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Abstract: Scheme 1
Previously our group reported synthetic efforts used to syn- o o]
thesize kilogram quantities of the cholesteryl ester transfer Fc P HN)LOBn
protein (CETP) inhibitor torcetrapib, 1, via a mid-stage resolu- : \©\ Bt 7 N OB g
tion. This account describes research conducted to develop an N)\Et 3 \©\)1
asymmetric route to this clinical candidate suitable for long- 2“ TsoH N E ‘—‘ TsOH
term manufacturing. The first asymmetric center is established 4(racemic)
via coupling of (R)-3-aminopentanenitrile to a trifluoromethyl- + HNJ\OBn
arene. After elaboration of the nitrile to a suitable precursor, FiC
a key step in the synthesis is diastereoselective cyclization of \©\ Bt
immonium ion 7 to provide the tetrahydroquinoline core. This Bt = Benzotriazole N™ CEt
approach also permitted a streamlined sequence to complete 5
the synthesis of 1. Development of the process and synthetic Scheme 2
rationale are described. o o
+
HN)LOR H‘INJ\OR
F4C F3C
Introduction m — \@ f
Current therapies for the treatment of atherosclerosis focus N “Et N E
primarily on the reduction of low-density lipoprotein cho- 6 7
lesterol (LDL-C). Cholesteryl ester transfer protein (CETP) U j\
is an agent responsible for the transfer of cholesterol from OR
o}

0 HN
high-density lipoprotein cholesterol (HDL-C) to LDL-C. A F3C . fLR- — € 1&
compound that inhibits CETP may therefore be effective at \©\X N EL \©\N o
increasing the levels of HDL-C as a treatment of cardio- 10 1
vascular diseases. Torcetrapib) (s a molecule currently
undergoing clinical trials as a CETP inhibitor, thereby tetrahydroquinoline core. The asymmetric route was based

necessitating a synthetic route amenable to multikilogram- ©n & key discovery during research to develop the cyclization

8 9

scale synthesis. to produce4 (Scheme 1). From the crude reaction mixture,
a byproduct (5) was isolated as a 1:1 mixture of diastereo-
0 mers. Resubjectingto acidic cyclization conditions resulted
Meo)J\N CF3 in clean formation of the desired racendic The exclusive
FsC U formation of the desired cis orientation suggested that
ma CF, assembly of a precursor with the C-2 center of defined

B stereochemistry would provide the desirggh-tetrahydro-
07 " OEt quinoline upon cyclization. In development of a new
torcetrapib (1) synthesis, two other factors were considered. First, the
continued use d-vinylbenzylcarbamat8 was undesirable,
The preceding paper outlined process research and scaledue to varying quality of this material because of its low
up for the clinical candidatel! The key step in the stability. Second, we hoped to avoid the use of trifluoro-
production of asymmetric material was a diastereomeric saltmethylaniline as a starting material due to safety issues with
resolution. Although several multikilogram lots were pro- long-term storageé.
duced by this resolution route, synthetic efficiency favored ~ We set out to synthesize an intermediate sucff asd

development of an asymmetric route to synthesize the Verify that the absolute stereochemistry at the 2-carbon would
transfer to the C-4 center to form the tetrahydroquinoline

* Author for correspondence. E-mail: bobscottorg@sbcglobal.net. coreb6 as a single enantiomer (Scheme 2). Retrosynthetically,
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which in turn could be formed via Pd-catalyzed condensation
of an enantiomerically pure amine and aryl halide. aReagents and conditions: (a) 3GOs; (b) Pd(OAc), 2-(CylP-2-

(MezN)biphenyl), PhB(OH), C$COs; (c) H;SQu, H,0 (77%); (d) CICGBN,
Results and Discussion LiOtBu (85%).

To develop a scalable synthetic strategy around the istry was not as clean or high yielding but did provide the
asymmetric-amino acid functionality, we searched for desired product in decent conversion at a low cost with
readily available compounds that contained the desired readily available reagents. Impurities formed in this step were
stereocenter. A commercially available raw material that purged in the subsequent BOC-removal/salt formation step.
incorporates the desired chiral amine center, the requiredThis procedure was transferred to pilot plant facilities to
ethyl group, and a handle for further elaboration way-(  produce 6 kg ofl4. This key raw material represented a
2-amino-1-butanol. Using standard transformations for one- useful cGMP starting material for the first campaign, and
carbon homologation, we developed the following synthesis further production research was not pursfddis allowed
for the chiral nitrile 14 (Scheme 3). Starting with1} we us to focus our efforts on the remaining steps of the synthesis.
protected the amine followed by conversion of the alcohol ~ The next two-step sequence was coupling of chiral amine
to a mesylate. TMEDA was used as the amine base, which151o the trifluoroarene followed by hydrolysis of the nitrile
provided an insoluble amireCl salt in the reaction solvent ~ to produce amidel8 (Scheme 4). We chose the reaction
(EtOAc) and was thus removed from the reaction by sequence in this order since the nitrile provided a nonbasic
crystallization. After workup, mesylatk2 was isolated as a  and nonligating functionality, limiting potential problems in
crystalline solid, providing a convenient purification point. the Pd-catalyzed amination. We examined many variables
The first two steps could be further streamlined into one for the Pd-mediated amination reaction ®% with 16/
reaction by the stepwise addition of reagents to a single Among the variables examined were different bases and base
reactor. combinations (NaOtBu, GEO; KyCOs K3POy); sol-

Initial attempts to displace the mesylatel@with simple ~ vents (toluene, CECN, THF, dioxane, DMF, DMAC,
cyanide sources (NaCN, KCN) led to disappointing results, DME); ligands [binap, ¢-tol)sP, DPPE, DPPB, DPPF,
mainly due to lack of solubility of the cyanide salts and the (biphenyl)P(Cy}, (biphenyl)P(tBuy, (dimethylaminobi-
negative effects on the reaction profile upon prolonged phenyl)P(Cyj]; catalyst activation protocols (in situ activa-
heating® In contrast, displacement of the mesylate with tion or preactivation using PhB(OH)NE, (PrNH); and
Bu,NCN was very clean in EtOAc. To complete the Pd source [Pgdba) or Pd(OAc)]. The extensive list of
sequence, the nitrogen protecting group was removed undeipermutations will not be reproduced here, but the optimal
acidic conditions. Due to the high water solubility of the conditions elucidated within our research time frame are
aminonitrile, the acid for deprotection of the BOC group was described below.
chosen so as to avoid the need for aqueous workup. The Although the chiral aminel4 was isolated as a salt,
methanesulfonic acid salt df4 was a crystalline solid, so  cleaner reactions resulted from the use of the free adfine
deprotection with methanesulfonic acid in THF provided the We originally developed this coupling using 1-bromo-4-
salt via direct filtration from the reaction mixture. (trifluoromethyl)benzene, and upon optimization we were

