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Abstract: These heterocycles were synthesized via a novel (and mild)
Two syntheses are described for 1-[(2,4-di-1-pyrrolidinyl-9H- Bischler-type condensation/cyclization between 2,4-di-1-
pyrimido[4,5-blindol-9-yl)-acetyl]pyrrolidine hydrochloride (PNU- pyrrolidinyl-6-methyl(or 2-morpholinylethyl)amino-pyrimi-

142731A), a clinical candidate in the asthma area. The route  dinet?and the appropriate-bromoketone (phenacyl bromide
involving the initial regioselective addition of glycine ethyl ester for 1 and 2-bromocyclohexanone faj. Compoundd and

to commercially available 2,4,6-trichloropyrimidine is particu- 2 are both good one-electron reducing agents, and both have
larly well-suited for large-scale operation, as it is short, proceeds ~ shown good activity as inhibitors of lipid peroxidation.

in good yield, is operationally straightforward, and requires Compound?2 in particular has exhibited neuroprotective
no chromatographic purification of intermediates. effects after oral administration in rat models of cerebral

ischemia’ and due to its good brain penetration may find
) utility for the treatment of chronic neurodegenerative dis-
Introduction orders (e.g., ALS, Alzheimer’s disease, Parkinson’s disease)
We recently reportedthe synthesis and preliminary \hich are thought to be mediated at least in part by oxidative
pharmacological evaluation of a series of 2,4-diaminopyr- stres$#4 As might be anticipated on the basis of their
rolo[2,3-d]pyrimidine derivatives, of which structurésnd structure, pyrimido[4,5-b]Jindole8 and 4 were much less

2 are prototypical. effective as reducing agents/radical scavengers, but both
surprisingly exhibited good activity in several animal models
O of eosinophilic lung inflammatiorP and hence appeared to
N N have potential for the treatment of the inflammatory com-
N N ponent of asthm&The development of an efficient process
)‘\/ln )‘\):[—/TO for the large-scale preparation of morpholinoethyl derivative
NN T Ph C/N N" N 3 has recently been reportétiowever, gallbladder/bile duct
CHs % toxicity precluded the clinical evaluation 8f In anticipation
1 (PNU-87663) N/_\O of clinical trials in the asthma area with the nontoxic
pyrrolidine amide analogu&® several alternative routes have
2 (PNU-101033) been evaluated for its preparation, routes which would be

able to provide the needed multikilogram amounts of clinical
quality final product.

)jjij )j\—/© Results and Discussion
)\ /k Our initial approaches to PNU-142731A)( outlined in

«HCI :j Schemes 1 and 2, were heavily biased in favor of utilizing
f—\ primary alcohoB as the key intermediate, since this material
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in many runs on this scale, calorimetry experiments indicated
that this reaction became vigorously exothermic at temper-
atures near 200C. Hence, safety concerns precluded the
use of this displacement on a very large scale and provided
the impetus to investigate other alternatives. Efforts to effect
the displacement under milder conditions, for example via
utilization of the dianion of ethanolamine as the nucleophile,
proved unsuccessful, and selective O-protection of the
ethanolamine was considered not worth the several steps it
would have required.

Conversion of intermediaté to the cyclohexyl-fused
pyrrolopyrimidine7 was accomplished in 69% vyield via the
general alkylation/cyclization protocol with bromocyclohex-
anoné reported earliet.” (A 50% yield of analytically pure
material could be obtained by simple filtration of the reaction
mixture; recovery of the additional 19% required chromato-
graphic purification of the mother liquors.) Dehydrogenation
with 5% Pd/C in xylene at 142C (24 h) then afforded the
key pyrimido[4,5-b]indole intermediat® in 87% yield.
Interestingly, the use of either 10% Pd/C or higher temper-
atures (decalin, 190C) for this reaction led to significant
amounts of dehydrogenation of the 2- and 4-pyrrolidine
substituents to the corresponding pyrroles. Alternative pro-
tocols utilizing either chloranil or DDQ also afforded the
desired intermediat8, but in yields of only 70% or less,
and the material obtained in this manner required extensive
chromatographic purification to remove numerous highly
colored impurities.

The unusual strategy for the remaining steps in this
sequence—that is, removal of the two-carbon ethanol ap-
pendage, followed by replacement with a two-carbon side
chain at the acid oxidation level—was dictated by our
inability to cleanly oxidizeB or the corresponding aldehyde
11 to the requisite acid or estdr2 without damaging the
oxidation-prone heterocyclic ring system (see Scheme 2).
With the exception of the Swern oxidatiényhich afforded
aldehydell cleanly in 83% yield, other attempted oxidations
of 8 yielded either recovered starting alcohob80Os/RuCl/
KOH; KMnOy, t-BuOH, pH 7; Pt/Q) or complex mixtures
including products resulting from destruction of the hetero-
cyclic ring system (Jones reagent; PDC; NaBrCa(OCl},
HOAc, MeOH;t-BuOClI, pyr, MeOH; TEMPO). The use of
10-I-4 iodinane oxide (IBXY,which has been recommended
for substrates containing oxidatively sensitive heterocycles,
led to oxidative cleavage of the desired aldeh¥dla@ffording
9, even under conditions where utilization of the starting

was available ir>20 kg quantities from our fairly extensive
analogue program which culminated in the preparatiod of . :
and 31 (The ethanol side chain had provided a versatile derived aldehyda1with I/K.CO/MeOH/CHCI, afforded

handle for optimization of the indole N-substituent.) Primary i?\;eréz (66% on ?r|_2|ngcaIe) :nd oxidationdwith bu(;fer7e1c(1)/
alcohol8 was assembled via the direct, high-yield protocol nOJ/aqueous gave the corresponding acid (71%)

depicted in Scheme 1, a sequence very similar to that reporteoon small scale, but in both cases, yields declined precipitously
earlier for the synthesis &. The operationally simple dis- 25 the scale of operation increased. Alternative oxidations
placement of the chloro group of diaminopyrimidine inter- of aldehydell led to unusable mixtures (NaCjOJones

mediate5” with excess ethanolamine proceeded in excellent reagent; NaOC_:I; TM_SOMe, AIBN, NBS; Br agueous
yield on up to a 300 g scale in laboratory-sized equipment, MEOH: cyanuric chloride, pyr; TEMPO).

