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Pro-Leu-Gly-NH (PLG), in addition to its endocrine effects, possesses the ability to modulate dopamine
D, receptors within the central nervous system. However, the precise binding site of PLG is unknown.
Potential photoaffinity-labeling ligands of the PLG binding site were designed as tools to be used in the
identification of the macromolecule that possesses this binding site. Six different photoaffinity-labeling ligands
were designed and synthesized on the basis ofytleetam PLG peptidomimeti@é. The 4-azidobenzoyl

and 4-azido-2-hydroxybenzoyl photoaffinity-labeling moieties were placed at opposite ends of PLG
peptidomimeticl to generate a series of ligands that potentially could be used to map the PLG binding site.
All of the compounds that were synthesized possessed activity comparable to or better than PLG in enhancing
[®H]-N-propylnorapomorphine agonist binding to dopamine receptors. Photoaffinity ligands that were cross-
linked to the receptor preparation produced a modulatory effect that was either comparable to or greater
than the increase in agonist binding produced by the respective ligands that were not cross-linked to the
dopamine receptor. The results indicate that these photoaffinity-labeling agents are binding at the same
allosteric site as PLG and PLG peptidomimetic

Introduction it can be synthesized. Peptidomimetis about 100 times more

s potent than PLG in potentiating apomorphine-induced rotational
epehavior in 6-OHDA-lesioned rafsand it is more potent than
PLG in protecting against 1-methyl-4-phenyl-1,2,3,6-tetrahy-
dropyridine (MPTP)-induced dopaminergic degeneratiBep-

L-Prolyl-L-leucylglycinamide (PLG) is a central nervou
system neuropeptide that acts as a modulator of the dopamin
receptot PLG has been shown to enhance the binding of

agonists such abl-propylnorapomorphine (NPAY and apo- . L L . -
morphind to the dopamine Preceptor. PLG has no effect on tldomlmenc.l maintains the high affinity state of th@lf)aceptor
by increasing GTP hydrolysid. It attenuates haloperidol-

the binding of antagonists such as spiroperidol to dopamine . ; - .
receptors. Studies have shown that PLG and PLG peptidomi- !nduced vacuous Chewng movements in ¥aasid haloperidol-
metic 1 enhance3H]NPA and PH]quinpirole binding in a dose- |nducedc-f0§ expressiort: . - : .
dependent manner to thexD Ds, and D dopamine receptor We enwsmngd that placing a p.hotoz.afflmty-labellng m0|ety
subtypes, but they do not enhance agonist binding to the D at different positions on PLG peptidomimefiavould provide

and D; dopamine receptdrExperiments have shown that PLG ~ & W&y of potentially mappi_ng out the PLG bi_ndir_19 site. Initially
enhances the conversion of dopamine receptors from their low- €0mMpounds2—4 were designed. These derivatives placed the

affinity state to a high-affinity state for enhanced agonist Photoaffinity moiety on either end df Although the introduc-
binding? tion of a photoaffinity moiety ontd could introduce adverse
The precise mechanism of action behind PLG'’s ability to steric interactions between the photoaffinity-labeling agent and
modulate dopamine receptors is unclear. Preliminary evidencethe PLG blndln.g. site, previous SAR studlgs on PLQ suggested
suggests the existence of a putative PLG binding ®Site that at the positions selected such steric issues might not be a
However, it is not known whether the binding site is located significant problem. For example, §evg¢bprolyl analogues
on the dopamine receptor or whether it is part of another of PLG that possessedbenzyl substitutions were found to pe
independent macromolecule that somehow is coupled to the?S active as PLG& These results suggg;t that .th? PLG binding
dopamine receptor. Photoaffinity-labeling ligands were envi- lsﬂfhwould ag;c?kr]nrr&o;jate_thtlef?]ogoafﬂrgty m(ljletl_%s2(§n(_j3.t_
sioned as one possible means of facilitating the identification r]ll € case of, el ) e:jml_na - lybroxyt/ enzg amide b?.”\;]a :jve
the PLG binding site, thereby increasing our understanding of of 1 was previously made in our laborat&fyand in unpublishe

the mechanism by which PLG modulates the dopamine receptor.?ug?es was ShOV\I’S to be activde, thui sugr?estir}? t.haﬁ tgel_PLG
This paper describes the synthesis and preliminary pharmaco- inding site could accommodate the photoaffinity-labeling

logical activity of such photoaffinity-labeling agents. moiety found in4.
g y P y 929 Two photoaffinity-labeling moieties were chosen for incor-

Results poration intol; the 4-azidobenzoyl and 4-azido-2-hydroxyben-
zoyl groups. The 4-azidobenzoyl moiety was chosen because
this group is reasonably stable and can withstand many reaction
conditions except those that involve excessive heating, strong
oxidizing, or strong reducing conditiod% Also, this group is
o p o Phone L612.6047177 Feocr 1612624 stable at 37°C and not that susceptible to intramolecular
0139_°é[fn35ﬁ”j$ﬂ%5%“22%h mn?g iy - rax: rearrangement after pho.tolyéf‘sFlnally, this moiety can be
incorporated into organic molecules via the commercially

T University of Minnesota.
* McMaster University. available 4-azidobenzoic achthydroxysuccinimide ester. The

Design Rationale PLG peptidomimetid was chosen as the
scaffold on which the photoaffinity-labeling moieties would be
attached because of its potent activity and the ease with which
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4-azido-2-hydroxybenzoyl moiety provides a ring system that
can be readily radioiodinatédLike the 4-azidobenzoyl moiety,
the 4-azido-2-hydroxybenzoyl moiety can be incorporated into
organic molecules with the easily synthesized 4-azido-2-
hydroxybenzoic acidN-hydroxysuccinimide estéf.
Syntheses.The synthesis of photoaffinity labea—c and
3a—c required the 4-aminoproline derivative8a and b,

Fisher et al.
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when using either EDC/HOBt or mixed anhydride coupling
procedures. The yield dflaincreased to 61%, when Mukaiya-
ma’s reagent> 2-chloro-1-methylpyridinium iodide, was used
as the coupling reagent. The couplingdifand10to give11lb

in a 60% yield was successful when using the mixed anhydride
coupling conditions oN-methylpiperidiné® (NMP) and isobu-
tylchloroformate (IBCF) followed by HOBLt to suppress the side
reaction found in the mixed anhydride coupli#igThe methyl
esterslla and 11b were converted to their corresponding
primary amidesl2a and 12b, respectively, with methanolic

respectively. Their synthesis is depicted in Scheme 1. The ammonia. Deprotection by hydrogenolysis of the benzyloxy-

protected hydroxyprolin®& was made frontrans-hydroxy-.-
proline following the method of Williams et &%.Compoundb
was converted to either thas- or transaminoprolinesBa and

8b, respectively, through the procedures of Webb & alith
only slight modifications. The protectedans-hydroxyproline

5 was converted to either the mesyld&a with retention of
configuration or the bromidéb with inversion of configuration.
During the formation of Bo@is-4-bromoproline benzyl ester
(6b), separation of the triphenylphosphine oxide from the
product proved to be difficult. Therefore, this reaction was done
with 1,2-bis(diphenylphosphino)ethane (diph&s)ksince ap-
proximately 70% of the diphos phosphine oxide byproduct could
be filtered off before column purification. Conversion of both
6a and 6b to their corresponding azide®a and 7b was
accomplished with inversion of configuration in each case.

carbonyl group ofl2a and 12b was followed in each case by
coupling of the resulting free amine to either the commercially
available 4-azidobenzoic aditthydroxysuccinimide este8a),
4-azido-2-hydroxybenzoic acidN-hydroxysuccinimide ester
(13b),18 or 5-iodo-4-azido-2-hydroxybenzoic achthydroxy-
succinimide ester1@c).1” The tert-butoxycarbonyl-protected
photoaffinity labelsl4a—c and 15a—c were deprotected with
HCl in dioxane to afford the photoaffinity-labeling ligangia—c
and3a—c.

The synthesis of photoaffinity labelda—c is shown in
Scheme 3. Freidinger's lactarh6?> was coupled to Chz-
ethylenediamine hydrochloriéfe?®(17) by initially using EDC/
HOALt. An excellent yield of 83% was achieved. However,
because of the cost of HOAt, other coupling reagents were
explored. The EDC/HOBLt coupling procedure was unsuccessful,

Simultanous reduction of the azide and hydrogenolysis of the while the NMP/IBCF mixed anhydride coupling procedure

benzyl ester afforded thes- andtrans-4-aminoproline8aand

8Db, respectively. The amino group 8& and8b was protected
with the benzyloxycarbonyl group to givéa and 9b, respec-
tively.

The elaboration 09a and9b into the photoaffinity-labeling
agents2 and 3 is outlined in Scheme 2. Each of these
4-aminoproline derivatives was coupledytdactam10, which
was made from Boo-Met-Gly-OMe utilizing procedures
previously established in our laboratéty3and by Freidinger
et al?* The coupling of9a and 9b to 10 proved to be more
difficult than initially expected. Initial attempts at coupli®g
and10to give 11awere successful in a moderate yield of 49%

described above gavE8 in a 90% yield. Theert-butoxycar-
bonyl group of18 was removed with TFA/CECl, and the
resulting product was coupled to Boc-Pro-OH with Mukaiya-
ma’s reagent in a good yield (79%). This coupling reaction was
initially attempted with EDC/HOBE, but this only afforded the
product in a moderate yield (42%), while the NMP/IBCF mixed
anhydride coupling procedure that worked well in the previous
coupling step only afforded the desired product in a 10% yield.
Use of the coupling reagent PyBroP was problematic, as
separatind 9 from the phosphine oxide byproduct was difficult.
The benzyloxycarbonyl group df9 was removed by hydro-
genolysis and the deprotected product then coupled to either
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133 13D, or 13cto give20a 20b, or 20¢ respectively. Removal  labeling agent2a, 3a, and4aare shown in Figure 1. The data

of the tert-butoxycarbonyl group fron20a—c afforded the for the 4-azido-2-hydroxybenzoyl photoaffinity-labeling agents

photoaffinity-labeling agentda—c. 2b, 3b, and 4b and the 4-azido-2-hydroxy-5-iodobenzoyl
Pharmacological Activity. The photoaffinity-labeling agents  photoaffinity-labeling agent&c and4c are shown in Figure 2.

synthesized above were tested for their ability to increase the Their activity was compared to that of thelactam PLG

binding of the dopamine receptor agonist NPA to dopamipe D peptidomimeticl (Figure 1) on which the photoaffinity-labeling

receptors from bovine striatal tissue as described by Srivastavaagents were baséd.

et al? These compounds were tested for their ability to increase ~ All of the photoaffinity-labeling agents showed significant

[BH]NPA binding at three different concentrations: 1, 10, and activity in increasing the binding of3H]NPA to isolated

100 nM. The data obtained for the 4-azidobenzoyl photoaffinity- dopamine receptors at one or more of the concentrations that
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Figure 1. Stimulation of PHJNPA binding to dopamine Preceptors s s

frogm bovine striatal memFbrlmes by PLCEEJ peptigomimet(data ?rom Rhataatliniby:Labsiing Eigand

ref 23) and the PLG peptidomimetic photoaffinity-labeling agedes Figure 3. Stimulation of PHINPA binding to dopamine Preceptors

3a, and4a. Data represent the percent increase in specifigNPA from bovine striatal membranes by photoaffinity-labeling ageftis
binding over the control value when the indicated concentration of and4c at a concentration of 100 nM with or without cross-linking to
compound was added directly to the assay buffer. Results are the meanthe membrane preparation. Results are the meaS8EM of three

+ SEM of three or four separate experiments carried out in triplicate. separate experiments carried out in triplicate. Statistical comparisons
Statistical comparisons were made using repeated measures of analysigere made using repeated measures of analysis of variance (ANOVA).
of variance (ANOVA). Significantly different from control value:p* Significantly different from the non-cross-linked valuep * 0.05.