Difficulty in sourcing and handling B]NCN and high able to switch to the much cheaper and readily available aryl
cost forced us to reevaluate this approach, and a facilechloride 16. Typical catalyst loading to ensure complete
cyanide displacement utilizing readily available materials was consumption is at the 0.5% Pd level, with 1.5 equiv of ligand
sought to develop this route into a large-scale process.relative to Pd. For larger-scale reactions, the catalyst load
Several attempts to generate;REN “in situ” using BuNF/ was increased by 50% from normal lab conditions to 0.75%
TMSCN provided a reagent mixture that was significantly Pd and 1.12% ligand. A reaction temperature of80was
less reactive than the purified commerciablBGCN. We were  utilized, as higher temperatures led to a slight erosion of
able to achieve a compromise using NaCN in DMF contain-

(6) In time, other vendors were identified to provide this key raw material using

ing BwNBr as a SOIUb”'Z'ng counterion. The NaCN chem- variations of the described method or alternate technologies.
(7) For overviews of the literature coupling conditions, see: (a) Wolfe, J. P;
(4) This material was purchased from Fisher Scientific. Buchwald, S. L.J. Org. Chem2000, 65, 1144—1157. (b) Wolfe, J. P;
(5) The main impurity isR)-4-ethyloxazolidin-2-one formed from cyclization Tomori, H.; Sadighi, J. P.; Yin, J.; Buchwald, S. I. Org. Chem2000,
of the BOC-protected mesylate. 65, 1158—1174.
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enantiomeric purity. Unfortunately, the amination product Scheme 5
17is an oil, eliminating the opportunity to purify at this stage 0 0

for large-scale manufacturing. FsC /L)kNJ\OBn
With successful amination our focus was turned to N H

elaboration of the C-4 carbon to the desired imide. We

focused our approach on generation of the primary amide at

this carbon, which required hydrolysis of the nitrile to the l
desired amide. Both acidic and basic hydrolysis conditions OH 0O OH o
were explored. Several acids were examined to hydrolyze NJ\OBn . . N J\OBn
the nitrile (CHSO;H, HCI, HBr, TFA/acetic acid) to the Ay H Ay Ser Are /[\H

. . . Et
amide, but varying amounts of byproducts or hydrolysis to H H N R

the carboxylic acid were observed. However, hydrolysis in 2 “ Ar:fca-pheny]
sulfuric acid (2.2 mL/dL7) with a small amount of water (4 _ 3

equiv) present provided a robust procedure. Overreaction to Ri]a:gﬁ[" (;;’;'gﬂc’”s :;"f”;:

the acid was not detected even when the reaction was heated NaBHZI EtOH 21

overnight. Basic hydrolysis conditions were also screened BH; or DIBAL-H 20+22

(with or without HO,) but were not competitive with the

sulfuric acid hydrolysis method due to lower yield and

water2 This approach required conversion of amidto a
consistent byproduct resulting from overreaction to produce suitable imide (Scheme 4). This transformation turned out
: ; to be more complicated than expected, as benzylchloro-
the carboxylic acid. . . . .
formate was reacted with the amide under a variety of basic

To address the issue that intermediaieis an oil, we " .
successfully telescoped the Pd-mediated amination reactionCondltlons (LDA, NaH, DMAP, KOtBu, and NaOtBu) in

and hydrolysis together. After completion of the Pd-mediated different solvents. In each case, significant starting material
amination reaction. the toluene solution was filtered to would remain after multiple additions of base/chloroformate,

remove the salts, and the sulfuric acid/water mixture was Ieadin_g t(_) an unaccept_ably low overall yield. We discoyered
added to the filtrate. The bilayer was stirred at 35 a satisfying balance in base strength and counterion to
overnight to provide clean hydrolysis. The prodd&was provide primarily the desired transformation using a solution
completely soluble in the sulfuric acid layer (presumably as ?f Iitgl;srtr;]tertr—but?]mdeflrt1hTle:1.| er;e?n:h'ts ba?/e rvva;s e}gdendd
the sulfuric acid salt), and after the reaction was complete 0 € presence ot the chioroformate, a very rapid &

the toluene layer was discarded. After neutralization and cle\?\;:tkr‘e‘;:;‘ctl?(n pricrﬁgcei?] tEencciiesvlvred 'Tmt o explore th
extraction with diisopropyl ether (IPE), amid8was isolated 1 (e key Imide and, we set out to expiore the
via crystallization by addition of cyclohexane as an anti- reduction/cyclization protocol outlined in the retrosynthesis.

solvent? This procedure routinely provided an 85% yield Initially, the reduction was effected with NaBHh M_eOI_—|
" (Scheme 5). Large amounts of borohydridelb equiv) in
over the two-step sequence under laboratory conditions.

. . multiple charges were used to consume the starting material.
When the reaction was performed on kilogram scale, the Pd- S
We attempted to use ethanol as solvent to minimize reagent

catalyzed reaction was slightly slower than expected based " . .
y . S shgntly P decomposition and found that the desired aminal was formed
on our previous experience on smaller scale. The two bulk- . - : . .
. - in only small amounts and the imide starting material mainly
scale reactions had-&% of 16 remaining after 20 h, .
converted to overreduced prod@d. Interestingly, when we

whereas on multihundred-gram scale the reactions were T :
R i . _“performed the reaction in methanol on larger scale, desired
complete in this time frame. We propose that differencesin © . : .
aminal 20 was the major product, but overreductionZb

mixing due to the heterogeneous nature of the reaction led . o
to this lower rate for the multikilogram-scale reactions. The remained a significant problem.
} We also examined the use of DIBAL:Hand borane-

high density of CECO; led to this material being a.g|ta.1ted' DMS. Borane gave the desired aminal, but with a new
only near the bottom of the reactor, and poor agitation in . . :
laboratory experiments also exhibited slower reactivity. Upon overreducﬂon produce2 resu!tmg from reducUop .Of the

' acylimide before fragmentation. DIBAL-H exhibited an

further scale-up, reactors with more efficient stirring could . : ; - ; i
L . . improved profile but still gave significant overreduction with
be chosen to minimize this effect. The two-step yields for this system

0, 0,
two bulk runs were 79% (3.2 kg) and 74% (3.0 kg). The We decided to examine NaBkeduction combined with

main difference in yield is in recovery from the crystalliza- , o .

