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. : . retro Dieckmann reaction from a 2-oxo-7-azabicy-
Abstract: A new fragmentation reaction of 3-bromo-7-azabicy- y

clo[2.2.1]hepta-2,5-diene carboxylic esters with 2-amino or 2-am?—|o[2'2'1]heptane'l_carboxyla%éand byretro Diels—Al-

nomethyl anilines is described. It leadscte’5-(benzimidazol-2- d€r reactiort? A side-chain benzylidene derivative of
yl)- or cis-5-(3,4-dihydroquinazolin-2-yl)-pyrroline-2-acetic acid€thyl (5-carboxy-2,5-dihydropyrrol-2-yl acetate was ob-
esters. Substituents on the nitrogen atoms or in the aromatic ring tatned by a fragmentation that resembles the one reported
tolerated as long as they do not strongly reduce the nucleophilichgre (Scheme 12)* Many of these syntheses are aimed at

of the nitrogen atoms. The primary reaction products are not vetycarhoxy-pyrrolidin-2-yl acetic acids as precursors of
stable but hydrogenation of the pyrroline and/or cleavage of the ?‘ﬁrbapenam antibiotid&13c.14a,17b,20,24

ter give products that are suitable for subsequent structural modifi- )

cations, particularly ones that are interesting for combinatorial

syntheses. B'OC Boc o %/O
Key words: amines, ring closure, ring opening, heterocycles, nt N ,L
cleophilic additions N— Boc
/ O 4+ NaH 0 — » @

o *PhCHO o .
This report describes a new fragmentation reaction, whi - o Ph o:<—"74Ph
leads to the synthesis of novel pyrroline and pyrrolidine : OEt OEt
acetic acid derivatives that carry a cyclic amidine function
in 5-positioncis to the acetic acid moiety. Scheme 1

Pyrrolidines represent a very important class of heterocy- - . .
cles. They are not only found in a large number df'® Presentwork originates from our interest in non-pla-
alkaloid$ and biologically active molecules such as th ar molecular.sc'affolds as a basis for combinatorial li-
neuraminidase inhibitors A-192558, A-315675, and ot'ary syntheSI§ '|r.1.drug resea'rch. Such scaffolds open
ers4 They have also gained attention as precursors in tagditional possibilities for adapting the shape of drug mol-
synthesis of dipeptide mimic®r as chiral ligandsand ecules to the requirements of binding sites on biological
chiral auxiliaries. targets.

g P : ; his connection we became interested in 7-azabicy-
The significance of pyrrolidines is also witnessed by {HE ¢ . .
many reported stereoselective syntheses of 2,5-disub&tRl2-2-1lhepta-2,5-dienes of typk (Figure 1) whose

tuted pyrrolines and pyrrolidines (reviews: syntheses gynthesis had.been report_ed in the literattifthese com-
generaP via intramolecular N-addition to a double bdhd,pounds contain four functional groups that can be further

via ring closing metathest8yia [3+2] cycloadditions). modified with well established chemistry: the bromoalk-

Specifically, pyrrol-2-yl-acetic acid derivatives have beefne: the (prcl)ltecter?l) carngyl agdc_sgcdondballryb an;ino
synthesized in various ways, e.g., hydrogenation of pygrOUPS. as well as the unsubstituted C=C double bond.

rol-2-acetic acid estefd,reduction of the C=C double
bond of pyrrolidin-2-ylidene acetic and malonic estérs, o 0._0
intramolecular Michael additio,iodocylizationt*?-*5in- Y Y Y

N

tramolecular reductive amination of a (4-aminobutyr N

yDacetic acid estéf intramolecular nucleophilic OMe
substitutiort” from crotyl silanes, methylcarbamate anc BYA /J OMe
aromatic aldehyde acetals with a Lewis didarbonyla- o 8
tion and reductive cyclization starting from 8-phe- 7
nylselenoethylamino)acrylaté$,ring contractiorf® by ; Dy _—
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According to literature reports the brominelat readily an aromatic system develops during fragmentation, which
replaced by nucleophiles such asNE?3 or MeO.2>In  should therefore be especially favored.

the former case the substitution product was not isolatgfoqe experiments showed thaR = Et) reacted with a

but converted to the corresponding ketone whereas in R/hfriety of differently substitutecbrtho-phenylene di-
latter case the final product was the qcétaﬂiigure 1).  amines 8) in the expected way and afforded the corre-
prever, our attempts to exchange_ this bromine for su sonding ethylcis-5-(benzimidazol-2-yl)pyrrolidin-2-yl
stituted amino groups gave only mixtures of prodER:ts.acetateg (Scheme 4).

Therefore, we looked for naiifications of the reaction

that would make it more uniform.

The failure of the reaction betweé&rand amines to give
defined products may be due to a relative instability of tt

primarily formed enamine8 under the reaction condi- R!

tions, e.g. addition of a second molecule of the amjne i

followed perhaps by further structural change 4 - ]@\ R
- HBr

(Scheme 2). R=E) HN Re

Ox© 8aR'=R2=H 9aR=Re=H
Ri Y b R' = Me, R2=H bR'=Me, R2=H
N cR'=Ph, R2=H cR!'=Ph,R2=H
+HN g tHN dR'=H, R?=Me dR'=H, R?=Me
/ eR'=H, Re=tBu eR'=H, R? = +-Bu
2 [ 5 R fR'=H, R2=OMe fR! = H, R2= OMe
perreney/5 QU/2N gR'=H, R2=COOMe gR! = H, R2= COOMe
2
o B
o Scheme 4
-
3 4 The!H NMR signals were in accordance with structire

However, the signals were not well resolved and some of
them appeared as two sets (as did some df@hsignals)

) ) L i probably due teyn,anti isomerism of theert-butoxycar-
Provided th|§ assumption is correct, a greater unlforml bnyl (Boc) amino moiety. This view was supported by
may be aCh'eV‘?F’ with diamines in which the wo amingye reduction to a single set of NMR signals on cleavage
groups are positioned so that the second addition form§@ne Boc group ofa and9f to the corresponding free

five- or six-membered ringg]. If at least one of the tWo v rolidines10a and10f, respectively (Scheme 5).
amino groups is primary, a further stabilization is con-

ceivable, in which simultaneous ring opening tis2,5- | N Cis position of the 2- and 5-substituents was con-
disubstituted pyrroline and conversion of the aminal to 4/fmed by an NOE between the two H-atoms in this posi-
amidine takes plac&), The driving force for this reaction tion- An NOE between the GHgroup of the acetic acid
would come from relief of steric strain and from the forSide chain and the 5-H-atom was not observed.

mation of a functional group that is stabilized by rescFhe compounds of tygdgturned out to be relatively unsta-
nance (Scheme 3). ble and could therefore be characterized only via NMR

To test the principal validity of this concepttho-phe- data. In order to obtain additional support for the struc-

nylene diamines were chosen as reaction partners becdif§gs 92 was converted to the free carboxylic atH

they are set up for ring formation. Moreover, in this cas%éhiﬁh was )a solid and could be more easily characterized
cheme 6).