The key to this step was the maintenance of careful
temperature control (14%TC) especially at the beginning of
the reaction. Although no problems were ever encountered

alcohol was incomplete. Further oxidation of the Swern-

(8) Mancuso, A. J.; Swern, 5ynthesis1981, 165.
(9) Frigerio, M.; Santagostino, M.; Sputore, S.; PalmisanoJ.GOrg. Chem.
1995,60, 7272.
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Removal of the N-1 ethanol side chain fré{Scheme
1) was accomplished by conversion to the mesylate, dis-

placement with excess cyanide, and subsequent elimination 1.

of acrylonitrile in 93% overall yield. (No reaction of the
liberated acrylonitrile with produc® was ever observed.)
Depending on the procedure used for the isolation of the
mesylate, traces of B remaining from its formation were
sufficient to catalyze the elimination step; alternativetys2o

of Et;N could be added to the mixture. Following completion
of our work, another example of an analogous cyanide-
mediated N-dealkylation of hydroxyethyl intermediates was

reported® in this case, however, the authors claimed success
only for those cases in which the ethanol side chain bore a

phenyl substituent.

The synthesis off was completed by formation of the
indole anion withn-BulLi, followed by alkylation with the
easily prepared pyrrolidine amide of bromoacetic &di85%
yield). Despite the apparent inefficiency of removing and

reintroducing the indole side chain, the seven-step sequence

in Scheme 1 proceeded in 42% overall yield fr@mnand

the whole process was operationally simple enough to allow
the facile preparation of a total ef6 kg of clinical candidate

4 in laboratory-scale and small pilot plant equipment.

Also summarized in Scheme 2 is an alternative protocol
for the removal of the ethanol side chain from key intermedi-
ate 8. Conversion to iodidel3, followed by reductive
cleavage witht-BuLi (2.0 equiv, 0°C)*? and quenching of
the incipient indole anion withN-(bromoacetyl)-pyrrolidine
provided a 2:1 mixture of the desired final proddét and
N—H indole intermediat®. Optimization of this promising
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option investigated for the synthesis%fbased on literature
precedent in simpler systerffsinvolved the displacement
of chloride 5 with benzotriazole (120°C, 18 h, 74%)
followed by decomposition of the triazole intermedidte

transformation was not undertaken, since the Scheme 1in polyphosphoric acid (180C, 0.75 h). On a small scale,

process was working well for the preparation of intermediate
amounts (1—2 kg) of PNU-142731A (4). Furthermore, it
seemed likely that once our stockpile of intermediigas
consumed, the subsequent larger-scale synthedisvotild
probably not proceed via this route.

Three alternative options for the preparation of late stage
N—H intermediate9, without the intermediacy of hydroxy-
ethyl derivative8, are outlined in Scheme 3. Displacement
of the chlorine atom from diaminopyrimidine intermediate
5 with the anion otert-butylamine gave triaminopyrimidine
14in 50% vyield tert-butylamine itself was unreactive with
5 at reflux without added solvent.) The conversionldfto
9 via three straightforward steps (alkylation/cyclization/
dehydration, dehydrogenation, and removal oftérebutyl-
protecting group) proceeded in 48% overall yield. However,
the low yield on the5 — 14 displacement rendered this
modification unattractive. Commercially available 4-amino-
2,6-dichloropyrimidine, 16, could also be converted to
intermediate9 without protection of the primary amine.

yields for thel5— 9 step (43% maximum) were in the same
range as those reported for simple indoloquinoliesit
unfortunately the yields went down precipitously as the
reaction was scaled up. Hence, none of these alternatives
for the preparation 0 offered any advantage over the route
presented in Scheme 1.

Although the process in Scheme 1 was operationally
straightforward on laboratory scale and indeed was used for
the synthesis of kilogram amounts of pure PNU-142731A
for preclinical studies, this route was considered to be
unsatisfactory for the preparation of the much larger quanti-
ties of material needed for clinical development. Negative
aspects of this pathway included the need for large quantities
of cyanide for the8 — 9 conversion, the fact that intermediate
9 exhibited some genotoxicity (Ames positié)the need
to prepare the final alkylating agent [N-bromoacetyl)-
pyrrolidine] ! and the safety concern of the initial ethanol-
amine displacement.

The concise, high-yield synthetic route 16 outlined in

However, unacceptably low yields were encountered for eachScheme 4 provides an attractive alternative which circum-

of the three steps indicated in Scheme 3 {3617 — 9),
and the intermediat&7 also seemed unusually prone to both
air oxidation and reaction with methylene chlorid@ossibly
at the open pyrimidine carbon. The final and most direct

(10) Agami, C.; Couty, F.; Evano, Qetrahedron Lett1999,40, 3709.

(11) Vloon, W. J.; Kruk, C.; Pandit, U. K.; Hofs, H. P.; McVie, J. G.Med.
Chem.1987,30, 20.

(12) Vedejs, E.; Kendall, J. 0. Am. Chem. S0d.997,119, 6941.
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vents all of the aforementioned concerns. Treatment of
commercially available 2,4,6-trichloropyrimidid@® with 1.1
equiv of glycine ethyl ester afforded the desired unsym-

(13) Mills, J. E.; Maryanoff, C. A.; Cosgrove, R. M.; Scott, L.; McComsey, D.
F. Org. Prep. Proced. Int1984,16, 97.

(14) Peczynska-Czoch, W.; Pognan, F.; Kaczmarek, L.; Boratynski,Med.
Chem.1994,37, 3503.

(15) Ames, B. N.; McCann, J.; Yamasaki, Mutation Res1975,31, 347.
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metrical regioisomed9 in 69% yield following a heptane
knock-out which removed most of the C-2 regioisomeric
product. Although the adduct9 isolated in this manner
contained<5% of the C-2 regioisomer, it was easily rejected
later during the crystallization &1, as it does not react with

the fused cyclohexenyl intermedid2é, both steps proceed-
ing in very good yield.