) . . acid activation, as described by Speckamp to mono-reduce

tion. The second run had a higher concentration of IPE, and C 0 . . ;
succinimides? Use of this methodology dramatically in-

theéeJ:);?r;?s m\(/)vtgs;cilglég(rasr:t?r:g?jdesmirzzjecprccl)i(i:;tc;n recur creased the rate and selectivity of the reduction, but the
sor7 via redl?():/tion of an imide followed b ):aliminatio?l of protocol was not ideal for large-scale production. Since the
y addition of acid to the imine/borohydride mixture led to
: : : significant evolution of hydrogen, careful addition of the acid
(8) Comparison of reactions at 85 and 110 showed 3 times as much P .
enantiomer by chiral HPLC at the higher temperature. Typically;-0.8% was warranted and would be a difficult operation on Iarger

of enantiomer was detected at the end of reactions &C35

(9) Cyclohexane can be replaced with hexanes or heptane, but cyclohexane is(10) (a) Hubert, J. C.; Wijnberg, J. B. P. A.; Speckamp, W.Teétrahedron
the solvent of choice based on the consistent physical characteristics of the 1975,31, 1437—1441. (b) Dijkink, J.; Speckamp, W. Retrahedron Lett.
amide thus obtained. 1975,46, 4047—4050.
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Scheme 62 Mg fa

/N N OH O
o} o 0 S ol o>
2 j\ @ HN™ “OBn R or R)\NJ\OR' R*HJ\OR'
F3C\©\ ﬁN OBn — FiC H H
N E H P~ Figure 1. Relative stability of in situ reduction intermediates.
H19 2" Scheme 72
aReagents and conditions: (a) i. NaBKaCh or MgCly; ii. H*. o 0O
. i . . (@) FsC ka)J\OMe

scale. We found that it took several additions of acid to drive 18 — \©\ H
the reduction to completion, but using this activation the NH
reaction gave very little<5%) overreduction as long as the u
temperature was carefully controlled. l(b)

In hopes of developing a more scalable acid-catalyzed Mg, g
procedure, we reasoned that Lewis acid should activate the o % Jo\ (© HN" "OMe
imide for reduction with less borohydride decomposition. s @ fﬁ OMe| > Fscm
Calcium borohydride is a known mild reducing agent, with N7 VEt Et

H

greater ester reduction properties as compared to sodium 25
borohydride!* The addition of CaGlto our imide-reduction 2 Reagents and conditions: (a) CIGDs, LIOtBU (94%); (b) NaBH, MgCl;
reaction caused a significant rate increase similar to that seeric) aq HCI (80%).

with the addition of protic acid. Under the Ca@®aBH,
conditions, we did not observe the extensive borohydride
decomposition, which eliminated the need to add acid in
multiple portions. Using the Lewis acid-activated con-
ditions, nearly quantitative reduction of imid&9 was
achieved in a single operation, and this was readily tele-
scoped into the desired cyclization to prod@3(Scheme

6). After aqueous workup with toluene as the organic solvent,
catalytic TsOHH,0 was added to the organic layer, and the
solution was stirred at room temperature until cyclization
was complete (usually 280 min). We were only able
to detect the cis isomer in our reaction Byl NMR
analysis, and the compound wa89% ee by chiral HPLC
analysis.

A concern we had for scale-up was that the reduction
required careful monitoring and was temperature sensitive.
Warmer temperatures or prolonged reaction times led to
significant overreduction products. We attributed the sig-
nificantly higher yield of the desired aminal with calcium-
ion activation in comparison to proton activation to its ability
to chelate the aminal oxygen of the product and the
carbamate carbonyl, providing a more stable intermediate.
Following this rationale, it was further reasoned that a
stronger chelating cation might provide a product with
enhanced stability toward overreduction relative to calcium

Figure 1). This led us to the use of stoichiometric magne- : .
(Fig ) g bamatel9, amidel8was acylated with methylchloroformate

sium chloride, which provided a very clean reaction+80 o . . : .
min to the desired aminal with less than 1% overreduction. YS'N9 lithiumtert-butoxide as previously described to provide

Remarkably, the product solution could be held &0for 'tT“'de 24k(SCTre] me 7). Qp?n re"’?c“g.” tﬁr)rgple'iljog'anld exctiric-
several hours in the presence of excess NaBih no 'Vel V\r/:)r up te orgarllll'c a}[)r/]er 'S dls It ?I'h an IdI?p ?ﬁeb ka
further overreduction. Under these conditions, the majority cyclohexane to crystallize the product. The yield for the bu

of the product in the calcium chloride-activated reactions run to produce 7 kg 0b4 was 94%.

was lost to overreduction. After NaBteduction with MgC) The key redugtion/cyclization sequence was run using the
activation, the reaction was simply quenched with aqueous previously described procedure. For added process safety and

acid and the bilayer stirred for 3—4 h to effect the desired @5€ of haqdling on Iarge_ scale,. NaBlkas gsed as 11-mm
cyclization y pelletst? Imide 24 was mixed with NaBH in EtOH/H,O,

With the successful synthesis of tetrahydroquinoe as there is virtually no background reaction of the substrate

we have rEIayed a common intermediate in the previously (12) This material was purchased from Aldrich Chemical Co. Due to lower

activity of the pellets, the surface was “preactivated” by stirring the pellets
(11) Kollonitsch, J.; Fuchs, O.; Gabor, Wature 1955, 346. in the solvent for 20 min at room temperature.

reported resolution route, but in asymmetric form (in the
resolution route, the benzylcarbamate protected material is
racemic)t It would require four steps to complete the
synthesis fron23 to 1 via the previously reported chemis-
try: (1) conversion of the aniline nitrogen to the ethyl
carbamate, (2) removal of the benzyl carbamate, (3) reductive
alkylation of the amine with 3,5-bis(trifluoromethyl)benz-
aldehyde, (4) and conversion of the resultant amine to the
methyl carbamate. Attempts to further shorten the sequence
are described in the next sections.

Alternate Imide Strategy. The route described in the
previous section met the initial goals of the project in
developing an asymmetric synthesis and intersecting a
common intermediate in the synthetic sequence of the
resolution route. However, some inefficiency was present
as the developed route incorporated the benzylcarbamate-
protected tetrahydroquinolin3). In the new asymmetric
route, the benzyl carbamate is not actually necessary for the
synthesis, and the extra steps to remove this group and
replace with one of the final nitrogen substituents is
inefficient. This provided us an opportunity to further shorten
the sequence by incorporation of the methyl carbamate as
the cyclization activator, which then can remain until the
end of the synthesis.

