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Abstract:

A chromatography-free process for synthesis of 6-piperazinyl-
2,4-bis-pyrrolidinylpyrimidine in isomerically pure form is
described. The key step is the purification of a crude 6-chloro-
2,4-bis-pyrrolidinylpyrimidine/2-chloro-4,6-bis-pyrrolidinylpy-
rimidine isomer mixture (generated by reaction of 2,4,6-
trichloropyrimidine with pyrrolidine) by a highly selective acid-
catalyzed hydrolysis of the 2-chloro isomer to the pyrimidone.
The 2-chloro isomer hydrolyzes 350 times faster than the
6-chloro isomer in 6 N HCl and 1750 times faster in 12 N HCI.
To put these rate ratios in perspective, the 2-chloro isomer
reacts with amines and alkoxides only~10—17 times faster than
does the 6-chloro isomer. A mechanistic investigation using
methodological tools developed by Bunnett established that the
transition state for hydrolysis of the 6-chloro isomer involves
two more molecules of water (each acting as a base) than does
the transition state for hydrolysis of the 2-chloro isomer. As
the concentration of HCl increases fran 3 N to 6 N to 12 N,
there are fewer unprotonated water molecules. Thus, the
transition state that involves the greater number of unproto-
nated water molecules (6-chloro-2,4-bis-pyrrolidinylpyrimidine)
is expected to be increasingly disfavored with increasing acid
concentration, as is observed. The optimized process was run
successfully on production scale.

Introduction

2,4,6-Trichloropyrimidine 1) is a potentially attractive
starting material for synthesis of aminopyrimidines. However,
it reacts with alkylamine$, arylamines, amide anions,
guanidine} and carbamate aniofsas well as phenoxide
anions to give mixtures of 2- and 4/6-isomers, resulting in
separation problems.
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Such a separation problem was encountered in process
research directed toward Tirilazad Mesylate (5), a drug
candidate in development at The Upjohn Company in the
early 1990s for treatment of aneurysmal subarachnoid
hemorrhage in males. The first step in the first generation
process involved the reaction of trichloropyrimidine with
pyrrolidine in THF, to generate a 92:8 mixture of 6-chloro-
2,4-bis-pyrrolidinylpyrimidine3u and 2-chloro-4,6-bis-pyr-
rolidinylpyrimidine 3 (Scheme 1). Silica gel chromatog-
raphy was required to separate the undesired isoB8r (

Sharpless has shown that any impurity that is more
reactive than the major component can be removed to any
arbitrary level by reacting the mixture to arbitrary conversion
but that the impurity must be at leasR0 times more reactive
than the major component, or else a significant fraction of
the major component will be lo&tFor example, hypotheti-
cally, if a reagent could be found that could react 20 times
faster with 2-chloro-4,6-bis-pyrrolidinylpyrimidings than
with 6-chloro-2,4-bis-pyrrolidinylpyrimidine3u then, on
treatment of the 8:92 mixture with that reagent, 19% vyield
of 3uwould be lost in driving the level ddsdown to 0.1%.

Results and Discussion

Nucleophilic Reagents.A 3u/3s isomer mixture was
treated with a variety of nitrogen and oxygen nucleophiles,
and the relative rates of reactick¥/k") were measured (Table
1). In all cases the rate ratio was less than 20.

Aqueous Hydrochloric Acid. In contrast with the insuf-
ficiently high selectivities obtained with nucleophilic re-
agents, it was found that, on stirring3a/3smixture in 20
Be (32 wt %; 10.2 M) hydrochloric acid (an inexpensive,
commercially available gradeBs hydrolyzed 230 times
faster than3u (Scheme 2J° Moreover, the hydrolysis
products (pyrimidone$s and 6u) were cleanly separated
from 3u by extraction of the crude hydrolysis mixture in
Isopar HYheptane/xylene with pH 2.1 water, as the pyrimi-
dones are stronger bases than the chloropyrimidines. Extrac-
tion with pH 3.4 water removed essentially all the 2-pyrim-

