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Eric J. Stoner,* Arthur J. Cooper, Daniel A. Dickman, Lawrence Kolaczkowski, John E. Lallaman, Jih-Hua Liu,
Patricia A. Oliver-Shaffer, Ketan M. Patel, Joseph B. Paterson, Jr., Daniel J. Plata, David A. Riley, Hing. L. Sham,

Peter J. Stengel, and Jien-Heh J. Tien
Abbott Laboratories, 1401 Sheridan Road, North Chicago,

Abstract:

A large scale process for the synthesis of HIV protease inhibitor
candidate ABT-378 has been developed which utilizes an
intermediate common to the synthesis of ritonavir, Abbott’s first
generation compound. The synthesis relies on the sequential
acylation of this intermediate which is carried through as a
mixture of diastereomers until the penultimate step. A synthesis
of acid 5, derived from L-valine, is also reported.

Introduction

The approval of the first HIV-protease inhibitors in early
1996 provided the world with powerful new weapons in the
fight against HIV, the virus responsible for AIDSHIV-
protease is an enzyme critical to the life-cycle of the virus,
and its inhibition disrupts viral replication, resulting in the
formation of immaturenoninfectiousviral particles? When
protease inhibitors, such as Abbott's ritonafd)® (Norvir),
are combined in “drug cocktails” with reverse transcriptase
inhibitors (RTI), they can be extremely potent in reducing
blood levels of HIV. However, this clinical benefit can

eventually degrade due to the development of drug-resistance

arising from predictable mutations in the virt&dditionally,
modest oral bioavailability and short plasma half-life neces-

lllinois 60064-6327, U.S.A.

Promising reports of Abbott’'s next generation protease
inhibitor candidate, ABT-3782, lopinavir), have recently
appeared.’®” This compound, when co-administered with
much smaller doses of ritonav{ll), shows substantially
better bioavailability and activity against wild-strain HIV-1
and certain mutations than ritonavir alone. Additionally, high
plasma levels of ABT-378 can be maintained with much
smaller doses of drug, potentially obviating many of the side
effects that compromise adherence by a patient to a treatment
regimen?

The rapid development of ABT-378 (2) required the
preparation of significant quantities of unformulated “bulk”
drug. Therefore, it was critical for us to quickly discover,
develop, andmplementn efficient, high-yielding, and cost-
effective synthesis. The structural similarities between
ritonavir (1) and ABT-378(2) allowed us to take advantage
not only of earlier process research but also to potentially
utilize certain common synthetic intermediates as well.
Retrosynthesis of ABT-378 (2)

Our general synthetic strategy is similar to that employed
for ritonavir in which the “core” protected diamino alcohol
4 is acylated sequentially with the side chain a@8snd5

sitate frequent administration of high doses to maintain the (Scheme 1).

necessary antiviral effect. The next generation of protease

Protected diamino alcohdlis readily available in quantity

inhibitors must be designed to address these issues, andfom ritonavir manufacturing’ In that processi.-phenyl-
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producest .’ These transformations yieltlas a mixture of
diastereomers in which the desired isomes,35,5S) typi-
cally comprises 8993% of the whole with the remainder
being the three undesired diastereoniéis. our synthesis
of 2, this diastereomeric mixture is used without further
purification (Scheme 2).

Synthesis of Acid 5

With the “core” of the molecule4) in hand, the next
priority was to develop an efficient synthesis of each of the
side chains. We were fortunate that a8iderived from 2,6-
dimethylphenol was available by a modification of a known
proceduré? The preparation 06, however, required more
effort.