Utilizing the chemistry we developed for the benzylcar-
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Scheme 8 distillation provided crystallin6. The bulk yield was 88%
o} to produce 5.6 kg oP6.
o} HNJ\OMe The final step alkylation was examined under a variety
CI)J\OEt FsC BrAQ/CFg of base (various metal alkoxides and hydroxides, carbonates,
CF,
27

pyridine and amines), solvent (THF, DMAC, G8l;, toluene, DMSO,
;“\ Et—l DME, IPE, MTBE, alcohols, and hexanes, or combinations
0™ "OEt of the above), and stoichiometry conditions. The optimal base
2 KOMBu wastert-butoxide; however, the use of excess base also leads
o to a stilbene byproducti)-1,2-bis(3,5-bis(trifluoromethyl)-
m NJ MeOJ\N/\Q/CFS phenyl)ethane?9], in some cases to the extent of several

N CF DABGO axcoss FiC percent® The formation is minimized with the weaker
P \©\)l CFy hydroxide bases, or by the use of stoichiometiéct-
NT R butoxide. The best conditions elucidated were the use of
280F3 O)\OEt potassiumtert-butoxide in toluene or C}Cl,. Employing
1 stoichiometric base minimized the formation of stilb&ge
to nearly undetectable levels at the expense~&%
unreacted?6.

After the reaction is complete, excess alkylating agent
27 was quenched with DABCO. The nucleophilic amine was
efficient at converting the excess alkylating agent to the
guaternary sal8. The quaternary salt was very stable and
not readily hydrolyzed by acidic or basic water under the
time frame required for large-scale processing, allowing
efficient removal via aqueous HCI extractions. After extrac-
tions, the IPE organic layer was displaced by distillation with
denatured EtOHM and reduced in volume to crystalliZe
H:iltration was followed by further concentration and reseed-
Ing to obtain a second crop. Both crops had no detectable
alkylating agent (27present at<10 ppm). The bulk run
provided 6.0 kg from two crops for a 73% yield, with purities
>99%. No enantiomer or diastereomer was detected by

with NaBH, without Lewis acid catalysis under the reaction
conditions (—10 to OC). To this mixture, a solution of aq
MgCl, was then added. Upon reaction completion, the
solution was quenched into an aq HCl/citric acid4CH
mixture and stirred for-2 h at room temperature to effect
the acid-catalyzed cyclization to produ2®. The citric acid
was added to complex Mg salts; without citric acid severe
emulsions were encountered. After further extractions, the
product was crystallized from the GEl, by displacement
with hexanes. The bulk yield to produce 5.3 kg% was
80%. Note that the diastereoselectivity for this cyclization
is comparable to that seen in the benzyl carbamate case, wit
no trans isomer detected by NMR analysis.

Development of the EndgameWith a reliable synthesis
of the chiral tetrahydroquinoline core, we set out to develop
the chemistry for the final two transformations. To complete :
the synthesis, the N-1 position must be converted to the ethyIHPI‘C analysis. . . . .
carbamate and the C-4-nitrogen must be alkylated with the Last-Step AIkyIatlo'n. Purge Tests.Since .th'S mate.nal
required 3,5-bis(trifluoromethyl)benzyl group. One drawback was designated for C"T“Ca' Use, e_xtra attgntlon was given to
to the approach is the use of an alkylating agent in the final the use of an alkyla_tlng ag_ent n the final Ste.p’ and the
step!® In developing this chemistry, careful attention was subsequent removal is described in the last section. We have

given to the levels of alkylating agent present as an impurity addressed the fate of .the EXCESS a]kylating agent: the
in the final product. DABCO quaternary salt is washed out in the aqueous layer.

Using a procedure analogous to that previously desctibed, We a}lso demons.trat.ed.the purge of the alkylating agent in
ethyl chloroformate was added to a solution2% in the the f|n.al crystalllzatlor!. a sgmple df producgd by the
presence of pyridine (Scheme 8). During prior bulk cam- alkylat|oq route was sp|keq with 30 000 ppmait in EtOH' .
paigns, multiple charges of chloroformate were often used The solution was then subjected to the standard crystallization
to drive the reaction to completion. During our research on procedure, and t_he resultant product_ was isolated fTee from
this step, slow bubbling was noticed during the reaction; as detectable prom|dé7 (<10 ppm). This purge experiment
a result, we proposed that reagent decomposition couldfurther confirms that we can control the level of the benzyl
explain ,the stalled reaction.It was visually determined halide in the final steps: the fate of the material under normal
that this bubbling is significant only at temperatures above rgaction conditions is the_quaternary sqlt that i?’ washed out
~15°C. Thus, by conducting the reaction at©@ with careful with th? water, and additional purge is provided by the
temperature monitoring, the reaction could be driven to crystallization procedure.
completion without additional charges of chloroformate. ——— : :

(15) This impurity arises from deprotonation at the benzyl cent&7ofwhich

Upon reaction completlon, acidic Workup followed by solvent displaces the bromide of a second moleculedf The intermediate can

then undergo base-catalyzed elimination to prov8e Formation of this
(13) To circumvent a final-step alkylation, we also examined the alternate material must be minimized as it is difficult to purge in the final
permutation: alkylation o25 first with bis(trifluoromethyl)benzyl bromide crystallization.
followed by conversion of the tetrahydroquinoline nitrogen to the ethyl

CF3
carbamate. Although the major product from this sequence was the desired B CFs womu G )
compound, the alkylation step was not completely selective for the desired — Vi O
nitrogen, leading to significant impurities. Q oF

. 3

(14) A reasonable possibility is that the acyl pyridinium is formed, displacing 27 P xS
chloride. The chloride then attacks the ethyl group, forming ethyl chloride
and CQ, and releasing pyridine. (16) Anhydrous ethanol denatured with 0.5% toluene was used.

29
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Conclusion and concentrated to afford a solid (65.22 g). A portion of
The work presented describes a scalable asymmetricthe solid (61.60 g) was transferred to a flask equipped with
synthesis of compountl The six-step synthesis from chirally an overhead stirrer. Hexanes (186 mL) was added, and the
pure amineld4 was demonstrated on multikilogram scale, flask was heated to 68C. After all the solids were in
providing the title compound in 37% overall yield. solution, the mixture was cooled to ambient temperature and
stirred overnight. The resulting solids were isolated by
filtration to afford 52.32 g (74%) o13. Note: for reaction
on larger scale, the water washes were replaced with 2% aq

All materials were purchased from commercial suppliers K,COs, and the extractions were performed with EtOAC in
and used without further purification. All reactions were lace ’of IPE: mp 62463.3.H NMR (300 MHz, de-

g?r?:rl\j\ieed under an atmosphere of nitrogen unless note MS0)6 0.84 (t, 3,0 = 7.4), 1.40 (s, 9), 1.37—1.52 (m, 2),
' o . 2.53(dd, 1) =7.4,17.0), 2.67 (dd, 11=5.2, 16.8), 3.48
Methanesulfonic Acid (R)-2-tert-Butoxycarbonylamino- 3.62 (m, 1), 7.00 (br d, 1J = 8.0). °C NMR (75 MHz,

butyl Ester (12). Run 1.BOC anhydride (515.9 9, 2.364 4 hyicn) 5101, 22,6, 26.5, 28.1, 48.7, 77.8, 118.5, 155.2.

mol) in ethyl acetate (400 mL) was added to a solution of ) ! :
7 : : Anal. Calcd for GgH1gN2O2: C, 60.58; H, 9.15; N, 14.13.
R-(—)-2-amino-1-butanoll(l, 200.66 g, 2.251 mol) in ethyl Found: C. 60.40: H, 9.17: N. 14.12.

