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According to the “combi-targeting” concept, the EGFR tyrosine kinase (TK) inhibitory potency of compounds
termed “combi-molecules” is critical for selective growth inhibition of tumor cells with disordered expression
of EGFR or its closest family member erbB2. Here we report on the optimization of the EGFR TK inhibitory
potency of the combi-molecules of the nitrosourea class by comparison with their aminoquinazoline and
ureidoquinazoline precursors. This led to the discovery of a new structural parameter that influences their
EGFR TK inhibitory potency, i.e., the torsion angle between the plane of the quinazoline ring and the
ureido or the nitrosoureido moiety of the synthesized drugs. Compouh éhd Br series) with small
angles (0.5-3°) were generally stronger EGFR TK inhibitors than those with large angles21%8. This

was further corroborated by ligandleceptor van der Waals interaction calculations that showed significant
binding hindrance imposed by large torsion angles in the narrow ATP cleft of EGFR. Selective antiproliferative
studies in a pair of mouse fibroblast NIH3T3 cells, one of which NIH3T3/neu being transfected with the
erbB2 oncogene, showed that 4€values for inhibition of EGFR TK could be good predictors of their
selective potency against the serum-stimulated growth oéthB2tranfected cell line (Pearsan= 0.8).

On the basis of stabilityt{,), EGFR TK inhibitory potency (I&), and selective erbB2 targeting, compound

23, a stable nitrosourea, was considered to have the structural requirements for further development.

1. Introduction

The combi-targeting concept postulates that molecules termed O\
“combi-molecules”, designed to block growth factor induced HN X
signaling on their own and to further degrade to a DNA- /ﬁ\ N N
damaging species, should induce significant cell-killing in H, ™ N N
tumors resistant to classical alkylating agents of the same class. N)
SMA41 and BJ2000 (Figure 1), the first molecular probes
designed to verify the combi-targeting postulates, were shown X =CH,;, SMA41
to strongly block the epidermal growth factor receptor tyrosine X=Cl, BJ2000

kinase (EGFR TK) activity on their own in a short exposure
enzyme assa¥? In addition, these molecules degraded in cell

culture medium to generate a free aminoquinazoline, also Scheme 1.Hydrolytic Pathway and Interactions Involved in the
capable of blocking EGFR TK on its own, and a DNA-alkylating “Combi-Targeting” Strategy

Figure 1. Structures of the first molecular prob88A41 andBJ200Q

methyldiazonium species. The formation of the latter has been EGFR

proven by radiotracing.Thus, as outlined in Scheme 1, the T2 ————» TZ-1-EGFR
combi-molecules TZ-I block EGFR TK on their own and

degrade to another inhibitor | plus TZ, a DNA-damaging species.

Both combi-molecules, SMA41 and BJ2000, were shown to DNA EGFR

I > TZ-DNA ~¢————— TZ + | ————— [-EGFR
possess significantly stronger potency than the clinical drug

Temozolomide in cells coexpressing the DNA repair enzyme
Ob-alkylguanine transferase (AGT) and EGEFRBMA41 and
BJ2000 being 1,2,3-triazenes, their half-lives were less than 1.5
h. Thus, to study the combi-targeting principles with more stable
probes and to enhance their potency by releasing a bifunctional
chloroethylating agent, we synthesized FD123) (a nitrosourea
designed to release, like the triazenes, a free aminoquinazolin
and a DNA-alkylating specie=® While FD137 was extremely
stable {1, = 41 h), its EGFR TK inhibitory activity (1o =
1000 nM) was more than 5-fold weaker than those of the
triazenes. Here, we attempted to optimize the EGFR TK potency
of this new class of molecules, termed combi-nitrosoureas, by

synthesizing a series of compounds with variable substituents
at R on the ureido moiety and X on the aniline portion.
Molecular modeling was used to rationalize the results and to
develop a predictive equation for EGFR TK inhibitory potency
of these agents based upon protein/ligand interaction energy
(Einy), ligand bond stretchHsy,) and total strain energy (dkin-

e\Ne also studied the correlation between theglCalues for
EGFR TK inhibition and the erb selectivity of these compounds
in a pair of NIH3T3 wild-type an@rbB2transfected (NIH3T3/
neu) cells. It should be remembered herein that ¢neB2
oncogene is overexpressed in a variety of solid tumors including
breast, ovary, and prostate cancer cells and that this is associated
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Combi-Targeting Synthesis of Nitrosoureas