< 0.05, **p < 0.01, **p < 0.001.
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Figure 2. Stimulation of PH]NPA binding to dopamine breceptors Figure 4. Stimulation of PH]NPA binding to dopamine Preceptors

from bovine striatal membranes by the PLG peptidomimetic photoaf- from bovine striatal membranes by PLG ahéifter the receptors have
finity-labeling agent2b, 2, 3b, 4b, and4c. Data represent the percent  peen photolyzed in the presence of 100 nM of the photoaffinity-labeling
increase in specificH]NPA binding over the control value when the  agents2b, 2¢, 4b, and4c. Data represent the percent change in specific
indicated concentration of compound was added directly to the assay[34]NPA binding from the control value when either PLG #M) or

buffer. Results are the means SEM of three or four separate 1 (10 nM)was added directly to the assay buffer. Results are the means
experiments carried out in triplicate. Statistical comparisons were made 1 SEM of three or four separate experiments carried out in triplicate.
using repeated measures of analysis of variance (ANOVA). *Signifi- - statistical comparisons were made using repeated measures of analysis
cantly different p < 0.05) from control value. of variance (ANOVA). Significantly different from control value:p*

were tested. In general, however, they were less effective than™~ 0-05, **p = 0.001.
the unsubstituted PLG peptidomimelicThe agents for which  subjected to photolysis. The ability of the two photoaffinity-
the photoaffinity label was placed off of the carboxamide moiety labeling agents cross-linked to striatal membrane dopamjne D
of 1, compoundsta—c, appeared to be the most effective of receptors to increase the binding of the agorfisiIPA was
the photoaffinity-labeling agents that were made. determined, and the results were compared to the percent
Experiments were carried out to determine if exposure to UV increase in JHINPA binding produced byb and 4c on D,
light affected the ability of dopamine receptor modulators to receptor preparations in which the two agents were not cross-
enhance the binding offi]NPA. Thus, bovine striatal mem-  linked to the dopamine receptor. The data obtained for these
branes were exposed to UV light, and the ability of PLG (1 experiments are shown in Figure 3. They show that wdien
#M) and1 (10 nM) to enhance the binding oiH]NPA in this and4cwere cross-linked to the dopamine receptor preparation,
preparation was determined and compared with the ability of they produced a modulatory effect that was either comparable
PLG and1 to enhance the binding ofHINPA in striatal to or greater than the increase in agonist binding produced by
membranes that had not been exposed to UV light. The these two ligands when they were not cross-linked to the
respective percent increases in agonist binding induced by PLGdopamine receptor.
(24.5 £ 5.2%) and1 (51.1 + 7.6%) were similar in both In another experiment, the photoaffinity-labeling age2tis
preparations, indicating that exposure to UV light under the 2c, 4b, and 4c were incubated with the striatal membrane
photolysis conditions to be used in photoaffinity labeling did dopamine DB receptor preparation fol h and then the
not affect the receptor modulatory process. preparation was photolyzed for 5 min. After any unreacted
Two sets of experiments were carried out to determine if photoaffinity-labeling agent was removed from the dopamine
allosteric modulation of the dopamine, Peceptor still occurs D, receptor preparation, the preparation was used in assays to
after the PLG binding site has been cross-linked to a photoaf- determine if PLG (luM) and PLG peptidomimetid¢ (10 nM)
finity-labeling agent. In the first set of experiments, the were still able to enhance the binding 8f[NPA to dopamine
photoaffinity-labeling agentsib and4c, were incubated with D, receptors. The results of this experiment are shown in Figure
bovine striatal  receptors and the preparations then were 4. The results show that after exposure of the dopamipe D
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receptors to the photoaffinity-labeling ages, 2c, 4b, and decreases. The labeling of the PLG binding site with the

4c, the allosteric modulators PLG and PLG peptidomimétic ~ photoaffinity-labeling agents and the subsequent exposure of
were no longer able to enhance the binding%f]NPA to the the labeled preparations with PLG afddmay be simulating

D, receptors. Rather, the binding 8HJNPA to the D receptors this situation. Thus, the photoaffinity-labeling agents may prove

was diminished slightly in several instances. useful in delineating the biphasic desesponse curve seen with
the dopamine receptor modulating agents. These results, we
Discussion believe, also support the hypothesis that the photoaffinity-

labeling agents are binding and subsequently labeling the site
at which PLG and its peptidomimetic interact, since if these

compounds were not binding at the same site as PLG or
peptidomimeticl, we would have expected PLG aridto

The objective of the present study was to determine the
feasibility of placing photoaffinity-labeling moieties at various
positions about the structure of the potent PLG peptidomimetic
y-lactam1. The two initial positions orl that were examined ! : S
were the fourth position of the N-terminal prolyl residue and Increase dOPam”,‘e a.lgonlst b|nd|ng.. . o
the C-terminal carboxamide moiety. Use of the photoaffinity- N conclusion, six different photoaffinity-labeling ligands have
labeling 4-azidobenzoyl moiety gave the photoaffinity-labeling been_synthesmed that all_show significant activity in enhancing
agent2a, 3a and4aand use of the 4-azido-2-hydroxybenzoyl the binding of the dopamineddeceptor agonisPH]NPA. The
moiety gave the photoaffinity-labeling agerats, 3b, and4b. 4-azido-2-hydroxybenzoyl-derived photoaffinity labels, 3b,

All of these analogues of PLG peptidomimeticetained their and4p can all be easily radmmdmated for use in fexperlments
ability to enhance the binding of the dopamine receptor agonist that will be con_d_ucted to_determlne where PLG is binding. Thus,
NPA to isolated dopamine Dreceptors from bovine striatal _these_photc_)aﬁmlty-labellng agt_ent; sho_uld serve as usefu_l probes
tissue (Figures 1 and 2). These compounds were not quite ad" delineating the allosteric binding site on the dopamine D
effective as the parent peptidomimetic from which they were receptor and |n_|dent|fy_|ng the residues within the PLG binding
designed, but they had activity comparable to or better than Sit€ where the interactions take place.

that of PLG in enhancing dopamine agonist binding to dopamine ) .

D, receptors. These results indicate that there is steric toleranceEXPerimental Section

at the positions on PLG peptidomimetit on which the General Procedures.Melting points were determined on a
photoaffinity moieties have been placed with respect to their Thomas-Hoover Unimelt melting point apparatus 6406-K and are
interaction with the modulatory PLG binding site. uncorrected. Specific rotations were measured with a Rudolph

The photoaffinity-labeling agenc and4c, which possessed Research Autqpol Il polarimeter at 589 nm (Na D-line) at°22
the 4-azido-2-hydroxy-5-iodobenzoyl moiety, were made to unless otherwise stated. Elemental analyses were performed by

: T M—H—W Laboratores, Phoenix, AZH NMR were recorded on
examine the effect that iodination would have on the photoaf- 500 v\ /oo VIR spectrometdAC NMR Spectroscopy was

f|n|ty-label|ng agen.tQt.J gnd4b, respgctlvely. The fact th&xc performed on either a 300-MHz, a 500-MHz, or a 600-MHz Varian
and 4c retained significant dopamine receptor modulatory NvR spectrometer. 2D NMR experiments were performed on either
activity indicates that the corresponding radiolabeled derivatives 3 300-MHz or a 600-MHz Varian NMR spectrometer. The chemical
will be useful probes in identifying the binding site at which  shifts are reported in parts per million (ppm) with the deuterated
PLG and its peptidomimetics act. solvent serving as the internal standard. Coupling constanése
Further support of this potential was seen in the two sets of reported in Hertz (Hz). For compounds that displayed the presence
experiments that were carried out to determine if modulation Of rotomers, resonances of both rotomers are given. HRMS and

of the dopamine Breceptor still occurs after the PLG binding IISEMaSrtn\wNeirteofog;]aeirﬁgt onC Suir#tﬁrroaigtzogl hlo<\:,?£d ;rr;o;[rr;]ee g
site has been cross-linked with a photoaffinity-labeling agent. P Y- graphy P

A . on Baker analyzed reagent silica gel{&D0 mesh) and was carried
The cross-linking ofib to the receptor preparatlon pr0(_1uc_ed a out by either gravity or flash elution. Thin-layer chromatography
modulatory effect that was comparable to the increase in binding (1 c) was carried out on Analtech 25@n silica gel GF uniplates.

produced bytb when it was not cross-linked to the dopamine  visulization was done with either UVz,Ininhydrin spray (amines)
receptor. In the case dt, cross-linking produced a modulatory  or indophenol spray (acids). Analytical and preparative HPLC
effect that was significantly greater than the increase producedpurifications were performed on a Gilson HPLC system. 4-Azido-
by 4c on the receptor preparation when it was not cross-linked benzoic acidN-hydroxysuccinimide estei8a) was purchased from

to the dopamine receptor. These results demonstrate thafldrich Chemical Co., Milwaukee, WI. For reactions requiring
photoaffinity-labeling of the PLG binding site produces a anhydrous conditions, the glassware was oven-dried, and the
receptor preparation that is being modulated by the covalently Selvents were distilled.

linked photoaffinity ligand. This provides strong support that . (ZS,4R)-1-(tert-ButoxycarbonyI)-4-l[§methyIsuIfonyl)oxy]pro-

the photoaffinity agents are labeling the modulatory binding site line Benzyl Ester (6a). Compound5™ (3.5 g, 10.9 mmol) was

with which PLG and its peptidomimetics interact in modulating g'soéol\ﬁgt;]r;ggsmkoﬁ:/lpgﬁ'%ﬁg'e -Eglts)?s cguti%nlwg%gﬁcvgzo!i%%;%

the dopamine Preceptor. dropwise. The solution was allowed to warm to room temperature

In a second set of experiments, the photoaffinity-labeling as it was stirred overnight. After 22 h the reaction was cooled back
agent2b, 2¢, 4b, and4cwere first incubated with bovine striatal  to 0°C and 11 mL of 10% KO in pyridine was added dropwise.
dopamine R receptors and then the preparations were subjectedOnce this solution was completely added, the reaction mixture was
to photolysis. It was observed that under these conditions PLG concentrated to an orange oil. The reaction mixture was then poured
and PLG peptidomimetit were unable to enhance the binding nto ice-cold water. This was then extracted with EtOAc, and the
of [BH]NPA to the dopamine Preceptors (Figure 4). Interest- combined organic layers were washedhwitM NaHCQ and brine.