(7) Jacobsen, E. J.; McCall, J. M.; Ayer, D. E.; Van Doornik, F. J.; Palmer, J.
R.; Belonga, K. L.; Braughler, J. M.; Hall, E. D.; Houser, D. J.; Krook, M.
A.; Runge, T. A.J. Med. Chem1990,33, 1145.
(8) The lettersu and s denote the unsymmetrical and symmetrical isomer,
respectively.
(9) Martin, V. S.; Woodard, S. S.; Katsuki, T.; Yamada, Y.; keda, M.; Sharpless,
K. B. J. Am. Chem. S0d.981,103, 6237.
(10) A preliminary account of this research has been published: Pearlman, B.
Specialty Chemical$998,18, 94.
(11) Isopar H is a mixture of branched hydrocarbons of approximate boiling
point range 177 to 187C.
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Scheme 1. First generation process to produce Tirilazad Mesylate
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aThe two monoadduct®u and2sare formed in this ratio on treatment of trichloropyrimidine with 1.9 equiv of pyrrolidine (THF-C). See Supporting Information

for details.

Table 1. Selective destruction of 3s by nucleophilic reagents

CI~_-N D N Nu.__N I\D
Y - 1T
/N ku /N
N N
o 7
S \
N._N._Cl N Cl\\l N._Nu
S -~ 1T
2N kS =N
3s
o O
entry nucleophile conditions ks/ku
1 piperazine pyridineA 9.6
2 pyrrolidine 138°C 171
3 benzylamine 190C >14.9
4 NaOCH MeOH, A 14.0
5 KOtBu DMSO, 52°C 13.8

idone6salong with only a minor amount of the 6-pyrimidone
6u, showing that6s is slightly more basic thau. The
chloropyrimidine3u was recovered in isomerically pure form
(containing 0.0298s) with a loss of only 2.2% yield du.
Mechanistic Experiments.Rates of hydrolysis reactions
in strong aqueous acid(3 N) do not, in general, depend
linearly on either the proton concentration or the water

the transition state of the rate-determining stegHe
introduced three variableso( w*, and ¢) to measure the
deviation from linearity, defined by eqs 1—3,

logk + Ho=wlogaH20+C Q
log k + log[HCI] = w* log a0t C 2)
logk + H,= ¢ (H, + log[HCI]) + C 3)

whereH, is the Hammett acidity function (which measures
the effective acidity of the proton as a function of acid
concentration) an@y,o is the activity coefficient of water
(which measures the effective basicity/nucleophilicity of
water as a function of acid concentration).

To determine the values of the Bunnett coefficients for
hydrolysis of the two isomeric chloropyrimidin&8si and3s,
the rates of hydrolysis ddu and3swere measured in 3 N,

6 N, and 12 N hydrochloric acid. Results are tabulated in
Table 2.

Values ofw, w", and¢ were then calculated using egs
1-3 and the rate data in the first two entries of Table 2.
The results are tabulated in Table 3.

Bunnett found that “high” values @b, w*, and ¢ (defined
as higher than 3.3;2, and 0.58, respectively) are empirically
associated with hydrolysis reactions in which more than one
water molecule (one acting as a nucleophile and the rest as
bases) are involved in the rate-determining step, that “low”
values (i.e., lower than 0, lower than an unspecified value,

concentration because, as the proton concentration increase@nd lower than 0, respectively) are associated with hydrolysis
the protons become increasingly desolvated, thus becoming'€actions in which water is not involved in the rate-

more “acidic,” and the oxygen lone pairs of the water
molecules become increasingly hydrogen bonded, thus
becoming less “basic.” Bunnett has shown that the deviation
from linearity gives information about the role of water in

922

Vol. 10, No. 5, 2006 / Organic Process Research & Development

(12) (a) Bunnett, J. FJ. Am. Chem. S0d.961,83, 4956. (b) Bunnett, J. B.
Am. Chem. S0d.961,83, 4968. (c) Bunnett, J. B. Am. Chem. Sod961,
83, 4973. (d) Bunnett, J. B. Am. Chem. S0d961,83, 4978. (e) Bunnett,
J. F.; Olsen, F. PCan. J. Chem1966,44, 1899. (f) Bunnett, J. F.; Olsen,
F. P.Can. J. Chem1966,44, 1917.