%ﬁ;tj:g V\(/;ios(t)irrrgé)fo\:lz a?o;g?;ign ;8'?;" ngDf?gggn (R)-3-Aminopentanenitrile Methanesulfonic Acid Salt
bp Y ' (14). Methanesulfonic acid (48 mL, 0.74 mol) was added to

mL, 2.39 mol) was added, and the reaction mixture wWas oo ion of13 (52.32 g, 0.2639 mol) in THF (530 mL).

cooled to approximately 10C. Methanesulfonyl chloride The reaction mixture was heated to 20 for 30 min. The

(184.7 mL, 2.386 mol) was added to the reaction mixture ) . i
temperature was raised to 48, and the reaction mixture

over a 30-min period. After stirring for 1 h, the reaction . . .
mixture was filtered to remove the TMEDA salts. and the V@S stirred for 1 h. The temperature was raised again to 65
' °C, and the reaction mixture was stirred for 5 h. The solution

filtrate was collected. .
Run 2.BOC anhydride (514.5 g, 2.357 mol) in ethyl was allowed to cool to room temperature, and upon cooling

acetate (400 mL) was added to a solutioRef-)-2-amino- the product crystallized. The resulting solids were isolated

1-butanol (200.12 g, 2.245 mol) in ethyl acetate (1100 mL) by filtration to aff?rd 41.53 g (81%) of the title co(rsnpound:
via an addition funnel. The reaction mixture was stirred for MP_125.1-126.0'H NMR (300 MHz, ds-DMSO) 6 0.95