. L The organic layer was dried (M filtered, and concentrated
ingly, the binding of fH]NPA to the D receptors was actually to give%.35 9 ()9/)3%) obaas a(da?ks(;n?lz TLOR = 0.47 (hexanes/

diminished in several instances by PLG ahdinder these EtOAc, 1:1); o —43.9 € 1.0, CHCE); *H NMR (CDCs, rotamers
conditions. The reason for this is not clear but it may be related present, COSY assignment)1.29 and 1.40 (2s, 9H), 2.12.24
to the biphasic doseresponse curve that is seen with PLG and (m, 1H), 2.48-2.62 (m, 1H), 2.96 (s, 3H), 3.643.82 (m, 2H),
its peptidomimetics when modulating dopamine receptor agonist 4.35 (m, 1H), 5.0£5.22 (m, 3H), 7.29 (s, SH}2C NMR (CDCl,
binding. At high doses of PLG at the binding of fH]NPA HMQC assignment, rotamers presehf8.4, 28.5, 28.6, 36.6, 37.8,
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39.0,52.5,52.8,57.6,57.8,67.1, 67.4, 67.6, 78.0, 78.3, 78.5, 128.3 present, gHMQC assignment)27.7, 28.9, 34.0, 34.6, 49.3, 49.7,

128.8, 135.3, 135.6, 153.5, 154.0, 171.8, 172.1.
(2S,49)-1-(tert-Butoxycarbonyl)-4-bromoproline Benzyl Ester
(6b). Compoundb?® (3.22 g, 10.0 mmol) and carbon tetrabromide
(3.43 g, 10.3 mmol) were dissolved in 30 mL of dry THF (0.33
M). Then, 1,2-bis(diphenylphosphino)ethane (dip#ds40 g, 6.0
mmol) was added. The reaction was allowed to stir at room

50.1, 59.4, 59.9, 82.2, 82.3, 155.6, 155.7, 170.1.
(2S,49)-1-(tert-Butoxycarbonyl)-4-(N-benzyloxycarbonyl)ami-
noproline (9a). Compound3a (0.37 g, 1.61 mmol) was dissolved
in H,O (~6 mL), and tha a 2 NNaOH solution (0.065 g, 1.61
mmol in 0.75 mL of HO) was added. The reaction mixture was
cooled to 0°C and then CbzClI (0.30 g, 1.77 mmol) was added

temperature for 20 h, at which time the suspension was filtered dropwise. One more equivalert@2 N NaOH solution was added

through a pad of Celite. The pad was rinsed with THF and the
filtrate was evaporated to give a yellow oil. The crude product was
purified on a silica gel column (4.5 50 cm) with elution initiated
with hexanes/EO (4:1) and then increasing to hexaneglE(1:1)

to afford 3.14 g (82%) obb as a clear oil: TLQR; = 0.16 (hexanes/
Et,0, 4:1); [alp —41.3 € 1.5 CHCly); *H NMR (CDCl;, COSY
assignment, rotamers present)l.20 and 1.32 (2s, 9H), 2.24
2.30 (m, 1H), 2.5%2.71 (m, 1H), 3.53-3.61 (m, 1 H), 3.82-3.93

(m, 1H), 4.1+4.34 (m, 2H), 4.9%5.16 (m, 2H), 7.19-7.22 (m,
5H); 13C NMR (CDCk, HMQC assignment, rotamers presedit)

to the reaction and the reaction was stirred &00for 1 h. The
reaction mixture was stirred at room temperature overnight. The
next day another 2 equif@ N NaOH and 1.1 equiv of CbzCl at

0 °C were added. The reaction mixture was stirred overnight, where
it eventually warmed to room temperature. The reaction mixture
was stirred for two more days. The reaction mixture was washed
with Et,O to remove excess ChzCl. The water layer was acidified
to pH ~3 with solid citric acid and this solution then was extracted
with EtOAc (3x). The organic layers were combined and washed
with water and brine. They were then dried over MgSfitered,

27.9,28.3,28.5,40.2,41.1,41.8, 42.8,55.5,55.9, 58.2, 58.5, 67.3,and concentrated to afford 0.47 g (80%) of a pale yellow glassy
80.8,128.4,128.7, 128.8, 135.6, 135.8, 153.3, 153.8, 171.4, 171.7.solid: mp 59-61 °C; TLC R = 0.58 (1-propanol/NEOH, 4:1);

(2S,49)-1-(tert-Butoxycarbonyl)-4-azidoproline Benzyl Ester
(7a). Compoundb6a (0.93 g, 2.35 mmol) and NajN0.70 g, 10.8
mmol) were suspended in 40 mL of dry DMF. This mixture was
heated at 55C in an oil bath for 18.5 h. The mixture was allowed

[o]p —24.3 € 1.0, CHOH); IH NMR (CDClg, rotamers present,
gCOSY assignment) 1.38 and 1.43 (2s, 9H), 1-2.12 (m, 1H),
2.30-2.46 (m, 1H), 3.42 (t, 1H) = 12.3 Hz), 3.58-3.63 (m, 1H),
4.20-4.35 (m, 2H), 5.05-5.12 (m, 2H), 5.90 and 5.97 (2d, 0.75H,

to cool to room temperature, whereupon it was poured into ice cold J= 7.5 and 8.4 Hz), 6.53 (br s, 0.25H, RH 7.26-7.30 (m, 5H),

water. The mixture was extracted with EtOAc, and the combined
organic layers were washed with,® and brine and then dried
over MgSQ, filtered, and concentrated to give 0.78 g (96%Y af

as a dark oil: TLCRr = 0.67 (hexanes/EtOAc, 1:1)a]p —32.2

(c 1.5, CHCI,); *H NMR (CDClg, rotamers present) 1.31 and
1.43 (2s, 9H), 2.142.21 (m, 1H), 2.33-2.48 (m, 1H), 3.39-3.50

(m, 1H), 3.60-3.72 (m, 1H), 4.06-4.12 (m, 1H), 4.31 and 4.34
(2d, 0.6H,J = 3.6 and 3.9 Hz), 4.44 and 4.47 (2d, 0.4H+= 3.0

and 3.6 Hz), 5.045.26 (m, 2H), 7.327.33 (5H); *C NMR
(CDCls, rotamers present, gHMQC assignmenf8.4, 28.7, 35.4,

9.33 (br s, 1H);3C NMR (CDCk, rotamers present, gHMQC
assignment) 28.5, 28.7, 34.8, 36.9, 49.9, 50.8, 52.6, 53.8, 58.0,
58.2, 67.1, 81.3, 82.0, 128.3, 128.5, 128.7, 136.4, 154.0, 155.8,
156.2, 175.3, 176.9; HRFAB MSwz 365.1720 [M + H]™,
Ci18H24N,O6 + HT requires 365.1712.
(2S,4R)-1-(tert-Butoxycarbonyl)-4-(N-benzyloxycarbonyl)ami-
noproline (9b). The same procedures used above to n@keere
used to conver8b (1.0 g, 4.34 mmol) to 1.0 g (63%) &b as a
white foamy solid: mp 6971 °C; TLC Re = 0.64 (1-propanol/
NH4OH, 4:1); fo]p —21.7 € 1.32, CHOH); 'H NMR (CDCls,

36.4, 51.2, 51.6, 57.8, 58.1, 58.6, 59.6, 67.3, 80.7, 128.3, 128.4,rotamers present, gCOSY assignmeht].37 and 1.41 (2s, 9H)
128.6, 128.7, 128.8, 135.6, 135.7, 153.6, 154.0, 171.4, 171.6; IR 1.84-2.24 (m, 2H), 3.29-3.70 (m, 2H), 4.264.36 (m, 2H), 5.04

(neat): 2976, 2105 (), 1751, 1700 cL.
(2S,4R)-1-(tert-Butoxycarbonyl)-4-azidoproline Benzyl Ester
(7b). Compoundéb (1.13 g, 2.94 mmol) was treated in a manner
similar to that used to conveéa to 7ato afford 1.01 g (99%) of
7b as a yellow oil: TLCR; = 0.75 (CHCI,/MeOH, 20:1); p]p
—49.3 € 1.0, CHCIly); *H NMR (CDCls, rotamers present) 1.26

and 1.39 (2s, 9 H), 2.642.10 (m, 1H), 2.16-2.29 (m, 1H), 3.36
3.61 (m, 2H), 4.044.08 (m, 1H), 4.28 (t, 0.6H] = 7.5 Hz), 4.36-
4.41 (apparent t, 0.4H] = 6.6 and 8.1 Hz), 4.985.19 (m, 2H),
7.25-7.27 (m, 5H);33C NMR (CDCk, rotamers present) 28.2,

(br s, 2H), 5.56 and 5.67 (2 br s, 0.7 H, NH), 6.56 (br s, 0.3 H,
NH?29), 7.29 (s, 5H), 9.76 (br s, 1H}*C NMR (CDCk, rotamers
present, gHMQC assignment)28.5, 28.7, 35.5, 37.0, 49.7, 50.2,
51.4,52.3,57.7,58.0, 81.3, 128.2, 128.4, 128.7, 136.3, 154.2, 155.2,
156.2, 175.3, 176.7; FAB M&Vz 365.1 [M + H]*.

Methyl 3(R)-[(4(S)-(4-Benzyloxycarbonylamino)-1-{ert-bu-
toxycarbonyl)-2(S)-pyrrolidinylcarbonyl)amino]-2-oxo-1-pyrro-
lidineacetate (11a).Compound9a (0.35 g, 0.95 mmol), the TFA
salt of 3R)-2-oxo-1-pyrrolidineacetic acid methyl es®&#(10, 0.27
g, 0.95 mmol), EN (0.33 g, 3.4 mmol), and 2-chloro-1-methylpy-

28.3,28.5,35.4,36.4,51.4,51.6,57.8, 58.0, 58.9, 59.4, 67.0, 80.6,ridinium iodide (0.26 g, 1.03 mmol) were dissolved in 50 mL of

128.6, 135.6, 135.8, 153.5, 154.1, 172.1 172.3; IR (neat): 2978,

2105 (N;), 1748, 1701 cmt.
(2S,49)-1-(tert-Butoxycarbonyl)-4-aminoproline (8a). Com-
pound7a(1.0 g, 2.89 mmol) was dissolved in 50 mL of 10%®1
EtOH that contained 136 mg of 10% Pd/C. The reaction was
hydrogenated at 75 psi for 28 h. The mixture was filtered through
a pad of Celite and the pad was washed with a mixture £&5/H
EtOH (1:1). The filtrate was then concentrated to give a solid, which
was triturated with absolute ethanol to yield 0.61 g (91%3@&s
a white solid: mp 225228°C (dec) [lit?° mp 225-227°C (dec)];
[a]p 21 (€ 0.98, HO) [lit.2°[a]p 21 (€ 0.24, HO)]; *H NMR (D20,
rotamers present, gCOSY assignmeht}.24 and 1.28 (2s, 9H),
1.90-1.96 (m, 1H), 2.43-2.53 (m, 1H), 3.53-2.65 (m, 2H), 3.8%+
3.83 (m, 1H), 3.964.00 (m, 1H);13C NMR (D,O, rotamers
present)d 27.7, 27.8, 33.9, 50.0, 49.8, 60.7, 82.5, 155.8, 180.4.
(25,4R)-1-(tert-Butoxycarbonyl)-4-aminoproline (8b). In pro-
cedures analogous to that used to ma#erb (0.87 g, 2.51 mmol)
yielded 0.57 g (95%) aBb as a white solid: mp 246241°C (dec)
[lit.20 228-229 °C (dec)]; fo]p —35.9 € 1.0, HO) [lit.2° =35 (c
0.17, HO)]; *H NMR (D,0, rotamers present, COSY assignment)
0 1.22 and 1.27 (2s, 9H), 2.62.14 (m, 1H), 2.23-2.32 (m, 1H),
3.36-3.47 (m, 1H), 3.57#3.65 (m, 1H), 3.7#3.84 (m, 1H), 4.0+
4.06 (apparent t, 1H}= 7.5 and 8.1 Hz)*3C NMR (D,0, rotamers