The original medicinal route t6 was a low-yielding six-
step synthesis starting with 3-aminopropanol arndaline
methyl ester hydrochloride salt. In our improved synthesis,
L-valine was first converted tN-phenoxycarbonyl-valine
62 with phenylchloroformate. Previously, reported syntheses

H
N.__OPh
of 6 were found to be cumbersome on large scale and were H;CO Tc])/

modified1* For example, LiCl was added to provide a lower
freezing point to the aqueous solution which provided better
control of the reaction. Additionally, LiOH was found to be
a superior base to all others employed. NeutralQilwas
used to prevent gumming and emulsion formation during

(11) While the % de o#t is determined, the % ee is not measured. Subsequent
processing in the ritonavir synthesis incorporates one additional chiral center;
the enantiomer of would be manifested as a ritonavir diastereomer, which
is not observed. This suggests that the % ed @ a reflection of the
precursor enaminone.

(12) Organic Syntheses; Baumgarten, H. E., Ed.; Wiley: New York, 1973;
Collect. Vol. 5, p 251.

(13) This compound is used in the manufacturing of ritonavir as well.

(14) Wuts, P. G. M.; Pruitt, L. ESynthesis989, 622.

the course of the reaction which aided in accurate pH
monitoring. Control of pH was essential as valine dimer (val-
val dipeptide) and its acylated derivatives were formed as
significant reaction byproducts outside of this optimized pH
window.

LiCl, LiOH, H,0

o Al,Os, PhOCGCI o
NH, pH9.5-10.2 N. _OPh
HO HO hif
92% o)
6
Cle~_NHCI
NaOH, THF; o M
KOtBu N _NH
HO hig (1)
7% (o]
2R H ol 5
Ho)i g ~ N\
0
7

Treatment of6 with 3-chloropropylamine hydrochloride
and solid NaOH in THF affords the unisolated salt of
chloropropylurea7 (eq 1). While both NaOH and LiOH
facilitate this reaction, KOH appears to cause degradation
of 6 and is unsuitable. Crudéis then treated with KOtBu
effecting cyclization to the desired ackd The producb is
isolated as a nearly colorless solid in—786% yield and in
>99% ee.

The quality of the 3-chloropropylamine hydrochloride
used is critical. Commercially prepared material frequently
contains dark colored impurities which are difficult to remove
and carry through the entire synthesis: the use of high quality
amine is essentiaP.

Subsequently, we explored the above chemistry using
L-valine methyl ester. Unfortunately, when this two-step
protocol was applied to the ester, very different results were
obtained. For example, exposureBab 3-chloropropylamine
hydrochloride and NaOH yielded either hydant&ihor an
uncharacterized dimer (MW 465 with one chlorine atom)
depending upon the exact experimental conditions (eq 2).
Compound9 was a putative intermediate.

—

Cl

HSCO)I b
0
9

not observed

Cl  NHCI

NaOH, THF

8

Cl 0]

KOtBu

10

Other routes tdb are currently under investigation and
will be reported in due course.
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12 were able to achieve similar debenzylations with Pd/C in
the presence of formic acid or hydrogen gas; however, the
protocol described was the most reliable and amenable to
large-scale synthesis. As expected, the acylation and deben-

PA/C, HOONHa, oH Mo Y zylations leading td3 had no appreciable effect on the ratio
HZN\/K/{N/“IN\[]/NH of diastereomers. AminE3was identified as the most logical
P H o point for improving the diastereomeric purity.
Ph™ 43 Extensive screening on the purification @8 by the
formation of a diastereomeric salt yielded a practical
Synthesis of ABT-378 procedure. More than 30 acids were screened in a variety of
Acylation of 4 with acid5 was initially achieved by well- ~ solvents before one was found which gave the desired

known peptide coupling methods. Optimization of this purification combined with a high recovery of an isolable
transformation was investigated in order to discover a more Solid. Exposure of crud&3to S-2-pyrrolidone-5-carboxylic
cost-effective method. acid (-pyroglutamic acid]14)in dioxane at 50C followed