approximately 30 min. TMEDA (359.1 mL, 2.379 mol) was (t, 3,J=7.5), 1.60—1.75 (m, 2), 2.39 (s, 3), 2.89 (ddJ1,
added, and the reaction mixture was cooled to approximately — 6.2,17.4), 2.97 (dd, 1] = 5.5, 17.4), 3.353.45 (m, 1),
10°C. Methanesulfonyl chloride (184.1 mL, 2.379 mol) was 816 (br s, 3)%C NMR (75 MHz, ds-DMSO) ¢ 9.3, 20.4,
added to the reaction mixture over a 30-min period. After 2°-0: 39.8, 48.3, 117.2. Anal. Calcd fogHGN-OsS: C,
stirring for 1 h, the reaction mixture was combined with the 37-10; H, 7.26; N, 14.42. Found: C, 37.34; H, 7.27; N, 14.61.
filtrate from Run 1 and the combined mixture was filtered.  (3R)-3-(4-Trifluoromethylphenylamino)pentane-
The solids were washed with ethyl acetate (400 mL), which Nitrile (17). To a clean, dry 100-L glass reactor was charged
was collected with the reaction filtrate. Hexanes (12 L) was 14 (3000 g, 15.44 mol), sodium carbonate (2.8 kg, 26.4 mol),
added to the combined filtrates, and the mixture was cooled @nd methylene chloride (21 L). The heterogeneous mixture
in an ice/water bath. After 2.5 h the solids were isolated by Was stirred well for at least 2 h. The mixture was filtered
filtration, washed with hexanes (2 L), and dried under @nd rinsed with methylene chloride {32 L). The resulting
vacuum to afford 971.57 g (81%) @2 mp 89.9-90 (sub). filtrate was placed in a clean, dry, and nitrogen gas-purged
H NMR (300 MHz,ds-DMS0) 6 0.86 (t, 3,J = 7.4), 1.25- 50-L glass reactor. The methylene chloride was removed by
1.57 (m, 2), 1.39 (s, 9), 3.15 (s, 3), 3:49.63 (m, 1), 4.04 distillation until the internal temperature reached-53 °C
(dd, 1,J = 6.3, 10.0), 4.10 (dd, 1] = 5.3, 10.0), 6.85 (br  to provide the free-based amine as a thin oil. The reactor
d, 1,J = 8.3).13C NMR (75 MHz,ds-DMSO0) 6 10.0, 23.4, was then cooled to room temperature and charged with
28.1, 36.6, 50.8, 71.0, 77.8, 155.4. Anal. Calcd for toluene (20 L), chloro-4-(trifluoromethyl)benzene (4200 g,
CioH21NOsS: C, 44.93; H, 7.92; N, 5.24. Found: C, 45.21; 23.26 mol), and cesium carbonate (7500 g, 23.02 mol). The
H, 8.02; N, 5.12. solution was sparged with nitrogen gas for 1 h. Near the
(R)-N-tert-Butyloxycarbonyl-3-aminopentanenitrile (13). time of completion of the sparging, fresh catalyst solution
NaCN (24.05 g, 0.4907 mol) was added to DMF (500 mL), was prepared by charging a 2-L round-bottom flask, equipped
and the mixture was stirred at 3% for 30 min. Tetra- with stir bar and flushed with nitrogen gas, with 2-dicyclo-
butylammonium bromide (120.59 g, 0.3741 mol) was added, hexylphosphino-2(N,N-dimethylamino)biphenyl (68 g, 0.17
and the reaction mixture was stirred at 35 for 2 h. 12 mol), phenylboronic acid (28 g, 0.23 g), and THF (1.2 L)
(101.23 g, 0.3787 mol) was added, and the reaction mixture followed by palladium acetate (26 g, 0.12 mol). The catalyst
was stirred at 35°C overnight. The mixture was then solution was stirred at room temperature under nitrogen
partitioned between water (2 L) and diisopropyl ether (IPE, atmosphere for 15 min. The catalyst solution was added to
1 L). The aqueous layer was extracted with IPE (1 L). The the 50-L reactor with a cannula (excluding air). The mixture
combined organic layers were extracted sequentially with was heated to 79C internal temperature under nitrogen
water and a saturated solution of sodium chloride in water. atmosphere for 16 h. The reaction solution was cooled to
The organic layer was dried over magnesium sulfate, filtered, room temperature and filtered through Celite. The solids were
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rinsed with toluene (3 2 L), and the filtrate was collected. 51.5, 68.3, 112.5, 118.9 (4,= 32.3), 125.2 (qJ = 269.9),
All filtrates were combined to afford a crude solutionlaf. 126.9 (q,J = 3.8), 128.6, 128.98, 129.04, 135.1, 150.1,
(3R)-3-(4-Trifluoromethylphenylamino)pentanoic Acid 152.1, 173.5. Anal. Calcd for gH,:FsN.0O3:. C, 60.91; H,
Amide (18). Aqueous acid (8.2 L concentrated sulfuric acid 5.37; N, 7.10. Found: C, 60.96; H, 5.22; N, 7.07.
and 1.1 L water premixed and cooled to 35 or less) was (2R,49)-(2-Ethyl-6-trifluoromethyl-1,2,3,4-tetrahydro-
added to the crude toluene solution Bbf from the above  quinolin-4-yl)carbamic Acid Benzyl Ester (23).A clean,
procedure. The resulting bilayer was stirred well and heateddry flask was charged with9 (11.51 g, 29.18 mmol) and
to 35°C for 17 h. The lower aqueous layer was collected 95% ethanol (80 mL), and the solution was cooled in an
and the upper toluene layer discarded. The aqueous layeice/acetone bath{12°C). NaBH, (0.773 g, 20.4 mmol) was
was quenched with ag NaOH (95 L water and 10.7 kg then added to the solution. The internal temperature of the
NaOH) and IPE (40 L). After extraction and removal of the reaction was—11.5°C. To the reaction flask was slowly
aqueous layer, the organic layer was extracted with saturatecadded a solution of Mg@i6H,O (6.23 g, 30.6 mmol, in 13
agueous NaHCgX10 L). The layers were separated and the mL of H,O). The internal temperature was maintained below
organic phase concentrated by distillation to a volume of 19 —5 °C by adjusting the addition rate. The total addition time
L. The solution was cooled to room temperature and seededwas 15 min. Once all of the magnesium chloride solution
with 18 and allowed to granulate for 3 h while stirring. To was added, the solution temperature was raised’®© and
the heterogeneous mixture was added cyclohexane (38 L)stirred for 30 min. The reaction was then quenched by
and the mixture granulated for an additional 11 h. The solids addition of the reaction solution to a mixture of @, (115
were filtered, rinsed with cyclohexane (4 L), and dried under mL), 1 N HCI (115 mL), and citric acid (14.02 g, 72.97
vacuum at 40°C to provide 3173 g (79%) of8. A repeat mmol). The resulting bilayer was stirred at room temperature.
of the above procedure provided 3021 g (75%) for an averageAfter 3.75 h, the phases were separated. Water (58 mL) and
yield over two runs of 77%'H NMR (400 MHz, CDC}) 6 citric acid (8.41 g, 43.77 mmol) were added to the organic
0.98 (t, 3,J=17.5), 1.60—1.76 (m, 2), 2.45 (d, 2,= 5.8), layer, and the mixture was stirred at room temperature for
3.73—3.80 (m, 1), 5.53 (br s, 1), 5.63 (br s, 1), 6.65 (d] 2, 45 min. The phases were separated, and G-60 Darco activated
=8.7), 7.39 (d, 2J = 8.7).13C NMR (100 MHz, CDC}) ¢ charcoal (1.52 g) was added to the organic layer. After
10.7, 27.8, 40.0, 51.9, 112.6, 118.9 Jo= 32.7), 125.2 (q, stirring for 45 min, the solution was filtered through Celite
J = 271.0), 126.9 (g,) = 3.8), 150.2, 174.3. Anal. Calcd and washed with C¥Cl, (2 x 15 mL). The filtrate was then
for CioH1sF3N20: C, 55.38; H, 5.81; N, 10.76. Found: C, displaced with hexanes by distillation under atmospheric
55.25; H, 5.98; N, 10.59. pressure (use¢t350 mL hexanes) and concentration of the
(3R)-[3-(4-Trifluoromethylphenylamino)pentanoyl]- mixture to a total volume of 230 mL. The mixture was stirred
carbamic Acid Benzyl Ester (19).To a clean, dry flask  at room temperature for 14 h and filtered, and the solids
was charged8 (20.11 g, 77.27 mmol) and IPE (100 mL), were dried to provide 9.0872 g (82%) @8: mp 154.0—
and the mixture was cooled te12 °C. Benzyl chloroformate ~ 155.2.*H NMR (400 MHz ds-acetone) 1.00 (t, 3,J = 7.5),
(13.25 mL, 92.8 mmol) was then added followed by the slow 1.51-1.69 (m, 3), 2.172.26 (m, 1), 3.46:3.54 (m, 1), 4.96
addition of 1.0 M lithiumtert-butoxide in THF solution (ddd, 1,J = 5.4, 9.5, 11.6), 5.14 (d, 1 = 12.9), 5.20 (d,
(185.5 mL, 185.5 mmol). Lithiuntert-butoxide solutionwas  1,J=12.9), 5.66 (br s, 1), 6.65 (d, 1,= 8.3), 6.71 (br d,
added at such a rate that the internal temperature remained, J = 9.1), 7.20 (dd, 1J = 1.9, 8.9), 7.30—7.43 (m, 6)°C
below 0°C. This addition took 1 h. Fifteen minutes after NMR (100 MHz CDC}) 6 9.9, 29.2, 35.3, 48.2, 52.4, 67.3,
the completion of base addition, the reaction was quenched113.7, 118.9 (qJ = 32.7), 121.4, 124.1 (g1 = 3.8), 125.1
by adding the mixture to IPE (100 mL) and 1.5 M HCI (130 (q,J = 270.6), 125.7 (¢ = 3.8), 128.4, 128.5, 128.9, 136.6,
mL). The phases were separated, and the organic layer wad47.7, 156.7. Anal. Calcd for &gH,:FsN.O,: C, 63.48; H,
washed with sat. aqueous NaCl solution (130 mL). The 5.59; N, 7.40. Found: C, 63.08; H, 5.50; N, 7.46.
phases were separated, and the organic layer was dried (3R)-[3-(4-Trifluoromethylphenylamino)pentanoyl]-
(MgSQy), filtered, and concentrated under partial vacuum carbamic Acid Methyl Ester (24). To a clean, dry 100-L
(at 40°C) to a total volume of 100 mL. Additional IPE (200 glass reactor was chargé8 (6094 g, 23.42 mol), isopropyl
mL) was added, and the solution was again concentratedether (30 L), and methylchloroformate (2.7 kg, 29 mol). The
under partial vacuum (at 4€C) to a total volume of 100  resulting slurry was cooled to ZC and the reactor jacket
mL. After cooling, the solution was seeded wil® and set at—8 °C. The reactor was then charged with lithium
allowed to stir at room temperature overnight. The remaining tert-butoxide solution (1820% in THF, 24.6 kg~~58 mol)
solvent was displaced with cyclohexane using partial vacuum at such a rate as to maintain the internal temperature below
distillation (45°C bath, 200 mL followed by 100 mL). The 10 °C and preferably at a temperature of abottCs Ten
resultant slurry was cooled and stirred for 40 min and filtered, minutes after addition of base was complete, the reaction
and the solids were dried to provide 25.8714 g (85%)%f was quenched by the addition of 1.5 M HCI (36 L). The
mp 100.6—101.4'H NMR (400 MHz ds-acetone)) 0.96 (t, aqueous layer was removed, and the organic phase was
3,J=17.5), 1.57-1.75 (m, 2), 2.87 (dd, 1,= 6.6, 16.2), extracted with saturated ag NaCl solution (10 L). The
2.97 (dd, 1J = 6.2, 16.2), 3.94—4.00 (m, 1), 5.16 (s, 2), aqueous layer was removed, and the organic phase was
5.50 (brs, 1), 6.75 (d, 21 = 5.7), 7.33—7.43 (m, 7), 9.52  concentrated by distillation under vacuum and at a temper-
(br s, 1).23C NMR (100 MHz CDC}) ¢ 10.7, 28.1, 40.3,  ature of about 50C until the volume was reduced to about
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24 L. Cyclohexane (48 L) was added to the reaction vessel, methylene chloride with hexanes to a total final volume of
and distillation was again repeated at an internal temperature70 L (the internal volume was kept at approximately-65