CH.CI,. The reaction mixture was heated at reflux for 2.5 days.
The reaction mixture was allowed to cool and then it was washed
with 10% citric acid 1 M NaHCGQ;,, H,O, and brine. The solution
was dried over MgS@ filtered, and then concentrated to give a
yellow oil. This oil was purified on a silica gel column (2:6 30

cm) by eluting initially with hexanes/EtOAc (1:1) and then
increasing to EtOAc/hexanes (5:1). Crystallization from EtOAc/
petroleum ether (bp 6670 °C) afforded 0.30 g (61%) afla mp
92-95°C; [a]p —25.0 € 0.5, MeOH);!H NMR (CD3;0OD, gCOSY
assignment, rotamers presedt].44 (s, 9H), 1.862.11 (m, 2H),
2.39-2.61 (m, 2H), 3.25-3.31 (m, 1H), 3.423.50 (m, 2H), 3.7+

3.79 (m with s at 3.71, 4H), 3.99 (br d, 18,= 18 Hz), 4.15

4.25 (m, 3H), 4.43-4.49 (m, 1H), 5.0%5.10 (m, 2H), 7.337.34

(m, 5H);13C NMR (CD;0OD, gHMQC assignment, rotamers present)
0 25.8, 27.1, 27.5, 27.8, 35.3, 36.6, 44.2, 44.7, 49.3, 50.1, 51.0,
51.6,52.1,52.7,59.4, 66.3, 80.5, 80.85, 127.7, 128.0, 128.3, 137.0,
154.6, 156.9, 169.4, 173.3, 174.4; ES| M# 541.2 [M + Na]*.
Anal. (C25H34N40,3) C, H, N.

Methyl 3(R)-[(4(R)-(4-Benzyloxycarbonylamino)-1-{ert-bu-
toxycarbonyl)-2(S)-pyrrolidinylcarbonyl)amino]-2-oxo-1-pyrro-
lidineacetate (11b). Compound9b (2.1 g, 5.76 mmol) was
dissolved in 50 mL of dry THF. This solution was placed under
Ar and then cooled te-23 °C. N-Methylpiperidine (0.57 g, 5.76
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mmol) followed by isobutylchloroformate (0.79 g, 5.76 mmol) was
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EtOAc/petroleum ether to afford 1.3 g (42%) ©8b as a pale

added sequentially in a dropwise manner to the solution. The cloudy yellow crystalline solid: mp 160C (lit.1¥ mp 160-161 °C); *H

mixture was stirred at-23 °C for 10 min, HOBt (0.78 g, 5.76
mmol) was added, and the mixture was stirred-28 °C for 20
min. A solution 0f10(1.65 g, 5.76 mmol) antl-methylpiperidine
(0.57 g, 5.76 mmol) in THF that had been cooled t6® was
added. This mixture was stirred-a23 °C initially and then allowed

NMR (CDCl) 6 2.92 (s, 4H) 6.62 (dd, 1H] = 1.8 and 6.6 Hz),
6.67 (d, 1H,J = 1.8 Hz), 7.96 (d, 1H,]) = 8.7 Hz); 13C NMR
(CDCl3, gHMQC and gHMBC assignmend) 26.0, 105.0, 107.8,
111.7,132.1, 149.9, 163.6, 164.5, 169.0; IR(KBr) 21306-¢rNs).
4-Azido-2-hydroxy-5-iodobenzoic AcidN-Hydroxysuccinim-

to warm to room temperature, where it was stirred for 4 days. The ide Ester (13c).CompoundL3b (1.60 g, 5.79 mmol) was suspended
THF was removed and the oil that was obtained was dissolved inin CHsCN (50 mL) under M. Nal (0.96 g, 6.37 mmol) was added

CH,Cl,. This solution was washed witL M NaHCGQ, 10% citric
acid, HO, and brine. The solution was dried over MgSfiltered,
and concentrated to give a golden oil that was crystallized from
EtOAc/petroleum ether (bp 6070 °C) to afford 1.78 g (60%) of
11b as a white crystalline solid: mp 174.80°C; [o]p —15.2 €
0.5 MeOH); ™H NMR (CDsOD, gCOSY assignment) 1.44 (s,
9H), 1.98-2.11 (m, 1H), 2.26-2.26 (m, 2H), 2.422.51 (m, 1H),
3.30-3.39 (m, 1H), 3.42-3.53 (m, 2H), 3.76-3.74 (m wih a s at
3.74, 4H), 4.03 (d, 1HJ) = 17.4 Hz), 4.20 (d, 1H) = 17.7 Hz),
4.26-4.33 (m, 2H), 5.07 (s, 2H), 7.34 (s, 5H¥C NMR (CD;0OD,
gHMQC and gHMBC assignmend) 25.9, 27.4, 36.7, 44.1, 44.6,

to the suspension. After 5 min, the suspension became a solution
and Chloramine T (1.45 g, 6.37 mmol) was added very slowly.
The reaction was stirred fd. h atroom temperature. The product
was diluted with water. A solution of 10% citric acid was added
and the reaction mixture was extracted with EtOAc. The combined
organic layers were washed with a 5% sodium thiosulfate solution
and brine. The organic layer was dried with MgS@itered, and
concentrated to a yellow solid. This crude product was crystallized
from EtOAc to afford 250 mg (11%) ofi3c as pale yellow
crystals: mp 189C (dec);'"H NMR (CDCl) 6 2.93 (s, 4H), 6.81

(s, 1H), 8.37 (s, 1H), 9.64 (s, 1H}*H NMR (CDCl;, gHMQC

49.4,50.8, 51.6, 51.8, 59.4, 66.2, 80.8, 127.7, 127.8, 128.3, 137.1,and gHMBC assignment) 26.0, 76.1, 107.1, 107.3, 141.3, 151.1,

154.7, 157.1, 169.4, 173.3, 174.2; HRFAB M%z 519.2436 [M
+ H]* and 541.2275 [M+ Na]", CysHzN4Og + HT requires
519.2455 and &H3N,Os + Na' requires 541.2275. Anal.
(C2sH34N4Og) C, H, N.
3(R)-[(4(9)-(4-Benzyloxycarbonylamino)-1-{ert-butoxycarbo-
nyl)-2(S)-pyrrolidinylcarbonyl)amino]-2-oxo-1-pyrrolidineaceta-
mide (12a).Compoundlla(0.70 g, 1.35 mmol) was dissolved in
20 mL of a 3 M NH/MeOH solution. The solution was capped
tightly and it was stirred overnight (20 h) at room temperature.

163.3, 163.6, 168.8.
3(R)-[(4(9)-((4-Azidobenzoyl)amino)-1-{ert-butoxycarbonyl)-
2(S)-pyrrolidinylcarbonyl)amino]-2-oxo-1-pyrrolidineacetamide
(14a). In a Parr bottle, compoundi2a (0.21 g, 0.40 mmol) was
dissolved in 20 mL of MeOH. This solution was purged under Ar
and then 10% Pd/C (30 mg) was added. The Parr bottle was placed
on a Parr shaker at 50 psi for 24 h. The reaction mixture was filtered
through a pad of Celite and the pad then was rinsed with MeOH.
The filtrate was concentrated to a white solid which was triturated

The solution was concentrated to give a foam that was purified by with ether to afford 0.14 g (92%) of Bf-[(4(S)-(4-amino)-1-tert-

silica gel column chromatography (26 30 cm) with CHCI,/
MeOH (20:1) to afford 0.60 g (88%) of2a as a white foam:
[a]p —14.9 € 1.0, MeOH); mp 116-112°C; *H NMR (CD;0D,
gCOSY assignment, rotamers preseht).44 (s, 9H), 1.931.95
(m, 1H), 2.02-2.15 (m, 1H), 2.453.54 (m, 2H), 3.23-3.31 (m,
1H), 3.46 (m, 2H), 3.743.88 (m, 2H), 4.03 and 4.09 (2s, 1H),
4.15-4.22 (m,2H), 4.32-4.37(m, 1H), 5.025.11 (m, 2H), 7.3%
7.35 (m, 5H);13C NMR (CD;OD, gHMQC, rotamers presend)

butoxycarbonyl)-28)-pyrrolidinylcarbonyl)amino]-2-oxo-1-pyrro-
lidineacetamide as a colorless foam that was taken on without
further purification. This material (0.141 g, 0.38 mmol) was placed
under Ar and then dissolved in 20 mL of @EN. N-Methylpip-
eridine (0.038 g, 0.38 mmol) was then added. This was followed
by the addition ofL3a(0.10 g, 0.38 mmol). The reaction was heated
at reflux for 18 h. After the reaction was cooled to room
temperature, the C4&N was removed in vacuo. The residue that

25.4,27.3,27.6, 28.0, 28.3, 35.4, 36.5, 45.1, 45.8, 49.3, 50.1, 51.3,remained was dissolved in GBI, and this solution was washed
52.1,52.7,59.1, 59.3, 66.4, 80.5, 80.9, 127.8, 127.9, 129.4, 137.0,with H,0O, dilute NaHCQ, H,O, and brine. The organic layer was
154.5, 155.0, 156.9, 171.5, 173.2, 173.5, 174.0, 174.4; ESI MS then dried over MgSg filtered, and concentrated to give a pale

m/z 526.2 [M + Na]*. Anal. (G4H33NsO7) C, H, N.
3(R)-[(4(R)-(4-Benzyloxycarbonylamino)-1-ert-butoxycarbo-
nyl)-2(S)-pyrrolidinylcarbonyl)amino]-2-oxo-1-pyrrolidineaceta-
mide (12b). Compoundl1b (0.52 g, 1.0 mmol) was treated in the
same manner aklawas above to afford 0.47 g (92%) &b as
a white solid: mp 185187°C; [o]p —4.8 € 1.0 MeOH);*H NMR
(CDsOD, gCOSY assignment) 1.44 (s, 9H), 2.042.14 (m, 1H),
2.20-2.23 (m, 2H), 2.452.47 (m, 1H), 3.36-3.37 (m, 1H), 3.46
3.50 (m, 2H), 3.683.74 (m, 1H), 3.86 (dd, 1H] = 7.8 and 17.1
Hz), 4.07 (d, 1HJ = 16.5 Hz), 4.2%4.41 (m, 3H), 5.07 (s, 2H),
7.33-7.34 (m, 5H);13C NMR (CD;OD, gHMQC assignment)

yellow foam that was purified by silica gel column chromatography
(1.5 x 51 cm) eluting initially with CHCIl,/MeOH (20:1) followed

by CH,CIl,/MeOH (10:1) to afford14a (0.12 g, 61%) as a pale
yellow foam: fp]p —3.3 (€ 1.35, CHCI,); *H NMR (CDs;OD,
gCOSY assignment) 1.45 (s, 9H), 2.07#2.20 (m, 2H), 2.4+
2.51 (m, 1H), 2.62-2.72 (m, 1H) 3.43-3.50 (m, 3H), 3.78-3.91