We first examined the preparation of activated derivatives PY cooling, allowed for the isolation df5as virtually a single
of 5, but our initial studies were impeded by the instability diastereomer in high yield (eq 3). Although dioxane was used
of these derivatives. For example, exposuré @b oxalyl in our early preparations of salt5, the safety hazards
chloride or isobutyl chloroformate under standard protocols @ssociated with its use required the search for an alternative
resulted in the formation of an intractable polymer rather Solvent system. We subsequently found that mixtures of
than the desired acyl chloridél. Attempts to trap the EtOAc and DMF worked nearly as well.
intermediate anhydrides in situ as activated esters were also

unsuccessful. We were fortunate to find that thionyl chloride O%COZH
or phosphorus oxychloride providdd (ironically, a stable H

solid) in near quantitative yield without decompositién. 13 14
Acyl chloride 11 is only sparingly soluble in THF; once Dioxane

prepared it can be dissolved in DMF and used immediately.

. ~80%
A large number of bases were screened for the coupling of

11 with 4, and imidazole was found to be superioér. D‘ Ph

The reaction of dibenzylamino alcoho# with acyl 0=~\” ~COH oH = 0
chloride 11 in the presence of 3.0 equiv of imidazole in H HaN : N N\n/NH (3)
EtOAc and DMF afforded monoacylated intermediafeas / H o]
a mixture of diastereomet§.This mixture was carried on Ph 15
after workup without any further purification and was i ) )
subjected to debenzylation with Pd/C and H®®., in With pure 15in hand, the .second a}cylatlon was unde_r—
MeOH at 50°C (Scheme 3). The debenzylation leading to taken. In analogy to our earlier acylation experiments W.Ith
13 was clean and without significant complicatidfsive 11, we found the simplest approach was the most effective,

and therefore acyl chlorid&6 was prepared from acid.
(15) High quality 3-chloropropylamine hydrochloride can be obtained by carbon EXposure of sall5to acyl chloridel6 under heterogeneous

treatment of commercial materials followed by recrystallization or by (Schotten—Baumann) reaction conditions in the presence of
synthesis from 3-aminopropanol.

(16) A more detailed discussion of the optimization of this reaction is available: N_aH_(_:Q, zi_ﬁordgq 2 i_n high yield and PUfitY-_ The only
Stoner, E. J.; Cooper, A. J.; Stengel, POdg. Process Res. De2999,3, significant impurities in the crude acylation mixtures were

145. . - . . . .
(17) Racemization of acyl chlorid&l during coupling is observed only when Identlflled G multlply acylated derivatives present in trace
the material is allowed to stand in solution at room temperature for extended quantities onIy (Scheme 4).

periods of time (several hours). If prepared and used immediately, no Althouagh pure ABT-3782) can be obtained by recrys-
racemization is detected as the formation of the known (and independently gnp a ) y y

prepared) diastereomer (17) (see ref 20). tallization from mixtures of ethyl acetate in heptane, small
(18) We did infrequently observe some catalyst poisoning in the debenzylation amounts of solvent are retained in the isolated solid. Removal

which we attributed to sulfur-based impurities carried through from the use . . e
of SOC} in the previous step. Although this necessitated a second charge of the final traces of solvent prOVEd exceedlngly difficult

of catalyst to effect complete reaction, it did not otherwise affect the process. and even extensive drying after milling (to reduce particle
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size) did not facilitate its complete remoValA secondary  to —14 °C. The vessel was fitted with a pH probe, and the
isolation procedure has been developed in which crystalline cooled suspension was adjusted to pH 10 using aM8.2
2 is first dissolved in ethanol and then added slowly to a solution of LiOH. Phenylchloroformate (140.4 g, 0.896 mol,
significantly larger volume of rapidly stirring water. The 1.05 equiv) precooled te-20 °C was added. Additional 3.2
resulting slurry of partially amorphoug is isolated by M solution of LiOH was added slowly to maintain the pH
filtration. This solid is dried virtually solvent free and is between 9.8 and 10.0 during the reaction. During the course
acceptable from a formulations standpoint. of the addition, the reaction temperature was maintained at
By this four-step procedure, ABT-378 is produced in 58% below—10°C and the addition of LiOH solution maintained
overall yield from diamino alcohold. Utilizing commonly until the pH remained constant and the reaction complete.
available reagents and robust reaction conditions, this proces€ontrol of pH is critical to avoid the formation of dimeric
is amenable to large-scale production and has been used tgpecies.

prepare multi-kilogram quantities of ABT-378)(in >99% After 5 h, the pH stabilized, and all of the starting material

de (see Scheme %). had been consumed. The white suspension was then filtered,
and the collected solids were washed with 160 mL of water.

