 g) was added as the solid. The NMvR: o (CDCL) 9.56 (1H, d, J 4 Hz), 8.78 (1H, dd, J 4

EniXtUre W.aS heated under reflux for 2 h, then cooled tO 10 and 8 HZ), and 8.12 (1H, d,J8 Hi?C(CDCb) 146.2, 145.2,
C, at which time the cold bath was removed. A sodium 138.1, 132.8, 129.2, and 115.8.

hydroxide solution [previously prepared by dilution of a 50%
solution (120 g) with water (370 mL)] was slowly added to
the mixture ensuring that the internal temperature did not
exceed 50°C through control of the addition rate. This
addition is extremely exothermic. At the end of the addition,
the pH was slightly basic. For the next series of steps, the
mixture had to be kept at 50C so that product did not
crystallise out. Ethyl acetate (133 mL) was added to the
mixture and after stirring for 15 min, the aqueous layer
(bottom) was separated. The organic layer was washed with
water (60 mL) (still at 50°C), and then concentrated to half
volume with the help of vacuum. The residual solution was
heated to 60C and heptane (470 mL) added. The mixture
was then concentrated to half volume again by atmospheric
distillation. Upon cooling, the product was isolated by

Improved Workup Procedurelhe reaction and initial
isolation with ethyl acetate are as described above to give
the oil. The oil was then diluted with toluene (1 L) and heated
to 50 °C. Heptane (1 L) was then added and, if solid was
still present, the mixture was filtered hot. To avoid crystal-
lisation, the mixture was heated to°7frior to the filtration
during which, the temperature was not allowed to fall below
45°C. The mixture was cooled to ambient temperature, and,
if no solid was apparent, the mixture was seeded. Heptane
(4 L) was then added over 0.5 h with good agitation. After
stirring for a few minutes, the product was filtered and the
cake washed with heptane (1 L).

Second MethodMF (60 mL) was placed in a four-neck
flask equipped with a stirrer, thermometer, reflux condenser,

filtration, washing the cake with heptane (72 mL), and air- 2nd pressure equalising dropping funnel. Sodium cyanide
drying. Yield was about 40 g (70%) or better. (2.5 g)_ and copper cyanide (6.53 g) were _then added, and
2-Cyano-5-nitropyridine (8). First Method.A 2-L 4-neck, e mixture was heated to 15T under nitrogen. In a
round-bottom flask was equipped with a condenser, ther- S€Parate flask, 2-bromo-5-nitro-pyridine (10.0 g) was dis-
mometer, nitrogen inlet, pressure equalizing dropping funnel, SO/ved in DMF (25 mL) by heating to about 8C€. Once
and a mechanical stirrer. Sodium cyanide (28.92 g) ang the cyanide salts had dissolved gnd the mternal tempera}ture
copper cyanide (79.36 g) were added to DMF (750 mL) at of the DMF was 150“C,_ the b_romlde solution was added in
room temperature with stirring. The mixture was heated to On€ portion. The reaction mixture was kept at T&for 2
150°C. 2-Bromo-5-nitropyridineq) (120.0 g) was dissolved h. The mixture was allowed to cool to about 100, and
in DMF (250 mL) with warming to 50°C and this then isopropyl acetate (167 mL) was added. This was
temperature of the solution was maintained throughout the followed by 0.25 M potassium phosphate (monobasic) buffer
addition. The solution o8 was added over 5 min to the (167 mL). The mixture was stirred for 0.5 h, and then the
reaction mixture. The reaction turned orange then black. Thebrown solid was filtered off. The solid was washed with
reaction mixture was heated under reflux for45h. The  isopropyl acetate (10 mL). The combined liquids were
reaction was monitored by HPLC. An extended reaction time Separated. Charcoal (1.0 g) was added to the organic solution
lead to degradation, but not at a significant rate. The mixture and stirred for 0.5 h. The charcoal was filtered off and
was then cooled to about 16C over 0.5 h. The reaction ~Wwashed with isopropyl acetate (10 mL), and the charcoal
mixture was poured into aqueous 1 M potassium phosphatetreatment was repeated. Water50 mL) was added to the
(monobasic) solution (2 L). A precipitate formed. The filtrate, and the mixture was evaporated at 4D under
mixture was stirred for 0.25 h, and then filtered. The solid vacuum until all of the organic solvent had been removed.
was washed with more agqueous buffer (500 mL), then EtOAc Upon cooling, the product solidifies from the water. The
(3 x 500 mL). This washing had to be thorough to remove product was filtered, washed with a small portion of water,
the product from the solid. All of these washings were and then air-dried. Yield was about 70%.
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5-Amino-2-cyanopyridine (4). Catalytic Reduction acetate (250 mL). The washes were combined with the
Method. Procedure 1The nitro compoun@ (0.51 g), 10% original filtrate. The solids were dried under a nitrogen
palladium on charcoal (0.39 g), and THF (50 mL) were stream. The liquid and solid parts were treated separately.
placed in a Parr bottle. The mixture was placed under  The filtrate was placed in the 5-L round-bottom flask and
hydrogen (50 psi) at room temperature and shaken for 2 h.cooled with an ice bath. Sodium hydroxide solution (10 N)
TLC showed that the reduction was complete. The mixture was added until the pH was about 8.5. The reaction was very
was filtered through a Celite pad. The solid was washed with exgthermic, and the temperature was kept below &
ethyl acetate (10 mL). The combined washings were controlling the addition rate. Once the addition was complete,
evaporated down to give the aminopyridine mp 149- the mixture was stirred for an additional 15 min or until the
151°C; IR vmax (CDC}) 3420, 2222, 1583 cn; *H NMR internal temperature was below 2C. The layers were