Scheme 2
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Scheme 3
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in which a principally basic function is created which al-

H
N R lows separation fror\l-Boc-pyrrol by a convenient acid-
\\\/N base workup. However, the basicity of the new function
HCl / \\Q must be high enough to allow complete protonation at pH
! EyoEOH N values that leave thé-Boc group unaffected. Benzimida-

— t:BUOH, - CO, % zoles do not generally meet this requirement satisfactori-
e i ly. On the other hand, very basic amidines like those
10aR'=R2=H derived from aliphatic diamines are less favorable as they

fR'=H, R2= OMe would in general be too highly soluble in water. There-
fore, diamines that lead to amidines with intermediate ba-
Scheme 5 sicity should be ideal for the procedure discussed here. In

this respect, diamines containing one aromatic and one al-
iphatic amino group ought to be most suitable. As a model
for such diamines we chose 2-amino-benzylamit®, (
\|< & K which would give dihydroquinazolines of typ&3
O © Y (Scheme 7). However, these compounds turned out to
share the instability of their benzimidazole analodgues

N N
H
H N
N +LiOH \\/
\\( \ 0._0
ﬂg\l \@ in acetone/H;0 / N \D Y
N
~o" " °

RO

o ~
H,N +EtN |
9%a 1 1+ m in EtOH / N
Scheme 6 HN rt,3h
- HBr (o)
Contrary to the methoxycarbonyl derivative, three othe 12 13
ortho-phenylene diamines which carried electronegativ (crude yield: 30%)

groups in the 5-position (NQCOPh, CE) gave, in addi-

tion to others, mainly products that had the mass of the exheme7

pected pyrrolines but differed in tAe NMR spectra. In

all three cases (some of the) aromatic H-atoms appeaifi@éte reason for this instability is not clear. Conceivably, an
betweend = 6.5 and 6.8 ppm (in CDglindicating the oxidation process takes place in which a free radical in po-
presence of an aniline-type phenyl ring. In addition, thesgtion 5 is involved. Its formation would be facilitated by
were signals ab = 4.8-5.3 ppm (2 H) as well as at 3.7%aptodative effect$from the amidino group and the ring
ppm and 3.18-3.21 ppm (together 1 H). The former sigitrogen in conjunction with the mesomeric effect of the
nals correspond to the bridgehead H-atoms and the latieuble bond. Hydrogenation of the latter might therefore
one to the H-atom next to the ester group (double set dead to more stable products. Consequently, compounds
to syn,anti isomerism of the Boc-amino moiety). Evenof typel3 were only isolated in crude form and subjected
though it was not possible to purify these products suffie hydrogenation prior to further purification.

ciently, the NMR data suggest that the reaction hgg,q resylting pyrrolidine derivativds need to be at least
stopped at the intermediatégScheme 3). Possibly, the o, ia)y deprotected before they can serve as starting ma-
electron-withdrawing character of the substituents pregiais for combinatorial syntheses. As a means of increas-
vented the fragmentation of the bicyclic system. ing synthesis economy, deprotection of the carboxylate
Nevertheless, considering the successful examples listah be combined with the hydrogenation step by working
in Scheme 4, this chemistry appears to have a relativeljth benzyl instead of ethyl estetk3§, Scheme 8).

broad scope and its products would be suitable as Startmlowing the strategy outlined above,(R = Bn) was

materials for combinatorial syntheses. However, their Ufepared from bromopropynoic acid benzyl ester and a
for such purposes meets with two obstacles: First, the sygp g excess oN-Boc-pyrrole. Treating the reaction
thesis ofl requires a large excesshBoc-pyrrol Which it re directly with 2-(aminomethyl)anilind2) in eth-
afterwards needs to be separated from the product By, stfordedi3 (R = Bn), which could be separated from
chromatography* In our hands - this procedure did NOtpq ey cessi-Boc-pyrrole by extraction with 0.01 M citric
work satisfactorily on a larger scale. Secondly, cOMy.iq After hydrogenation of crudes (isolated from the
pounds8 were oily and decomposed too rapidly 0 b@yiracts) the resultingda was stable and could be puri-
stored. fied by column chromatography in 13% yield over all
The first problem may be circumvented by removing théaree steps.

excess\N-Boc-pyrrol not until after the fragmentation step
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RO o

14a 15

13% based on 87%
bromopropynoic acid benzyl ester

Scheme 8

Like in the case of the benzimidazokshe presence of The cis relationships between the substituents in the 2-
theN-Boc group gave rise to a number of poorly resolveaind 5-positions are demonstrated by ROESY experiments
NMR signals. In order to improve the quality of the speawith 14a, 17a, and18b, which all showed an NOE be-
trum the Boc group was removed with concentrated H@keen the H-atoms in the 2- and 5-positions of the pyrro-
(Scheme 8). The resulting dihydrochloride ¥ was lidine. Additional support came from an X-ray analysis of
well-crystallized and showed well-resolved signals in thie dihydrochloride ofb (Figure 2).