Experimental Section The aqueous phases were collected and washed with 320

Melting points were measured with a capillary apparatus mL of methyl{ert-butyl ether. Toluene (800 mL) was added
and are uncorrected. All IR spectra were measured from KBr to the aqueous layer which was neutralized to4#2 with
pellets. 'H NMR spectra were taken in CDgLlunless concentrated kSO,. The organic layer was separated and
otherwise mentioned with CHEK7.26 ppm) used as an concentrated in vacuo at below 5C. The residue was
internal standard3C NMR were taken in CDG| unless dissolved in 300 mL of toluene at 4C, filtered, and treated
otherwise mentioned, with CDE(77.00 ppm) used as an  with 240 mL of heptanes. The product crystallized from this
internal standard. All reactions were performed under a solution after cooling to OC and was collected by filtration
positive pressure of nitrogen. Solvent concentration was after washing with 160 mL of 1:1 (v/v) toluene/heptane. The
accomplished by rotary evaporatior20 mmHg, with the wet filter cake was dried in vacuo affording 188.1 g (93%)
bath temperature never exceeding®@s Commercial grade  of 6 as a colorless solid (>99.5% purity by HPLC).
anhydrous solvents and reagents were used without further (S)-Tetrahydro- a-(1-methylethyl)-2-oxo-1(2H)-pyrim-
purification unless otherwise specified. Unless otherwise idineacetic acid (5). A suitable flask was charged with
specified all reactions were monitored by HPLC with purities N-phenoxycarbonyl-valine 6, 100.0 g, 0.42 mol, 1 equiv),
being determined by peak area % at 205 nm. Optical rotations3-chloropropylamine hydrochloride (60.5 g, 0.47 mol, 1.12
and microanalyses were performed by Robertson Microlit equiv), and 1000 mL of THF and cooled to°Z. Solid
Labs. In the case of compounds which were isolated asNaOH (50.7 g, 1.27 mol, 3.02 equiv) was added to the
mixtures of diastereomers, the spectral data presentedstirring suspension. The reaction was stirred at less than 10
represents the major, desired isomer. °C until the valine derivative wass completely consumed by

N-Phenoxycarbonyli-valine (6). L-Valine (100.0 g, HPLC (about 2 h).

0.854 mol, 1 equiv), LiCl (60.0 g, 1.42 mol, 1.66 equiv), A solution of KOtBu (118.4 g, 1.06 mol, 2.51 equiv) in
neutral aluminum oxide (32.0 g, 150 mesh), and 600 mL of 500 mL of THF was added to the reaction mixture over 15
water were charged to a suitable reaction vessel and coolednin and the internal temperature of the reaction allowed to
rise to 20°C. Stirring was continued at room temperature
(19) Crystallographic studies have shown, to our surprise 2tsatlated by this until the cyclization was complete (about 18 h).

crystallization method igiot a solvate. . . .

(20) The determination of the enantiomeric excess (% ee) for ABT-3y8an The reaction mixture was quenched with 800 mL of

be done indirectly. Compountl7, which results from the acylation df distilled water and acidified to pH 9 with concentrated
with the enantiomer of aci8, is known to us, having been detected as an

impurity in our process developmetitCompoundL8 can only result from aqueous HCI{100 g) while keeping the temperature below

the acylation of the enantiomer 4f(2R,3R,5R) witts. The levels ofL7/18 30 °C. The agueous Iayer was separated and 250 mL of
observed ir2 are typically<0.1%. Until there is a need for a more definitive .

assay, we assume this represents an upper limit to the amount &f ent- etha_nol added. This aqueous Iayer was then bI‘OL_Ight to pH
present. 3 with concentrated HCI and extracted twice with ethyl
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acetate (1000 mL and 400 mL). The combined organic layers
were evaporated to dryness in vacuo.