Scheme 2.Synthesis of Amine§—122
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a (i) H2SO4fformic acid/reflux; (ii) PC§160 °C; (iii) 3-methylaniline/2-propanol/60C; (iv) DMF—dimethyl acetal/reflux; (v) ArNE/AcOH/reflux; (vi)
Pd(5%)/H(2 bar)/room temperature (¥ CHs) or Fe/AcOH/EtOH/HO/reflux (X = ClI, Br); (vii) EtOCOCI/pyridine/0°C; (viii) LIAIH 4#THF/reflux.

Scheme 3.Synthesis of Urea$3—18 and Nitrosoureag9—242
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15 R=H, X=Br 18 R=CH;, X=Br 21 R=H, X=Br 24 R=CH;, X=Br

a (i) 2-Chloroethylisocyanate/THF/®C; (ii) NOBF4/ACOH/CHCN/O °C.

2. Results and Discussion

giving amidine3, which was cyclized in refluxing acetic acid

2.1. Chemistry. The synthesis of the series proceeded as N the presence of corresponding aniline to provide 6-nitro-

depicted in Schemes 2 and 3. 6-Aminoquinazolifie® were
prepared in three steps from nitroanthranilonittiles previously
described! Briefly, anthranilonitrilel was heated at reflux in
formic acid containing concentrated,$0, to give 4-oxo-
guinazoline2,!* which was chlorinated with Pgin fusion12
The resulting 4-chloroquinazoline was treated with 3-methyl-
aniline to yield 6-nitroquinazoling which was catalytically
reduced to amine7.*® Aminoquinazolines8 and 9 were
synthesized as per the procedure described by Tsouét al.
Briefly, anthranilonitrile1 was condensed with DMFacetal

quinazolines$ and6. Reduction of these nitro compounds with
Fe gave the targeted amin@snd9 in good yield. 6-Amino-
quinazolines7r—9 were converted to their N-methyl analogues
1012 following a slightly modified procedure published by
Bridges et al® First, amines7—9 were treated with ethyl
chloroformate, and then the resulting carbamates were reduced
with LiAIH 4. The aminoquinazolined—12 thus generated were
treated with 2-chloroethylisocyanate to provide uré8s18,
which were subsequently nitrosated with NOB¥OH to give
nitrosoureasl9—24. The latter compounds were purified by
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Figure 2. Three-dimensional views of energy-minimized structured ®{N3-H) and22 (N3-methylated) nitrosoureas. Minimization was done
and views generated by CS Chemdraw 3D Ultra 7.0 software, using the empirical MM2 method. See the Experimental Section for details.

Table 1. Half-lives (t12) of the Combi-Nitrosoureas

Table 2. Biological Activities of Aminoquinazolines,
Ureidoquinazolines and Their Corresponding Combi-Nitrosoureas