In summary, we have described two syntheses (Schemes
1 and 4) of the diamino-substituted pyrimido[4,5-bJindole
4, a clinical candidate in the asthma area. The Scheme 4
pathway is particularly attractive, as it is short (five steps),
operationally simple, readily scalable, proceeds in high
overall yield (35%), avoids genotoxic intermedi&eand
requires no chromatographic purifications. This route has
been used for the preparation of multikilogram quantities of
PNU-142731A 4), with lot sizes in the 50 kg range, thus
demonstrating the robustness of the chemistry.

Experimental Section
General. All reagents were obtained from Aldrich
Chemical Co. and were used as received. Distilled, purified
solvents were obtained from Burdick and Jackson, Inc., and
were used without further purification. Except as noted, all
reactions were carried out with magnetic stirring in flame-
dried glassware in an atmosphere of nitrogen. Column
chromatographic purifications were performed on E. Merck
230—400 mesh silica gel 68H and**C NMR spectra were
recorded at 300 and 75 MHz, respectively, on CPCI
solutions. Melting points are uncorrected.
2-[[2,6-Di-(1-pyrrolidinyl)pyrimidin-4-yl)amino]etha-
nol (6). A solution of chloropyrimidine intermediat&” (300
g, 1.188 mol) in 1000 mL of ethanolamine was heated under
nitrogen for 66 h at 140C. (Internal reaction temperature
was carefully maintained at 14C€ with a J-Kem temperature
controller in order to avoid a vigorous exotherm which occurs

chlorocyclohexanone. The 4:1 ratio of the 4-/2-isomers if the reaction temperature reaches 200) The mixture was
obtained in the displacement step was both temperature- andhen cooled gradually, and when solids began to precipitate
solvent-dependent, but it also reflects both the statistical andout (approximately 80C), 1700 mL of water was added.

the modest reactivity advantageof the C-4 chlorine.

The thick suspension was stirred vigorously at°Z5for 2

(Although an exhaustive assessment was not undertaken, théa and then at 0C for 1 h. The solid product was isolated

following C-4/C-2 isomer ratios were noted: cyclohexane,
reflux, 68/32; THF,—10 °C, 60/40; dioxane, reflux 65/35;
MeOH, 25°C, 80/20. The EtOAc conditions reported in the

by filtration and washed with four 600 mL portions of ice
water. Drying, by pulling nitrogen through the funnel for
1.5 h and then by heating at £C, 0.005 mm for 66 h,

Experimental Section also afforded an 80/20 mixture but afforded pureb as a white solid (299.4 g, 91%): mp 156.5
obviated the need for a solvent swap during work-up.) Earlier 151.5°C; *H NMR ¢ 6.55 (broad s, 1H, exchangeable), 4.83
efforts to avoid the regiochemistry question altogether by (m, 1H, exchangeable), 4.75 (s, 1H), 3-&72 (m, 2H),

displacing the monochloro substituent of intermedtatgth

3.54—3.38 (m, 10H), 1.93—1.85 (m, 8H}C NMR 0

glycine, its dianion, glycine ethyl ester, or the corresponding 163.75, 161.56, 159.61, 72.63, 64.35, 46.39, 45.99, 45.16,
pyrrolidine amide were uniformly unsuccessful, presumably 25.52, 25.30. Anal. Calcd for/gH,3NsO: C, 60.62; H, 8.36;

due to the deactivation of the pyrimidine ring by the
pyrrolidine substituents.

The treatment of intermediaf® with excess pyrrolidine
was initially moderately exothermic (displacement of the first

N, 25.25. Found: C, 60.71; H, 8.49; N, 25.45.
5,6,7,8-Tetrahydro-9-(2-hydroxy-1-ethyl)-2,4-di-1-pyr-

rolidinyl-5H-pyrimido[4,5-blindole (7). A solution of 6

(220 g, 0.79 mol), 2-bromocyclohexandii280 g, 1.58 mol),

chlorine) and required external cooling, but the second and diisopropylethylamine (200 mL, 1.15 mol) in gEN

displacement and the ester amide conversion required

(2 L) was heated at reflux for 48 h, after which approximately

atmospheric concentration and heating at reflux for 20 h 700 mL of CHCN was removed by atmospheric distillation.

(85% yield). The synthesis df0 was then completed by
utilizing the usual one-pot alkylation/cyclization/dehydration
reactiont mediated by either DIPEA or more recentlys/&t
CacCl, followed by the Pd/C-mediated dehydrogenation of

(16) (a) Chapman, N. B.; Rees, C. \W.Chem. Socl954, 1190. (b) d'Atri, G.;
Gomarasca, P.; Resnati, G.; Tronconi, G.; Scolastico, C.; Sirtori, Q. R.
Med. Chem1984,27, 1621. (c) Delia, T. J.; Stark, D.; Glenn, S. K.
Heterocycl. Chem1995,32, 1177.

The remaining reaction mixture was cooled t6G (18 h),
and pure7 (142 g, 50%) was isolated by filtration.
Chromatographic purification of the mother liquors (10 kg
silica gel, 5% EtOAc/CHCI,) provided an additional 52.1
g of clean7 (total yield 194.1 g, 69%). Further chromato-
graphic purification of a small portion of this material (silica
gel, 2.5% acetone/CHg}lafforded analytical samples a@f
as a white solid: mp 123—12%C; *H NMR 6 7.64 (broad