Scheme 2. Selective hydrolysis of 3s in 10 N hydrochloric acid
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Table 2. Effect of acid concentration on hydrolysis rate
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Table 3. Values of Bunnett coefficients for hydrolysis of
chloropyrimidines

extractions

compound ® o ¢
o N D 5.30 -0.09 0.98
g
=N
O
3u
G o 3.23 -2.16 0.60
o
O
3s
crossover value' 3.3 2 0.58

a2 The values at which the mechanism crosses over from one in which water
acts as a nucleophile to one in which it acts as both a base and nucleophile.

column) rather than from ref 12a because the ref 12a dataset does not include a

value for 12.22 M HCI. The values o, for 6 N and 3 N HCI given by the two
datasets agree very closelCommon logarithm of the activity coefficient of
water; values are taken from ref 14.

Activation Parameters. Further insight into the mech-
anism can be gained by comparing the activation parameters
of the two transition staté€.The difference of the activation

determining step, and that values in between are associatedree energ|es for hydrolysis of the two chloropyrimidines

with reactions in which one molecule of water is involved
as a nucleophil&?®fIn the case of the hydrolysis 80, the
values ofw, w*, and ¢ are all “high,” indicating that more
than one water molecule (one acting as a nucleophile and

the rest as bases) are involved in the rate-determining step.

In the case of the hydrolysis 8F, the values ab, w*, and
¢ are on the border between the “high” and “middle” ranges,
indicating that the rate-determining step involves one mol-
ecule of water acting as a nucleophile and may or may not
involve additional molecules of water acting as bases.
Bunnett also pointed out that “an extreme interpretation
of w*-values would be that they represent the number of
water molecules of change of hydration between reactants
and transition states and thatrepresents the same quantity
on an adjusted scalé? The values of bothw and w* for
3u are about 2 units higher than those 3sr Thus, according
to this guideline, the transition state for hydrolysis Jf
involves two more water molecules (each acting as a base)
than that for hydrolysis 08s®

(AG - AG ) can be calculated by the Eyring equation (eq
4).

AG. — AG = —RTIn(E) 4)

_[L9872cq
= (—mol = "j(zgs K) In(1750)
kcal

= —4.4==
mol

The activation entropies and enthalpies were not measured
experimentally. However, Bunnett has shown that, on
average, the activation entropA$) of a transition state
decreases by approximately 4.1 cal/mol K pannit.? Thus,

a reasonable estimate of the difference of the activation
entropies for hydrolysis of the two chloropyrimidines can
be calculated from eq 5.

(13) Arnett, E. M.; Mach, G. WJ. Am. Chem. S0d.966,88, 1177.

(14) values interpolated from table published in: Akerlof, G.; Teare, JJW.
Am. Chem. Sod 937,59, 1855.
Vol. 10, No. 5, 2006 / Organic Process Research & Development 923



s — w,)(—4.1 cal)
mol K

aS - a5 =" 5)

_ (3.2— 5.3)(—4.1 cal)
- mol K

_86 cal
mol K

The difference in the activation enthalpies (AH AH?)
can then be calculated from eq 6.

AHL — AH! = AG! — AG! + T(AS — AS)

8.6 cal
mol K

(6)

= (—4.4'@') + (298K
mol

= 4480 5 gked
mol mol

cal
mol

The conclusion that emerges from this analysis is 8sat
hydrolyzes much faster tha&8u because both the activation
entropy and activation enthalpy are higher for hydrolysis of
3u than for hydrolysis of3s, by ca. 2.6 and 1.8 kcal/mol,
respectively.

Proposed Transition States.To rationalize the conclu-
sion thatAHfFj is greater tharAHz, we propose that the
carbon—oxygen bond in the transition state for hydrolysis
of 3uis stronger (and thus shorter) than that in the transition
state for hydrolysis 08s, as depicted in Figure 1.

The extremely high selectivity in 12 N HCI can be
rationalized in terms of the two proposed transition states.
As the concentration of HCI increasesmitd3 N to 6 N to
12 N, there are fewer “free” (i.e., unprotonated) water

=-1.