half-life
compd (tar2)
19 30 min
20 15 min R1 HN X
21 26 min &
22 411 Ry SN
23 21 h27 min )
24 26 h N
aSee ref 5. 724
column chromatography on silica gel with a mixture of ethyl angle CsonM ICs0, uMP
acetate/petroleum ether as eluent. The structures of variousno, R R, X ded EGFRTK NIH3T3 NIH3T3/neu
compounds were confirmed bjH, 13C NMR, and high- 7 H H Me 1000 142 6.39
resolution mass spectrometry (HRMS). 8 H H cl 200 97.0 3.29
2.2. Biology. 2.2.1. Stability of Combi-NitrosoureasAs 9 H H Br 44 26.7 0.67
expected, the NH-unsubstituted nitrosour&fs 21 were sig- 10 Me H Me 11 42.8 2.07
nificantly less stablet{,, = 15—30 min) than their N3-Me i; mg : g: g ‘113'2 8'?3
analogue§2—24, the most stable Compound remaining the 3 13 H CIEtNHCO Me 0.69 676 3i_0 .2_10
methylanilinonitrosoure@2 (t;, = 41 h) (Table 1). The half- 14 H CIEtNHCO ClI 292 22 157.1 1.35
lives of the 3-halogenated compoun@8 and24 were shorter 15 H CIEtNHCO  Br 053 18 35.9 177
(ty2 = 21-26 h), perhaps due to a more electron-withdrawing ig M$ g:g“:gg "C"le ig:gg 16§f 152&-(? 213%'-83?
effect on the quinazoline ring that may translate into a relatively 1g e CIEINHGO Br 19.12 156 60.5 11.08
decreased electron density at the ureido N3 nitrogen. 19 H CIEtN(NO)CO Me 0.45 1061 785 12.18
2.2.2. EGFR Inhibitory Activity. Structure-activity rela- 20 H CIEtN(NO)CO CI  0.56 67 157.0 5.40
tionships in the quinazolines already demonstrated that com-21 H CIEIN(NO)CO Br ~ 0.45 47 36.4 115
pounds containing a'3X = Br or Cl are consistently more 2% mz S:Etmgmgggg '\CAIe 11776615 12%‘2’19 1116'75 066888
potent than those with a methyl grotiiThis trend was observed 24 Me CIEIN(NO)CO Br 21.48 294 10.8 3.06

in all the series of compounds used herein whether they were
aminoquinazolines, ureas or nitrosoureas. Many compounds with

3'-X = Me showed IGp in the 1uM range, indicating little
tolerance of bulkiness in the hydrophobic pocket of the ATP
site of EGFR. In the amine series, tNemethylaminoquinazo-
lines 10—12 were consistently more active than the primary
amino ones/—9. This is in agreement with previous studies
that showed significantly lower Kgvalues for N-monoalkylated

aTorsion angles between ureido or nitrosoureido moieties and the
quinazoline ring® ICso values for inhibition of serum-stimulated growth
after a 24 h of cell starvation.

to a less planar structure, a geometry that may hinder its binding
in the ATP pocket of EGFR. Typical geometry-optimized
structures ofL9 and22 are shown in Figure 2, and values for
the calculated torsion angles between N3-H or N3-Me and the

aminoquinazolines when compared with those of the corre- aromatic H7, representing the deviation of the ureido function
sponding primary aminé$. Carbamoylation of the primary  from the quinazoline ring plane, are given in Table 2.
6-aminoquinazolines resulted in compounds with increased The nitrosoured9adopts an almost planar conformation with
EGFR TK inhibitory potency. In contrast, carbamoylation of nitrosoureas function forming an internal hydrogen bond and a
N-methylaminoquinazolines consistently decreased EGFR TK remarkably small torsion angle between N3-H and H7. The

inhibitory activities with a more pronounced effect in the
3'-methyl analogues. Finally, the nitrosation of N1 in the ureas,
which slightly increases the bulkiness of the ureido moiety, did
not show a consistent trend in the series.

We surmised that carbamoylation Bfmethylamino com-
pounds led to a decrease in EGFR TK inhibitory activity due
to the ability of the N3-Me group to impose a torsion angle

formation of intramolecular hydrogen bonds in nitrosoureas is
now well documenteé® 18 In contrast, in the N3-Me nitrosourea
22, the oxygen of the nitroso group is pointed away from the
methyl group and a torsion angle of 17ig observed between
the latter group and H7, leaving a ureido group markedly
deviated from the plane of the quinazoline ring. Similar results
were obtained in the urea series, the trend being a small torsion

between the plane of the aromatic quinazoline bicycle and that angle (0.5-3°) for N3-H-containing urea$3—15 and relatively

of the ureido function of the resulting molecules. This may lead

larger angles+{19°) for N3-Me ureasl6—18. As shown in the
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Figure 3. Relationship between the $(EGFR TK) of the 3-Cl and Figure 5. Predicted IG, (EGFR TK) values vs the experimentalstC
Br series and the torsion angles between the quinazoline bicycle and(EGFR TK). (Pearsom = 0.89,P (one-tailed)< 0.0001).
the ureido and nitrosoureido moieties.