Vol. 5, No. 2, 2001 / Organic Process Research & Development o 147



s, 1H), 4.05 (m, 2H), 3.91 (m, 2H), 3.67 (m, 4H), 3.55 (m, NMR 6 9.70 (s, 1H), 7.87 (m, 1H), 7.22 (m, 1H), 7.15—
4H), 2.72 (m, 2H), 2.56 (m, 2H), 2.6aL.70 (m, 12H); 7.06 (m, 1H), 3.95 (m, 4H), 3.67 (m, 4H), 2.62.95 (m,
HRMS calcd for GoHxgNsO 355.2372, found 355.2368. 8H); *C NMR 6 159.8, 158.2, 158.0, 135.9, 122.1, 121.8,
Anal. Calcd for GoH29Ns0-0.5 HO: C, 65.91; H, 8.29; N,  120.6, 119.8, 110.4, 90.4, 49.6, 46.8, 25.7; MS (FAB) 308
19.22. Found: C, 65.85; H, 7.89; N, 19.00. (M* + H), 307. Anal. Calcd for gH2:Ns: C, 70.33; H,
9-(2-Hydroxy-1-ethyl)-2,4-di-1-pyrrolidinyl-5H-pyrim- 6.89; N, 22.78. Found: C, 70.28; H, 7.20; N, 22.67.
ido[4,5-b]indole (8).A mixture of hydroxyethyl intermediate 1-[(2,4-Di-1-pyrrolidinyl-9H-pyrimido[4,5-b]indol-9-
7 (700 g, 1.97 mol) and 5% Pd/C (245 g; 50%Qj in 7 L yl)acetyl]pyrrolidine Hydrochloride (4). To a stirred—40
of xylene was heated at 14Z for 24 h (fairly vigorous °C solution 0f9 (93.1 g, 0.303 mol) in 2150 mL of dry THF
and steady evolution of {ilwhich was carried away through was added, over 30 min under a Btmosphere, a solution
a trap with a gentle stream of,N The mixture was then  of n-BuLi (246 mL of a 1.6 M hexane solution; 0.394 mol,
cooled to 20°C, and the catalyst was removed by filtration 1.3 equiv). The resulting homogeneous dark solution was
through Celite. The filter cake was washed with £, and stirred at—40 °C for an additional 30 min and then treated
the combined filtrate was evaporated to a small volume in over 15 min with a solution of the pyrrolidine amide of
vacuo. The residue was diluted with heptane, cooled16 bromoacetic acitt (93.1 g; 0.484 mol, 1.6 equiv) in THF
°C, and filtered, and the solids were washed with additional (750 mL). The reaction mixture was allowed to warm
heptane, thereby affordirg)(604 g, 87%) as a white solid, gradually to 25°C (over 2 h), then recooled to78 °C, and
sufficiently pure for subsequent transformations. Recrystal- filtered through a medium porosity sintered glass funnel. The
lization of a small portion of this material (ether/hexane) solids were then washed with additional cotel78 °C) THF
afforded an analytical sample: mp 31011 °C; *H NMR (2 x 200 mL). The solids were partitioned between£H
0 7.89 (m, 1H), 7.23 (m, 2H), 7.13 (m, 1H), 6.97 (broad s, and HO, and the organic layer was dried @$&,) and
1H), 4.38 (m, 2H), 4.05 (m, 2H), 3.92 (m, 4H), 3.62 (m, concentrated, thereby affordid® (107.3 g, 85%) as a white
4H), 2.0—1.90 (m, 8H)C NMR 6 159.6, 158.3, 157.7,  solid homogeneous by NMR and TL&(.46; 10% acetone/
137.3, 122.3, 122.2, 121.1, 120.5, 108.4, 90.2, 63.8, 50.1,CH,Cl,): mp 201—-204°C; 'H NMR ¢ 7.87 (m, 1H), 7.38
46.6, 26.0, 25.9; MS(EI) 351 (M), 323, 307, 296, 279. Anal.  (m, 1H), 7.21-7.08 (m, 2H), 5.05 (s, 2H), 3.92 (m, 4H),
Calcd for GoH2sNsO: C, 68.35; H, 7.17; N, 19.93. Found: 3.62 (m, 4H), 3.48 (m, 2H), 3.33 (m, 2H), 1.96 (m, 8H),
C, 68.28; H, 7.31; N, 19.93. 1.85—1.73 (m, 4H)®C NMR 6 167.3, 158.4, 137.8, 122.5,
2,4-Di-1-pyrrolidinyl-5H-pyrimido[4,5-blindole (9). A 122.4,120.8, 120.6, 109.6, 90.2, 50.0, 47.0, 46.8, 46.6, 45.5,
stirred,—10 °C solution of hydroxyethyl intermediag(125 26.8, 26.1, 26.0, 24.3. HRMS calcd fopH30NeO 418.2481,
0, 0.36 mol) and triethylamine (36.4 g, 0.36 mol) in 2000 found 418.2476. Anal. Calcd forgH3NsO: C, 68.87; H,
mL of CH,Cl, was treated with a solution of methanesulfonyl 7.22; N, 20.08. Found: C, 68.79; H, 7.34; N, 19.80.
chloride (40.8 g, 0.36 mol) in 200 mL of GBI,, added Conversion of pyrrolidine amid&0into the hydrochloride
over 30 min. After an additional 30 min, TLC analysis salt4 is described in the final experiment.
showed a small amount & remaining, and therefore, an 2-(2,4-Di-1-pyrrolidinyl-9H-pyrimido[4,5-b]indol-9-yl)-
additional 5 mL of E4N and 1 mL of MsCIl were added, acetaldehyde (11)A solution of oxalyl chloride (2.51 mL,
and stirring at-10°was continued for 15 min. The reaction 28.76 mmol) in CHCI, (65 mL) was cooled te-70 to—75
mixture was then poured iotl L of 10%aqueous sodium  °C under nitrogen and was then treated with a solution of
bicarbonate and extracted thoroughly with L. The 4.12 mL (58.16 mmol) of DMSO in 10 mL of Ci€l,, added
extracts were washed with brine, dried over anhydrous over 5 min. After 2 min longer at-75 °C, a solution of 8.0
sodium sulfate, and concentrated, thereby affording the crudeg of 8 (22.79 mmol) was added and stirred for 15 min at
solid mesylate. This material (containing small amounts of —75 °C, then treated with 8.24 mL (59.1 mmol) of triethyl-
EtN) was used directly in the cyanide displacement/ amine, stirred 5 min longer at75 °C, and finally allowed
elimination which follows. (For other purposes, residual towarm to room temperature over about 30 min. The mixture
triethylamine and trace by-products could easily be removedwas diluted with methylene chloride (200 mL) and water
from the mesylate by trituration with 60/40 EtOAc/hexane.) (100 mL) and stirred for 5 min. The mixture was transferred
A solution of the above mesylate and sodium cyanide (186 to a separatory funnel, and the product was isolated by
g, 3.8 mol) in DMSO (3.3 L) and water (300 mL) was heated extraction with CHCI,. The extracts were washed with water
at 115°C for 12 h. Approximately two-thirds of the DMSO and brine, dried over sodium sulfate, and evaporated. The
was then removed in vacuo (bath temperature @0 and crude product was triturated with 30 mL of 15% ethyl ace-
the residue was cooled to 2& and partitioned between tate/hexane (25C), filtered, and the solids were washed with
CH.CI; (2L) and 10% aqueous NaHG@800 mL). The 2 x 10 mL of the same mixed solvent and dried (18 h, 40
aqueous layer was extracted with additional .CH (3 x °C, 0.04 mm). The aldehydEl, a white solid, weighed 6.62
300 mL), and the combined extracts were washed with brine g (83%) and exhibited mp 154t55°C (decomp). (An addi-
(800 mL) and dried with N&Oy. The residue resulting from  tional 5—10% of the product could be recovered, if desired,
removal of the solvents was triturated with acetone (400 mL), by chromatography of the mother liquors on silica gel with
filtered, washed with cold acetone, and dried (0.05 mm, 40 10% EtOAc/CHC}.) 'H NMR 6 9.75 (s, 1H), 7.92 (d) =
°C, 48 h) to afford9 (101.5 g, 93%) as a white solid, 8.2 Hz, 1H), 7.23—7.09 (m, 3H), 4.93 (s, 2H), 3.97—-3.92
completely clean by TLC and NMR: mp 26211 °C; H (m, 4H), 3.63-3.58 (m, 4H), 2.051.93 ppm (m, 8H):C
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NMR 6 199.4, 159.9, 158.6, 158.3, 137.2, 122.9, 122.3, was continued at 0C for 1 h and then at 2%C for 2 h. The
121.2,120.7,108.2,90.2, 51.2, 50.0, 46.9, 26.1, 26.0. HRMS mixture was poured into cold brine and extracted with,CH

