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Abstract:

The development and piloting of a potential manufacturing
process for ACE/NEP dual inhibitor CGS30440 is described.
The synthesis proceeds sequentially from 1-aminocyclopentan-
ecarboxylic acid via N-protection, peptide coupling with L-
tyrosine ethyl ester, O-methylation of N-protected [(1-amino-
1-cyclopentyl)carbonyl]4-tyrosine ethyl ester, N-deprotection,
peptide coupling of [(1-amino-1-cyclopentyl)carbonyl]O-meth-
yl-L-tyrosine ethyl ester with b-2-bromo-3-methylbutyric acid,
and final displacement of bromide with thioacetate. This
approach is superior to shorter Discovery routes based upon
final peptide coupling of L-2-(acetylthio)-3-methylbutanoic acid
to [(1-amino-1-cyclopentyl)carbonyl]O-methyl-L-tyrosine ethyl
ester.

Introduction

Intense interest in dual inhibitors of angiotensin-convert-
ing enzyme (EC 2.4.15.1, ACE) and neutral endopeptidase
(EC 3.4.24.11, NEP) has arisen in the last five yéa&uch
therapeutic agents combine the proven effects of ACE and
NEP inhibition (reduction of hypertension, mitigation of
congestive heart failufeand diuresis, natriuresis, and va-
sodilation? respectively). Furthermore, animal models in-
dicate that dual inhibitors should show enhanced activity due
to synergisrh and complementarity. Workers at Ciba
(Novartis) recently prepared potent ACE/NEP inhibitor
CGS30440 (1), showing exciting potential for clinical
investigationt Thus, the timelines for synthesizing the first
45 kg of 1 needed to be as short as possible. Additionally,
we needed a head start toward fixing the final manufacturing
process. Finally, the large number of alternative cardiovas-
cular therapies available required that new treatments
compete partly on cost; the preparatioridherefore needed
to be short and use the most inexpensive raw materials
possible.
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Discovery Synthesis

The synthesis used to prepdréScheme H)was deemed
suboptimal, despite being quite short. Several deficiencies
for scale-up were apparent. These included the use of DCC
for both peptide couplings, mediocre yields for preparing
2a, instability of6, cost of3, and especially at that time, no
bulk availability of eithe6 or N-hydroxy-7-azabenzotriazole
(HOAt) coupling adjunct. Also, drug substande was
isolated by Discovery via column chromatography, so that
litle was known about either the extent of racemization
during the final coupling, or purification through recrystal-
lization.

The above-mentioned problems were addressed as fol-
lows. We wanted to exploit the advantages of uséy
however, we felt compelled to simultaneously explore its
replacement with6b as a backup (to be followed by
thioacetate displacement, Scheme 2). Substituti@®wath
3a (followed by methylation, Scheme 2) was clearly more
cost-effective. Rework of both peptide couplings was also

(5) Fournie-Zaluski, M. C.; Roques, B. P. Eur. Pat. Appl. EP524, 553, 1993.
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desirable. All these modifications were eventually imple-
mented in the initial pilot run. Immediately upon completion
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solvolysis of BOGO and nonwater miscible solvents gave
no 2a because? is not extracted from the aqueous phase.
We optimized yields of2a by controlling the addition

of this first large-scale campaign, throughput and expensetemperature (5060 °C) and maintaining vigorous agitation.
issues were addressed by a second synthesis (Scheme 3jn added benefit associated with this addition temperature

This later effort replacettBOC protection with less expen-
sive CBZ protection, utilized acid chloridéc, and demon-

was avoidance of a sudden exotherm, leading to uncontrol-
lable gas evolution that was observed when starting at lower

strated solvent replacement with increases in batch concen-addition temperatures. Isolatéth contained 3—5%N-t-

tration for essentially all steps.

Toward a Multikilogram Synthesis of 1

Preparation o2a® was hampered by two factors: low
solubility of 2 (Scheme 2) in essentially all organic solvents
and competitive hydrolysis of BQO in all aqueous biphasic
reaction media. A variety of conditions using organic
solvents -BuOH, THF, MeCN, DMF, MeOH, PhMe) was

BOC—2dimer, presumably arising vid-carboxyanhydride
formation® Fortunately, neither this impurity, nor its educt
with 3a carried through in the next step.