(m, 2H), 4.04 (d, 1HJ = 17.1 Hz), 4.3+4.39 (m, 2H), 4.59
4.62 (m, 1H), 7.13 (d, 2H) = 8.7 Hz), 7.85 (d, 2HJ = 8.7 Hz);

13C NMR (CD;0OD) ¢ 25.6, 27.6, 36.4, 45.1, 45.7, 51.6, 52.7, 59.4,
80.9, 118.8, 129.2 (two overlapping peaks), 130.4 (two overlapping
peaks), 143.8, 154.5, 167.2, 171.3, 173.0, 174.6; IR (neat) 2124

25.5,27.6,36.7,45.2,45.7,49.4,51.2,51.8,59.4, 66.3, 80.8, 127.6,cm™* (N3); HRESI MSn/z 537.2169 [M+ Na]t, CysH3oNgOs +
127.8, 128.2, 137.0, 154.6, 157.0, 171.4, 173.2, 174.0; FAB MS Na' requires 537.2186. Anal. ¢gH30NsOs) C, H, N.

m/z 504.2 [M + H]+. Anal. (024H33N507) C, H, N.
4-Azido-2-hydroxybenzoic AcidN-Hydroxysuccinimide Ester

(13b). 4-Azido-2-hydroxybenzoic acid (2.0 g, 11.2 mmol) and

N-hydroxysuccinimde (1.4 g, 12.3 mmol), which had been recrys-

3(R)-[(4(9)-((4-Azido-2-hydroxybenzoyl)amino)-1-{ert-butoxy-
carbonyl)-2(S)-pyrrolidinylcarbonyl)amino]-2-oxo-1-pyrrolidine-
acetamide (14b)Compoundl2a(0.12 g, 0.22 mmol) was treated
in the same way as described above for the synthedidaexcept

tallized from EtOAc, were placed under an Ar atmosphere. The no N-methylpiperidine was added to the reaction 43t (0.07 g,

solids were dissolved in a solution of GE1,/DMF (1:1, 20 mL).
The reaction was cooled t678 °C and 1-ethyl-3-(3-dimehylami-
nopropyl)carbodiimide hydrochloride (2.14 g, 11.17 mmol) was

0.24 mmol) was used as the acylating reagent. The crude product
was purified by silica gel column chromatography (k%1 cm)
eluting initially with CH,CIl,/MeOH (20:1) followed by CHCI,/

added. The reaction was allowed to warm to room temperature asMeOH (10:1) to affordl4b (0.06 g, 51%) as a pale yellow glassy

it was stirred overnight. The reaction was stirred for 2 more days,

solid. This product was shown to be pure by analytical HPLC

after which time the reaction mixture was concentrated to remove analysis with a Supelcosil LSCi (4.6 mm 25 cm) analytical

CH,Cl,. The remaining mixture was poured into ice-cold water,
and this mixture was extracted with EtOAc. The organic layers
were combined and washed with 10% citric acidM NaHCGQ;,
H,0, and brine. The organic layer was then dried over MgSO
filtered, and concentrated to a solid, which was crystallized from

column. The product was eluted with CHGIeOH (99.9:0.1) with
a tg = 3.82 min. On a Hilbar-Il LiChrosorb (4.6< 260 mm)
analytical column, the product hadta= 3.07 min when eluted
with CH3CN/H,0 (99.5:0.5): f]o —5.5 (€ 0.82 MeOH);!H NMR
(CDs0D) 6 1.45 (s, 9H), 2.09-2.19 (m, 2H), 2.43-2.69 (m, 2H),
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3.42-3.50 (m, 3H), 3.76 (m, 2H), 4.05 (d, 18 = 17.1 Hz), 4.3%+
4.40 (m, 2H), 4.634.64 (m, 1H), 6.55 (dd, 1H] = 2.3 and 6.8
Hz), 6.58 (d, 1HJ = 2.1 Hz), 7.70 (d, 1HJ = 8.7 Hz);3C NMR

Fisher et al.

45.3,45.8,49.2, 51.2, 51.4, 59.4, 80.9, 107.0, 109.8, 112.5, 129.6,
145.6, 154.6, 161.5, 169.2, 171.4, 173.2, 174.0; IR (Nujol mull);
2114 cnr? (Ng); HRESI MSm/z553.2175 [M+ Na]*, CoaH30NsO;

(CDsOD) 6 25.6, 27.6, 36.3, 45.1, 45.7, 51.6, 52.6, 53.2, 59.3, 80.9, + Na* requires 553.2135.
107.0,109.8, 112.0, 129.2, 145.7, 154.5, 162.1, 168.9, 171.4, 173.0, 3(R)-[(4(R)-((4-Azido-2-hydroxy-5-iodobenzoyl)amino)-14ert-

174.5; IR (Nujol mull) 2114 cmt (N3); HRESI MSm/z 553.2160
[M + NaJ*, CysH3oNgO; + Na™ requires 553.2135.
3(R)-[(4(S)-((4-Azido-2-hydroxy-5-iodobenzoyl)amino)-14ert-
butoxycarbonyl)-2(S)-pyrrolidinylcarbonyl)amino]-2-oxo-1-pyr-
rolidineacetamide (14c).Compoundl2a(0.09 g, 0.18 mmol) was

butoxycarbonyl)-2(S)-pyrrolidinylcarbonyl)amino]-2-oxo-1-pyr-
rolidineacetamide (15c).Compoundl2b (0.06 g, 0.11 mmol) was
treated in the same way as described above for the synthesis of
143, except noN-methylpiperidine was added to the reaction and
13c¢ (0.05 g, 0.12 mmol) was used as the acylating reagent. The

treated in the same way as described above for the synthesis ofcrude product was obtained as a pale yellow foam that was purified
1445 except ndN-methylpiperidine was added to the reaction and by silical gel column chromatography (1:551 cm) eluting initially

13c¢ (0.08 g, 0.19 mmol) was used as the acylating reagent. The with CH,Cl,/MeOH (20:1) followed by CHCI,/MeOH (10:1) to
productl4cwas purified by silica gel column chromatography (1.5 afford 15¢(0.03 g, 40%) as a white solid. This product was shown
x 51 cm) eluting initially with CHCIl,/MeOH (20:1) followed by to be pure by analytical HPLC analysis with a Supelcosil LSCi
CH,Cl,/MeOH (10:1) to afford 60 mg (51%) of a pale yellow glassy (4.6 mmx 25 cm) analytical column. The product was eluted with
solid. This product was shown to be pure by analytical HPLC CHCIly/MeOH (99.9:0.1) with atr = 3.72 min. On a Hilbar-II

analysis with a Supelcosil LSCi (4.6 mm 25 cm) analytical
column. The product was eluted with CHGIeOH (99.9:0.1) with
atg = 7.12 min. On a Hilbar-1l LiChrosorb (4.6< 260 mm)
analytical column, the product hadta = 3.1 min when eluted
with CH3CN/H,0 (99.5:0.5): mp 175178°C (dec); p]a3s6.0 €
1.65, MeOH);*H NMR (CD30D, rotamers presend) 1.46 (s, 9H).
2.05-2.21 (m, 2H), 2.4%2.68 (m, 2H), 3.483.52 (m, 3H), 3.80
(dd, 1H,J = 6 and 11.1 Hz), 3.89 (d, 1H, = 16.8 Hz), 4.08 (d,
1H,J = 17.1 Hz), 4.344.37 (m, 2H), 4.67 (br m, 1H), 6.76 (d,
1H,J=9 Hz), 7.34 (d, 1HJ) = 4.2 Hz), 7.72 (d, 1H) = 8.7 Hz);

13C NMR (CD;OD, rotamers presend)24.1, 26.1, 34.7, 43.6, 44.2,

LiChrosorb (4.6x 260 mm) analytical column, the product had a
tr = 3.22 min when eluted with C}N/H,0O (99.5:0.5): mp 181
°C (dec); plp 2.3 (¢ 1.45, MeOH);'H NMR (CD3;0OD) 6 1.46 (s,
9H), 2.04-2.16 (m, 1H), 2.272.48 (m, 3H), 3.4%+3.52 (m, 3H),
3.82-3.91 (m, 2H), 4.08 (d, 1HJ = 16.8 Hz), 4.354.41 (m,
2H), 4.60-4.64 (m, 1H), 6.75 (s, 1H), 7.21 (s, 1H¥C NMR
(CDsOD) 6 25.5, 27.6, 36.3, 45.3,45.7, 49.2, 51.3, 50.1, 59.4, 73.8,
80.9,106.9, 114.5, 138.9, 146.8, 154.6, 161.5, 168.0, 171.4, 173.2,
174.0; IR (Nujol mull) 2105 cm! (N3); HRESI MSm/z679.1161
[M + NaJ*, CyHa9NgO;l + Na* requires 679.1102.
3(R)-[(4(9)-(4-Azidobenzoyl)amino-28)-pyrrolidinylcarbonyl)-

47.6,50.2,51.2,57.8, 77.6, 79.5, 107.2, 109.1, 126.1, 126.3, 126.6,amino]-2-oxo-1-pyrrolidineacetamideHCI (2a). Compoundl4a
126.8, 145.1, 153.0, 160.8, 167.4, 169.8, 171.5, 173.1; IR (Nujol (0.06 g, 0.12 mmols) was dissolved in 2 mL.4N HCI in dioxane

mull) 2115 cnmr! (N3); HRESI MS m/z 679.1125 [M+ Na]J*,

CoaH2oNgO7l + Na' requires 679.1102.
3(R)-[(4(R)-((4-Azidobenzoyl)amino)-1-{ert-butoxycarbonyl)-

2(S)-pyrrolidinylcarbonyl)amino]-2-oxo-1-pyrrolidineacetamide

and the reaction was stirred at room temperature for 2 h. The
reaction was concentrated and the residue azeotroped wiBI¢CH

to afford 0.053 g (86% yield) of a pale yellow hygroscopic solid.
This product was shown to be pure by analytical HPLC analysis