calcd for GoH23NsO+H 350.1981, found 350.2002. Cl,. The combined extracts were washed with water, dried

2-(2,4-Di-1-pyrrolidinyl-9H-pyrimido[4,5-b]indol-9-yl)- (anhydrous Nz50,), and concentrated, to afford a 2:1
acetic Acid, Methyl Ester (12). The aldehyde€ll (2.5 g, mixture (TLC estimate) of amid&0 and N—H intermediate
7.2 mmol) was dissolved in MeOH (20 mL) and &Z 9 (140 mg). Purification of this mixture was not undertaken.
(20 mL) and cooled to 0C. Solid K:CO; (5.0 g, 36.2 mmol) Alternative Syntheses of Intermediate 9.(a) Via tert-

was added. A solution of iodine (4.5 g, 17.7 mmol) was then butyl-protected intermediaté4: A three-neck, 500 mL,
added over 4 min, and no exotherm was noted. After the round-bottom flask was charged wit@rt-butylamine (21.7
reaction mixture stirred at @C for 30 min, TLC analysis g, 0.30 mol) and THF (100 mL) and then cooled+d0 °C.
(50% EtOAc/hexane) showed only a trace of starting n-Butyllithium (170 mL, 0.29 mol, 1.6 M in hexane) was
material. The cold reaction mixture was quenched into added in 30 mL increments over 15 min. The reaction was
saturated Ng5O; aqueous solution (150 mL) and EtOAC  warmed to 0°C for 2 h and then recooled te-40 °C.
(150 mL). Water (50 mL) was added to dissolve a small Chloropyrimidine intermediat& (25 g, 99 mmol) in THF
amount of solid. The layers were separated, and the organic50 mL) was added over a 30 min period to the reaction.
layer was washed with saturated NaH@d saturated NaCl  The reaction was allowed to warm to room temperature and
aqueous solutions (150 mL each). The organic layer wasstjrred overnight. The reaction was quenched by addition of
dried by passing through solid b0, and concentrated to  H,0 (50 mL) followed by concentration in vacuo. The
an oil. Chromatographic purification of the crude product yresidue was partitioned between &, (200 mL) and 10%
(300 g of silica, CHCI; followed by 1% acetone/Ci€l,) NaHCGQ; (200 mL). The organic layer was removed and the
yielded pure estet2 (1.8 g, 66%) as a white solid: mp 172 aqueous portion extracted with GEl, (2 x 100 mL). The
175°C; *H NMR 6 7.89 (d,J = 8.7 Hz, 1H), 7.26-7.11  qrganic extracts were combined, washed with brine (400
(m, 3H), 5.06 (broad s, 2H), 3.93 (m, 4H), 3.72 (s, 3H), 3.62 ) dried (NaSQ), filtered, and concentrated in vacuo.

(m, 4H), 1.96 (m, 8H).*C NMR 6 169.6, 137.0, 121.9,  chromatographic purification (600 g of silica, 5% EtOAc/
120.7, 120.3, 108.0, 52.4, 49.6, 46.6, 25.7, 25.6. HRMS calcd hexane) afforded pure4 (14_3 g, 50%) as an off-white

for C21H25N502 3792008, found 379.2007. Anal. Calcd for solid: 'H NMR 6 4.77 (S, lH), 4.25 (S, 1H), 3.51 (M, 4H),
Co1H2sNs0s: C, 66.47; H, 6.64; N, 18.46. Found: C, 66.26; 3.40 (m’ 4H), 1.89 (m’ 8H), 1.41 (S, 9H)

H, 6.55,N, 18.32. ) . . A solution of intermediatel4 (14.0 g, 48.4 mmol) and
9-(2-lodo-1-ethyl)-2,4-di-1-pyrrrolidinyl-5H-pyrimido- diisopropylethylamine (9.27 mL, 53.2 mmol) in acetonitrile
[4,5-blindole (13).To a stirred solution of Af? (341 mg,  (500) was treated with 2-bromocyclohexanone (17.3 g, 97.7