servations that increasing the angle between the carbonyl and
quinazoline planes could result in clashes with the receptor
prompted further investigation of this effect as a possible
explanation for the decreased activity of the N3-methylated
compounds. A partial least-squares linear regression model of
plCso (EGFR, M) was constructed in MOE using the MMFF94x
energies as descriptors. The total protein/ligand interaction
energy Ent) was used along with the ligand bond stretEh)

and total (dETrain) Strain energies to construct a QSAR model
for compounds7—24. The resulting QSAR equation (given
below) has a2 = 0.80 and reflects the expected trend that
increasing the strain energy valudss{g) and (dEstran) Will
lower the plGo, while increasingly negative van der Waals
interaction energiesE(qw) Will result in higher plGo.

pICs, (EGFR, M)= 6.96— 0.25€,, — 0.256dE, ., —
Figure 4. Compounds/—24 overlaid in the EGFR TK ATP binding 0.7346&,
pocket. The carbonyl oxygen in each compound is shown as a ball. r
Structures with R= CHjs are in yellow, while those of amines-12

and all others with R= H are colored blue. The plot of the predicted pKgversus the experimental values

in Figure 5 shows that the QSAR model does reflect the activity

Figure 3, compounds with the large torsion angle were less with a general linear trend. The combination of this QSAR
active than those with small angles. As the range gf i@lues equation and observations made about the optimized ligands in
for the 3-X = Me series was significantly different from those the binding pocket suggest that binding of the N3-methylated
of the halogenated compounds, they were not plotted. ureas implies a greater deformation of the 6-position side chain

2.2.3. Conformation of Amines, Ureas and Nitrosoureas  than is required for the nonmethylated ureas. Although the
Docked into the EGFR ATP Binding Site.Analysis of X-ray methylated compounds can be made to fit into the binding
structures of the TK domain of EGFR cocrystallized with pocket, this is only achieved at the cost of increasing the ligand
4-anilinoquinazoline showed that the pocket is quite narrow strain energy.
around the anilino and quinazoline ring systems but begins to  2.3. Tumor Selectivity. Overexpression of EGFR and/or its
open up a few angstroms away from the 6- and 7-positions of closest related HER-2 receptor is correlated with unfavorable
the quinazoline ring? prognosis in patients with prostate and breast cancers. Over-

A clear rationale for the geometry-dependent potency of the expression of these receptors is also associated with reduced
carbamoylated derivatives is depicted in Figure 4 wherein an sensitivity to chemotherapeutic ageffts?® To test the potency
overlay of all the refined compounds-24 in the EGFR TK and selectivity of combi-molecules, we recently established a
ATP binding pocket is presented. The carbonyl oxygen in each model in which the ability to block serum-stimulated prolifera-
compound is rendered as a ball for ease of visualization. Thetion of the NIH3T3 cell line is compared with that of NIH3T3
color scheme reflects the substitution at the R-position. Struc- cells transfected wittHER-2 (NIH3T3/neu)?425
tures with R= CHjs are in yellow, while structures of amines In the current study, a statistically significant correlation was
7—12 and all other structures with R H are colored blue. observed between kg values for inhibition of EGFR TK and
Although all the structures may be docked and refined without selective blockade log[l§(3T3/neu)/IGo(3T3)] of serum-
unreasonable energy clashes, the view in Figure 4 clearly showsstimulated growth ofHER-2transfected cells by the various
that the N3-methylated compounds have urea groups more out-compounds (Figure 6). These results indicate thag i@lues
of-plane with respect to the quinazoline ring than the nonmeth- for inhibition of EGFR TK represent good predictors for the
ylated ones. Furthermore, as the carbonyl group rotates out-of-HER-2 selective potency of all the compounds analyzed herein,
plane with respect to the quinazoline ring, the carbonyl oxygen including the nitrosoureas, in this type of assay. This property
begins to collide with the van der Waals interaction surface, may in principle be associated with the ability of the inhibitors
potentially increasing the van der Waals clash and decreasingto block serum-stimulated phosphorylation of tHER-2gene
binding affinity. product and subsequent growth signaling. However, in non-