(dG'DMSO()jg 8'020 (1Had' J2.6 HZ)'d7'572(1;’ (11 J 8.6 Hz), separated. The aqueous layer was extracted with ethyl acetate
6.95 (1H, dd, J 2.6 and 8.6 Hz), and 6.42 (2H,4. NMR (375 mL). The organic layers were combined.

148.3, 137.7, 129.9, 119.2, 118.3, 117.5. . .
' ' . ' ' . Water (DI, 1500 mL) was placed in a 5-L flask. Sodium
Procedure 2The nitro compound (0.5 g) was dissolved bisulphite (435 g) was added and the mixture stirred to

in MeOH (25 mL). 10% Palladlum on gharcoal (0.017 g) dissolve all the solids. Once a solution had been formed,
and MeOH (5 mL) were placed in a Fisher-Porter vessel .
under a nitrogen atmosphere. The nitro solution was addedemyI acetate_ (15.00 mL) was added. The solids from the
to the vessel. The mixture was placed under hydrogen (450r|g|na_l reaction fllt_ratlon were then added, a_nd the ml_xture
psi) and stirred at room temperature for 2 h. HPLC (or TLC) was sprred at amplent tempgratgre for 15 min. The mixture
showed complete consumption of the starting material. The Was filtered, washing the solid with ethyl acetate (125 mL).
mixture was filtered and evaporated to give the aminopyri- The layers of the filtrate were separated. The aqueous layer
dine 4. was extracted with ethyl acetate (375 mL). The combined
Procedure 32-Cyano-5-nitropyridineg) (13.29 g), 10% ethyl extracts from this solid extraction were placed in a flask
palladium on charcoal (13.29 g), and methanol (535 mL) that was cooled in an ice bath. Sodium hydroxide solution
were placed in a 1-L flask. Ammonium formate (26.42 g) (10 N) was added until the pH was about 8.5. The reaction
was added and the mixture heated under reflux for 4 h. Theis very exothermic and the temperature was kept below 40
reaction can be followed by TLC or HPLC. The mixture by control of the addition rate. Once the addition was
was filtered, then evaporated to provide a brown solid, which complete, the mixture was stirred for an additional 15 min
was recrystallised from ethyl acetate (200 mL) and hexane or until the internal temperature was below? The layers
(500 mL). The yield of this step was about 75%. were separated. The aqueous layer was extracted with ethyl
Procedure 4To a solution of 2-cyano-5-nitropyridin&) acetate (375 mL). The organic layers were combined.
(3.0 g) in methanol (150 mL) under nitrogen was added 0.45  The organic extracts from the filtrate and solid treatment
g of 10% Pd-C or 4% Pd-C wet catalyst. The mixture was  were then combined and washed with brine (375 mL). The
shaken under hydrogen using a 1-L Parr shaker-type reactoryolume of the solution was then reduced td L under
The initial hydrogen pressure was 30 psi and after about 6 yacuum. The vacuum was then released and the mixture
h, the hydrogen absorption stopped at the final pressure ofeated to 6°C. An equal volume of hexane was added,
6 psi. After filtration, the methanol was evaporated and the anq the mixture was cooled to ambient temperature. A further
residue was dissolved in ethyl aggtate (150 mL). This solution 5 \,olumes of hexane were then added to the slurry. After
was passed through a short silica gel column and washedgyiring for an additional 2 h, the product was isolated by