1.3 mmol) and imidazofé (89 mg, 1.3 mmol) in CkCl; (4 mmol). The reaction was stirred at room temperature for 16
mL) was added iodine (330 mg, 1.3 mmol) followed by a |, 5§ then heated to reflux for 24 h. Following removal of

solution of hydroxyethyl intermediat (351 mg, 1 mmol) 50 mL of acetonitrile via distillation the solution was allowed

:;18:2(/:(I:z|_%m_L)aAfter d30hmin at25C, TLC an_allysis (5% 4 to cool to room temperature with stirring and then further
tOAC b) indicated that no starting material remained. cooled to 0°C for 18 h. Filtration afforded the pure

The reaction_mixture was cqqcentratedoand then Chromato'tetrahydropyrimido[4,5—b]indoIe (10.8 g, 61%) as a white
graphed rapidly (30 g of silica gel, 3% EtOAc/CHEI solid: IH NMR & 3.66 (m, 4H), 3.57 (m, 4H), 2.89 (m, 2H),

thereby affording clean iodid&3 (152 mg, 33%) as a light
tan solid, which was used immediately in the next transfor- (2&]752(:;, 2H), 1.91 (m, 4H), 1.83 (s, 9H), 1.80 (m, 6H), 1.65

mation.*H NMR 6 7.87 (d,J = 7.7 Hz, 1H), 7.36-7.05 . .
(m, 3H), 4.62 (tJ = 7.6 Hz, 2H), 3.92 (m, 4H), 3.64 (m, A portion of the preceding product (5.0 g, 13.6 mmol),
o decahydronaphthalene (200 mL) and 10% Pd/C (1.25 g) were
4H), 3.48 (t,J = 7.7 Hz, 2H), 1.97 (m, 8H). . .
N ' . . heated to reflux. After 4 h TLC detected no starting material.
Alternative Routes to 10 via 8-Derived Intermediates. . )
The reaction was cooled to room temperature and diluted

(a) Via esterl2: A solution of estefl2 (36.7 g, 96.8 mmol) . : )
. - with CH,Cl, (200 mL). The reaction was filtered through a
in 121 mL of pyrrolidine was heated at 8Q for 1.5 h. The Celite pad, and the pad was washed with;Chl (4 x 50

mixture was cooled to 2%C, diluted with 400 mL of hexane, he fi di ford th

and filtered. Chromatographic purification of the crude solids (rjnerc'il' € |tr?t§ Waz cotn%egtratgeso/ln vacuol to a oé;ﬁut_ €
(195 g of silica gel, 10% CBCN/CH,CI, yielded purelOas NT\/I%IQ (;079(;921(& 2p|_r|()) ;Iclo((m gz’H) 30)882\(’/1 %i?sé 23 (rﬁ
a white solid (36.3 g, 90%), identical by TLC and NMR to ' ' P ' e ' e ’

the fully characterized 0 from an earlier experiment. (b) 4H), 2‘01, (s, iH% 1.97 (n;,. 8H). q |
Via iodide 13: A stirred 0°C solution of iodidel3 (145 A portion of the preceding product (4.0 g, 11.0 mmol)

mg, 0.314 mmol) in 5 mL of dry THF was treated with and freshly distilled TFA (100 mL) were h.ea?ted. to reflux.
t-BuLi (0.37 mL) of 1.7 M solution in pentane, 0.629 mmol) After 2 h 50 mL of TFA wasremoved by distillation. The

added over 1 min, and the resulting homogeneous light '€action was cooled to & and adjusted to pH 10 by the
yellow solution was stirred for an additional 15 min at 0 addition of 25% NaOH. The reaction was transferred to a

°C. A solution ofN-(bromoacetyl)pyrrolidine (72 mg, 0.375  Separatory funnel and extracted with &3 (3 x 50 mL).
mmol) in 1 mL of THF was added in one portion, and stirring The organic extracts were combined, washed with brine (80
mL), dried (NaSQ,), filtered and concentrated in vacuo.

(17) Garegg, P. J.; Samuelsson,BBChem. Soc., Perkin Trans.1D80, 2866. Chromatographic purification (300 g of silica, 5% EtOAc/
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CH,Cl,) yielded pure N-H intermediate9 (2.8 g, 83%) as and removal of the Pd/C by filtration, chromatography of
a white solid, identical by TLC and NMR to material the residue (10 g of silica, 2% acetone/{CH}) yielded pure

prepared in an earlier experiment. 9 (114 mg, 43%) as a white solid, identical to standard
(b) Via benzotriazole intermediat&5: A mixture of samples by TLC and NMR.
chloropyrimidine intermediatd (20 g, 79.4 mmol) and N-(2,6-Dichloropyrimidin-4-yl)-glycine Ethyl Ester (19).

benzotriazol& (18.95 g, 159.1 mol) was heated to 120 A clean, dry 3000 L glass-lined reaction vessel under an inert
under nitrogen for 18 h. The reaction mixture was cooled to atmosphere was charged with 181 kg (987 mol) of 2,4,6-
25 °C and partitioned between aqueous NaH@@d CH- trichloropyrimidine and 1179 kg of ethyl acetate, and the
Cl,. The combined CECI, extracts were washed with water, mixture was held with agitation at 2%. A separate clean,
dried (Na&SQy), and concentrated in vacuo. Chromatographic dry 4000 L glass-lined reaction vessel under an inert
purification of the crude product (900 g of silica, 50% atmosphere was charged with 150 kg (1075 mol) of glycine
EtOAc/hexane) yielded clean triazole intermediafel8.1 ethyl ester hydrochloride and 590 kg of ethyl acetate, and
g, 74%) as a white solid*H NMR ¢ 8.67 (d,J = 8.3 Hz, this was cooled with agitation te&0 °C. The trichloropyri-
1H), 8.08 (d,J = 8.3 Hz, 1H), 7.54 (m, 1H), 7.40 (m, 1H), midine solution was then added to the glycine ethyl ester
6.56 (s, 1H), 3.67—3.56 (m, 8H), 2.01 (m, 8HJC NMR hydrochloride mixture over-2 h, maintaining the internal
162.1, 160.0, 157.5, 146.7, 131.9, 128.3, 124.5, 119.6, 115.6temperature below 10C. When the transfer was complete,
80.2, 46.6, 46.4, 25.6, 25.3. 299 kg (2313 mol) of diisopropylethylamine was charged