The first set of conditions tested for replacing DCC/HOBt
coupling of2aand3awas mixed anhydride formation with
isobutyl chloroformate (IBCF). The yield for this protocol
was good; however, some 10% 8& was always lost
regardless of solvent (at25 to —10 °C) due to apparent

examined to minimize hydrolysis. None proved successful, attack upon the carbonate end of the mixed anhydride. Bases
all giving no reaction. Attempts were made to use phase other than EMN were not screened for this reactidn.

transfer conditions (BN in PhMe, THF and MeCN, or
Bu,NtHSO,~ with the Lit, Na', or K* salt of 2), but this
approach came to naughtAmong aqueous bas®rganic

Isolation of 4a from the IBCF reaction was nonetheless
efficient, as all the unwanted urethane derivativ8afvas
removed during precipitation. Other protocols were exam-

solvent biphasic mixtures, the best solvent appeared to beined in the attempt to limit urethane formation, but all gave

THF, as hydroxylic and very polar solvents led to rapid

(6) Bardi, R.; Piazzesi, A. M.; Toniolo, C.; Sukumar, M.; Balaram, P.
Biopolymers1986,25, 1635—1644.

(8) (a) Abou-Gharbia, M.; Moyer, J.; Patel, U. Webb, M.; Schieser, G.; Andree,
T.; Haskins, J. TJ. Med. Chem1989,32, 1024—1033. (b) Chen, F. M. F.;
Benoiton, N. L.Can. J. Chem1987,65, 619—625.

(7) A successful phase transfer reaction has since been reported: Khalil, E. (9) (a) Sole, N.; Torres, J. L.; Garcia Anton, J. M.; Valencia, G.; Reig, F.

M.; Subasinghe, N. L.; Johnson, R. Tetrahedron Lett1996,37, 3441—
3444,

Tetrahedron1986,42, 193—198. (b) Chen, F. M. F.; Lee, Y.; Steinauer,
R.; Benoiton, N. L.Can. J. Chem1987,65, 613—618.
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distinctly worse results (POgISOCLDMF, ort-BuCOCI)1°
In all instances, either low yields were obtained or isolation
problems occurred.

Methylation of 4a with K,CO; and MeSQ,, the latter
used in preference to Mel for volatility reasons, occurred
without N-alkylation. Heterogeneous reaction conditions
greatly simplified product isolation. Absence of side reac-
tions, coupled with the relatively lower solubility @f as
compared withda, resulted in high yields and purities for
this step. Even so, this solubility difference was a mixed

Realization of the Endgame

A contingency plan that called for replacifgwith 6b
was developed (vide supra). PreparatioBlofree acid was
known!? as was its peptide coupliig. However,6b free
acid is a low-melting solid that is difficult to crystallize.
These characteristics made handling a challenge on large
scale. Despite finding no reports of amine safig)(in the
literature, we felt such a material would have distinct
handling advantages. Thus, a variety of amines was screened
for this purpose. Eventually, thePr,NH salt 6b was

blessing, as the reaction must be conducted with acetonedentified as a stable compound that exhibited the highest

cosolvent to avoid coating the,RO; with precipitating4.
No racemization ot or 4awas found to occur under even
more forcing reaction conditions.

Deprotection of4 proved tricky for technical reasons.
Every solvent examined for this transformation had limita-
tions. Surprisingly5 is very soluble in absolute EtOH and
thus could not be crystallized. In dry EtOAc, because of

optical purity (>98% ee). This met our requiremettén
added bonus of salt formation was minimizationoshy-
droxy acid contamination to very low levels.

Success also depended upon finding a peptide coupling
agent that gave minimal racemization/of We unfortunately
found that (less expensive) IBCF suffered the same draw-
backs with6b as it did with6 (urethane and symmetrical

the presence of a considerable excess of anhydrous HClurea formation). However, CDMT routinely afforded a

sufficient AcOH was formed by acid-catalyzed cleavage to
completely inhibit crystallization o6. Furthermore, this
AcOH could not be completely removed from cruée
leading to formation of difficult-to-remove N-acetylat&d

peptide coupling 06 (>99% ee) andbb (98—98.5% ee) in
good yield with only slight racemizatior@7.5% de in crude
7). Recrystallization of7 removed most of the unwanted
diastereomer (affording of >99% de) and essentially all

during subsequent peptide coupling. Though these problemsother impurities (99.5% chemical purity). Thus, the d& of

did not occur in PhMe solvent, its use affordeds a very
hygroscopic material that was difficult to handle. Ultimately,

a workable method was developed that involved conducting

the reaction in EtOH and then replacing that solvent with
EtOAc for isolation.

We rapidly confirmed earlier resultsthat common
alternative coupling methods fds and 6 were largely
ineffective (IBCF,t-BuCOCI, and DCC/HOB). In the case
of IBCF as activator, poor reactivity per se was not a
problem, as it was for the last two reagents.
formation of significant quantities of impurities resulted

Rather,

obtained with the CDMT method was such that our initial
pilot campaign could proceed.