"H NMR spectrum. A novel fragmentation reaction has been found by which
In an attempt to extend the fragmentation reaction to this-5-amidino-pyrrolidine-2-acetic acid esters can be pre-
synthesis of N-alkylated quinazoline derivatives, dipared from readily accessible starting materials, Ne.,
aminesl6a,b were investigated. The two methyl derivaBoc-pyrrol, propynoic acid esters, and N-unsubstituted or
tives behaved like the parent compound yielding produdis monosubstituted diamines. Aliphatic as well as aromat-
17aand18a, respectively (Scheme 9), which on treatmerit amino groups can participate unless the latter ones are
with aqueous HCI afforded the well-crystallized productdeactivated by strong electron-withdrawing substituents.
17b and18b. The corresponding phenyl derivatives didlrhecis-relationship of the substituents in the 2- and 5-po-
not give satisfactory results probably due to the electrositions of the pyrrolin ring was proven by X-ray crystal-
withdrawing effect of the aromatic systems.

k(\
N
\ 17aR =Boc (17%)

1
bR=H (75%
FKNH (75%)
0o
w0
R2 |
SN \ N |
H
N 10,
16aR' = Me, R2=H | 18a R = Boc (13%)
bR'=H, R2=Me

bR=H (80%)

Scheme 9
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were recorded foPa on a Varian MAT 7119e and10aon a Varian

| MAT 8200, 14a-18 on a Micromass QTOF-2 instrument.
G4 B g
o2 o .‘«c.’\ Single-Crystal Structure Determination
- I A suitable crystal ofb was coated with Paratone N oil, suspended
\ L I in a small fiber loop and placed in a cooleddds stream at 100 K

- T = on a Rigaku AFC7R graphite monochromated GUuK5418 A)
¥ s ..h_/ l diffractometer. The data were collected usingdk20 scan tech-

nigue to a maximumevalue of 119.8°. Data collection, indexing,
b t \r and initial cell refinements were all carried out using WinAFC soft-
7 \/ \ r“ﬁ, ~ N\ ware. Frame integration and final cell refinements were done using
Cz s I WInAFC software. The TEXSAN program was used to carry out
absorption corrections. The structure was solved using direct meth-
ods and difference Fourier technigdéddydrogen atoms were
placed at their expected chemical positions and were included in the
final cycles of least squares with isotropic Uij’s related to the atoms
Figure2 X-ray molecular structure di7b. Thecis-relationship be- ridden upon. All non-hydrogen atoms were refined anisotropically.
tween the substituents in the 2- and 5-positions could be confirme&cattering factors and anomalous dispersion corrections are taken
from the International Tables for X-ray Crystallograghgtructure
solution, refinement, graphics, and generation of publication mate-

i, rials were performed by using TEXSAN software. CCDC 257637
lography ano! addltlona”Y _supported by NOEs betweec@ntains the supplementary crystallographic data for this paper.
the H-atoms in these positions.

These data can be obtained free of charge from The Cambridge
The problem inherent in purifying the intermediate DielsCrystallographic ~ Data  Centre  via www.ccdc.cam.ac.uk/
Alder productl whose preparation requires a large exce§&ta_requestcif.
of N-Boc-pyrrol can be circumvented by removing the latAdditional details of data collection and structure refinement are
ter after the subsequent fragmentation step if the resultigiyen in Table 1.
?rr(;]rlr?Itrll'leesN?é(gcr;Ep?yrrpcsldbi/raet)((etrgizgzrlplln t-ghae\sl\leegli?y Zecﬁ)gl:;alt%e 1 Data Collection and Structure Refinement Details of Crys-

: tal Structure of Compounitb
aqueous phase. The primary products of the fragmentation
reaction are not stable, particularly if they do not crystakmpirical formula
lize, which makes a final purification impossible or a
least impractical. However, as could be demonstrated opmula mass 346.26
the dihydroquinazolines, hydrogenating the pyrrolinerystal color, habit
double bond abolishes the instability. Additional conver- _ _
sion of the esters into the free acids gives crystalline pragYys®! dimensions
ucts, which can be purified and subsequently used @gstal system
starting materials in combinatorial syntheses. Starting o
from propynoic acid benzyl ester these starting materidfattice tyre Primitive
may be obtained in a one-pot synthesis from the initifh. of reflections used for unit 25 (51.2 — 66.6°)
fragmentation products. cell determination (@range)

GsH21Nz0,Cl,

colorless, prismatic
0.200.20x 0.05 mm

Monoclinic

Omega scan peak width at half0.26
Chemicals were purchased frofWR International (Darmstadt, height
Germany), Sigma-Aldrich (Taufkirchen, Germany), or ABCR
(Karlsruhe, Germany). Diels—Aldegactions were carried out in 7 Lattice parameters
mL clear vials (screw cap, solid cap with PTFE liner) from Supelco
(Bellefonte, PA, USA) or in 50 mL sealed glass tubes (Schtt
Labortechnik, Germany). For chromatography, silica gel 60 (230—

a=18.207(1) A
b = 6.3905(5) A

400 mesh) from Merck (Darmstadbermany) was used. Melting

points were determined on a Blichi B-545 melting point apparatus

and are uncorrecte¢d and*3C NMR spectra of compounds-11

were recorded in CDg(internal reference: TM& = 0.00 ppm for

1H; 3CDCl; 8 = 77.16 ppm for3C) on a Bruker AC 200 or

AMX500 spectrometer unless otherwise stafét].’3C, and 2D SPace group
NMR spectra of compounds, 14a-18 were recorded at T = 303
K on a Bruker DPX 400 spectrometer at 303 K using DMiz@nad
one drop of trifluoroacetic acid as solvent (internal reference: TMS_
8 = 0.00 ppm fofH and**C-DMSO§ = 39.50 ppm fot3C). Peak

assignment of compoundda—18 are based on 2D COSY, HSQC, Fgoo

and HMBC experiments. IR spectra were recorded on a Perkin-

Elmer Spectrum 2000 instrument. Cl mass spectra were obtained$HuKe)

a Finnigan SSQ7000 mass spectrometer and ESI mass spectra @ﬁf%ctometer
Micromass ZMD mass spectrometer. High-resolution mass spectra

Z value

Synthesis 2005, No. 14, 2357-2366 © Thieme Stuttgart - New York

c=14.3122(9) A
B = 102.153(6Y
V =1627.9(2) R
P2,/n (#14)

4

1.413 g/cm
728.00

36.79 cmi*

Rigaku AFC7R
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Tablel Data Collection and Structure Refinement Details of CrysBenzimidazole Derivatives
tal Structure of Compournith (continued)

Radiation

Attenuator
Take-off angle

Detector aperture

Crystal to detector distance
Voltage, current
Temperature

Scan type

Scan rate

Scan width
29maX

No. of reflections measured

Corrections

Structure solution
Refinement

Function minimized
Anomalous dispersion

No. observations (I > 3.061))
No. variables
Reflection/parameter ratio
ResidualsR1 (I > 3.000(1))
ResidualswR2 (I > 3.000(1))
Goodness-of-fit indicator
Max shift/error in final cycle

Maximum peak in final diff.
map

Minimum peak in final diff.
map

Cuke (A = 1.54178 A)
Graphite monochromated
Ni foil (factor = 9.77)
6.0°

3.0 mm horizontal
3.0 mm vertical

235 mm

50 kV, 100 mA

100 K
o—-22

16.0-32.0°/min (i) (up to 4
scans)