®
® ¢ e ’3 C\@HCI OHay(H,0
=N N N H 2( 2 )n
(H20)nioHoO= " Ny . 2
~NH s NH
N

Figure 1. Proposed transition states for hydrolysis of 3u and
3s, respectively.

developed. The key step is the purification of a crude
6-chloro-2,4-bis-pyrrolidinylpyrimidine/2-chloro-4,6-bis-pyr-
rolidinylpyrimidine (3u/3s) isomer mixture (generated by
treatment of 2,4,6-trichloropyrimidine with pyrrolidine) by
a highly selective acid-catalyzed hydrolysis of the 2-chloro
isomer to the pyrimidone, which is accomplished simply by
stirring the mixture in 12 N HCI at rt. The 2-chloro isomer
hydrolyzes completely to the pyrimidone, while the 6-chloro
isomer is essentially inerkik" = 1750). The process was
run successfully on production scale.

Experimental Section

Generation of Chloro-bis-(pyrrolidinyl)pyrimidine Iso-
mer Mixture (3u/3s). To a 1 Lflask was added in sequence
sodium carbonate (mw 105.99; 58 g, 0.547 mol, 2.01 equiv),
500 mL heptane, and 2,4,6-trichloropyrimidine (mw 183.42;
50.0 g, 0.273 mol). The slurry was agitated, and 80 mL of
water were added. To the mixture was added pyrrolidine (mw
71.12; d 0.852; 55.0 mL, 46.9 g, 0.659 mol, 2.42 equiv) at
a rate such that the pot temperature remained beloWC80
Once the addition was complete, the pot temperature was
adjusted to 80t 1 °C and the mixture was stirred until the
reaction was complete by TIX(12 h). The mixture was

molecules. Thus, the transition state that involves the greaterquenched with 240 mL of water, the pot temperature was

number of unprotonated water molecules (3u) is expected
to be increasingly disfavored with increasing acid concentra-
tion, as is observed.

Piperazine DisplacementThe crude, isomerically pure
chloropyrimidine 3u was converted into the piperazine
derivative4u by the procedure outlined in Scheme 3. The
yield of 4u starting from 200 kg trichloropyrimidine was
261 kg (79% vyield).’

Conclusions
A chromatography-free process for synthesis of isomeri-
cally pure 6-piperazinyl-2,4-bis-pyrrolidinylpyrimidine was

(15) Since3s is more polar on silica gel TLC thaBu, the possibility was
considered thaB8s may hydrolyze more rapidly thaBu because a higher
percentage dBsthan3u may be protonated. This possibility was investigated
by a study of the effect of solvent (75% @DO.D, 3 N HCI, and 6 N HCI)
on the’3C NMR chemical shift of C2/C4/C6 of the two isomers, based on
the assumption that the change in chemical shift should be greater for the
more basic isomer, because a greater fraction of molecules would be
protonated. The signals for C2/C4/C6 of both isomers shifted upfield
progressively from 75% CECO,D to 3 N HCI to 6 N HCI by approximately
the same amount, indicating that roughly similar fraction8sdnd3u are

protonated at each acid concentration, thus contradicting the premise that a

higher percentage @&sthan3u is protonated. See Supporting Information
for details.

(16) We thank a referee for the suggestion that the high selectivity could be due
to a difference in activation entropy, which would be expected to be greater
for the transition state requiring the ordering of two extra molecules of water
(3u).

(17) This process has been patented: Pearlman, B. A.; Padilla, A. G. U.S. Patent

5,225,555, July 6, 1994.
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adjusted to>=70 °C, the phases separated, and the aqueous
phase was extracted with 50 mL of PC heptane. The
heptane extracts were combined and taken on to the next
step. The ratio oBu to 3swas 97.09:2.91 by L&

Selective Hydrolysis of 3s.The combined heptane
extracts from the previous step were cooled to°€2 20°
Be Hydrochloric acid (mw 36.46; 32 wt %; 10.2 M; d 1.1593;
150 mL, 55.65 g, 1.526 mol, 5.60 equiv) was added, resulting
in a 10-12 °C exotherm. The mixture initially formed two
cloudy liquid layers. On stirring, the upper layer became clear
and colorless, and the lower layer became hazy yellow-
orange. The3u/3s was exclusively in the lower aqueous
layer. The mixture was stirred at 40—3C until the level
of 3swas <0.07 mol % (4—5 h) by LG° The normalized