of 45—50°C under vacuum until the volume of solution in

70 L, total hexanes used 112 L). Product crystallized

the vessel was reduced to 24 L. A second portion of during the displacement. Once a stable distillation temper-
cyclohexane (48 L) was added to the reaction vessel, andature was reached, the solution was cooled and granulated
distillation was again repeated at an internal temperature ofat room temperature for 10 h. The solids were filtered off,

45—50°C under vacuum until the volume of solution in the

rinsed with hexanes (14 L), and dried at4Dunder vacuum

vessel was reduced to 24 L. While the temperature was heldto provide 5291 g (80%) d25: mp 139.6-140.5.'H NMR

at 50°C, the solution was seeded wi#d and allowed to

granulate while stirring 2 h. The solution was then cooled
slowly (over 1.5 h) to room temperature and allowed to
granulate while stirring for 15 h. The mixture was filtered.
The resulting solids were rinsed with cyclohexane (10 L)
and dried under vacuum at 4C to afford 7504 g of solids

that contained 7 wt % of residual cyclohexane; further drying

(400 MHz, dg-acetone)d 1.00 (t, 3,J = 7.5), 1.51—1.67
(m, 3), 2.19 (ddd, 1J = 2.9, 5.4, 12.4), 3.443.53 (m, 1),
3.67 (s, 3), 4.89—4.96 (m, 1), 5.66 (br s, 1), 6.56 (br dJ 1,
=8.7), 6.65 (d, 1, = 8.7), 7.20 (d, 1) = 8.7), 7.30 (br s,
1). 3C NMR (100 MHz, CDC}) 6 9.9, 29.2, 35.5, 48.1,
52.4,52.6, 113.7, 118.9 (4,= 33.1), 121.4, 124.1 (gl =
3.8), 125.1 (q,) = 270.6), 125.7 (q) = 3.8), 147.7, 157.3.

was not necessary for continuation of the process. This Anal. Calcd for G4H17F3N20O,: C, 55.62; H, 5.67; N, 9.27.

provided a theoretical recovery of 6979 g (94%) 2;

analytical data is presented for a solvent-free sample: mp

142.3—142.4'H NMR (400 MHz,ds-acetone)) 0.96 (t, 3,
J=7.4),1.55-1.75 (m, 2), 2.86 (dd, 1= 6.6, 16.2), 2.96
(dd, 1,3 = 6.2, 16.2), 3.69 (s, 3), 3.928.99 (m, 1), 5.49
(brd, 1,J=128.7),6.76 (d, 2) = 8.7), 7.37 (d, 2J) = 8.7),
9.42 (br s, 1).23C NMR (100 MHz, CDC}) ¢ 10.6, 28.1,
40.2,51.5,53.4, 112.5, 119.0 @= 32.70), 125.2 (q) =
270.2), 126.9 (gJ = 3.8), 150.1, 152.7, 173.4. Anal. Calcd
for Ci1H17F3N2O3: C, 52.83; H, 5.38; N, 8.80. Found: C,
52.71; H, 5.37; N, 8.80.
(2R,49)-(2-Ethyl-6-trifluoromethyl-1,2,3,4-tetrahydro-
quinolin-4-yl)carbamic Acid Methyl Ester (25). To a clean,
dry 100-L glass reactor was chargedi(7474 g of a lot that
contains 7% solvent, theoretical 6951 g, 21.84 mol) followed
by EtOH (46 L, denatured with 0.5% toluene) and water
(2.35L). NaBH (620 g, 11-mm pellets, 16.4 mol) was added

Found: C, 55.68; H, 5.78; N, 9.31.
(2R,49)-2-Ethyl-4-methoxycarbonylamino-6-trifluoro-
methyl-3,4-dihydro-2H-quinoline-1-carboxylic Acid Ethyl
Ester (26).To a clean, dry 100-L glass reactor was charged
25 (5191 g, 17.17 mol), methylene chloride (21 L), and
pyridine (4.16 L, 51.4 mol). The reaction vessel was cooled
to —10 °C. Ethyl chloroformate (4.10 L, 42.9 mol) was
slowly added at such a rate that the internal temperature did
not exceed-5 °C (jacket temperature was set-a25 °C to
absorb exotherm). The reaction solution was brought to 0
°C and held for 20 h. The reaction was quenched by adding
to a mixture of IPE (36 L), CkCl, (6.2 L), and 1.5 M HCI
solution (52 L). The resulting phases were separated, and
the organic layer was extracted with 1 M NaOH solution
(15 L). The resulting phases were separated, and the organic
layer was extracted with a sat. aq NaCl solution (15 L). The
resulting phases were separated, and the organic layer was

to the solution in one portion. Some off-gassing of hydrogen concentrated by distillation to a volume of 40 L. Crystal-
occurred; nitrogen gas purging was maintained. The mixture lization initiated at the lower volume. The GEl, was
was stirred at room temperature for 20 min and then cooled displaced with IPE by distilling the mixture and periodically

to —10°C. A solution of 3.3 M ag MgGlsolution (4.68 kg
of MgCl,-6H;0, 23.0 mol in 7 L ofwater) was added at
such a rate that the internal temperature did not exee®d

adding IPE to maintain a constant volume~at0 L until a
distillation temperature of 68C was maintained (46 L total
IPE used). The mixture was cooled and allowed to granulate