(0.68 + 0.30 tayf
119.8°
Total: 4036
Unique: 2555 (R; = 0.031)
Lorentz-polarization

Absorption

(trans. factors: 0.8216—0.9953)

Decay (3.27% decline)

Direct Methods (SHELXS86)

Full-matrix least-squares oh F

= w (JFo| — |Fcp

All non-hydrogen atoms
1792

199

9.01
0.032
0.033

1.108

0.022
0.18 /A3

—0.21 /A3

Synthesis 2005, No. 14, 2357-2366 © Thieme Stuttgart - New York

cis-5-(1H-Benzimidazol-2-yl)-2-(ethoxycar bonylmethyl)-2,5-di-
hydropyrrole-1-carboxylic Acid tert-Butyl Ester (9a)

CompoundL (R = Et) (0.69 g, 2.0 mmol3a (0.24 g, 2.2 mmol), and
EtN (0.6 mL, 4.0 mmol) were dissolved in EtOH (80 mL) and
stirred atr.t. for 24 h. The solvent was removed in vacuo and the res-
idue was passed through basig@y (EtOAc). After removal of the
solvent the product was purified by column chromatography (neu-
tral AlL,O;; petroleum ether—EtOAc, 1:1) to gi9a (0.69 g, 93%) as

a yellowish oil.

IHNMR: §=11.1, 10.7 (br, 1 H, NH), 7.58 (br, 2 H, H47), 7.22
(M, 2 H, HB, HE), 6.28, 5.85 (br, 1 H, H4), 6.14, 5.85 (br, 1 H, H3),
5.85 (q,J = 2.4 Hz. 1 H, H5), 4.94 (br, 1 H, H2), 4.10 (br, 2 H,
OCH,), 3.26, 2.82 (br, 1 H, Cjl 2.73, 2.52 (br, 1 H, C}i 1.52,
1.27 (s, 9 Hi-Bu), 1.25 (tJ = 7.2 Hz, 3 H, CH).

13C NMR: 3 = 170.9 (COOEt), 153.4 (CQ@u), 130.8, 129.0
(C3), 128.5, 126.2 (C4), 122.2 (CE6), 119.0, 110.9 (C4C7),
81.3 (@-Bu), 64.3 (C5), 61.8 (C2), 60.9, 60.4 (OH39.8, 38.0
(CCH,), 28.2 (-BuCHy), 13.9 (EtCH); assignments were made via
cross peaks in a 500 MHz/125 MHz HMQC spectrum.

IH NMR (400 MHz, DMSO0)3 = 12.2 (v br, 1 H, NH), 7.52 (m, 2
H, H4, H7), 7.15 (m, 2 H, H5 H6), 6.05 (d,J = 5.8 Hz, 1 H, H3),
5.97 (br, 1 H, H4), 5.68 (br, 1 H, H5), 4.82 (m, 1 H, H2), 4.12 (q,
J=7.0 Hz, 2 H, OCH), 3.29, 3.08 (br dj = 12.5 Hz, 1 H, C}),
2.73 (M, 1 H, Ch), 1.41, 1.19 (s, 9 H;Bu), 1.20 (m, 3 H, Me).

13C NMR (100 MHz, DMSO0)3$ = 170.6 (COOEt), 153.7, 153.0
(COO:-Bu), 130.0 (C3), 127.9 (C4), 121.5 (CES6), 115.9 (C4

C7), 79.7, 79.3 (EBu), 62.9, 62.4 (C5), 61.1 (C2), 60.0 (OgH
40.1, 38.9 (CCH), 27.8 (-BuCH,), 14.0 (EtCH); strong NOEs
(ROESY spectrum) between H4 and H5, and between H2 and H3
respectively, NOEs between H2 and H5; assignments were made
via cross peaks in a 400 MHz HC-HSQC-TOCSY spectrum.

MS (Cl):m/z= 372 [M + H].
HRMS: m/z calcd for GgH,sN3;O,: 371.1845; found: 371.1843.

cis-2-(Ethoxycar bonylmethyl)-5-(1-methyl-1H-benzimidazol -2-
yl)-2,5-dihydropyrrole-1-carboxylic Acid tert-Butyl Ester (9b)
Prepared analogously #a. Reaction time: 1.5 d; yield: 67%; yel-
lowish oil.

IR (film): 1733, 1700 cnt.

IH NMR: § = 7.74 (m, 1 H, H7, 7.33 (m, 1 H, H3, 7.25 (m, 2 H,
H5', HE'), 6.30, 6.27 (br, 1 H, H3), 5.86 (br, 1 H, H5), 5.70-5.90 (1
H, H4), 4.94 (br, 1 H, H2), 4.18 (4= 7.4, 2 H, OCH), 4.02, 3.82

(s, 3 H, NMe), 3.55, 3.10 (br, 1 H, GK2.93 (dd, A of ABJ, =
16.7 Hz,J, = 10.3 Hz, 1 H, Ck), 1.43, 1.24 (br, 9 H;Bu), 1.27 (t,
J=7.4Hz, 3H, CChH.

13C NMR: § = 171.5, 153.0, 142.6, 135.7, 131.7, 126.8, 122.4,
121,9, 119.9, 109.6, 80.4, 61.6, 60.3, 59.2, 40.1, 30.2, 28.4, 14.2.

cis-2-(Ethoxycar bonylmethyl)-5-(1-phenyl-1H-benzimidazol -2-
yl)-2,5-dihydropyrrole-1-carboxylic Acid tert-Butyl Ester (9c)
Prepared analogously 8a. Reaction time: 1.5 d; yield: 78%; yel-
lowish oil.

IR (film): 1733, 1700 cn.