(18) TLC procedure: plate, silica gel; eluant, 10% ethyl acetate/cyclohexane;
visualization, UV (short wavelength); 2,4,6-trichloropyrimidife= 0.17;
2-chloro-4,6-bis-pyrrolidinylpyrimidine (3s)R = 0.20; 2,4-dichloro-6-
pyrrolidinylpyrimidine (2u), R = 0.28; 6-chloro-2,4-bis-pyrrolidinylpyri-
midine (3u), R = 0.44; 4,6-dichloro-2-pyrrolidinylpyrimidine2s), R =
0.58; 2,4,6-trichloropyrimidinef = 0.58. The reaction mixture is spotted
directly. The reaction is judged complete when o8ly3sare present.

(19) LC assay: column, DuPont Zorbax C8, 25 sm4.6 mm; temperature,
ambient; flow rate, 2.9 mL/min; detection, 254 nm; mobile phase, 500 mL
of methanol/200 mL of acetonitrile/300 mL of water/0.8 mL of triethylamine/
0.4 mL of acetic acid. Retention times: 2,4,6-trichloropyrimidine, 2.03 min;
2,4-dichloro-6-pyrrolidinylpyrimidine (2u), 2.40 min; 2-chloro-4,6-bis-
pyrrolidinylpyrimidine @s), 3.18 min.; 4,6-dichloro-2-pyrrolidinylpyrimidine
(2s), 4.76 min; 6-chloro-2,4-bis-pyrrolidinylpyrimidin8y), 6.52 min; 2,4,6-
tripyrrolidinylpyrimidine, 8.94 min.



Scheme 3. Optimized process incorporating highly selective acid-catalyzed chloropyrimidine hydrolysis (production run)
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ratio of 3u:3s:6u:6swas 94.872:0.015:2.222:2.891, from anh. sodium carbonate (mw 105.99; 28.8 g, 0.272 mol, 1.05
which it was calculated tha®/k' = 227.5. The mixture was  equiv), anh. piperazine (mw 86.14; 132.0 g, 1.532 mol, 5.93
cooled to 14°C, and 75 mL of 50% ag. sodium hydroxide equiv), and 30 mL of octane (to wash down piperazine that
were added at a rate such that the pot temperature remainedublimed in condenser) were added. The slurry was heated

<50 °C. The slurry was heated 70 °C, and 75 mL of

water were added. The pH was adjusted to 1.8 to 2.0 by judged complete by TLC (eluant:

addition of 3 mL of 50% sodium hydroxide. The pot
temperature was kept at65 °C during all the extractions.

at 133—135°C for 21 h, at which time the reaction was
35% ethyl acetate/
cyclohexaneR; [4u] = 0.00;Rs[4d] = 0.45;R [3u] = 0.68)
and LC?' The normalized ratio oBu:4u:4d by LC was

The homogeneous layers were separated, and the organi®.002:97.1:2.897, from which it was calculated tk&fk*
layer was extracted sequentially with the following: (1) a (the rate constant for formation dfu divided by the rate
solution composed of 50 mL of water and 4 mL of 50% constant for formation odd) = 1.56. The slurry was cooled
sodium hydroxide; (2) 50 mL of water. Each of the aqueous to 100°C, and 100 mL of toluene, 250 mL of water, and 15
layers was held separately and back-extracted in sequencenL of 50% sodium hydroxide were added. The sodium
with the same 50 mL portion of heptane. The pH 2 extraction hydroxide is added to convert sodium bicarbonate to sodium
removes 95% of the pyrimidones. The pHLO extraction carbonate. Sodium carbonate is more soluble than sodium
removes residual pyrimidones missed in the pH 2 extraction. bicarbonate, thus helping to minimize the volume. The higher
The aqueous layers were discarded. The organic layers werdasicity of sodium carbonate is also advantageous in extract-
combined and taken on to the next step. ing trace amounts of pyrimidones. The pot temperature was
Generation and Isolation of 6-Piperazinyl-2,4-bis- kept at>85 °C during the extractions. The homogeneous
pyrrolidinylpyrimidine (4u). The combined organic layers phases were separated: organic layer 1A, aqueous layer 1B.
from the previous step (containing theoretically 0.259 mol The aqueous layer (1B) was extracted with 70 mL of toluene/
of 3u) were concentrated under a vacuum to a low volume. 50 mL of water: organic layer 1C, aqueous layer discarded.
The vacuum was released, and 90 mL of Isopar H were To the organic layer 1A was added 250 mL of water and
added. The concentration was continued at a pot temperatureeoncd hydrochloric acid (mw 36.46; 37.6 wt %; d 1.1885;
of 100°C at 176 mm vacuum. After releasing the vacuum, 47 mL, 21.00 g, 0.576 mol, 2.23 equiv). The pot temperature
was adjusted t@85 °C, and the pH was adjusted to 3.8
4.0 with concd hydrochloric acid. Toluene (150 mL) was