A solution of 15 (76 mg, 0.227 mmol) in 1 mL of  over~2 h, and after 30 min the reaction mixture was warmed
polyphosphoric acid was heated at T&for 0.5 h and then  to 25°C, and the reaction progress was monitored by HPLC
at 180°C for 45 min. The mixture was cooled to 2¥&, analysis.
poured into ice/NaHC@ and extracted with C}Cl,. The HPLC conditions: Zorbax C8 (4.6 mnx 150 mm);
extracts were dried (N&QO,) and concentrated, and chro- mobile phase, MeOH 2000, GEN 800, HO 800, EtN 3.2,
matographic purification of the residue (10 g of silica, 50% HOAc 1.6; 254 nm; injection volume 20L; flow rate 1
EtOAc/hexane) yielded 30 mg of pu8g43%), identical by mL/min; retention times:19, 2.6 min; starting materidl8,
TLC and NMR to standard samples. 3.1 min; undesired C-2 isomer, 3.5 min.

(c) Via primary amin€el7: Dichloropyrimidine intermedi- After 5.5 h of stirring, the reaction was complete, but due
ate 16 (from Alfa Aesar) (150 g, 0.91 mol) was added in to analysis problems, the mixture was inadvertently stirred
portions with good stirringd 1 L of pyrrolidine (exothermic;  a total of 15.5 h at 28C. At this point~153 L of water
temperature was kept below 3C with external cooling.)  was added. After 30 min of stirring, the phases were allowed
The resulting solution was then heated at reflux under to separate, and the organic phase was washed with 687 kg
nitrogen for 18 h. The mixture was cooled to 45, and the of 20% aqueous sodium chloride solution, filtered through
excess pyrrolidine was removed in vacuo. The residue wasa bag filter, and concentrated under reduced pressure until a
partitioned between Ci€l, (1 L) and 10% aqueous NaHGO  total of 1616 kg of ethyl acetate distillate was collected.
(1.5 L), and the aqueous layer was extracted with additional n-Heptane, 716 kg, was added, and the resulting slurry was
CH,Cl,. The extracts were dried (M&0,) and concentrated, cooled to <20 °C and stirred for~3 h. The product was
and the solid residue was recrystallized from EtOAc/ isolated by centrifuge, washed with45 kg of n-heptane,
CH,ClI,, thereby affording 110 g of purk7 (52%) as a white  and dried under nitrogen. A total of 171 kg (69.2% vyield)
solid: mp 155-159°C; *H NMR 6 4.85 (s, 1H), 4.61 (broad  of product of 94 HPLC area % isomeric purity was obtained.
s, 2H, exchangeable), 3.56—3.48 (m, 4H), 3.46—3.39 (m, Chromatographic purification of a small sample (silica
4H), 1.94—-1.86 (m, 8H)*C NMR ¢ 161.3, 161.0, 73.1, gel, 25% EtOAc/hexane) provided completely pure material,
46.4, 45.9, 25.3, 25.0. mp 91-93°C; 'H NMR ¢ 6.37 (broad s, 1H), 5.91 (broad

A solution of intermediatel7 (2.01 g, 8.62 mmol), s, 1H), 4.25 (q, 2H), 4.17 (m, 2H), 1.29 (t, 3HFC NMR
2-bromocyclohexanone (5.34 g, 30.1 mmol), and diisopro- 6 163.5, 160.1, 62.1, 43.06, 14.16. Anal. Calcd fogHE
pylethylamine (2.7 mL, 15.5 mmol) in GEN (44 mL) was CloN3Oz: C, 38.42; H, 3.63; N, 16.80; Cl, 28.35. Found:
heated at reflux under nitrogen for 18 h. The mixture was C, 38.37; H, 3.51; N, 3.51; N, 16.67; Cl, 28.73.
cooled to 25°C and concentrated, and the residue was diluted  N-2,6-Di-1-pyrrolidinylpyrimidin-4-yl)-glycine, Pyr-
with aqueous NaHC®and extracted with CkCl,. The rolidine Amide (20). A clean, dry 3000 L glass-lined
extracts were dried and concentrated, and the residue waseaction vessel under an inert atmosphere was charged with
purified by chromatography (200 g of silica, 35% methyl 127 kg (508 mol) oiN-(2,6-dichloro-4-pyrimidinyl) glycine
tert-butyl ether/CHCI,), thereby affording the 5,6,7,8- ethyl ester and 362 kg of methanol. The solution was held
tetrahydro derivative 09 (694 mg, 26%) as a pale yellow with agitation at 25°C. A clean, dry inert 4000 L glass-
solid: *H NMR ¢ 8.45 (s, 1H, exchangeable), 3.68 (m, 4H), lined reaction vessel under an inert atmosphere was charged
3.57 (m, 4H), 2.69 (m, 2H), 2.57 (m, 2H), 1.91 (m, 8H), with 825 kg (11600 mol) of pyrrolidine and cooled t0
1.80—1.77 (m, 4H). °C with agitation. The substrate in methanol solution was