(15a). Compound12b (0.19 g, 0.37 mmol) was treated the same using a Supelcosil LSCi (4.6 mm 25 cm) analytical column. The

way as described above for the synthesis ldfa by using
N-methylpiperidine (0.03 g, 0.35 mmol) arfBa (0.09 g, 0.35

product was eluted with CHgMeOH (4:1) withtr = 6.14 min.
On a Hilbar-1I LiChrosorb (4.6x 260 mm) analytical column, the

mmol). The crude product was purified by silica gel column product had @& = 3.37 min when eluted with C}N/H,O (3:2):

chromatography (1.5 51 cm) eluting initially with CHCIl,/MeOH
(20:1) followed by CHCI,/MeOH (10:1) to give 0.09 g (51%) of
15aas a white solid: mp 140144°C; [a]p 14.3 € 0.35, CHCLy);
1H NMR (CDsOD, gCOSY assignmend) 1.45 (s, 9H), 2.072.14
(m, 1H), 2.36-2.49 (m, 3H), 3.46-3.52 (m, 3H), 3.83-3.91 (m,
2H), 4.08 (d, 1H,J = 16.2 Hz), 4.34-4.44 (m, 2H), 4.59-4.65
(m, 1H), 7.1+7.14 (d, 2H,J = 8.7 Hz), 7.83-7.86 (d, 2HJ =9

[a]p 14.7 € 0.55, MeOH);*H NMR (CD3OD, gCOSY assignment)
0 2.01-2.15 (m, 1H), 2.26-:2.35 (m, 1H), 2.46-2.48 (m, 1H),
2.81-2.91 (m, 1H), 3.4%3.57 (m, 3H), 3.673.74 (m, 1H), 3.93
(d, 2H,J = 4.2 Hz), 4.46-4.51 (apparent t, 1H] = 7.2 and 7.8
Hz), 4.574.64 (apparent t, 1H] = 9.3 and 9.6 Hz), 4.724.68
(m, 1H, 3-CH), 7.15 (d, 2H) = 8.7 Hz), 7.87 (d, 2HJ = 8.7
Hz); 13C NMR (CD;0OD, gHMQC assignment) 25.4, 34.8, 45.2,

Hz); 13C NMR (CD;0D) 6 25.5, 27.6, 35.1, 36.3, 45.3, 45.8, 49.4, 45.6, 49.8, 50.3, 51.6, 59.2, 118.8, 129.3 (two overlapping peaks),
51.2,51.8,59.4, 66.3, 80.8, 127.6, 127.8 (two overlapping peaks), 130.0 (two overlapping peaks), 144.1, 167.9, 168.6, 171.1, 173.2;
128.2 (two overlapping peaks), 137.0, 154.6, 157.0, 171.4, 173.2, HRESI MSn/z415.1854 [M+ H] ", CigH23NgO4Cl + H* requires

174.0; IR (neat) 2125 cmt (N3); HRESI MSm/z 537.2168 [M+
Na'], Ca3HzoNgOs + Na* requires 537.2186. Anal. ¢gHz0NgOg)
C, H, N.
3(R)-[(4(R)-((4-Azido-2-hydroxybenzoyl)amino)-1-tert-bu-
toxycarbonyl)-2(S)-pyrrolidinylcarbonyl)amino]-2-oxo-1-pyrro-
lidineacetamide (15b).Compoundl2b (0.08 g, 0.15 mmol) was

415.1842.
3(R)-[(4(S)-(4-Azido-2-hydroxybenzoyl)amino-26)-pyrroli-

dinylcarbonyl)amino]-2-oxo-1-pyrrolidineacetamide HCI (2b).

The same procedure as that used to nkeas used ori4b (0.02

g, 0.04 mmol) to give 0.02 g (97% vyield) of product as a pale yellow

hygroscopic solid. This product was shown to be pure by analytical

treated in the same way as described above for the synthesis oHPLC analysis using a Supelcosil LSCi (4.6 mm 25 cm)
14a except noN-methylpiperidine was added to the reaction and analytical column. The product was eluted with CEHRIleOH (4:
13b (0.05 g, 0.16 mmol) was used as the acylating reagent. The 1) with tz = 3.6 min. On a Hilbar-II LiChrosorb (4.6 260 mm)
crude product was purified by silica gel column chromatography analytical column, the product hadtga = 3.2 min when eluted

(1.5 x 51 cm) eluting initially with CHCI,/MeOH (20:1) followed
by CHCl,/MeOH (10:1) to afford15b (0.05 g, 62%) that was

with- CH:CN/H,O (4:1): [a]o 2.0 € 0.9, MeOH); 1H NMR
(CDs0D) 6 2.01-2.12 (m, 1H), 2.242.33 (m, 1H), 2.39-2.48

obtained as a white solid. This product was shown to be pure by (m, 1H), 2.79-2.89 (m, 1H), 3.46-3.74 (m, 4H), 4.00 (d, 2H] =

analytical HPLC analysis with a Supelcosil LSCi (4.6 num25
cm) analytical column. The product was eluted with CkikaeOH
(99.9:0.1) with @g = 3.89 min. On a Hilbar-1l LiChrosorb (4.&
260 mm) analytical column, the product hatka= 3.05 min when
eluted with CHCN/H,O (99.5:0.5): mp 158160°C; [o]p 3.4 (C
0.74, MeOH);'H NMR (CD3OD) 6 1.45 (s, 9H), 2.07#2.17 (m,
1H), 2.28-2.49 (m, 3H), 3.39-3.51 (m, 3H), 3.83-3.91 (m, 2H),
4.08 (d, 1H,J = 17.1 Hz), 4.33-4.44 (m, 2H), 4.6+4.65 (m,
1H), 6.54 (dd, 1HJ = 2.1 and 6 Hz), 6.58 (d, 1H] = 2.1 Hz),
7.78 (d, 1H,J = 8.4 Hz);13C NMR (CD;0D) 6 25.5, 27.6, 36.3,

3.6 Hz), 4.44 (t, 1HJ = 7.5 Hz), 4.62 (t, 1HJ = 9.3 Hz), 4.74

(t, 1H,J = 6 Hz), 6.59 (dd, 1HJ = 2.1 and 8.4 Hz), 6.63 (d, 1H,

J=2.1Hz), 7.80 (d, 1HJ = 8.4 Hz);13C NMR (CD;0D) 6 25.4,

34.6,45.1, 45.5, 49.2, 50.3, 51.5, 59.3, 106.9, 110.0, 112.3, 130.0,

146.1, 161.5, 168.5, 169.2, 171.2, 173.3; HRESI M3431.1796

[M] +, C18H23NgOs requires 431.1791.
3(R)-[(4(9)-(4-Azido-2-hydroxy-5-iodobenzoyl)amino-2§)-

pyrrolidinylcarbonyl)amino]-2-oxo-1-pyrrolidineacetamide -

HCI (2c). The same procedure as that used to n2&evas used

on 14¢(0.02 g, 0.04 mmols) to give 14 mg (78% yield)2¢ as a
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pale yellow hygroscopic solid. This material was shown to be pure
by analytical HPLC analysis using a Supelcosil LSCi (4.6 mm
25 cm) analytical column. The product was eluted with CHCI
MeOH (4:1) withtg = 3.48 min. On a Hilbar-1I LiChrosorb (4.6
x 260 mm) analytical column, the product hadga= 3.08 min
when eluted with CHCN/H,O (3:2): [a]p 2.0 € 0.9, MeOH)H
NMR (CDs0D) 6 2.00-2.14 (m, 1H), 2.36-2.48 (m, 2H), 2.79
2.89 (m, 1H), 3.4#3.56 (m, 3H), 3.69 (dd, 1H] = 6.6 and 12
Hz), 3.96 (d, 1HJ = 17.1 Hz), 4.05 (d, 1HJ = 16.8 Hz), 4.44
(dd, 1H,J = 7.2 and 9 Hz), 4.60 (t, 1H] = 9.6 Hz), 4.73 (t, 1H,
J= 5.4 Hz), 6.83 (d, 1HJ) = 8.7 Hz), 7.80 (d, 1HJ = 8.7 Hz);
13C NMR (CD;0D) ¢ 25.3, 34.3, 45.0, 45.5, 49.5, 50.1, 51.5, 59.1,
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was placed under Ar. The reaction mixture was coole¢ 28 °C,

and thenN-methylpiperidine (0.39 g, 3.37 mmol) was added
dropwise followed by isobutyl chloroformate (0.46 g, 3.37 mmol),
upon which the solution became cloudy. After 10 min, HOBt was
added and after another 10 min, a solutiorl@®2°(0.78 g, 3.37
mmol) andN-methylpiperidine (0.39 g, 3.37 mmol) in THF was
added. The reaction was stirred-a23 °C initially and then allowed

to warm to room temperature as stirring was continued overnight.
The reaction mixture was concentrated and the residue that remained
was partitioned between EtOAc and saturated NakiT@e organic
layer was separated and washed with 10% citric aciD,Hand
brine. The organic layer was dried over Mg&Q@iltered, and

79.0,108.8,110.4, 128.2, 148.2, 162.4, 168.6, 170.1, 171.1, 173.3;concentrated to give a white solid. This solid was dissolved in

HRESI MS m/z 577.0777 [Mf and 579.0599 [M-Na]f,
C18H2oNgOsl ™ requires 577.0752 andi§12,NgOsl + Nat requires
579.0641.
3(R)-[(4(R)-(4-Azidobenzoyl)amino-28)-pyrrolidinylcarbonyl)-
amino]-2-oxo-1-pyrrolidineacetamideHCI (3a). The same pro-
cedure as that used to makawas used 0115a(0.04 g, 0.07 mmol)
to give 0.032 g (96% vyield) o8a as a pale yellow hygroscopic
solid. This material was shown to be pure by analytical HPLC
analysis using a Supelcosil LSCi (4.6 mr 25 cm) analytical
column. The product was eluted with CHGlleOH (4:1) withtg
= 7.25 min. On a Hilbar-II LiChrosorb (4.& 260 mm) analytical
column, the product hadta = 3.6 min when eluted with C¥CN/
H,0 (4:1): [o]p 43.2 € 1.6, MeOH);'H NMR (CD;0D, gCOSY
assignmentp 2.02-2.15 (m, 1H), 2.4%2.56 (m, 2H), 2.59-2.68
(m, 1H), 3.48-3.54 (m, 3H), 3.73-3.79 (m, 2H) 4.00 (dJ = 4.2
Hz), 4.59-4.67 (m, 3H), 7.15 (d, 2H) = 8.4 Hz), 7.94 (d, 2H)
= 8.4 Hz);13C NMR (CD;0D) ¢ 25.5, 35.2, 45.2, 45.6, 50.0, 50.3,
51.4, 59.5, 118.8, 129.3 (two overlapping peaks), 130.0 (two

EtOAc and then precipitated with petroleum ether (bp-80 °C)

to afford 1.31 g (90%) ofi8 as a white solid: mp 157159 °C;

[a]p 32.7 € 1.1, MeOH);'H NMR (CDCl;, COSY assignment)

1.32 (s, 9H), 1.942.02 (m, 1H), 2.282.38 (m, 1H), 3.183.33

(m, 6H), 3.48 (d, 1H,) = 16.5 Hz), 3.96-4.04 (m, 1H), 4.21 (d,

1H,J = 16.5 Hz), 5.00 (s, 2H), 5.86 (br s, 1H), 5.99 (d, 1H+

6.9 Hz), 7.25 (s, 5H), 7.45 (br s, 1HEC NMR (CDCk, gHMQC

assignment) 26.0, 28.5, 40.3, 40.8, 45.2, 47.2, 52.0, 66.9, 128.3

(two overlapping peaks), 128.7 (two overlapping peaks), 136.7 (two

overlapping peaks), 156.2, 157.3, 168.4, 173.3; ESIMi&457.2

[M + NaJ]'. Anal. (G1H30N4Os) C, H, N.
3(R)-[(2(9)-1-(tert-Butoxycarbonyl)pyrrolidinylcarbonyl)amino]-