With ethyl acetate. The solvent was removed to givg a brown filtration, washing with a small amount of hexane and drying
solid as product. The catalyst recovered was dried underin vacuo at ambient temperature
vacuum and added to 225 mg of fresh Pd/C (10%). This Hydrochloride Salt (12). Into a 5-L Erlenmeyer flask
catalyst was used to treat another 3.00 g of 2-cyano-5- . i

) . . was charged the aming (350 g) and dry THF (2800 mL).
nitropyridine in the same way as above. This process was

repeated five times. The yield of this reaction is about70 Th(_e co_ntents \{vere stired until all .SO“dS had @ssolved. I
7506, solid still remained after 1 h, the mixture was filtered. The

Procedure 5In a 5-L round-bottom flask equipped with flask was cooled in an ice bath e}nd hydrggen chloride gas
a mechanical stirrer, thermometer, reflux condenser, andbubbled through until no more solid formation was apparent.

dropping funnel was placed the nitro compouBi¢L50 g) Th(_a flask was kept in _the _cold bath for 2 h, and then t_he
and iron powder (150 g). Ethyl acetate (1500 mL) was added,SO“d was isolated by filtration. The salt was washed with
and gentle heating was started. Acetic acid (625 mL) was THF (2 x 100 mL) and then dried at ambient temperature
added dropwise at such a rate that no sharp rise inin @ vacuum oven. The yield was essentially quantative.
temperature occurred. The mixture was heated to reflux. —Large-Scale Runs.The sizes of these reactions were
After 2 h, a sample for analysis was taken to ensure that thelimited by the equipment available to us. In some cases,
reduction is complete. If the reaction was not complete, it multiple runs of a particular step had to be run to obtain
was continued at reflux and could take up to an additional sufficient material to carry on. These reactions were later
2—4 h. When the reaction was complete, the mixture was transferred to a toll manufacturer, but this resulted in quality
cooled to 70°C and then filtered, rinsing the solid with ethyl issues.
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2-Bromo-5-nitropyridine (9). For these operations, sen- until the bromide had dissolved. Once both mixtures were
sors and alarms were present to detect bromine and HBrat temperature, the bromide solution was added to the
gases. inorganic cyanides. The reactor and lines were rinsed with