The final step depended upon displacement of Bith
AcS-, ordinarily an easy transformation. However, the
potential for inversion of the chiral center bearing Br by
solvated Br prior to AcS™ attack was real and to be avoided
at all cost. With this in mind, we chose to explore biphasic
(solid—liquid) reaction conditions in an attempt to limit Br
concentration, thereby circumventing racemization. Under
this protocol, formation ofi was found to proceed cleanly
in excellent yield essentially without Biinduced inversion

(especia”y the urethane and the Symmetrica| urea derivedOf 7. The use of biphaSiC reaction conditions also facilitated

from 5).° After a concerted literature survey to look for

product isolation. By far the most critical parameter

potential solutions, one of the few reagents we found to be influencing this transformation turned out to be the purity

touted for hindered couplingd,and also available in bulk,
was 2-chloro-4,6-dimethoxy-1,3,5-triazine (CDM3. Ap-
plication of this reagent to peptide coupling 6fand 6

of AcSH. It was imperative that this material be assayed
for dithioacetic acid content (MeGSis more reactive than
is AcS’). The dithioacetate analogue bivas very difficult

afforded 40—50% yields, which was not as high as we had to remove from the bulk drug substance. When the dithio-

hoped. Our difficulties with the reaction were compounded
by lack of a means of both its purification and chiral assay.
We were finally forced to develop an alternative éxwhen

7 prepared fronmb was determined to exhibit just 84% de:

acetic acid content was kept below 1% in AcSH, recrystal-
lization of 1 from aqueous EtOH provided product with an
HPLC purity of 99.7%. Nearly all undesired diastereomer
was also eliminated by recrystallization, affordir@9.8%

we had serious reservations that this de could be improvedde inl. However, when recrystallization exposure time was

sufficiently without unacceptable loss of material.

(10) For an older but still helpful discussion of peptide coupling methods, see:
Chemistry of the Amino Acids; Greenstein, J. P., Winitz, M., Eds.; Wiley:
New York, 1961; Vol. 2, pp 943—1107.

(11) (a) Kaminski, Z. JSynthesid 987, 917-920. (b) Carpino, L. A.; El-Faham,
A. J. Org. Chem1994,59, 695—698. (c) Shirai, R.; Aoki, K.; Sato, D.;
Kim, H.-D.; Murakata, M.; Yasukata, T.; Koga, KChem. Pharm. Bull.
1994,42, 690—-693. (d) Spencer, J. R.; Antonenko, V. V.; Delaet, N. G. J.;
Goodman, M.Int. J. Peptide Protein Re4992,40, 282—293. (e) Chen,
S.; Xu, J.Tetrahedron Lett1992,33, 647—650. (f) Coste, J.; Frerot, E.;
Jouin, P.; Castro, Bletrahedron Lett1991,32, 1967—1970. (g) Galpin, I.
J.; Mohammed, A. K.; Patel, ATetrahedron1988,44, 1685—1690. (h)
Takuma, S.; Hamada, Y.; Shioiri, Them. Pharm. Bull1982,30, 3147—
3153.
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not minimized, some solvolysis of th&-acetyl group was
seen in the laboratory. The first piloting run using Scheme
2 prepared 48 kg ofl of >99.7% chemical and-99.8%
optical purity with an overall yield of 28%.

A More Cost Effective Synthesis
Analysis of the expenses associated with executing
Scheme 2 emphasized the advantages of replacireBe

(12) Sierra, T.; Serrano, J. L.; Ros, M. B.; Ezcurra, A.; Zubial. Am. Chem.
S0c.1992,114, 7645—7651.

(13) Virgilio, A. A.; Ellman, J. A.J. Am. Chem. S0d.994,116, 11580—11581.

(14) Fink, C. A. Eur. Pat. Appl. EP655, 461, 1993.



protecting group with CBZ, and the CDMT coupling agent aqueous HCI followed by azeotropic distillation with EtOAc
with another activation method, i.&6¢ (Scheme 3). We  to remove all HO provided crystallinés as a hygroscopic
anticipated relatively straightforward process development but handleable material. Note that formation of AcOH was
for scale-up of the known preparation &b.'> Peptide not a problem under these conditions, allowing us to develop
coupling of6écwas attractive as well, provided racemization a much faster, simpler process for this step as compared with
was low, and had the added benefit of generating less wastet-BOC removal. The cheaper, easier Scheme 3 synthesis
Knowing that the synthesis skeleton would not change, we gave5 with an HPLC purity 2-3% lower, due essentially
also identified possibilities for fine-tuning the ecology and to diketopiperazine formation.
throughput of the subsequent steps. Cost analysis of the first pilot campaign identified a
Preparation oRb proved more efficient than that @@a. potential benefit in replacing CDMT for the second peptide
Elevated reaction temperature or a water-miscible cosolventcoupling. It was also an opportunity to reduce process waste.
were not required to compensate for poor partitionin@ of  Colleagues in Process Development (Basle) were able to
between the two liquid phases. This was apparently due todemonstrate that the most direct way of accomplishing
favorable relative acylation and hydrolysis rates of CBZ-Cl activation oféb was through6c and that yields were good
vs BOGO when the reaction pH was strictly controlled and racemization was low on small scale. Scale-up fell to