2.2.4. Defining a Structure-Activity Relationship (SAR) growth-stimulated continuous exposure assays using the EGFR-
Based on Ligand-Receptor Interaction Energies.The ob- expressing human prostate carcinoma cells LNCaP, we found
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free amines are reversible inhibitors deprived of alkylating
. functionalities. There thus remains the fact that the nitrosoureas
methylated at N1243 and 24), that can be hydrolyzed to the
amine inhibitor without the possibility of releasing toxic
isocyanates and that show reasonable stability, are the most
suitable for further development as useful drugs. The adverse
effects of their high torsion angles are compensated by 'the 3
halogens, which are less bulky than the methyl grou@®f
translating into 3-5-fold stronger inhibitory activity. Therefore,
r taking into account the EGFR TK affinity, the degradation half-
3 4 life, the selectivity, and the antiproliferative potency, combi-
log (IC54(EGFR)) molecule23, now referred to a3DA58, was considered to show
Figure 6. Correlation between I (EGFR TK) and selective serum-  the optimal profile and was chosen for further investigation. It
stimulated growth inhibition of NIH3T3/neu-transfected cells (Pearson has been recently selected by the National Cancer Institute (NCI)
r = 0.80, P (one-tailed)< 0.0001). of the United States for further development under NSC no.
741282. A complete study characterizing its degradation in cells
100 in zitro andin vivo, its mechanism of action, as well as its
——12 potency in a xenograft model in SCID mice will be reported
——24 shortly elsewhere.

'
N
1

log
(ICs50(3T3/neu)/IC50(3T3))
)

]
w

o
-
N

504 3. Experimental Section

1H NMR spectra ané®C NMR spectra were recorded on a Varian
400.14 or 300.06 spectrometer. Chemicals shifts are expressed in
parts per million (ppm) relative to the internal standard tetrameth-
0 " M -3 ylsilane. Mass spectrometry was performed by the McGill Univer-
0 25 50 75 100 500 sity Mass Spectroscopy Center. Electrospray ionization (ESI) and
. atmospheric pressure chemical ionization (APCI) spectra were
Concentration (LM) performed on a Finnigan LC QDUO spectrometer. High-resolution
Figure 7. Growth inhibitory effects of amind2 and nitrosoure24 mass spectra (HMRS) were obtained from a ZAB-E4F analytical
on the LNCaP/EGFR prostate cancer cell line. Cells were exposed to mass spectrometer. Data are reportedn&s(intensity relative to
both drugs for 6 days, and growth inhibition measured using SRB assay.base peak= 100). The compounds were purified by flash
Each point represents at least two independent experiments run inchromatography using Caledon 5200 um basic alumina or
triplicate. SiliCycle 40-63 um ultrapure silica gel. Melting points were
determined in open capillary tubes on a Meltemp melting point
that the antiproliferative potency of the stable nitrosouzda apparatus and were uncorrected.
(ICs0 (EGFR TK)= 294 nM) was approximately 3-fold greater 3.1. 4-Hydroxy-6-nitroquinazoline (2).5-Nitroanthranilonitrile
than that of aminel2 (ICso (EGFR TK) = 5 nM) that it is 1(16.3 g, 100 mmol, 1.0 equiv) was added portionwise over 1 h
designed to release (see Figure 7). Also, it was more than 100-0 @ mildly refluxing formic acid solution (200 mL) containing
fold more potent than the clinical drug bis(2-chloroethyt)- concentr_ated sulfuric acid (12 mL). After an addltlonal_ 30 min,
nitrosourea (BCNU) (data not shown). The enhanced potencythe solution was cooled to C and poured on crushed ice. The