Ethylene dichloride (30.9 kg) was charged to a 30-gal DMF (1 kg). The resultant solution was heated at 260
reactor. Phosphorus tribromide (11.2 kg) was placed in afor 2 h.
5-gal transfer tank. Ethylene dichloride (1 kg) was placed  In a 100-gal reactor monobasic potassium phosphate (11.3
in a 2-gal transfer tank. The 5-gal transfer tank was connectedkg) was dissolved in DI water (72 kg). The temperature was
to the 30-gal reactor. The PBwas added to the reactor. maintained at 20C. The cyanide reaction was quenched
The 2-gal transfer tank was connected to the now empty 5-galpy transfer to the phosphate solution ensuring that the
tank and the ethylene dichloride used to rinse the tanks andtemperature of the DMF solution at no time went below 100
lines as it was added to the reactor. Ethylene dichloride (12.8°C. The internal temperature of the 100-gal reactor was kept
kg) was added to a 5-gal transfer tank followed by bromine pelow 90°. The resultant mixture was stirred for 15 min and
(6.3 kg), and the contents of this tank were stirred for 15 then filtered through a Rosenmund filter recycling the mother
min. The bromine solution was added to the P&ulution.  jiquors until they became clear. The cake was then washed
The 5-gal transfer tank and lines were rinsed with ethylene \yith a solution of potassium phosphate (2.8 kg) in DI water
dichloride (1 kg) from a 2-gal transfer tank. After stirring (18 kg) by use of the Rosenmund agitator for 1h. The reactor
for a few minutes the headspace was examined t0 ensurg,se for the quench was rinsed with EtOAc (80 kg), ensuring
that there was no bromine vapour. 2-Hydroxy-5-nitropyridine that ) surfaces were washed. This wash was then held in
(10) (5.0 kg) was added and the mixture heated under refluxhe reactor. The Rosenmund agitator was stopped and the

for 2 h during which time the temperature increased from liquid removed under vacuum. EtOAc (19 kg) used as the

84 to 88°C. The mixtuge was then cooled to I@. In @  jh50 \was charged to the Rosenmund, and this was stirred
5-gal transfer tank, 50% NaOH (816 g) was added to DI for 1 h and then removed under vacuum. The treatment of

water (9.67 kg). This caustic solution was used to quench the solid with EtOAc was repeated in 19-kg lots until all

:Ee treactlontby SI?V;’hadlqlt'an.attﬁUCh a trated_tg entsure th3tthe organic solvent had been used. The resultant combined
€ temperature of the fiquid in the reactor did Nt EXCEed gy 4105 were stirred for 30 min then allowed to separate.

ilo OCH -g(])% /m;x(t)ulie was t,:]en s;urreld a(; dZEfj fortﬁotmlnl. The aqueous phase was run off and then back-extracted twice
a0H (50%, 7.0 kg) was then slowly added so that no large with EtOAc (2 x 9 kg). The combined organic extracts were

exotherm occurred. The pH was checked to see if it was :
about 7. If not 50% NaOH was added in 3.5 kg portions washed with Watef (21 ko). Chgrcoal (Darco,_ 1 kg) was
added, and the mixture was stirred for 15 min and then

Eﬁu? :ly )ovr\llzse;gge%d:rl]t:jophZu:qf:)c(?udrza. sc':i?::: di:)FT;r,nliEntgf?ecr filtered through a Nutsche. The filtrate was heated to boiling
whi.ch i? was heated to 50C and held at this temperature in a 100-gal reactor and the solvent removed until stirring
for 30 min to dissolve any solids. While maintainin?g?m could not be accomplished as the solution fell below the

the phases were separated. The organic layer was transferreagitator level. The resultan.t solution was then transferred to
to a 100-gal reactor. The aqueous layer was adjusted so tha 30-gal re_ac_:tor_that contained tolue_ne (2.9 kg) and heptz_ane
its temperature was 25 and then extracted with EtOAc  \/ K9)- Distillation was then continued at atmospheric

(5.1 kg). This extract was washed with water (6.4 kg) and pressure until minimal volume was achieved; again that the
then added to the original organic solution. (Note: During liquid was below the agitator level. The reactor was then

these extractions and washings each layer was verifiegc00led to 20°C and water (3.3 kg) added. The mixture was