(10.5—11.5). This reaction was reminiscent of tHeOC us and proceeded without incident. The free aciflmivas
series in both the (less pronounced) beneficial effect of a prepared and the solution was dried via azeotropic distillation.
high agitation rate and the formation of-2% N-CBZ—-2 Use of PhMe (rather than several other solvents) for this

dimer (which similarly was removed in the next step). We sequence was especially advantageous due to its inertness

also found that TBME solvent was a waste and cost and azeotropic behavior, the solubility characteristic3 of

improvement over THF, simplifying both product isolation and the waste minimization attained. Coupling6afwith

and solvent recovery. 5 afforded7 in good yield and with high de (9798%) after
Throughput, waste streams, and costs were all improvedrecrystallization. Although this was a lower de than the result

by combining peptide coupling &b and 3a with methy- with CDMT, it proved sufficient. We consciously chose to

lation of 4c. This new process switched from THF, acetone, utilize the first pilot campaign purification method in the

and water solvents to EtOAc and methylcyclohexane (due attempt to produce an impurity profile as similar to that of

to favorable solubility o#4b vs 4). Coupling of2b and3a the first campaign as possible. Thus, gross chemical purity

proceeded with the same 9:1 selectivity as 2iidand3a? was very close to that obtained from the CDMT protocol
The urethane impurity formed during this reaction was (99.5% by HPLC), although with slight deviations in the
effectively removed later during crystallization 4€. The impurity profile.

first pilot run of this reaction demonstrated an additional need  Performing the final reaction and recrystallization as per
to control thei-BuO,CCl addition rate: symmetrical anhy- the first pilot campaign protocol (again for impurity profile
dride formation occurred when it was too slow, leading to reasons) yielded 165 kg of drug substata# identical de
unconsume@b. The critical parameter for methylation of (>99.8%) and very similar chemical purity (99.6%). The
4b turned out to be the water content of the crdtiesolution. difference in the two campaigns was due essentially to the
Significant amounts of4c methyl ester impurity were  presence of 0:20.2% of1 methyl ester in the latter, derived
obtained under “wet” conditions (derived from hydrolysis apparently from 0.10.2% of3a methyl ester present in the
and methylation). Surprisingly, the methyl ester group was material from the vendor! The impurity profiles of the two
carried along through all subsequent transformations, ap-batches were otherwise judged to be inconsequentially
pearing asl methyl ester at the end of the synthesis. different. The 32% overall yield was significantly higher
Azeotropic drying of the crudéb solution (prior to methy-  for the second campaign, helping to lower the cost per kilo
lation) was most convenient and greatly reduced this side of 1 by 33%. Lastly, throughput was raised between 5%
reaction. and 50% (averaging 25%) for all but one step, which, in
Deprotection of4b via transfer hydrogenatiéh was tandem with solvent and reagent changes, led to impressive
judged preferable to gaseous hydrogenation because of itsvaste (and cost) minimization.
operational simplicity and its less specialized equipment
requirements; throughput should thus be increased. WeConclusions
found 10% Pd/C and a 10% excess of formic acid in EtOAc
to be effective. However, one difficulty initially encountered
under these conditions was significant formation ®f
diketopiperazine. Reasoning that this impurity arose from

5 free base, we added the proton source;N#CO,” prior preparation of.. Replacement of theBOC protecting group

to starting the reaction. Through this technique, free amine with CBZ turned out to have cost and throughput advantages
concentration was limited, keeping diketopiperazine forma- beyond the simple cost differential of BGC and CBZ-Cl

tion below 3%. Addition of a slight excess of concentrated |, harticular, greater reaction concentrations were possible
(15) Tallour, P Ber P — throughout the entire CBZ series. Finally, the greater optical
ailleur, P.; Berlinguet, LCan. J. Chem1961,39, 1309—1320. - . . : : .
(16) EI Amin, B.- Anantharamaiah, G. M. Royer, G. P.: Means, GJ.EOrg. fidelity obtaln'e'd for the second' peptide coupling with CDMT
Chem.1979,44, 34423444, was not sufficient to warrant its use over the cheaper, less

Strategically, postponing introduction of the acetylthio
group until the end, rather than opting for greater conver-
gence with~8% racemization in the second peptide cou-
pling, proved critical to the overall success of large scale
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wasteful acid chloride method, due to facile purification g, 0.436 mol) was added over 20 min to a suspensidaof
of 1. (200.0 g, 0.436 mol) and NE(44.0 g, 0.436 mol) in THF

. . (1500 mL) at—10°C. After stirring for 30 min,3a (107.2
Experimental Section g, 0.436 mol) was added in one portion followed by NEt