(20) LC assay: column, DuPont Zorbax C8, 25 cm4.6 mm; temperature,
ambient; flow rate, 2.9 mL/min; detection, 254 nm; mobile phase, 50%A/
20%B/30%C where Reservoir A containl L of methanol/l mL of
triethylamine/0.5 mL of acetic acid, Reservoir B congadnL of acetonitrile,
and Reservoir C contasnl L of water/1 mL of triethylamine/0.5 mL of
acetic acid. Retention times and response factors (amount/area): 4,6-bis-
pyrrolidinyl-2-pyrimidone (6s), 2.21 min and 1.3456 1077; 4,6-bis-
pyrrolidinyl-2-chloropyrimidine 8s), 3.36 min and 2.1855 10°8; 2,4-
bis-pyrrolidinyl-6-pyrimidone §u), 5.57 min and 5.233% 10-8; 6-chloro-
2,4-bis-pyrrolidinylpyrimidine (3u), 7.04 min and 2.5059 108

(21) LC assay: column, DuPont Zorbax C8, 25 em4.6 mm; temperature,
ambient; flow rate, 4 mL/min; detection, 230 nm; mobile phase, 400 mL of
acetonitrile/400 mL of methanol/200 mL of water/1 mL of triethylamine/
0.05 mL acetic acid. Retention times and response factors (amount/area):
6-chloro-2,4-bis-pyrrolidinylpyrimidine (3u), 2.11 min and 1.88491.0°%;
6-piperazinyl-2,4-bis-pyrrolidinylpyrimidine (4u), 6.7 min and 1.3757
1079 2:1 adduct (4d), 10.8 min and 7.9302 10-1°.
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added to the thin slurry until all the 2:1 adddat dissolved.

20.5 h. The mixture was found to contdln, 3s,2s, and3u

The phases were separated: organic layer 1D, aqueous layen a 1.95:6.06:1.54:90.45 mole ratio by LC analy$Sighe
1E. 1C and 1E were combined, and the pH was adjusted tomixture was quenched with 200 mL of water, diluted with

3.8-4.0 by the addition of concd hydrochloric acid. The

20 mL of brine, and extracted with ethyl acetatex3L00

phases were not separated: 1F. To 1D was added 50 mL ofmL). The organic extracts were back-extracted with the same

water, and the pH was adjusted to 3486. The organic layer

100 mL portion of water and then combined and concentrated

was discarded, and the aqueous layer was combined withto an oil which crystallized on seeding to solids consisting
1F. The phases were separated: organic layer 1G, aqueousf a mixture of three component®;(= 0.20, 0.28, and 0.44)

layer 1H. 1G was combined with 50 mL of water, and the
pH was adjusted to 3-84.0 with hydrochloric acid. The

by TLC.}® Weight: 13.8 g. A portion of the solids (12.5 g,
from 0.0494 mol trichloropyrimidine) was flash chromato-

organic layer was discarded, and the aqueous layer wasgraphed on 560 g silica gel (gradient elution, 2%30%