2-ox0-1-(N-(N'-benzyloxycarbonylamino)ethyl)pyrrolidineacet-

amide (19).Compoundl8 (1.0 g, 2.30 mmol) was dissolved in 20

mL of dry CH,Cl,, and TFA (3.94 g, 34.5 mmol) was added

dropwise to this solution. The solution was stirred at room

temperature overnight. The reaction was concentrated and the

concentrate was azeotroped with £Hp (3x) and E$O (1x) to

overlapping peaks), 144.1, 168.0, 168.3, 171.1, 173.3; HRESI MS afford a white solid that was taken on without any further

m/z437.1650 [M+ Na]", CigH23NsO4Cl + Na' requires 437.1662.
3(R)-[(4(R)-(4-Azido-2-hydroxybenzoyl)amino-2§)-pyrrolidi-
nylcarbonyl)amino]-2-oxo-1-pyrrolidineacetamide HCI (3b). The
same procedure as that used to maievas used ori5b (0.02 g,
0.04 mmol) to give 0.02 g (85% yield) @b as a pale yellow
hygroscopic solid. This material was shown to be pure by analytical
HPLC analysis using a Supelcosil LSCi (4.6 mr 25 cm)
analytical column. The product was eluted with ChlleOH (4:
1) with tr = 3.23 min. On a Hilbar-Il LiChrosorb (4.6 260 mm)
analytical column, the product hadt@a= 3.07 min when eluted
with CH;CN/H,O (4:1): [o]p 46.1 € 0.98, MeOH);*H NMR
(CD3OD) 6 2.01-2.14 (m, 1H), 2.42-2.68 (m, 3H), 3.473.79
(m, 4H), 4.00 (d, 2H,J = 3.3 Hz), 4.59-4.67 (m, 3H), 6.61 (dd,
1H,J = 2.3 and 8.9 Hz), 6.64 (d, 1H,= 2.4 Hz), 7.88 (d, 1HJ
= 8.4 Hz);13C NMR (CD;0OD) ¢ 25.4, 35.2, 45.1, 45.6, 49.7, 50.2,

purification.

The TFA salt of deprotecteti8 (1.03 g, 2.30 mmol), Boc-Pro-
OH (0.57 g, 2.30 mmol), BN (0.80 g, 7.90 mmol), and 2-chloro-
1-methyl pyridinium iodide (0.63 g, 2.48 mmol) were dissolved in
70 mL of dry CHCl,. This solution was then heated at reflux
overnight. After 24 h, the reaction solution was washed with 10%
citric acid 1 M NaHCG;, H,0, and brine. The organic phase was
dried over MgSQ filtered, and concentrated to a pale pink solid.
The crude material was purified by silica gel column chromatog-
raphy (4.5x 50 cm) eluting initially with CHC} followed by
CHClL/MeOH (20:1) to afford 0.90 g (79%) of9 as a white
foam: mp 68-70°C; [a]p —16.3 € 0.9, MeOH);'H NMR (MeOH,
gCOSY assignment, rotamers present).41 (s, 9H), 1.762.15
(m, 5H), 2.39-2.40 (m, 1H), 3.24-3.45 (m, 8H), 3.76 (d, 1H] =
16.2 Hz), 4.06 (d, 1HJ = 16.8 Hz), 4.12-4.17 (m, 1H), 4.31 (t,

51.4, 59.6, 107.0, 110.0, 112.2, 130.0, 146.1, 161.7, 168.4, 169.6,1H,J = 9 Hz), 5.03-5.10 (m, 2H), 7.26-7.31 (m, 5H);*3C NMR

173.4 (two overlapping peaks); HRESI M8z 431.1838 [Mf,
C1gH23NgOs™ requires 431.1791.
3(R)-[(4(R)-(4-Azido-2-hydroxy-5-iodobenzoyl)amino-2§)-
pyrrolidinylcarbonyl)amino]-2-oxo-1-pyrrolidineacetamide -
HCI (3c). The same procedure as that used to m2&kevas used
on 15c¢(0.02 g, 0.04 mmol) to afford 14 mg (78% yield) 8€ as
a pale yellow hygroscopic solid. This material was shown to be
pure by analytical HPLC analysis using Hilbar-1I LiChrosorb (4.6
x 260 mm) analytical column. The product was eluted with
CH3CN/H,0O (4:1) withtg = 3.08 min. On a Supelcosil LSCi (4.6
mm x 25 cm) analytical column, the product hatka= 3.55 when
eluted with CHCYMeOH (4:1): fo]p 46.3 € 0.98, MeOH);*H
NMR (CD;0D) 6 2.01-2.15 (m, 1H), 2.42-2.68 (m, 3H), 3.48
3.56 (m, 3H), 3.76 (dd, 1H] = 6.9 and 12 Hz), 4.01 (d, 2H,=
3.3 Hz), 4.59-4.67 (m, 3H, 3-CH), 6.79 (s, 1H), 8.26 (s, 1H), 8.81
and 8.88 (2d, 1HJ) = 5.7 and 7.8 Hz)3C NMR (CD;0D) 6 25.5,

(MeOH, gHMQC assignment, rotamers preseén®B.4, 24.1, 25.3,
26.8, 27.5, 28.3, 30.3, 31.2, 39.6, 40.0, 45.2, 46.1, 46.7. 47.1, 51.1,
51.3, 60.3, 60.6, 66.3, 80.1, 80.4, 127.8, 127.9, 128.3, 137.1, 154.8,
155.3, 157.7, 169.1, 173.4, 173.6, 174.4, 174.9; ESI'ViE654.3
[M + Na]*. Anal. (CZGH37N507) C,H, N.
3(R)-[(2(S)-1-(tert-Butoxycarbonyl)pyrrolidinylcarbonyl)amino]-
2-oxo-1-pyrrolidineacetamide N-(N'-(4-Azidobenzoyl)amino)-
ethyl (20a). In a Parr bottle, compoundl9 (0.20 g, 0.38 mmol)
was dissolved in MeOH (20 mL). The Parr bottle was purged with
Ar, and 10% Pd/C (30 mg) was added. The reaction vessel was
placed on a Parr shaker at 50 psi for 24 h. The reaction mixture
was filtered through a pad of Celite and the pad was rinsed with
MeOH. The filtrate was concentrated to a white foam which was
triturated with E3O to afford 0.15 g (100%) of &)-[(2(9-1-(tert-
butoxycarbonyl)pyrrolidinylcarbonyl)amino]-2-oxo-N-{(N'-ami-
no)ethyl)pyrrolidineacetamide as a white foam that was taken on

35.1, 45.2, 45.6, 49.8, 50.1, 51.4, 59.6, 74.0, 106.9, 114.5, 139.2,without further purification. TLCR = 0.47 (-butanol/HO/
147.2,161.4, 168.2 (two overlapping peaks), 171.1, 173.3; HRESI pyridine/AcOH, 4:1:1:1).

MS m/z 557.0755 [M} and 579.0587 [Mt+ Na]", CigH2NgOsl™*
requires 557.0752 and;§,,NgOsl + Na' requires 579.0641.
N-[((2-Benzyloxycarbonylamino)ethylcarbamoyl)methyl]-3R)-
[N-(tert-butoxycarbonyl)amino]pyrrolidin-2-one (18). Compound
16%2(0.87 g, 3.37 mmol) was dissolved in dry THF and the solution

The above material (0.063 g, 0.16 mmol) was placed under Ar
and then dissolved in 20 mL of GBN. N-Methylpiperidine (0.016
g, 0.16 mmol) was added. This was followed by the addition of
13a(0.04 g, 0.16 mmol). The reaction was heated at reflux for 18
h. The reaction was allowed to cool to room temperature, after



316 Journal of Medicinal Chemistry, 2006, Vol. 49, No. 1

which time the CHCN was removed in vacuo. The remaining
residue was dissolved in GBI, and this solution then washed with
H,0, dilute NaHCQ, H,0, and brine. The organic layer was dried
over MgSQ, filtered, and concentrated to yield a pale yellow foam
that was purified by silica gel column chromatography (%.51
cm) eluting initially with CHCIl,/MeOH (20:1) followed by CHCI,/
MeOH (10:1) to afford 0.06 g (69%) of product as a pale yellow
foam. This product was shown to be pure by analytical HPLC
analysis with a Supelcosil LSCi (4.6 mm 25 cm) analytical
column. The product was eluted with CH@GIeOH (99.9:0.1) with
atg = 3.77 min. On a Hilbar-1I LiChrosorb (4.6< 260 mm)
analytical column, the product hadt@a= 3.05 min when eluted
with CH;CN/H,O (99.5:0.5): §]p —20.9 €0.61, MeOH);H NMR
(CDs0OD, gCOSY assignment) 1.44 (s, 9H), 1.782.21 (m, 5H),
2.43-2.49 (m, 1H), 3.36-3.52 (m, 8H), 3.76-:3.87 (m, 1H), 4,04
4.16 (m, 2H), 4.40 (t, 1H) = 8.7 Hz), 7.13 (d, 2H) = 8.7 Hz),
7.85 (d, 2H,J = 8.9 Hz);13C NMR (CD;0D) 6 23.5, 25.5, 27.6,

Fisher et al.

2): [a]p 23.7 € 0.83, MeOH);*H NMR (CD3OD) 6 2.04 (br m,

4H), 2.41-2.46 (m, 2H), 3.29-3.53 (m, 8H), 3.91 and 4.05 (2d,

2H,J = 16.8 and 17.1 Hz), 4.29 (br m, 1H), 4.54 (t, 1H= 9.5

Hz), 7.15 (d, 2HJ = 9 Hz), 7.86 (d, 2HJ = 8.7 Hz);3C NMR

(CDs0D) 6 23.9, 25.3, 29.7,. 39.1, 39.3, 45.2, 46.1, 46.3, 51.4,

70.0,118.9,129.1, 130.9, 143.8, 168.4, 168.9, 169.0, 173.4; HRESI

MS nV/z 465.1972 [M}, CyoH27NgO4™ requires 465.1975.
3(R)-[(2(9)-Pyrrolidinylcarbonyl)amino]-2-oxo-1-pyrrolidineac-

etamideN-(N'-(4-Azido-2-hydroxybenzoyl)aminoethytHCI (4b).

The same procedure as that used to n&keas used 0120b (0.02

g, 0.04 mmol) to afford 0.02 g (90%) @b as a pale yellow solid.

This material was shown to be pure by analytical HPLC analysis

using a Supelcosil LSCi (4.6 mm 25 cm) analytical column. The

product was eluted with CHgMeOH (4:1) with atr = 3.4 min.