General Information. All reactions were carried out (44.0 g, 0.436 mol) over 10 min. This mixture was stirred
under a nitrogen atmosphere. Solvents and reagents Wergor 2 h ’at—5 °C. After warming to 2°C, it was filtered
obtained from commercial sources and used as obtained.and the filter ceike was rinsed with THI’: (100 mL). The

Critical starting material®, 3, and 6a were assayed for
chemical and chiral purity prior to use. IR spectra were
obtained from KBr mulls.'H NMR spectra were recorded
at 270 or 300 MHz in CDGI unless otherwise noted.
Coupling constantsJj were recorded in hertz. Melting
points were determined by differential scale calorimetry and
are uncorrected. Optical rotations were obtained in EtOH
at c = 1 unless otherwise noted. Reaction progress was
monitored by HPLC. Combustion analyses were performed
by Robertson Microlit Inc., Chatham, NJ.
1-[[(1,1-Dimethylethoxy)carbonyl]Jamino]-1-cyclopen-
tanecarboxylic Acid (2a)%” A solution of ditert-butyl
dicarbonate (504 g, 2.31 mol) in THF (400 mL) was added
at 55°C to an emulsion o2 (200 g, 1.55 mol) and NaOH
(74.4 g, 1.86 mol) in KO (560 mL) and THF (850 mL)

over 30 min. After addition was complete, the reaction was .
stirred at 55°C for 18 h. The reaction mixture was K2CO; (302.4 g, 2.19 mol, 325 mesh) in acetone (3680 mL)

concentrated to 1000 mL (40% of original volume) and and THF (1380 mL). The mixture was heat_ed to reflux for
diluted with EtOAc (500 mL) and then by addition of 2 N 4.5 h, co_oled to 23C, and filtered, and the filter _cake was
KHSO, over 30 min (caution: gas evolution) to pH 2.5—3. rinsed with acetone/THF (8/3,_ 1_50 mL). The filtrate was
The bottom aqueous layer was extracted with EtOAc (500 reduced to 1500 mL (30% of original volume), angH550
mL), and the combined organic extracts were washed with ML) was added with rapid stirring over 10 min. The
H,O (250 mL). After azeotropic drying and concentration SUSPension was cooled to°@, stirred for 4 h, and filtered,
to 550 mL (40% of the original volumePawas precipitated ~ and the filter cake was rinsed with acetonglH2/1, 150
with heptane (1200 mL). The suspension was stirred at 0 TL) to give 4 as a white solid (420 g, 88%): mp 10T;
°C for 2 h and filtered, and the filter cake was rinsed with 1 NMR 0 7.07 (br's, 1 H), 7.03 (dd, 2 H = 8.6, 8.6),
heptane/EtOAc (85/15, 150 mL) to gida as a white solid 6.77 (dd, 2 HJ = 8.6, 8.6), 4.89 (br s, 1 H), 4.75 (dd, 1 H,
(303 g, 85%): mp 132C; IH NMR (CD3OD) 5 10.63 (br J=17.0, 7.1), 4.10 (q, 2H)= 7.3), 3.74 (S, 3 H), 3.03 (m,
s, 1H)4.92 (brs, 1 H), 2.15 (m, 2 H), 1.91 (m, 2 H), 1.75 2 H), 2.20 (m, 2 H), 1.82 (m, 2 H), 1.71 (m, 4 H), 1.48 (s,
(m, 4 H), 1.43 (s, 9 H); IR 3314, 3252, 1706, 1646¢m 9 H), 1.19 (t,J = 7.3); IR 3450, 3325, 1732, 1706 cf
1-[[(Phenylmethoxy)carbonyllamino]-1-cyclopentane-  [01?°0 = +13.5% Anal. Calcd for GHaN-Os: C, 63.57;
carboxylic Acid (2b).15 A solution of benzyl chloroformate ~ H. 7.89; N, 6.45. Found: C, 63.51; H, 7.78; N, 6.36.
(1013 g, 5.94 mol) in-BuOMe (TBME, 990 mL) was added N-[[1-[[(Phenylmethoxy)carbonyl]amino]-1-cyclopen-
at 23°C to a solution o2 (700 g, 5.42 mol) in 4 N NaOH tyllcarbonyl]- O-methyl-L-tyrosine Ethyl Ester (4c). Neat
(1350 mL) over 2 h. As needed, 4 N NaOH (1917 mL) NEt (162 g, 1.60 mol) was added to a solution2hf (400
was added simultaneously to maintain the pH at #a65. 9, 1.52 mol) in EtOAc (3000 mL), and the mixture was
After addition was complete, the reaction was stirred at 23 cooled to—8 °C. IBCF (222 g, 1.60 mol) was added over
°C for 3 h. The top organic layer was discarded. The 25 min, with the temperature kept below2 °C. The
aqueous layer was washed with TBME (1060 mL), cooled resulting mixed anhydride was stirred for 30 min, cooled to
to 0 °C, and acidified with 12 N HCI (ca. 685 g) to pH —10°C, and added t@ (411 g, 1.67 mol) in EtOAc (1000
2—2.5. The resulting mixture was extracted with EtOAc (2 mL) at —15°C. More NEg (188 g, 1.85 mol) was added
x 1750 mL), and the combined organic extracts were washedover 45 min, with the temperature below6 °C. After this
with 1% NaCl (2000 mL). After the extracts were concen- addition was complete, the mixture was warmed to°C5
trated to 2000 mL (30% of original volume), methylcyclo- and stirred for 1.5 h. The reaction was quenched wi® H
hexane (3500 mL) was added to precipitate The crude (1000 mL). The top organic layer was washed sequentially
product was filtered, and the filter cake was rinsed with with 3% HCI (900 mL), 6% KCOs; (2 x 900 mL), and brine
methylcyclohexane (500 mL) to giveb as a white solid (750 mL) and then azeotropically dried to give a solution of
(1234 g, 80%): mp 96C; 'H NMR (DMSO-ds) 6 7.62 (s, N-[[1-[[(phenylmethoxy)carbonyl]lamino]-1-cyclopentyl]car-
1 H), 7.34 (m, 5 H), 5.00 (s, 2 H), 2.68..80 (m, 4 H), bonyl]-L-tyrosine ethyl ester (4b) in EtOAc. The solution
1.70—1.65 (m, 4 H); IR 3376, 2390, 1740, 1637 ¢m of 4b was combined with KCO; (473 g, 3.42 mol) and Me
N-[[1-[[(1,1-Dimethylethoxy)carbonyllamino]-1-cyclo- SO, (291 g, 2.28 mol). The resulting suspension was heated
pentyljcarbonyl]-L-tyrosine Ethyl Ester (4a). IBCF (59.6 to reflux for 4 h. The mixture was cooled to 2& and