°C. Once addition was complete, the reaction solution was with stirring at room temperature for 19 h. The solids were

warmed to O°C for 45 min. The reaction was quenched by

filtered, rinsed with IPE (8 L), and dried under vacuum at

transferring the reaction mixture to a 200-L reactor containing 40 °C to provide 5668 g (88%) &6: mp 157.3-157.6.*H

methylene chloride (70 L), and 1 M HCl/citric acid solution
(5.8 L of concentrated HCI, 64 L of water, and 10.5 kg of

NMR (400 MHz, dg-acetone) 0.84 (t, 3,J = 7.5), 1.26 (t,
3,J = 7.0), 1.44—1.73 (m, 3), 2.59 (ddd, 1,= 4.6, 8.3,

citric acid). The headspace of the reactor was purged with 12.9), 3.67 (s, 3), 4.144:28 (m, 2), 4.464.54 (m, 1), 4.66—

nitrogen gas since the quench liberates somé& his bilayer

4.74 (m, 1), 6.82 (br d, 1] = 9.1), 7.53 (s, 1), 7.58 (d, 1,

was stirred at room temperature for 2 h. The phases wereJ = 8.3), 7.69 (d, 1) = 8.3).13C NMR (100 MHz, CDC})
separated, and the lower organic product layer was removedd 9.9, 14.6, 28.5, 38.1, 46.9, 52.6, 53.7, 62.4, 120.9 (g,
After agueous layer removal, the organic phase was returned3.4), 124.32 (qJ = 271.7), 124.36 (qJ) = 3.4), 126.38,
to the reaction vessel and extracted with an aqueous citric126.46 (qJ = 32.7), 134.7, 139.7, 154.7, 156.9. Anal. Calcd

acid solution (6.3 kg of citric acid, 34 L of water). The
mixture was stirred for 1 h and allowed to settle overnight.

for Ci7H21FsN204: C, 54.54; H, 5.65; N, 7.48. Found: C,
54.50; H, 5.68; N, 7.55.

The layers were separated, and to the organic phase was (2R,4S)-4-[(3,5-Bis(trifluoromethyl)benzyl)methoxy-
added Darco activated carbon (G-60 grade, 700 g), and thecarbonylamino]-2-ethyl-6-trifluoromethyl-3,4-dihydro-2 H-

solution was stirred for 30 min. The mixture was filtered
through Celite, and the carbon was rinsed twice with
methylene chloride (14 and 8 L). The filtrate was distilled

quinoline-1-carboxylic Acid Ethyl Ester (1). To a clean,
dry 100-L glass reactor was charg2@l(5175 g, 13.82 mol),
CH.CI; (20 L), and potassiurtert-butoxide (1551 g, 13.82

while periodically adding hexanes so as to displace the mol) at room temperature. The mixture was stirred for 5 min.

Vol. 10, No. 3, 2006 / Organic Process Research & Development o 479



3,5-Bis(trifluoromethyl)benzylbromide (3.50 L, 19.1 mol) filtration was concentrated under vacuum (solution temp
was added to the mixture in one portion. The internal 62 °C) to a final volume of 6 L and cooled to 3&. The
temperature was maintained between 20 and@%or 1.5 solution was seeded with(0.5 g) and allowed to cool and
h. After 2.3 h of reaction time, an additional charge of granulate while stirring for 19 h. The mixture was filtered,
potassiuntert-butoxide (46.10 g, 0.41 mol) was added. After and the solids were rinsed with EtOH (2.5 L containing 0.5%
a total reaction time of 4.5 h, the reaction was quenched. toluene). The resulting cake was dried under vacuum (no
1,4-Diazabicyclo[2.2.2]octane (DABCO, 918 g, 8.18 mol) heat) to provide 1422 g (17%) of the title compound as the
was added to the reaction solution, and the mixture was second crop. Combined recovery bfwas 6032 g (73%).
stirred 1 h. IPE (40 L) and 0.5 M HCI (30 L) were added to The final material was identical to previously prepared
the reaction mixture. The resulting organic and aqueous materiat by chiral and achiral HPLC analysi$d NMR (600
phases were separated, and the organic layer was extractelHz, CDCk, 55 °C) ¢ 0.75 (br s, 3), 1.29 (t, 3] = 7.1),
with 0.5 M HCI (2 x 30 L). The resulting organic and 1.40—1.47 (m, 2), 1.651.69 (m, 1), 2.26 (br s, 1), 3.80 (br
aqueous phases were then separated, and the organic layes; 3), 4.174.29 (m, 3), 4.324.37 (m, 1),5.2 (br s, 2), 7.13
was extracted with sat. ag NaCl (15 L), and the layers were (s, 1), 7.51 (br d, 1) = 8.3), 7.58 (br d, 1) = 8.3), 7.74
separated. Anhydrous magnesium sulfate (3.5 kg) was addedbr s, 2), 7.80 (s, 1):3C NMR (150 MHz, CDC}, 55°C)

to the organic layer, and the mixture was stirred for 30 min. 9.5, 14.6, 29.4, 37.1, 47.2, 53.7 (2 C), 54.7, 62.5, 119.8,
The mixture was then filtered (0,bm filter) into a 50-L 121.7,123.5 (g) = 273), 124.3 (9 = 272), 126.7, 127.1,
glass reactor with IPE wash (8 L) in two portions. The filtrate 127.6, 132.5 (gqJ = 33.4), 133.8, 140.6, 141.9, 154.7, 157.5.
was concentrated under vacuum to a total volume of 12 L Anal. Calcd for GeH2sFoN2O4: C, 52.01; H, 4.20; N, 4.67.
(jacket temp 45C, max internal temp 35C). EtOH (25 L, Found: C, 51.97; H, 4.08; N, 4.55.

denatured with 0.5% toluene) was added to the oil, and the
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toluene), and the solution was again concentrated under
vacuum to a volume of 12 L. The solution was cooled to

room temperature and seeded wit(8 g). The solution was

granulated for 38 h and filtered, and the solids were rinse
with EtOH (4 L+ 2 L, each with 0.5% toluene). The solids
were dried under vacuum (no heat) to provide 4610 g (55%
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