The residual solid was dissolved in 600 mL of anhydrous
3A ethanol at reflux, carbon-treated to remove color, filtered,

6.76 (app dJ = 7.6 Hz, 1H), 4.94 (br s, 1H), 4.29 (app d,
J = 10.8 Hz, 1H), 4.07—4.21 (m, 1H), 3.96 (app d=
13.2 Hz, 2H), 3.61 (dt) = 2.4, 8.0 Hz, 1H), 3.39 (d] =
13.6 Hz, 2H), 3.0%3.15(m, 4H), 2.93-2.99 (m, 1H), 2.66-

and reduced to dryness in vacuo. The residue was dissolve®.82 (m, 5H), 2.152.24 (m, 1H), 1.67175 (m, 1H), 1.53—

in 600 mL of hot ethyl acetate. Approximately one-third of
the total volume was removed by atmospheric distillation
and the suspension cooled to below %O for 1 h. The
product was isolated by filtration and dried in vacuo at less
than 45°C, affording 64.6 g of an off-white solid (77%) in
>99% ee?!

IR: 3300, 2960, 2500 (br, weak), 1930 (br, weak), 1720,
1618, 1535, 1320, 1290 crh 'H NMR (400 MHz, de-
DMSO): 6 12.40 (br s, 1H), 6.18 (br s, 1H), 4.41 @ =
10 Hz, 1H), 3.25 (m, 1H), 3.14 (m, 1H), 3.08 (app dt, 2H),
2.08 (m, 1H), 1.87 (app p, 2H), 0.92 (d, J-7 Hz, 3H), 0.84
(d,J=7 Hz, 3H).13C NMR (100 MHz,ds-DMSO): 6 173.1,
155.8, 61.8, 41.7, 39.5, 26.6, 21.8, 19.8, 19.0.). MS (DCI/
NH3): 201 (M + H)*, 218 (M + NH,)". Anal. Calcd for
CoH16N203: C, 53.99; H, 8.05; N 13.99. Found: C, 54.00;
H, 7.96; N 14.11.

[1S[1R*(R*),3R*,4R*]]- N-[4-[bis(phenylmethyl)amino]-
3-hydroxy-5-phenyl-1-(phenylmethyl)pentyl]tetrahydro-
o-(1-methylethyl)-2-oxo-1(2H)-pyrimidineacetamide (12).
To a suitable flask equipped with mechanical stirring was
charged acid (35.2 g, 0.176 mol, 1.02 equiv) and 480 mL
of THF. The resulting suspension was cooled t&C4 and
thionyl chloride (28.6 g, 0.240 mol, 1.37 equiv) was added
dropwise over 10 min. The resulting thick slurry was warmed
to room temperature and stirred for 5.5 h, at which time
HPLC revealed complete consumption of the &idhe

1.66 (app ddt, 2H), 1.51 (sept,= 7.6 Hz, 1H), 0.87 (app
d,J=05.6 Hz, 3H), 0.84 (app dl = 5.6 Hz, 3H)."*C NMR
(100 MHz): 6 170.4, 156.7, 140.5, 139.3, 138.6, 129.4,
129.3, 129.1, 128.6, 128.5, 128.2, 127.2, 126.2, 126.0, 69.1
(CH), 64.0 (CH), 63.0 (br, CH), 54.1 (G}H 49.3 (CH), 41.1
(CH,), 40.8 (br, CH), 40.2 (CH), 39.8 (CH), 31.7 (CH),
25.3 (CH), 21.6 (Ch), 19.6 (CH), 18.7 (CH). MS (DCI/
NH3) 647 (M+ H).* Anal. Calcd for GiHsogN4Os: C, 76.12;
H, 7.79; N 8.66. Found: C, 75.92; H, 7.84; N 8.63.