. . L resulting precipitate was collected by filtration, washed with water,
of 24 may be imputed to its ability to not only degrade to another ' qried to give 4-hydroxyquinazolir®(17.9 g, 90% yield). Mp

inhibjtor but also to release a DNA-alkylating species, as g3 2g5°c: H NMR (400 MHz, DMSOdq) o 12.72 (br, 1H,

previously demonstrated f@2.° OH), 8.76 (d, 1HJ = 2.8 Hz, H-5), 8.50 (dd, 1HJ = 8.8 Hz,
In summary, in the context of the combi-targeting principles, J = 2.8 Hz, H-7), 8.28 (s, 1H, H-2), 7.83 (d, 1K,= 8.8 Hz,

the combi-nitrosoureas (TZ-I), like other combi-molecules, were H-8);%C NMR (100 MHz, DMSOe€l) 6 159.7, 152.5, 148.6, 144.6,

designed to degrade into an amine inhibitor (I) and the DNA- 128.7, 128.0, 122.4, 121.6.

damaging metastable chloroethyldiazonium (TZ) species. These 3.2.N*(3-Methylphenyl)-4,6-quinazolinediamine (7).A mix-

properties were previously demonstrated with FD12?),( ture of hydroxyquinazolin@ (10.0 g, 52.4 mmol, 1.0 equiv) and

which was a weak EGFR TK inhibitor and presented an EC{sl(égééég_,rZB.S_mtmol, 15 eﬁ“iv)&"’f‘s melltted and ?ti”ed fotr 2.5
anomalously long half-life in serum-containing medig.(= a - ' he mixture was allowed to ool 1o room temperature,

41 h). O hand 49-21 bei . . and the resulting solid was well washed with petroleum ether,
). On one hand, compoun eing primary ni- - filtered, and dried to give the 4-chloroquinazoline intermediate used
trosoureas, although showing good EGFR TK inhibitory activi- gjrectly in the next step.

ties, have the potential to generate toxic isocyanates in a manner  4_chjoroquinazoline (4.8 g, 22.7 mmol, 1.0 equiv) was suspended
similar to that of the clinical drug BCNY (Scheme 4). Their  in 2-propanol (25 mL), and 3-methylaniline (4.9 mL, 45.3 mmol,
instability in serum-containing medium (see Table 1) will 2.0 equiv) was added. The resulting mixture was stirred @G0
preclude their development as useful drugs. On the other hand,overnight, the precipitate collected by hot filtration, washed with

Cell growth, % control

i ¥

Scheme 4.Decomposition of BCNU

~ N~ _OH Precursor of
Il\I//O }l{ a” N an alkylating species
N N
a” N~ \n/ai/\a —_— +
O
N=C=0 Isocyanate
BCNU a”
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2-propanol, water, diethyl ether, and dried under vacuum to4ive
(4.4 g, 70% yield). Mp 248250°C; 'H NMR (400 MHz, DMSO-

ds) 0 10.35 (s, 1H, NH), 9.63 (s, 1H, H-5), 8.67 (s, 1H, H-2), 8.51
(dd, 1H,J = 9.2 Hz,J = 2.4 Hz, H-7), 7.88 (d, 1HJ = 9.2 Hz,
H-8), 7.63 (d, 1H,J = 8.0 Hz, H-4), 7.61 (s, 1H, H-2, 7.28 (t,
1H,J = 7.8 Hz, H-8), 7.69 (d, 1HJ = 7.8 Hz, H-8), 2.34 (s, 3H,
PhCH).