IH NMR: § = 7.77 (dJ = 6.9, 1 H, H?), 7.55 (m, 4 H, H2, H3",
H5”, H6"), 7.38 (M, 1 H, H4), 7.22 (m, 2 H, H5 HE), 7.06 (m, 1
H, H4), 6.08 (dJ = 5.4 Hz, 1 H, H3), 5.71 (br, 1 H, H5), 5.70 (d,
J=5.4Hz, 1 H, H4), 4.87 (br, 1 H, H2), 4.16 (m, 2 H, QL8.46,
3.23 (br d, B of ABJ = 15.5 Hz, 1 H, Ck), 2.87, 2.54 (dd, A of
AB, J, = 15,5 HzJ, = 10.0 Hz, 1 H, Ch), 1.44, 1.24 (s, 9 H;Bu),
1.25 (t,J = 7 Hz, 3 H, CH).
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13C NMR: § = 171.7, 153.2, 136.9, 135.7, 131.2, 129.8, 129.0H NMR: § = 11.52, 11.00 (br, 1 H, NH), 8.44, 8.25 (br, 1 H/)H4
127.5, 126.6, 122.7, 122.3, 119.8, 110.0, 80.2, 62.0, 61.4, 617296 (dd,), = 8.4 Hz,J,= 0.9 Hz, 1 H, H8, 7.71, 755 (br, 1 H, HY,
60.8, 60.1, 39.7, 38.4, 28.3, 28.0, 14.1. 6.24, 5.92 (br, 1 H, H4), 6.14, 5.86 (br, 1 H, H3), 5.86)(g,2.2
o Hz, 1 H, H5), 4.96 (m, 1 H, H2), 4.12 (M, 2 H, O$}+8.94 (s, 3 H,
MS (CI): mVz = 448 [M + H].
(€D [ ] CHy), 3.36, 2.81 (br dJ = 12.6 Hz, 1 H, Ch), 2.50-2.80 (m, 1 H,

cis-2-(Ethoxycar bonylmethyl)-5-(5-methyl-1H-benzimidazol -2- CH,), 1.52, 1.25 (s, 9 H, ©Bu), 1.25 (m, 3 H, Ch).

yl)- 2,5-dihydropyrrole-1-carboxylic Acid tert-Butyl Ester (9d) 13C NMR: § = 170.9, 167.5, 155.1, 130.8, 129.3, 129.3, 128.2,
Prepared analogously 8a. Reaction time: 24 h. Yield: 75%; Yel- 124.1,123.4, 113.4,110.7, 81.6, 64.4, 62.2, 61.8, 61.2, 60.5, 60.2,
lowish oil. 51.9, 39.6, 37.6, 14.0.

IR (film): 1733, 1705 ct. cis-5-(1H-Benzimidazol-2-yl)-2-ethoxycar bonylmethyl-2,5-di-

1H NMR: 6 = 1093, 10.57 (bl’, 1 H, NH), 7.48 (bl’, 1 H,/HZV36 hydropyrro|edihydrochloride (10&)

(br, 1 H, H7), 7.03 (ddJ, = 8.4 Hz,J, = 1.3 Hz, 1 H, Hf, 6.28,  Compounda (0.90 g, 2.4 mmol) was dissolved in anhygE¢100
5.93 (br, 1 H, H4), 6.14, 5.88 (br, 1 H, H3), 5.82Xg,2.2 Hz. 1 H, mL). EtOH-HCI (2 M, 10 mL) solution was added and the mixture
H5), 4.93 (br, 1 H, H2), 4.10 (br, 2 H, OQiH3.26, 2.80 (br d) = as left for 12 h at r.t. On cooling to 4 °C a solid material precipi-
13.2 Hz, 1 H, Ch), 2.69, 2.49 (br, 1 H, C}ji 2.45 (s, 3 H, arom. tated which was crystallized fromB-EtOH. Yield: 0.58 g (70%)
CHy), 1.51, 1.26 (s, 9 H;Bu), 1.24 (m, 3 H, aliph. Chi of crude beige-coloreta, which decomposed at 180 °C.

C NMR: § = 170.9, 155.1, 153.2, 130.8, 128.6, 128.5, 126.3R (KBr): 1718 cm,

123.6, 118.6, 110.9, 81.3, 64.3, 61.8, 61.8, 60.9, 60.5, 39.9, 38.1, .
28.3. 915, 14.0. &4 MR (CD,OD): = 7.95 (m, 2 H, H4 7), 7.73 (m, 2 H, H5

6), 6.57 (m, 1 H, H3), 6.32 (di, = 5.9 Hz,J, = 2.0 Hz, 1 H, H4),
6.29 (M, 1 H, H5), 5.15 (m, 1 H, H2), 4.22 (g= 7.1 Hz, 2 H,

cis-5-(5-tert-Butyl-1H-benzimidazol-2-yl)-2-(ethoxycar bonyl- OCH,), 3.26 (B of ABM.J, = 18.2 HzJ, = 3.9 Hz, 1 H. Ch). 3.05

methyl)-2,5-dihydropyrrole-1-car boxylic Acid tert-Butyl Ester

(9e) (A of ABM, J; =18.2 HzJ,=9.3Hz, 1 H,CH), 1.30 (tJ=7.1
Prepared analogously #a. Reaction time: 1.5 d; yield: 77%; yel- Hz, 3 H, Me).

lowish oil. 1BC NMR:$=171.5, 147.0, 136.3, 133.2, 128.9, 124.2, 115.9, 65.9,
IR (film): 1733, 1705 crrt, 62.9,61.1,37.8, 14.7.

1H NMR: § = 11.10, 10.75 (br, 1 H, NH), 7.59 (br s, 1 H/H#.53  MS (C):mz=272[M + H].

(d,J=8.4Hz, 1 H, H}, 7.30 (ddJ, = 8.4 Hz,J, = 2.0 Hz, 1 H, HRMS:m/z calcd for GsH,,N;0,: 271.13072; found: 271.13208.
H6'), 6.25, 5.93 (br, 1 H, H4), 6.14, 5.85 (br, 1 H, H3), 5.84 (s, 1 H,

H5), 4.93 (br, 1 H, H2), 4.10 (br, 2 H, O@H3.19, 2.82 (br d) =  cis-2-(Ethoxycar bonylmethyl)-5-(5-methoxy-1H-benzimidazol-
15Hz,1H, CH), 2.70,2.49 (brddl, =15HzJ,=9Hz, 1 H,CH), 2-yl)-2,5-dihydropyrrole dihydrochloride (10f)

1.50, 1.37 (s, 9 H, Bu), 1.37, 1.28 (s, 9 H,tBu), 1.28 (m, 3 H, Prepared analogously i®a from 9f (0.12 g, 0.3 mmol), EO (20
CHy). mL), EtOH-HCI (2 mL), 3 h, r.tThe precipitate was a glassy ma-

13 NMR: § = 170.8. 155.0 153.2. 1455 130.6. 129.0. 128 éerial that did not crystallize. Yield: 70 mg (54%).
126.3, 120.2, 115.0, 81.1, 64.1, 61.6, 61.6, 60.8, 60.3, 39.8, 3aR,(KBr): 1718 cm™.