whether it was organic or aqueous as large density changeS€eded with product (10 g) and stirred for 30 min. The
occurred and inversion often occurred.) The combined EtOAc Product was collected on a Nutsche filter, washed with
solution was dried with N&8Q; and then filtered into a 30- ~ heptane (5 kg), and then dried under a stream of dry nitrogen
gal reactor. The solvent was then removed by distillation to &t @mbient temperature. The yield was 3.5 kg (63%).
about one-quarter volume; the boiling point rose from 78 to ~ S€cond Procedur&.he actual reaction was performed in
88 °C. The mixture was cooled to AT and heptane (20.2 three separate lots that were combined for the final work
kg) added. The mixture was stirred at this temperature for UP- This was because the 30-gal system could maintain the
30 min and then cooled to . The product was collected ~ desired temperature while the 100-gal system could not.
on a Nutsche filter, washing with heptane (5 kg), and then ~ DMF (14.3 kg) was charged to a 30-gal stainless steel
dried under vacuum in an oven at 4G overnight. Yield  reactor followed by NaCN (0.625 kg) and CuCN (1.63 kg).
was 5.0 kg (70%) The mixture was heated to 18C with stirring. During this

2-Cyano-5-nitropyridine (8)These reactions were run period, DMF (6.0 kg) was placed in a 5-gal glass reactor
with alarms and sensors to detect the presence of HCN. followed by 2-bromo-5-nitropyridine (2.5 kg). This mixture

First Procedure DMF (29.8 kg) was charged to a 30-gal was then heated to 8@ with stirring until the bromide had
stainless steel reactor. This was followed by NaCN (1.2 kg) dissolved. Once both mixtures were at temperature, the
and CuCN (3.3 kg). The mixture was heated to 160with bromide solution was added to the inorganic cyanides. The
stirring. During this period, DMF (10.1 kg) was placed in a reactor and lines were rinsed with DMF (1 kg). The resultant
5-gal glass reactor followed by 2-bromo-5-nitropyridine (5.0 solution was heated at 15 for 2 h and then cooled to
kg). This mixture was then heated to 8C with stirring cooled to 100°C.
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In a 30-gal reactor monobasic potassium phosphate (1.43the organic layer from this solid treatment step. NaOH (10
kg) was dissolved in DI water (42 kg). The temperature was N) was then added to this solution until the pH was 8:34
maintained at 20C. kg). After stirring for 5 min the layers were allowed to

To the cyanide reaction was addieBrOAc (36.3 kg) at separate. The aqueous layer was back-extracted with EtOAc
such a rate that excess boiling did not occur. This mixture (27 kg). These EtOAc solutions were then combined.
was then added to the phosphate solution that was then stirred Liquid TreatmentThe original filtrate was placed in a
for 30 min before being filtered through a Nutsche. The solid 100-gal reactor and cooled te-30 °C. NaOH solution (5N)
was rinsed with-PrOAc (2 kg). The combined filtrates were  was added until the pH was 8.5%7 kg). After stirring for
then separated with the aqueous phase going to waste. Th&0 min the layers were allowed to separate. The agueous
organic layer was then transferred to a 100-gal reactor andlayer was separated and back-extracted with EtOAc (27 kg).
combined with those from two other reactions. This extract was combined with the EtOAc solution from

To these combined extracts was added charcoal (Darcothe first separation in this filtrate workup sequence. The
0.75 kg) and the mixture stirred for 30 min. The charcoal EtOAc was removed under vacuum with a jacket temperature
was removed by a line filter, which together with the original of <45° until the weight was<75 kg. The EtOAc solution
reactor, were rinsed wit-PrOAc (5 kg). The charcoal from the solid treatment was then added. This combined
treatment was repeated on the combined filtrates. Water (150mixture was washed with saturated aqueous NaCl (30 kg).
kg) was then added to the combined filtrates. The organic The EtOAc was then removed by vacuum distillation until
solvent was removed under vacuum keeping the jacketthe weight was<75 kg. The vacuum was then removed and
temperature below 40C. The mixture was then slowly the mixture heated to boiling. If any solids could be observed
cooled to 1C°C. The product was then collected on a Nutsche by visual means, EtOAc was added to complete solution.
filter, washed with water (5 kg), and then dried under a Hexane (63 kg) was then added, ensuring that excessive
stream of dry nitrogen at ambient temperature. Yield was boiling did not occur. The mixture was held until solid
~3.9 kg (71%). formed when more hexane (129 kg) was added, and then