[1S[1R*(R*),3R*,4R*]]-N-[4-amino-3-hydroxy-5-phen-
yl-1-(phenylmethyl)pentyl]tetrahydro- a-(1-methylethyl)-
2-0x0-1(2H)-pyrimidineacetamide (13). A 1-L, three-
necked, round-bottomed flask equipped with a mechanical
stirrer, reflux condenser with nitrogen inlet adapter, and a
thermometer was charged with 55.7 g of crudz(0.086
mol, 1.0 equiv), 15.1 g of ammonium formate (0.239 mol,
2.78 equiv), 10.4 g of 5% w/w palladium on carbon (50%
wet), and 260 mL of methanol. The reaction mixture was
heated to 50°C overnight at which time HPLC analysis
revealed complete consumption of the starting material. The
reaction mixture was filtered through a pad of diatomaceous
earth which was washed once with 250 mL of methanol.
The combined filtrates were reduced to dryness affording
41.9 g of a yellow syrup (104%).

IR 3315, 3060, 3027, 2961, 2869, 1643 (st), 1509, 1452,
1307, 701 cm® *H NMR (400 MHz): ¢ 7.14—7.31 (m,

reaction mixture was reduced to dryness in vacuo. HeptanelOH), 5.21 (br s, 1H), 4.124.35 (m, 2H), 3.54—3.58 (app

(250 mL) was added to the residue and the slurry again
reduced to dryness in vacuo. The residual solid acyl chloride
11 was then partially dissolved in 170 mL of dry DMF.

Ethyl acetate (50 mL) and 80.0 g (0.172 mol, 1.0 equiv)
of 4 (combined HPLC purity of the 4 diastereomersi83%

sextet,J = 4 Hz, 1H), 3.15-3.25 (br m, 2H), 3.053.14
(m, 1H), 2.91-3.01 (m, 2H), 2.61—2.90 (m, 4H), 2.53 (dd,
J=9.6, 13.6 Hz, 1H), 2.152.24 (m, 2H), 1.71—1.85 (M,
3H), 1.53—1.64 (M, 1H), 1.461.51 (m, 1H), 1.31 (dJ =
16.8 Hz, 1H), 0.91 (dJ = 6.4 Hz, 3H), 0.84 (dJ = 6.4 Hz,

with the desired isomer present in 87%) were charged to a3H). 13C NMR (100 MHz): 6 170.5, 156.8, 139.2, 138.6,
mechanically stirred reaction vessel. The solution was cooled129.5, 129.4, 129.1, 128.7, 128.6, 128.4, 128.3, 126.4, 126.1,

to 2°C, and 36.0 g (0.529 mol, 3.07 equiv) imidazole was
added. To this reaction mixture was rapidly added the slurry
of 11 prepared above. The reaction mixture was stirred at 4
°C for 1 h and subsequently warmed to 3D overnight.
The reaction mixture was then quenched with a solution of
32.5 g of concentrated aqueous HCI in 200 mL of water,
which, after mixing, made the lower aqueous layer513.
After the solution was mixed for 30 min, the organic layer
was separated and washed three times with 250 mL of

saturated NaCl solution. The organic layer was then evapo-

rated to dryness in vacuo, producing 96.4 d.2fs a foamy
off-white solid (87% yield). Crudd2 assays as 94% pure
by HPLC (combined total of 4 diastereomers).

IR: 3381 (br), 3060, 3026, 2950, 2932, 2869, 1948 (w),
1874 (w), 1797 (w), 1643 (st), 1509, 1496, 1452, 1307, 748,
699 cmt. 'H NMR (400 MHz): 6 7.08—7.37 (m, 20H),

(21) Enantiomeric excess is determined by HPLC (Chiracel OD column, elution
with hexane: ethanol: trifluoroacetic acid (930: 70: 1). The desisstdmer
has a retention time of approximately 14 min; tvésomer, 11.5 min.