34.6,28.1,13.9. H NMR (CD,0D): § = 7.80 (dJ = 8.9 Hz, 1 H, H7, 7.37 (dJ =

MS (CI): mVz= 428 [M + H]. 2.4 Hz, 1 H, HY, 7.31 (ddJ;, = 8.9 Hz,J, = 2.4 Hz, 1 H, H§, 6.56
HRMS: Mz calcd for GHyN,O,: 427.24714; found: 427.24711. (M. 1 H, H3), 6.32 (m, 1 H, H4), 6.30 (m, 1 H, H5), 5.13 (br, 1 H,

z caled for GaHssN;O, - foun H2), 4.22 (9 = 7.0 Hz, 2 H, OCH), 3.96 (s, 3 H, OCH, 3.25 (B

; i f ABM, J, = 18.2 Hz,J, = 4.4 Hz, 1 H, CH), 3.06 (A of ABM,
cis-2-(Ethoxycar bonylmethyl)-5-(5-methoxy-1H-benzimidazol - o i 1T 2 2
2-y1)-2,5-dihydropyrrole-1-carboxylic Acid tert-Butyl Ester (9f) J1=18.2Hz,3,=9.4 Hz, 1 H, Ch), 1.29 (tJ = 6.9 Hz, 3 H, Me).
Prepared analogously $a. Reaction time: 2 d; yield: 75%; yellow- 3C NMR: § = 171.5, 161.5, 145.5, 136.2, 134.3, 127.4, 124.2,
ish ail. 119.7,116.7, 97.3, 65.8, 62.8, 61.1, 57.0, 37.9, 14.7.

IR (film): 1733, 1708 crt. cis-5-(1H-Benzimidazol-2-yl)-2-(car boxymethyl)-2,5-dihydr o-
'HNMR: § =8.6-9.7 (L H, NH), 7.46 (d,=8.9 Hz, 1 H,H7, 7.03  pyrrole-1-carboxylic Acid tert-Butyl Ester (11)
(d,J=24Hz,1H,H), 684 (ddJ; =89 HzJ, =24 Hz, 1 H, Compounda (0.44 g, 1.2 mmol) was dissolved in a mixture of ac-
HE’), 6.26, 5.91 (br, 1 H, H4), 6.10, 5.87 (br, 1 H, H3), 5.79(@, etone (20 mL) and water (10 mL) and treated with 1 M LiOH (6 mL)
1.9 Hz. 1 H, H5), 4.90 (br, 1 H, H2), 4.08 (m, 2 H, OF;B.81 (S,  atr.t. for 1 h. The solvents warmoved in vacuo. To the remainder
3H, OCH), 3.25,2.78 (br d) = 14.7 Hz, 1 H, Ch), 2.70, 2.44 (br  \ere added a 20% NaPO,—H,PO, aq buffer (30 mL) to adjust pH
dd,J, =14.7Hz,J, = 9.3 Hz, 1 H, Ch), 1.49, 1.23 (s, 9 H;Bu),  t0 5.5 and sat. agq NaCl (30 mL). The mixture was extracte@€zH
1.23 (m, 3H, CH). (3% 50 mL). The organic phase was evaporated to dryness and the
13C NMR: § = 170.9, 156.3, 155.3, 153.1, 130.8, 129.0, 128.5esidue crystallized from MeCN-cyclohexane; yield: 0.29 g (70%);
126.3, 116.5, 111.7, 97.4, 81.4, 64.1, 61.9, 61.9, 61.1, 60.5, 55:0lorless crystals; mp 216-218 °C (decomp.).
40.0, 38.0, 28.3, 27.9, 14.0. IR (KBr): 1698 (vs, br) cr.
MS (CI):mVz =402 [M + H]. H NMR (DMF-d,): & = 12.39 (v br, 1 H, OH), 7.62 (m, 2 H, H4

_ H7), 7.22 (m, 2 H, H5 H6), 6.20 (m, 1 H, H4), 6.10 (br, 1 H, H3),
cis-2-(Ethoxycar bonylmethyl)-5-(5-methoxycarbonyl-1H-benz- 589 (br, 1 H, H5), 4.97 (m, 1 H, H2), 3.43, 3.18 (bi &,13.8 Hz,
imidazol-2-y1)-2,5-dihydropyrrole-1-carboxylic Acid tert-Butyl 1 H, CH,), 2.83 (br, 1 H, Ch), 1.51, 1.28 (s, 9 H;BU).

Ester (99) s

Prepared analogously a. Reaction time: 7 d; yield: 56%; yel- “CNMR:6 = 172.6,154.3, 139.1, 130.6, 127.8, 121.6, 114.9, 79.6,
; ; 63.6, 61.7, 40.7, 27.5.

lowish ail.

IR (film): 1713 (br) cmt. MS (Cl):mVz= 344 [M + H].
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Anal. Calcd for GgH,;N;0,: C, 62.96; H, 6.16; N, 12.24. Found: C, cis-2-(Car boxymethyl)-5-(3-methyl-3,4-dihydr oquinazolin-2-

62.79; H, 6.25; N, 12.07. yl)pyrrolidine-1-carboxylic Acid tert-Butyl Ester (17a)

Prepared analogously fgla from 16a% (10.0 g, 73.6 mmol); hy-
Dihydroquinazoline Derivatives drogenation for 10 h. Purification by column chromatography
Propynoic Acid Benzyl Ester [SiO,; aq NH, (25%)-MeOH-CHCI,, 1:10:140 then aq NH

The compound has been prepared previously from propynoic a¢k6%)-MeOH—-CHCI,, 1:10:120) yielded.7a (4.34 g, 17%) as a
and benzyl alcohél®* but the present method gives higher yieldsbeige amorphous material.