filtrate was concentrated to 590 mL (30% of original
volume), and heptane (800 mL) was added over 10 min. The
precipitate was filtered, and the filter cake was rinsed with
heptane (100 mL) to givéa as a white solid (150 g, 82%):
mp 166°C; 'H NMR 6 8.21 (br s, 1 H), 7.02 (br s, 1 H),
6.87 (d,2HJ=8.5),6.69 (d,2H,J=285),5.18 (brs, 1
H), 4.68 (dd, 1HJ=16.9,7.1),4.03 (q,2 H} = 7.2), 2.94
(m, 2 H),2.12 (m, 2 H), 1.78 (m, 2 H), 1.61 (m, 4 H), 1.32
(s, 9H), 1.13 (tJ = 7.2); IR 3450, 3200, 1742, 1698 cf
[0]?>5 = +6.2°(MeOH). Anal. Calcd for GH3N,Os: C,
62.84; H, 7.67; N, 6.67. Found: C, 62.51; H, 7.62; N, 6.49.
N-[[1-[[(1,1-Dimethylethoxy)carbonyllamino]-1-cyclo-
pentyllcarbonyl]-O-methyl-L-tyrosine Ethyl Ester (4).
Neat MeSQO, (291 g, 2.28 mol, caution: toxic) was added
over 1 min to a suspension df (460 g, 1.094 mol) and
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filtered, and the filter cake was rinsed with EtOAc (700 mL).
The volume was reduced to 2200 mL (30% of original

at 0°C for 1 h and filtered, and the filter cake was washed
with cold TBME (30 mL) to give6b as a white solid (32.7

volume) and methylcyclohexane (5000 mL) was added to g, 68%): mp 118°C (dec);'H NMR 6 9.49 (br s, 2 H),

the residue over 45 min at 6€C. The solution was cooled
to 0°C to induce crystallization and was stirred for 4 h. The
product was filtered, and the filter cake was rinsed with
methylcyclohexane/EtOAc (6/1, 800 mL) to givke as a
white solid (536 g, 71% fron2b): mp 129°C; 'H NMR 6
7.33 (br s, 5 H), 7.056.99 (m, 3 H), 6.88—6.65 (m, 2 H),
5.30 (s, 1 H), 5.07 (s, 2 H), 4.77 (br s, 1 H), 4-24.02 (m,
2 H), 3.72 (s, 3 H), 3.03 (br s, 3 H), 2.23.70 (m, 8 H),
1.25-1.20 (m, 3 H); IR 3450, 1745, 1686, 1521 cha]?
= +24.0 (CHCl;). Anal. Calcd for GgH3N,Os: C, 66.65;
H, 6.88; N, 5.98. Found: C, 66.29; H, 6.61; N, 5.90.
N-[(1-Amino-1-cyclopentyl)carbonyl]-O-methyl-L-ty-
rosine Ethyl Ester Monohydrochloride (5). From 4.