(22) Analysis was performed on crude reaction aliquots quenched into methanol.
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71.5 (CH), 64.6 (CH), 56.3 (CH), 48.6 (CH), 41.5 (gH
40.8 (CH), 40.0 (CH), 39.5 (CH), 38.9 (CHy), 25.3 (CH),
21.6 (CH), 19.6 (CH), 18.5 (CH). MS (ESI+) 467 (M+
H)*, 489 (M+ Na)t. MS (ESI") 465 (M — H)~. Anal. Calcd
for Co7H3sN4Os: C, 69.50; H, 8.21; N 12.01. Found: C,
69.58; H, 8.12; N 11.65.
[1S[1R*(R*),3R*,4R*]]-N-[4-amino-3-hydroxy-5-phen-
yl-1-(phenylmethyl)pentyljtetrahydro- o-(1-methylethyl)-
2-0x0-1(2H)-pyrimidineacetamide, 5-Oxa--proline salt
(15). Crude13(37.3 g, 0.080 mol, 1 equiv) was slurried in
150 mL of 1,4-dioxane at room temperature. The dioxane is
subsequently removed in vacuo, and 370 mL of dioxane was
charged to the flask Solid L-pyroglutamic acid(14) (10.3
g, 0.080 mol, 1 equiv) was added and the suspension heated
to 50°C, which resulted in the formation of a clear, yellow-
colored solution. Afte 1 h at 50°C, no solid was present,
and the solution was slowly cooled to room temperature

(23) Karl Fischer titration at this point: 0.07% water. Anhydrous conditions
facilitate the crystallization.



overnight. During this time the solid produt precipitated
out and was subsequently collected by filtration. The solid
product was washed with 100 mL of dioxane and dried in
vacuo at 60°C with a strong N purge to afford 35.2 g of
colorlessl5 (74% yield). The solid assays a98.5% pure

by HPLC: a small amount of dioxane is also present.

IR: 3400 (br), 3061, 3022, 2962, 2867, 1659, 1586, 1512,
1452, 1306, 701 cnt. *H NMR (400 MHz, CQ;OD): o
7.12—7.38 (M, 10H), 4.23—-4.28 (m, 1H), 4.19 @= 11
Hz, 1H), 4.05 (ddJ = 6.0, 8.4 Hz, 1H), 3.723.77 (m, 1H),
3.49 (app dtJ = 3.6, 7.6 Hz, 1H), 3.163.16 (m, 2H), 3.06-
3.09 (m, 2H), 2.89-2.98 (m, 2H), 2.7+2.76 (m, 1H), 2.53
(dd,J=10.0, 13.6 Hz, 1H), 2.332.49 (m, 1H), 2.26:2.32
(m, 2H), 2.03-2.12 (m, 2H), 1.7+183 (m, 2H), 1.63-1.70
(m, 1H), 1.45—1.51 (m, 1H), 0.79 (d,= 6.8 Hz, 3H), 0.76
(d,J= 6.8 Hz, 3H).1*C NMR (100 MHz): 6 181.4, 180.0,

171.9, 158.7, 139.7, 137.5, 130.71, 130.69, 130.3, 129.6,

128.6, 127.4, 68.1 (CH), 63.9 (CH), 59.6 (CH), 57.7 (CH),
48.6 (CH), 41.6 (Ch), 41.0 (CH), 40.7 (CH), 40.69 (CH),
37.9 (CH), 31.1 (CH), 26.9 (CH), 26.8 (CH), 22.4 (CH),
20.0 (CH), 18.8 (CH). MS (ESI+) 467 (M+ H)*, 489 (M

+ Na)*. MS (ESI) 465 (M — H)~. Anal. Calcd for
CsoHisNsOs: C, 64.52; H, 7.61; N 11.76. Found: C, 64.54;
H, 7.70; N 11.54.