Propynoic acid (7.98 g, 113.9 mmol) was added to a solution q_fl NMR (400 MHz, DMSOd, + TFA): = 11.25 (s, 1 H, N§
KOH (6.39 g, 113.9 mmol) in MeOH (70 mL). After 15 min at r.t.; 3o (tJ=7.0 Hz, 11H, HJ, 7'628 (dtJ, = 7.7 Hz,3, = 1.0 H,z, 1 H

the solution was evaporated to dryness. The residue was twice iwg,) 7.24 (d,J=7.2 Hz, 1 H, HY, 7.21 (m, 1 H, H8, 5.00 (t,] =

pended in toluene, which was subsequently removed in vacuo. - y »

remaining solid was dissolved in DMSO (70 mL), (bromometh?'z| Hﬁé)l SHSI;S(g ?3'33%812’*_373 (12711252?;5464(15814'4332(?
yl)benzene (15.12 g, 88.7 mmol) was added and the mixture kepbag, (m L H H4,) 2 08-2 24 (m 5 H. H3 H4) 175-1.88 (m’ 1H
40 °C for 2 h. EtOAc (150 mL) and water (100 mL) were added. Tr]%) 1.20-1.49 (b’r 9 H, H3). o ' Y
organic layer was separated, washed with aq NajH>@ water, ' T

and the solvent removed under vacuum. Yield: 12.4 g [87% basé§ NMR (100 MHz, DMSOd, + TFA): § = 175.5 (CY), 161.9-

on (bromomethyl)benzene]. 162.7 (br, C9, 152.9-154.0 (br, C1), 130.4 (C9, 129.1 (C7),

127.0 (C6), 126.3 (C5, 117.6 (C10, 116.2 (C9, 80.6-81.6 (br,
Bromopropynoic Acid Benzyl Ester2532 C2”), 57.6 (C5), 55.3 (C2), 51.4 (G438.5 (CH), 37.8 (C2),
Prepared according to a literature metffod. 29.2-30.6 (br, C3), 27.6 (C3, 26.9 (C4).

(Carb hyl)-5-(3.4-dlihyd | ) | MS (ESI):m/z= 374 [M + H].
cis-2-(Carboxymethyl)-5-(3,4-dihydr oquinazolin-2-yl)pyrroli- ) N ) ) )
dine-1-carboxylic Acid tert-Butyl Ester (14a) HZMZ%S)TZ [M + H*] caled for GgH,gN;O,: 374.2080; found:
A mixture of bromopropynoic acid benzyl ester (16.0 g, 66.9 mmoﬁ ) :

andN-Boc pyrrole (111.8 g, 669 mmol) was shaken at 80 °C for 48 . . .
hin a sealed vial under argon. After cooling to r.t., EtOH (300 mL Il%zyr(::ozlilr ;ﬂ’gig;%g}g’lEi};nc?tdhggggﬁ;“g;g]lz'lgzgd'n'z'

12 (9.0 _g,_73.6 mmol), and & (13.5 g, 133.6 mmol) Were_added. repared analogously fda from 16b* (10.0 g, 73.6 mmol); hy-
After stirring at r.t. for 3 h the mixture was concentrated in vacug’rogenation for 11 h. Purification by c.olur;wn éhromat(;graphy
EtOAc (300 mL) and EtOH (75 mL) were added and the solution.. 2~ ) o .

was extracted with 0.01 M aq citric acidX&50 mL). The com- |1O§(,)/aq Nl-gt()2_5%)—MeOIk-]|—CI§|CI2,t1._1?.120] yieldedsa [3.28
bined agueous layers were brought to pH = 8 with Na}#d ex- 9 0] as a beige amorphous material.

tracted with EtOAc (2x 400 mL). The organic phase was'H NMR (400 MHz, DMSOd, + TFA): § = 9.84 (br, 1 H, NH),
concentrated to 300 mL in vacuo and extracted with 0.01 M aq citic46 (dtJ, = 8.4 HzJ,= 1.8 Hz, 1 H, H}, 7.44 (m, 1 H, H§, 7.37
acid (4x 400 mL) and then 0.1 M aq citric acid (250 mL). The com¢dt,J, =7.4Hz J,= 1.8 Hz, 1 H, H§, 7.33 (dJ= 7.4 Hz, 1 H, HY,
bined aqueous layers were saturated with NaCl and the product w&36 (t,J = 7.6 Hz, 1 H, H5), 4.73 (ABl,s = 20.2 Hz, 2 H, H3,
extracted (as a hydrochloride) twice with a mixture of EtOAc (250.15-4.24 (m, 1 H, H2), 3.58 (s, 3 H, §H2.80-2.97 (m, 1 H,
mL) and EtOH (150 mL). The organic layers were concentrated i2”), 2.61 (dd,)J; = 15.3 HzJ, = 8.2 Hz, 1 H, H2), 2.45-2.55 (m,
vacuo, the residue dissolved in EtOAc (300 mL) and treated with &gH, H4), 2.06-2.23 (m, 2 H, H3, H4), 1.73-1.81 (m, 1 H, H3),
citric acid/NaCl as before. The combined final organic phases wetel8-1.52 (br, 9 H, H3).

Washed with sat. ag NaHGQ x 500 mL) _and evaporated in vacuo1sc NMR (100 MHz, DMSOd, + TFA): § = 173.8 (br, C1), 164.8
leaving a brown foam (06.73 0). It was dissolved in DMF (130 m br, C2), 153.7 (br, CT), 134.8 (C9, 129.1 (C7), 127.4 (C6,

and hydrogenated (10% Pd/C, 14 h, atmospheric pressure). Af{elg g (C9), 119.7 (C10, 115.7 (C8, 80.9 (br, C2), 58.8 (C5),

filtration the solvent was removéulvacuo and the residue purified g5 g (C2), 41.6 (C¥, 38.4 (C2), 33.9 (CH), 29.8 (C3), 28.1 (C4)
by column chromatography [SjOaq NH; (25%)-MeOH-CHCL,, 57 7 (03,,’). ' ' ' ' '

1:10:100, then aq NH(25%)-MeOH-CHCIl,, 1:10:50], which
gavelda (3.22 g, 13% overall) as an amorphous material. MS (ESI):m/z=374.5 [M + H].

IH NMR (400 MHz, DMSO#d,, TFA): § = 11.74 (br, 1 H, N§, ~HRMS: miz [M + H] caled for GoHoN;O,: 374.2080; found:
10.08 (br, 1 H, NH), 7.35 (d§, = 7.4 Hz,J, = 2.0 Hz, 1 H, Hj,  374.2075.