5-Amino-2-cyanopyridine (4). This procedure was run  the mixture was cooled to 18C. The solid was collected
by us and was reproducible. It was a trial to ensure that it on a Nutsche, washed with hexane (39 kg), and dried at
could be run at the tollers, and as a consequence the reductiommbient temperature under a stream of dry nitrogen. Yield
was run more dilute than in the lab experiments. The tollers was 8.4 kg (88%).
then went back to the more concentrated reduction but then  Purification of Amine 4. As noted above impure samples
had problems removing the iron oxide which ended up in were obtained from tollers (assays ranged from 78 to 98%
the product and had to be removed (see purification on a wt/wt basis by HPLC and titration), and these were
procedure). cleaned up as follows:

EtOAc (108 kg) was charged to a 100-gal reactor followed  EtOAc (32 kg) was placed in a 30-gal reactor followed
by 2-cyano-5-nitropyridine (12.0 kg). The mixture was then by the impure aminet (7.0 kg). The mixture was heated
stirred and iron powder (12.0 kg) added. The mixture was under reflux for 30 min and then filtered hot through a
then heated to reflux~78 °C) and the jacket temperature Nutsche. The procedure was repeated on the filter cake.
set to 80°C. Glacial acetic acid (53.4 kg) was added over 2 Charcoal (Darco, 280 g) was added to the combined filtrates
h. The addition rate was kept constant (0.593 kg/min). After which was then heated under reflux for 30 min. The mixture
approximately 5 min an exotherm was observed with the was filtered hot through cartridge filters. The solution was
internal temperature rising to 8&. The jacket temperature  concentrated to a third of its original volume by vacuum
was adjusted to 7480° so that a gentle reflux was distillation and then cooled to ambient temperature. The solid
maintained. After the addition was complete, the jacket was collected on a Nutsche and allowed to dry under a stream
temperature was increased td @d reflux was maintained  of dry nitrogen. A second crop was obtained from the filtrate
for 30 min. The mixture was analysed by HPLC, and heating by heating it to boiling and then setting the jacket temperature
under reflux was continued until the amount of the nitro at 60 °C. Hexane (2xthe weight of EtOAc present) was
compound was below 5% or if no change occurred within 1 then added. The mixture was cooled to ambient temperature
h. The mixture was then cooled to 66 and filtered through ~ over 1 h and then filtered through a Nutsche, drying in a
a Nutsche. The reaction vessel, transfer lines, and cake wereitrogen stream. Both crops were within specifications
washed with EtOAc (12 kg). (Due to our equipment-size (>98wt %/wt by HPLC and titration, and the solid was off-
limitations the filter cake and the filtrate were handled white to light-yellow in colour).
separately. This was not done on larger scale as all were Preparation of Amine Hydrochloride 12. THF (96 kg)
combined.) was charged to a glass-lined 100-gal reactor. The adine

Solid TreatmentThe filter cake was charged to a mixture (12.0 kg) was added and the mixture heated to boiling and
of sodium bisulphite (45 kg) in water (113 kg) and EtOAc then cooled to ambient temperature. The solution was then
(135 kg) that had been warmed to @ in a 100-gal reactor  flitered through a sparkler Nutsche filter, returning the clear
and stirred at this temperature for 15 min before filtering mother liquors to the reactor. The solution was cooled to 0
through a Nutsche. The solid was rinsed with more EtOAc °C, and then HCI gas was bubbled through at 60 psig for 15
(20 kg). This filtrate was then separated. The aqueous phaseamin. Nitrogen was then bubbled through the mixture for 15
was extracted with EtOAc (27 kg) that was combined with min. The HCI addition was repeated twice more. After the
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final addition, the mixture was stirredrfd h at 0°C. The They spent considerable time and effort looking at alternative
solid was collected on a Nutsche. The reactor, line, and thenapproaches for the synthesis4fmany of which have not

cake were washed with THF (11 kg). The sdlidwas dried  peen mentioned here. Dalpat Brahmbhatt is thanked for the
overnight at ambient temperature on the filter bed under a development of the analytical method.
stream of dry nitrogen.
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