A portion of the above product (267 mg) and 10% Pd/C then added to the pyrrolidine over a period~ef h, keeping
(55 mg) were suspended in Decalin, and the mixture was the internal temperature below 1Q. When the transfer was
heated at 180C for 48 h. (Additional 100 mg portions of  complete, the stirred reaction mixture was warmed first to
the 10% Pd/C were added at 18 and 26 h.) After cooling 45 °C and then heated t880 °C, collecting~362 kg of
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distillate. The mixture was then refluxed for 224 h, at
which time HPLC analysis indicates less than 1% of
di-addition intermediate remaining. The excess pyrrolidine
(407 kg) was distilled off, and 1270 kg of water was added
over~3 h, keeping the temperature=a?5 °C. The reaction
mixture was cooled te&20 °C, and the product was isolated
by filtration. The wet cake was washed witf13 L of water
and dried at 50C under vacuum. The average yield for a

to 140 °C with a positive nitrogen sweep. The reaction
progress was monitored by HPLC, and after 8 h the starting
material was consumed. The mixture was cooled 7@ °C,

and 166 kg of THF was added. The spent catalyst was then
removed by filtration. The catalyst cake was thoroughly
washed with two 55 kg portions of THF and was then
deactivated for safe recycle by soaking and washing with
40 L of water. The combined reaction filtrate and THF

three-lot campaign was 92.9% of material which contained washes were concentrated at P8and then cooled to-70

8—11 HPLC area % of the 2-glycine isomer.
HPLC conditions: Zorbax C8 (4.6 150 mm); mobile

°C. Mixed heptanes, 55 kg, were added ovelr.5 h. The
resulting slurry was cooled te0 °C, and the product was

phase: same as preceding experiment; retention timesisolated by filtration. After washing with-83 kg of mixed

starting materiall9, 2.6 min; bis-pyrolidine ester intermedi-
ate, 2.8 min; 2-isomer of product, 5.0 min; prodaé, 5.6
min.

Recrystallization of a portion of the product from EtOAc
afforded clean amid20 as a white solid: mp 215219°C;
IH NMR 6 5.21 (broad s, 1H), 4.78 (s, 1H), 4.04 (d, 2H),
3.53—-3.39 (m, 12H), 2.261.82 (m, 12H);3C NMR 6

heptanes, the product was dried under vacuum 4C40 he
seven-batch campaign affordd® in an average yield of
83%. This material was identical to standard samples by
TLC, NMR, and MS, described earlier in this manuscript.

HPLC conditions: Zorbax SB-C8 (46 75 mm); mobile
phase: A-CHCN:H,O: TFA = 5:95:0.001, B-CHCN:H,O:
TFA = 75:25:0.001; 50:50 A/B (87 min), 0:100 A/B (7.t

168.0, 162.9, 161.8, 160.4, 126.3, 73.1, 46.2, 46.0, 45.9, 45.4,11 min), 50:50 A/B (11.1—13 min); retention times:starting

43.8, 26.0, 25.6, 25.3, 24.2; MS (EIl) 344 {M 246, 218,
211,121, 70, 55; HRMS calcd for§1,8NsO + H 345.2403,
found 345.2416.
(5,6,7,8-Tetrahydro-2,4-di-1-pyrrolidinyl-9H-pyrimido-
[4,5-blindolyl)-acetic Acid, Pyrrolidine Amide (21). A

material21, 5.9 min; productO, 3.5 min.

1-[(2,4-Di-1-pyrrolidinyl-9 H-pyrimido[4,5-b]indol-9-
yl)acetyl]pyrrolidine hydrochloride (4). A clean, dry inert
4000 L glass-lined reaction vessel under an inert atmosphere
was charged with 32.0 kg (76.5 mol) of intermedid@

clean, dry inert 4000 L glass-lined reaction vessel under an After reestablishing the inert atmosphere, 571 L of 2B3 ethyl

inert atmosphere was charged witt82 kg (238 mol) of
intermediate20 and 6.4 kg of calcium chloride, and after

reestablishing the inert atmosphere, 51 kg (505 mol) triethy-

lamine and 817 kg of acetonitrile were added. With agitation,

alcohol was added, and the mixture was heated to a gentle
reflux to dissolve the solids. The hot reaction mixture was
polished through a 0.6tm polypropylene line filter. A
solution of polish-filtered ethyl acetate (550 L) and 37%

~62 kg (468 mol) of 2-chlorocyclohexanone was added, and hydrochloric acid (7.54 kg, 80.4 mol) was added to the

the reaction mixture was heated to 76 for 8 h, during
which time reaction progress was monitored by HPLC

alcoholic free base solution over30 min, and the reaction
mixture was distilled under vacuum te170 L final volume.

analysis. Water (40 L) was added to the warm reaction The mixture was seeded, diluted with 540 L of ethyl acetate

mixture, and the mixture was slowly cooled-td 0 °C over
3 h. After 6 h of stirring at—10 °C, the product was isolated
by centrifugation and dried under nitrogen at 4D. The
two-batch campaign providel in an average yield of 73%,
corrected for starting material quality.

HPLC conditions: Zorbax SB-C8 (4.6« 250 mm);
mobile phase: 350 CICN, 650 0.05 M ammonium dihy-

drogen phosphate adjusted to pH 2.5 with phosphoric acid,;

injection volume 10uL; flow rate 1 mL/min; retention
times: starting amid0, 7.8 min; produc®l, 11.7 min.
Chromatographic purification of a portion of the product
(10% acetone/CHCl,) gave pure2l as a white solid: mp
219—225°C; *H NMR 6 4.77 (s, 2H), 3.67 (m, 4H), 3.54
(m, 4H), 3.46 (m, 4H), 2.71 (m, 2H), 2.63 (m, 2H), 1:93
1.77 (m, 16H); MS (FAB) 422 (M), 423, 352, 324, 310.
Preparation of 10 from Glycine-Based Intermediate
21. A clean, dry, inert 400 L Hastelloy-C reaction vessel

and concentrated again under vacuum~t@70 L final
volume. This dilution/concentration operation was repeated
four more times, or until the ethanol content of the
supernatant was less than 5%. The slurry was filtered-at 20
25 °C, rinsed with 95 L of polish-filtered ethyl acetate, and
dried under 40C filtered nitrogen. The yield was 33.90 kg
(97.4%) of clinical quality bulk drugtl. The product was

a nonhygroscopic white solid which exhibited mp 25151
°C. Anal. Calcd for GsH3oNO-HCI: C, 63.35; H, 6.87; N,
18.47; Cl, 7.79. Found: C, 63.24; H, 6.96; N, 18.56; ClI,
7.81.
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