7.26 (dtJ, = 7.6 HzJ,= 1.0 Hz, 1 H, H§, 7.23 (dJ=6Hz, 1 H, _ o o o

H5), 7.14 (dJ = 7.7 Hz, 1 H, H, 4.82 (AB,J,s = 17.5 Hz, 2 H, [€is5-(3,4-Dihydroquinazolin-2-yl)pyrrolidin-2-yl]acetic Acid

H4), 4.57 (tJ = 7.7 Hz, 1 H, H5), 4.14-4.23 (m, 1 H, H2), 2.61-Pihydrochloride (15) _ _

2.93 (M, 2 H, H2), 2.32-2.45 (m, 1 H, H4), 2.10-2.25 (m, 2 H, 3.Esterl4a (50 mg, 0.139 mmol) was stirred W-Ith concd aq HCI (10
H3, H4), 1.77-1.85 (m, 1 H, H3), 1.23-1.54 (br, 9 H/H3 mL) atr.t. for 2 h. Evaporation of the solvent in gsiteam yielded

13C NMR (100 MHz, DMSOd, + TFA): § = 174.2 (br, C1), 163.7 15 (40 mg, 87%) as colorless crystals; mp 238 °C.

’ 6 -0 = . ’ ’ .
(br, C2), 153.0-154.5 (br, C1), 131.3 (C9, 129.1 (C7), 127.1 H NMR (400 MHz, DMSO6, + TFA): § = 7.36 (dtJ, = 7.7 Hz,
(C5, C6), 117.7 (C10, 116.8 (C8, 80.5-81.3 (br, C2), 59.0 %= 1.8Hz, 1 H, H}, 7.28 (dtJ, = 7.4 HzJ,=1.4 Hz, 1 H, HY,
(C5), 55.7 (C2), 42.0 (C}} 38.4 (C2), 29.5 (C3, C4), 27.9 (¢3;  7-21-7.25 (m, 2 H, H5HS), 4.82 (AB,J,g = 16.7 Hz, 2 H, H3,
peak assignments are based on 2D COSY, HSQC and HMBC &3 (t.J=8.7 Hz, 1 H, H5), 3.92-4.01 (m, 1 H, H2), 3.01 (#lds

periments. 17.8 Hz,J,= 8.4 Hz, 1 H, H2), 2.88 (ddJ, = 17.4 Hz,J, = 5.4 Hz,
1 H, HZ), 2.39-2.48 (m, 1 H, H4), 2.22-2.39 (m, 2 H, H3, H4),
HRMS: m/z [M + H+] calcd for Q_QH26N304: 360.1923; found: 13C NMR (100 MHz, DMSQ% + TFA) §=171.8 (CI), 131.0
360.1930. (C9), 129.0 (C7), 127.5 (CH, 126.9 (CH, 117.5 (C10, 116.9
(C8), 57.6 (C5), 56.9 (C2), 42.0 ((436.2 (C2), 28.4 (C3), 26.9
(C4).

MS (ESI):mVz = 260 [M + H.
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HRMS: m/z [M + H*] calcd for G,H;gN;O,: 260.1399; found:
260.1400.

[cis-5-(3-M ethyl-3,4-dihydr oquinazolin-2-yl)pyrrolidin-2-
yl]acetic Acid Dihydrochloride (17b)

Prepared analogously 16 from 17a (100 mg, 0.268 mmol); yield:
70 mg (75%); colorless crystals; mp 222 °C.

IH NMR (400 MHz, DMSO¢, + TFA): § = 7.41 (dd)), = 7.9 Hz,
J,=1.6 Hz, 1 H, H9, 7.37 (dtJ, = 7.7 Hz,J, = 1.3 Hz, 1 H, H7,
7.29 (dt,J, = 7.6 Hz,J, = 1.6 Hz, 1 H, H§, 7.21 (dd,J, = 7.0 Hz,
J,=0.8 Hz, 1 H, HY, 5.04 (t,J = 9.4 Hz, 1 H, H5), 4.92 (s, 2 H,
H4), 3.91-4.00 (m, 1 H, H2), 3.35 (s, 3 H, §}8.07 (ddJ, = 17.2
Hz,J,=8.7 Hz, 1 H, H2), 2.91 (dd)J, = 17.2 HzJ, = 5.4 Hz, 1 H,
H2”), 2.45-2.55 (m, 1 H, H4), 2.24-2.41 (m, 2 H, H3, H4), 1.86—
1.97 (m, 1 H, H3).

13C NMR (100 MHz, DMSOd, + TFA): § = 172.2 (C1), 130.6
(C9), 129.1 (C7), 127.5 (C6), 126.2 (CH, 117.8 (C10, 116.9
(C8), 56.9 (C2), 56.0 (C5), 51.9 (§439.8 (CH), 36.3 (C2), 28.6
(C3), 27.0 (CA).

MS (ESI):mVz = 274 [M + HI.

HRMS: m/z [M + H*] calcd for GgH,(N3;O,: 274.1556; found:
274.1559.

[cis-5-(1-M ethyl-3,4-dihydr oquinazolin-2-yl)pyrrolidin-2-
yl]acetic Acid Dihydrochloride (18b)

Prepared analogously 1& from 18a (50 mg, 0.134 mmol); yield:
37 mg (80%), colorless crystals; mp 215 °C.

IH NMR (400 MHz, DMSO¢,; + TFA): § = 7.45 (dt,J; = 8.2 Hz,
J,=1.8 Hz, 1 H, H%, 7.41 (dd,J, = 8.3 Hz,J, = 1.8 Hz, 1 H, H8,
7.36 (dtJ, = 7.6 Hz,J, = 1.4 Hz, 1 H, H§, 7.32 (ddJ), = 7.4 Hz,
J,=1.4 Hz, 1 H, HY, 4.87 (t,J = 7.64 Hz, 1 H, H5), 4.73 (AB,
Jas = 16.5 Hz, 2 H, H3, 3.76-3.85 (m, 1 H, H2), 3.57 (s, 3H, §H
2.83(ddJ, =17.0 HzJ, = 8.0 Hz, 1 H, H2), 2.73 (ddJ, = 16.8
Hz,J, = 6.0 Hz, 1 H, H2), 2.07-2.24 (m, 2 H, H3, H4), 2.37-2.49
(m, 1 H, H4), 1.60-1.73 (m, 1 H, H3).

13C NMR (100 MHz, DMSOd; + TFA): § = 172.6 (CY), 162.5 (br,
C2), 135.2 (C9, 129.0 (C?, 127.4 (CH, 126.7 (CH, 119.8
(C10), 115.9 (C8, 56.3 (C2), 56.1 (C5), 41.8 (§437.8 (C2),
34.4 (CH), 29.3 (C3), 28.0 (C4).

MS (ESI):mVz = 274.5 [M + H].

HRMS: m/z [M + H*] calcd for GgH,oN;O,: 274.1556; found:
274.1564.
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