[1S[1R*(R*),3R*,4R*]]- N-[4-[[(2,6-dimethylphenoxy)-
acetyllamino]-3-hydroxy-5-phenyl-1-(phenylmethyl)pen-
tyljtetrahydro- o-(1-methylethyl)-2-oxo-1(2H)-pyrimidineac-
etamide (2).Acyl chloride 16 was prepared by the reaction
of 7.26 g acid3 (0.0403 mol, 1.2 equiv), 22 mL of EtOAc,
and 5.75 g of thionyl chloride (0.0483 mol, 1.4 equiv) at
room temperature. A single drop of DMF was added, and
the slurry was warmed to 5C, eventually affording a clear
solution after 5 h. The solution containing acyl chlorit

was cooled to room temperature and held for use in the

subsequent acylation.

A 500-mL, three-necked, round-bottomed flask equipped
with mechanical stirring, a pressure-equalizing addition
funnel, and a nitrogen-inlet adapter was charged with
pyroglutamate sall5 (20.0 g, 0.0336 mol, 1 equiv), 150
mL of EtOAc, 150 mL of water, and 16.5 g of NaHGO

(0.197 mol, 5.8 equiv). The suspension was mixed to dissolve

the solids, and the solution &b (prepared above) was added
dropwise over 5 min. After 30 min at room temperature,
HPLC showed no unreacted starting material.

The layers were separated, and the organic layer was

washed subsequently with 100 mL of 5% w/w aqueous

NaHCG; and 100 mL of water and reduced to dryness in
vacuo. The residual solid was dissolved in 100 mL of EtOAc
and filtered (the collected solids were rinsed with EtOAC).
The combined filtrates were reduced to a foam in vacuo.
The foam was dissolved in 105 mL of EtOAc at 8D, and
105 mL of heptane at 60C was added. The solution was
stirred at 60°C briefly and cooled slowly to room temper-
ature. After stirring at room temperature for 5 h, the product
2 was collected by filtration. The solid product was washed
with 30 mL of 1:1 EtOAc/heptane and dried in vacuo at 70
°C for 60 h, affording 18.8 g (89% yield) of ABT-378as
a colorless solid. Before crystallization crudeassayed as
>93% pure by HPLC; after crystallization99% purity was
achieved?®

mp (EtOAc)?* 124—127°C. (uncorrected) IR: 3413,
3335, 3289, 3060, 2966, 1671, 1650, 1624, 1545, 1520, 1453,
1189, 701 cm* *H NMR (300 MHz): ¢ 7.30—7.13 (m,
10H), 7.02—6.92 (m, 3H), 6.86 (v br s, 1H), 5.68 (br s, 1H),
4.25 (m, 1H), 4.19 (app d = 10 Hz, 2H), 4.19 (m, 2H),
3.78 (m, app d sept, 1H), 3.12 (m, 1H), 3.06 (m, 2H), 2.97
(d,J = 7.6 Hz, 2H), 2.88 (m, 1H), 2.81 (app ABX dd,=
14, 5.2 Hz, 1H), 2.68 (app ABX, dd, = 14, 9.5 Hz, 1H),
2.23 (m, 1H), 2.18 (s, 6H), 1.83 (s, 1H), 1.74 (m, 2H), 1.53
(m, 1H), 1.28 (m, 2H), 0.83 (appd,= 7 Hz, 6H).1°3C NMR
(75 MHz): 6 170.7, 168.8, 156.5, 154.2, 138.1, 138.0, 130.3,
129,3,129.2,129.0, 128.4, 128.2, 126.3, 126.0, 124.6, 70.2,
69.7,63.1,54.4,48.7,41.8,41.1, 40.8, 40.0, 38.2, 25.4, 21.7,
19.6, 18.7, 16.1, MS (ESI) 629 (Mt H)", 651 (M+ Na)'.
Anal. Calcd for G7H4gN4Os: C, 70.66; H, 7.69; N 8.91.
Found: C, 70.26; H, 7.73; N 8.7%]s#° = — 22.85 (c 0.4
MeOH).
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(24) Product crystallized in this matter contains approximately 2% residual ethyl
acetate which cannot be removed by further drying.
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