A suspension ofl (5.5 g, 20.0 mmol, 1.0 equiv) and palladium
(5% charcoal, 1.0 g, 9.4 mmol, 0.5 equiv) in methanol (100 mL)
was hydrogenated at 2 barfb h atroom temperature. Filtration,
evaporation, and chromatography on basic alumina with ethyl
acetate gavé (2.8 g, 55% yield). Mp 245248°C; '"H NMR (400
MHz, DMSO-dg) 6 9.22 (br s, 1H, NH), 8.31 (s, 1H, H-2), 7.66 (s,
1H, H-5), 7.65 (d, 1HJ) = 7.6 Hz, H-4), 7.51 (d, 1HJ = 8.4 Hz,
H-8), 7.35 (s, 1H, H-3, 7.23-7.19 (m, 2H, H-57), 6.86 (d, 1H,

8.37 (s, 1H, H-2), 8.20 (s, 1H, HY 7.85 (d, 1H,J = 8.0 Hz,
H-6'), 7.53 (d, 1H,J = 8.8 Hz, H-8), 7.32-7.20 (m, 4H, H-5, 7,
4',5),5.66 (s, 2H, NH); 13C NMR (100 MHz, DMSO¢g) 6 166.4,
156.2, 148.9, 143.7, 143.3, 131.5, 128.7, 124.9, 123.9, 121.8, 118.4,
114.9, 114.1, 99.5.

3.6. 4-[(3-Methylphenyl)amino]-6-(methylamino)quinazoline
(10). General Example of the Reductive Methylation Procedure.
Amine 7 (1.0 g, 4.0 mmol, 1.0 equiv) was dissolved in anhydrous
pyridine (20 mL), the solution was cooled to°Q in an ice bath,
and 2-chloroethylchloroformate (0.4 mL, 4.4 mmol, 1.1 equiv) was
added dropwise. Stirring continued at room temperature until
disappearance of starting material as monitored by TLCH0.5
h). Pyridine was removed under reduced pressure, and the solid
obtained was washed with 10% acetic acid solution and water until
neutrality and dried giving carbamate, used directly in the next step.
J=7.6 Hz, H-6), 5.54 (br s, 2H, NH), 2.31 (s, 3H, PhCpJ; 13C Ethyl carbamate (1.3 g, 4.0 mmol, 1.0 equiv) was dissolved in
NMR (100 MHz, DMSO¢g) 6 156.6, 150.5, 147.8, 143.2, 140.5, anhydrous THF (150 mL) and cooled in an ice bath. LiAl8.6
138.0, 129.3,128.8, 124.3,124.2, 122.9, 119.6, 117.4, 101.8, 22.2.g, 16.0 mmol, 4.0 equiv) was added by small doses, and mixture

3.3.N-(2-Cyano-4-nitrophenyl)-N,N-dimethylformamide (3). was heated at reflux until disappearance of starting material as
5-Nitroanthranilonitrile 1 (48.9 g, 300 mmol, 1.0 equiv) was monitored by TLC (1 h). The solution was cooled in an ice bath,
suspended in dimethylformamide dimethyl acetal (100 mL) and and the excess of hydrate was destroyed with 30% KOH (4 equiv)
the mixture was refluxed for 1.5 h. The resulting mixture was cooled solution. Insoluble materials were removed by filtration through
to room temperature and refrigerated overnight. The yellow Celite, and the filtrate was concentrated under reduced pressure.
precipitate that formed was filtered, washed with ethyl ether, and Chromatography on basic alumina eluting with ethyl acetate gave

dried to give3 (62.1 g, 95% yield). Mp 153155 °C; 'H NMR
(400 MHz, DMSO#) 6 8.43 (s, 1H, H-3), 8.24 (s, 1H, GHN),
8.23 (d, 1H,J = 8.8 Hz, H-5), 7.34 (d, 1H) = 8.8 Hz, H-6), 3.15
(s, 3H, NCHg), 3.07 (s, 3H, NCH3); 13C NMR (100 MHz, DMSO-

ds) 161.0, 157.3, 140.7, 130.1, 129.3, 119.0, 117.5, 106.6, 41.2,

35.3.