On a Hilbar-Il LiChrosorb (4.6< 260 mm) analytical column, the

product had dr = 11.25 min when eluted with GN/H,O (3:

2): [a]p 20.9 € 1.23, MeOH);*H NMR (CDsOD) 6 1.96-2.11

31.3, 39.5, 45.3, 46.3, 46.8, 51.1, 60.7, 80.5, 118.8, 129.1 (two (m, 4H), 2.35-2.50 (m, 2H), 3.42-3.94 (m, 8H), 3.92 (d, 1H] =

overlapping peaks), 130.9 (two overlapping peaks), 143.6, 154.8,

168.2, 169.2, 173.4, 174.7; IR (neat) 2123-€h{N3); HRESI MS
m/z 565.2525 [M+ NaJ", CxsHz4NgOs + Nat requires 565.2500.
3(R)-[(2(9)-1-(tert-Butoxycarbonyl)pyrrolidinylcarbonyl)amino]-
2-oxo-1-pyrrolidineacetamide N-(N’'-(4-Azido-2-hydroxybenz-
oyl)amino)ethyl (20b). Compound19 (0.07 g, 0.13 mmol) was

16.8 Hz), 3.92 (d, 1HJ = 16.8 Hz), 4.04 (dd, 1H] = 6.5 and 8.3

Hz), 4.53 (t, 1HJ = 9.3 Hz), 6.57 (dd, 1HJ = 2.1 and 10.2 Hz),
6.61 (d, 1H,J = 2.4 Hz), 7.78 (d, 1HJ = 8.7 Hz); °C NMR
(CD:0D) 6 23.9, 25.3, 29.7, 38.8, 39.0, 45.1, 46.1, 46.4, 51.4, 60.0,
107.0, 109.9, 112.7, 129.6, 145.6, 161.6, 169.0, 169.1, 169.6, 173.4;
HRESI MSm/z 459.2180 [M}, CaoH2NgOs* requires 459.2104.

treated in the same way as described above for the synthesis of 3(R)-[(2(S)-Pyrrolidinylcarbonyl)amino]-2-oxo-1-pyrrolidineac-

20a, except ndN-methylpiperidine was added to the reaction and

etamide N-(N'-(4-Azido-2-hydroxy-5-iodobenzoyl)aminoethy

13b (0.04 g, 0.14 mmol) was used as the acylating reagent. The HCI (4c). The same procedure as that used to m2&kevas used

crude product was purified by silica gel column chromatography
(1.5 x 51 cm) eluting initially with CHCI,/MeOH (20:1) followed

by CH,CI,/MeOH (10:1) to give the product in a yield of 0.04 g
(57%) as a pale yellow foamo]p —14.6 € 1.95 MeOH);'H NMR
(CD3OD) 6 1.43 (s, 9H), 1.862.24 (m, 5H), 2.38 (m, 1H), 3.35
3.55 (m, 8H), 3.753.85 (m, 1H), 4.054.16 (m, 2H), 4.324.37

(m, 1H), 6.54-6.57 (m, 1H), 6.59 (d, 1H) = 2.4 Hz), 7.74 (d,
1H, J = 8.7 Hz); 3C NMR (CD;OD) 6 23.6, 25.4, 27.6, 31.3,

on 20c (0.03 g, 0.04 mmol) to givéc (23 mg, 92%) as a yellow
solid. This material was shown to be pure by analytical HPLC
analysis using a Supelcosil LSCi (4.6 mm 25 cm) analytical
column. The product was eluted with CH@leOH (4:1) with a

tr = 3.37 min. On a Hilbar-Il LiChrosor (4.6 260 mm) analytical
column, the product hadta = 6.87 min when eluted with C}¥CN/
H.0 (4:1): [o]p 10.5 € 1.15, MeOH);*H NMR (CDs;OD) 6 2.00—~
2.13 (m, 4H), 2.42-2.51 (m, 2H), 3.34-3.55 (m, 8H), 3.96-4.06

38.8, 39.2, 45.3, 46.2, 46.8, 51.2, 60.6, 80.5, 107.0, 109.8, 112.5,(m, 2H), 4.25-4.35 (m, 1H), 4.54 (t, 1H) = 9.5 Hz), 6.77 (s,

129.3, 145.5, 154.8, 161.7, 169.2, 169.5, 173.4, 174.6; IR (Nujol
mull) 2113 cnt? (N3); HRESI MS m/z 581.2485 [M+ NaJ,
CosHzaNgO7 + Nat requires 581.2448. Anal. é€H34Ngo7) C, H,
N.

3(R)-[(2(9)-1-(tert-Butoxycarbonyl)pyrrolidinylcarbonyl)amino]-
2-oxo-1-pyrrolidineacetamideN-(N'-(4-Azido-2-hydroxy-5-iodo-
benzoyl)amino)ethyl (20c).Compound19 (0.13 g, 0.25 mmol)

1H), 8.18 (s, 1H);33C NMR (CD;OD) 6 24.0, 25.4, 29.8, 38.9
(two overlapping peaks), 45.2, 46.1, 46.4, 51.5, 60.0, 73.8, 106.9,
114.8, 139.0, 146.7, 161.4, 168.2, 168.8, 168.9, 173.2; HRESI MS
m/z 585.1092 [M], CyoH26NgOsl* requires 585.1065.
Pharmacological AssaysThe photoaffinity-labeling agents were
tested for their ability to increase the binding of the dopamine
receptor agonis€H]-N-propylnorapomorphine H]NPA) to dopam-

was treated in the same way as described above for the synthesisne D, receptors from bovine striatal tissue as described by

of 20a except noN-methylpiperidine was added to the reaction
and 13c (0.10 g, 0.28 mmol) was used as the acylating reagent.
The product was purified by silica gel column chromatography (1.5
x 51 cm) eluting initially with CHCIl,/MeOH (20:1) followed by
CH.Cl,/MeOH (10:1) to afford 0.10 g (59%) @0cas a pale yellow
foam. This product was shown to be pure by analytical HPLC
analysis with a Supelcosil LSCi (4.6 mm 25 cm) analytical
column. The product was eluted with CH®IeOH (99.9:0.1) with

a tg = 4.38 min. On a Hilbar-1l LiChrosorb (4.6< 260 mm)
analytical column, the product hadta= 9.58 min when eluted
with CHsCN/H.0 (99.5:0.5): §]p —21.3 € 3.2 MeOH);*H NMR
(CDsOD) 1.43 (s, 9H), 1.882.24 (m, 5H), 2.39-2.50 (m, 1H),
3.40-3.54 (m, 8H), 3.79-3.85 (m, 1H), 4.06-4.16 (m, 2H), 4.32
4.37 (m, 1H), 6.75 (s, 1H), 8.15 (s, 1H)Y)C NMR (CD;OD) 6

Srivastava et &.

In the experiment in which the photoaffinity-labeling age?its
2c, 4b, and 4c first were incubated with the bovine striatal
membrane dopamineeceptor preparation and this incubation
mixture then subjected to photolysis, the following protocol was
followed. Bovine striatal membranes (208) were placed in glass
test tubes in 1 mL of receptor binding buffer (50 mM Tris, 5 mM
EDTA, 1.5 mM CaC}, 5 mM MgChk, 5 mM KCI, 120 mM NaCl,
0.1 mM DTT, 0.1 mM PMSF, 10Qg/mL bacitracin, 5ug/mL
soybean trypsin inhibitor 1 at pH 7.4). The preparation was
incubated in triplicate with 100 nM of photoaffinity-labeling agent
at 25°C for 1 h. The preparation was then exposed to UV light at
a wavelength of 254 nm for 5 min. The contents were transferred
from the glass test tube to 1-mL Eppindorf tubes which were then

23.6,25.4,27.6,31.4, 38.8, 39.2, 45.3, 46.2, 46.8, 51.2, 60.7, 73.5,subjected to centrifugation for 30 min at a speed of 16.1 RCF
80.5,107.0,114.9, 138.9, 146.6, 154.8, 161.9, 168.2, 169.2, 173.3(relative centrifugal field) The supernatant was removed and the

174.6; IR (Nujol mull) 2107 cmt (N3); HRESI MSnz 707.1496
[M + NaJ*, CysH33NgO;l + Nat requires 707.1415.
3(R)-[(2(S)-Pyrrolidinylcarbonyl)amino]-2-oxo-1-pyrrolidineac-
etamide N-(N'-(4-Azidobenzoyl)aminoethytHCI (4a). The same
procedure as that used to makawas used or20a (0.06 g, 0.11
mmol) to afford 0.05 g (94%) ofla as a pale yellow solid. This
material was shown to be pure by analytical HPLC analysis using
a Supelcosil LSCi (4.6 mmx 25 cm) analytical column. The
product was eluted with CHgMeOH (4:1) withtg = 7.04 min.
On a Hilbar-1l LiChrosorb (4.6< 260 mm) analytical column, the
product had dr = 11.22 min when eluted with G}N/H,O (3:

pellet was resuspended in receptor binding assay buffer. Protein
estimation was done using the Bradford assay reagent. The
photoaffinity-labeled membranes (10€g) were incubated in
triplicates in the following groups: (A) control, (B) 1 mM dopamine

to define nonspecific binding, (C) zM PLG, and (D) 10 nML.

Each assay tube also contained 1 MM]NPA in a final volume

of 1 mL. The samples were incubated fb h at 25°C. Assays
were terminated by rapid filtration through a Brandel cell harvester
and the filters were placed in vials containing 5 mL of scintillation
fluid, which were counted by liquid scintillation. The value for
sample B was subtracted from the average of the triplicates of
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samples A, C, and D to give the specific binding in all tubes. The
following formula was used to calculate the percent change in
[BH]NPA binding: (A — C or D/A) x 100%. Statistical analysis
was carried out with ANOVA and a post hoc Tukey test.

A direct comparison of the binding capability of the UV-cross-
linked 4b and4c and non-cross-linkedb and4c was carried out
by incubating 20Q:g of membranes with 100 nM of the photoaf-
finity-labeling ligands4b and 4c in a total volume of 1 mL of
receptor binding buffer fol h at room temperature. Control
membranes were incubated under the same conditions, but withou
4b and4c. The membranes withb and4c were placed on ice and
exposed to UV light, while the control membranes were incubated
on ice in the dark. The contents from control and analogue-treated
membranes were subjected to centrifugation and protein estimation

as described above. Subsequently, control membranes were incu-

bated fo 1 h with BH]NPA plus 100 nM of eithedb or 4c, while

the analogue-treated membranes were incubated with Jd$t [
NPA. The reaction was terminated by rapid filtration and was
worked up as described above. Once the membranes with the
photoaffinity agents are irradiated and centrifuged, there is little
possibility for free ligand interaction with the membranes; thus,
during the second incubation, onl§H]NPA is interacting with
irradiated membrane samples.
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This NH is from the syn-rotamer that is stabilized by an intermo-

lecular H-bond complex in solution. Support for this is seen from

1H NMR experiments in which BD was added to the CDg$ample
and the peaks at 5.8%.99 and 6.53 disappeared, indicating
exchangeable protons. TREl NMR spectrum of the methyl ester

did not possess the NH peak at 6.53, which is in agreement with the

intermolecular H-bond complex, as it could not form with the methyl

ester structure. For examples of this phenomenon, see: Marcovici-

Mizrahi, D.; Gottlieb, H. E.; Marks, V.; Nudelman, A. On the

Stabilization of the Syn-Rotamer of Amino Acid Carbamate Deriva-

tives by Hydrogen Bondingl. Org. Chem1996 61, 8402-8406.
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