4.05 (d, 1 HJ = 6.8), 3.28 (septet, 2 H = 6.5), 2.17 (m,
1H),1.28 (d, 12 HJ = 6.5), 0.99 (d, 3 HJ = 6.6), 0.98
(d, 3 H, J=6.5); IR 3036, 2850, 1625, 1583 cfy [a]®%
= +4.57° (H,0). Anal. Calcd for GiH2sBrNO,: C, 46.81;
H, 8.57; N, 4.96; Br, 28.31. Found: C, 46.89; H, 8.66; N,
5.01; Br, 28.22.
N-[[1-[((2-R)-Bromo-3-methyl-1-oxobutyl)amino]-1-cy-
clopentyl]carbonyl]-O-methyl-L-tyrosine Ethyl Ester (7).
Method A. N-Methylmorpholine (31.1 g, 0.34 mol) was
added over 3 min to a solution @b (79.52 g, 0.28 mol)
and CDMT (47.22 g, 0.27 mol) in THF (600 mL) at10
°C. The mixture was stirred for 2 h and then a solution of
5(95.0 g, 0.26 mol) in THF (350 mL) was added over 15

Gaseous HCI (80.1 g, 2.19 mol) was passed into a cooledmin. This mixture was stirred for 2.5 h at10 °C, then

solution of4 (60.0 g, 0.14 mol) in absolute EtOH (360 mL)
at 23°C over 20 min (caution: exothermic). After stirring
for 1 h, the mixture was reduced to 104 mL (23% of the
original volume). EtOAc (800 mL) was added to the
concentrate over 5 min, and seeds of authéiere added.
The suspension was cooled t60© and stirred for 1 h. The
product was collected on a filter, and the filter cake was
rinsed with EtOAc (40 mL) to givé as a hygroscopic white
solid (42.8 g, 84%).

From 4c. A solution of HCQH (7.14 g, 0.155 mol) in
EtOAc (54 mL) was added to a suspensiorof(66.12 g,
0.141 mol), 10% Pd/C (3.0 g, 0.003 mol), and NHCO,~
(4.45 g, 0.071 mol) in EtOAc (535 mL) at 2& over 1.5 h.
After addition was complete, the mixture was stirred for 1.5
h. Catalyst was filtered off, and the filter cake was rinsed
with EtOAc (55 mL). Concentrated HCI (13.90 g, 0.141

warmed to 23°C, and stirred for 16 h. Water (1110 mL)
was added over 1 h and then the mixture was cooled to 0
°C and held for 1 h. The suspension was filtered, and the
filter cake was rinsed with ¥O/THF (3/1, 800 mL) to give
crude? (95.6 g). Purification by recrystallization (930 mL
of EtOH/400 mL HO) gave pur€ as a white solid (94.4 g,
74% based o).

Method B. A suspension o6b (101.4 g, 0.359 mol) in
toluene (600 mL) was washed with 1 N HCI {250 mL).
The resultingb free acid was dried by azeotropic distillation.
More toluene (200 mL) was added, and the solution was
treated with DMF (1.4 mL, 0.018 mol) and SQGR5 mL,
0.343 mol). This mixture was heated to 55 and stirred
for 3 h. The volume was reduced to 194 mL (85% of
original volume) under vacuum to remove HCI and,Sthe
solution of R)-2-bromo-3-methylbutanoyl chloridéd) in

mol) was added to the filtrate, and the solvent was removed toluene was added to a suspensiod ¢f4.96 g, 0.202 mol)

under vacuum. EtOAc (300 mL) was added to the residue,

and seeds of authentitwere added. The suspension was
cooled to 0°C, stirred for 1 h, and filtered, and the filter
cake was rinsed with EtOAc (55 mL) to give as a
hygroscopic white solid (47.3 g, 90%): mp 129; 'H NMR
(DMSO-a;) ¢ 8.68 (d, 1 HJ = 5.7), 8.26 (s, 3 H), 7.20 (d,
2 H,J=8.5),6.83(d, 2 HJ = 8.5), 4.54—4.39 (m, 1 H),
4.09 (q, 2 HJ = 7.1), 3.71 (s, 3 H), 3.122.90 (m, 2 H),
2.20—1.70 (m, 8 H), 1.16 (t, 3 H = 7.1); IR 3298, 3225,
1721, 1675 cm'; [0]*>, = —13.7. Anal. Calcd for
CigH2/CIN,Oy: C, 58.29; H, 7.34; N, 7.55; ClI, 9.56.
Found: C, 57.97; H, 7.14; N, 7.38; Cl, 9.52.
(R)-2-Bromo-3-methylbutanoic Acid (1:1) N-(1-Meth-
ylethyl)-2-propanamine (6b). A solution of NaNQ (16.0
g, 0.225 mol) in HO (29 mL) was added over 2.5 h to a
solution of6a (20.0 g, 0.171 mol), 48% HBr (60 mL, 0.53
mol), and HO (39 mL) at—5 °C. The mixture was stirred
at 0°C for 1 h, then warmed to 23C, and extracted with
TBME (3 x 50 mL). The combined organic extracts were
washed sequentially with 10% p&O3 (40 mL), HO (40
mL), and brine (40 mL). After the organic portion was
filtered and cooled to-4 °C, diisopropylamine (23.8 mL,