combined with 1H: 1l. The combined aqueous layers (1I)
were cooled to~50 °C, and 50% sodium hydroxide (mw
40.00; d 1.53; 30 mL, 22.95 g, 0.574 mol, 2.22 equiv) was
added. The pH of the resulting thick slurry wa40. To the
slurry was added 200 mL of toluene and 100 mL of Isopar
H. The pot temperature was kept aB80 °C during the

ethyl acetate/cyclohexane). The fractions containingRhe

= 0.44 component were combined, concentrated, diluted with
heptane, and filtered to give a solid (mp-782 °C) identified

as 6-chloro-2,4-bis-pyrrolidinylpyrimidindu by its spectral
characteristics. By LC, the material was homogeneous except
for 0.10 M% 3s and 0.52 M%2s. Weight: 11.51 g (mw

extractions. The phases were separated, and the organic laye252.75; 0.0455 mol, 92.2% vyield}3C NMR (75 MHz,

was extracted with water (4 100 mL). Each aqueous layer
was extracted in sequence with 75 mL of toluene/25 mL of

CDCL): 6 161.3 (s); 159.7 (s); 158.8 (s); 90.6 (d); 46.5 (3C,
t); 46.2 (t); 25.5 (4C, t)3H NMR (300 MHz, CDC4): o

Isopar H. The aqueous layers were discarded, and the organid.89—1.94 (8H, mults); 3.50—3.55 (8H, mults); 5.63 (1H,
layers were combined and concentrated under a vacuums). MS (CI, CH): m/e 253/255 (P + H, 100%). Anal. Calcd

Isopar H (315 mL total) was added intermittently as needed
to keep a stirrable slurry. The distillation was continued to
a pot temperature of 100 at 176 mm of vacuum. The pot
volume was~425 mL. The slurry was cooled te15 °C,

and the solids were collected. The cake was washed with
300 mL of —15°C heptane. The cake was dried in an°80
vacuum oven to give a bone white solid identified as
6-piperazinyl-2,4-bis-pyrrolidinylpyrimidine (4u) in pure
form (100.93 wt % relative to a reference standard),
containing no impurity above 0.1%, by LC comparison with
an authentic standard. Weight: 70.04 g (mw 302.43; 0.232
mol, 85.0% yield overall from 2,4,6-trichloropyrimidiné§C
NMR (75 MHz, CD:,Cl,): 6 164.4 (s); 162.9 (s); 160.5 (s);
72.6 (d); 51.7 (t); 45.9 (t); 46.5 (2C, t); 46.4 (2C, t); 45.4
(t); 44.8 (1); 25.9 (2C, t); 25.7 (2C, t}H NMR (300 MHz,
CD.Clp): 6 1.85—1.95 (8H, mults); 2.84 (4H, § = 5.1
Hz); 3.36—3.49 (12H, mults); 4.83 (1H, s). MS (CI, @QH
m/e303 (P + H, 100%).

Synthesis of Reference Standards of 3u and 3#&\
solution of 2,4,6-trichloropyrimidine (mw 183.42; 10.0 g,
0.0545 mol) in 50 mL of methanol was cooled+d.7 °C
and treated dropwise with a solution of pyrrolidine (mw
71.12; d 0.852; 20.0 mL, 17.0 g, 0.240 mol, 4.39 equiv) in
65 mL of methanol at a rate such that the pot temperature
remained<—=8 °C (7 min). The mixture was stirred at rt for
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for C12H1/N,*®Cl: m/e252.1142. Foundm/e252.1154.

The fractions containing thB: = 0.20 component were
combined and concentrated to a solid (mp—94 °C)
identified as 2-chloro-4,6-bis-pyrrolidinylpyrimidings by
its spectral characteristics. By LC, the material was 99.92
M% pure. Weight: 0.616 g (mw 252.75; 0.00244 mol, 4.9%
yield). 1*C NMR (75 MHz, CQCly): 6 161.8 (s); 159.6 (s);
78.9 (d); 46.8 (t); 25.6 (tfH NMR (300 MHz, CQCly): o
1.94 (8H, narrow mult); 3.37 (8H, br s); 4.92 (1H, s). Anal.
Calcd for G:H1/NZSCl: mle 252.1142. Foundn/e 252.1152.
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