in toluene (675 mL) at-5 °C. NeatN-methylmorpholine
(60 mL, 0.546 mol) was added to the mixture over 9 min
while the temperature was maintained belo®C. After
addition was complete, the mixture was stirred for 2 h at 7
°C. Water (187 mL) was added, and the mixture was heated
to 80 °C to dissolve the solids. The separated top organic
layer was washed with 1 N HCI (2% 180 mL) and HO
(180 mL) at 75°C. The still hot solution was filtered, and
the filtrate was cooled to 8C over 3 h. The product was
filtered, and the filter cake was rinsed with TBME (300 mL)
to give crude7 (81.6 g). Purification by recrystallization
(720 mL of EtOH/325 mL HO) gave pure as a white solid
(75.0 g, 75% based d): mp 156°C; *H NMR 6 7.06 (m,
2H),6.99 (brd, 1H)=8.7),6.81 (m, 2 H),6.68 (brs, 1
H), 4.74 (m, 1 H), 4.18 (d, 1 H} = 6.4), 4.16 (9, 2 HJ =
7.2),3.80 (s, 3 H), 3.06 (m, 2 H), 2.29 (m, 3 H), 1.97 (m, 2
H), .75 (m, 4 H), 1.25 (t, 3H) = 7.2), 1.04 (d, 3HJ =
7.0), 0.96 (d, 3 HJ=7.0); IR 3382, 3259, 1730, 1681 ctp
[0]?% = +30.7. Anal. Calcd for GsH33BrN,Os: C, 55.54;
H, 6.69; N, 5.63; Br, 16.06. Found: C, 55.44; H, 6.71; N,
5.85; Br, 16.01.

N-[[1-[[( 9)-2-(Acetylthio)-3-methyl-1-oxobutyllamino]-

0.17 mol) was added over 12 min, with the temperature 1-cyclopentyl]carbonyl]-O-methyl-L-tyrosine Ethyl Ester

maintained below BC. The resulting suspension was stirred

(). Thioacetic acid (80.7 g, 1.06 mol) was added over 15
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min to a suspension @& (478 g, 0.96 mol) and ¥CO; (159 197.0,173.0,171.5,170.9, 158.5, 130.4, 128.2, 113.8, 67.6,
g, 1.15 mol, 325 mesh) in EtOAc (4800 mL) at 23. After 61.1,55.2,54.3, 54.0, 37.1, 36.8, 36.5, 30.5, 28.6, 24.0, 20.9,
stirring for 4 h, the mixture was filtered, and the filter cake 19.9, 14.1; IR 3419, 3338, 1740, 1676 ¢m[a]®p =

was washed with EtOAc (480 mL). The filtrate was washed +50.8°. Anal. Calcd for gH3eN206S: C, 60.95; H, 7.37;
with H,O (3 x 1000 mL) and concentrated to 2000 mL (35% N, 5.63; S, 6.51. Found: C, 60.91; H, 7.42; N, 5.74; S,
of original volume). The solution was heated to %D and 6.46.

heptane (4780 mL) was added over 45 min. The suspension

was cooled to O°C, stirred for 4 h, and filtered, and the Acknowledgment

filter cake was rinsed with cold heptane/EtOAc (9/1, 950 We are greatly indebted to our former Ciba Process
mL) to give crudel (438.2 g). Purification by recrystalli-  Research Engineers and Pilot Plant Operators both for helpful
zation (5115 mL of EtOH/5115 mL D) gave purel as a suggestions and for execution of all piloting activities. Special
white solid (75.0 g, 88%): mp 108C;*HNMR 6 7.04 (m,  thanks are extended to Dr. Lay Choo Tan for analytical
1 H), 7.02 (m, 2 H), 6.76 (m, 2 H), 6.40 (br s, 1 H), 4.48 support throughout both campaigns.

(m, 1 H), 4.07 (q, 2 HJ = 7.1), 3.72 (s, 3 H), 3.63 (d, 1 H,

J=8.4),2.98 (m, 2 H), 2.31 (s, 3 H), 2.18 (m, 3 H), 1.90 _ _

(m, 2 H), 1.67 (M, 4 H), 1.16 (t, 3 HI = 7.2), 0.94 (d, 3 H, Received for review August 10, 1997.

J=7.5),0.93 (d, 3 HJ = 7.5); 3C NMR (75.5 MHz)6 OP970242S

244« Vol. 2, No. 4, 1998 / Organic Process Research & Development