3.4.N*(3-Chlorophenyl)-4,6-quinazolinediamine (8). General
Example of the Coupling Procedure.A mixture of 3 (21.8 g,
100 mmol, 1.0 equiv) and 3-chloroaniline (110 mmol, 1.1 equiv)
was heated and stirred at reflux in acetic acid (100 mL) for 1 h.
The yellow precipitate that formed was filtered hot, washed with
hot acetic acid, diethyl ether, and dried to give the desired
nitroguinazolines (25.5 g, 85% yield). Mp 278281°C; IH NMR
(400 MHz, DMSO¢g) 6 10.40 (br s, 1H, NH), 9.57 (s, 1H, H-5),
8.71 (s, 1H, H-2), 8.49 (d, 1H] = 9.2 Hz, H-7), 8.02 (s, 1H,
H-2'), 7.88 (d, 1H,J = 9.2 Hz, H-8), 7.80 (d, 1HJ = 8.2, H-4),
7.41 (t, 1H,J = 8.2, H-8), 7.19 (d, 1HJ = 8.2, H-6); 13C NMR
(75 MHz, DMSO4g) 6 159.1, 158.0, 153.5, 145.2, 140.7, 133.4,
130.8, 130.2, 127.3, 124.6, 122.6, 121.5, 121.4, 115.1.

6-Nitroquinazolines (8.0 g, 26.6 mmol, 1.0 equiv) and iron (10.0

6-methylamino-quinazolin&0 (0.37 g, 35% yield). Mp 115117

°C; 'H NMR (300 MHz, DMSO#s) 6 9.25 (s, 1H, NH), 8.29 (s,

1H, H-2), 7.65 (d, 1HJ) = 7.8 Hz, H-8), 7.59 (s,1H, H-5), 7.48 (d,
1H, J = 7.8 Hz, H-7), 7.26-7.18 (m, 2H, H-56'), 7.13 (d, 1H,

J = 2.1 Hz, H-8), 6.89 (d, 1H,J = 7.2 Hz, H-4), 6.24 (q, 1H,

J = 5.4 Hz, CHNH), 2.84 (d, 3H,J = 5.4 Hz,CH3NH), 2.33 (s,

3H, PHCH); 13C NMR (75 MHz, DMSOdg) 6 156.6, 150.5, 149.0,
143.4,140.3,138.1,129.1, 128.8, 124.5, 124.2, 123.4, 120.1, 117.3,
97.1, 31.0, 22.0.

3.7. 4-[(3-Chlorophenyl)amino]-6-(methylamino)quinazoline

(11). 6-Methylaminoquinazolind1 was prepared as described for
10: 0.42 g, 37%; mp 133134°C; 'H NMR (300 MHz, DMSO-
dg) 0 9.40 (s, 1H, NH), 8.37 (s, 1H, H-2), 8.06 (s,1H, H-5), 7.84
(d, 1H,J = 8.0 Hz, H-6), 7.53 (d, 1H,J = 7.8 Hz, H-8), 7.38 (1,
1H,J = 8.0 Hz, H-8), 7.23 (d, 1H,J = 7.8 Hz, H-7), 7.127.10
(m, 2H, H-4,5), 6.31 (g, 1HJ = 4.7 Hz, CHNH), 2.85 (d, 3H,
J = 4.7 Hz, CH3NH); C NMR (100 MHz, DMSO€s) 6 156.2,
150.1, 149.1, 143.6, 142.0, 133.3, 130.6, 129.2, 124.5, 123.1, 121.7,
120.7, 117.3, 96.8, 31.0.

3.8. 4-[(3-Bromophenyl)amino]-6-(methylamino)quinazoline

g, 180 mmol, 7.0 equiv) were suspended in aqueous ethanol (700(12). 6-Methylaminoquinazolind2 was prepared as described for

mL, 70% v/v) containing acetic acid (24 mL, 360 mmol, 14 equiv)

10: 0.43 g, 33%; mp 141144°C; 'H NMR (400 MHz, DMSO-

and heated at reflux until disappearance of starting material. The ds) 6 9.39 (s, 1H, NH), 8.36 (s, 1H, H-2), 8.16 (t, 18i= 1.8 Hz,
reaction mixture was cooled to room temperature and alkalinized H-2'); 7.90 (md, 1HJ = 8.0 Hz, H-6), 7.52 (d, 1H,J = 9.2 Hz,

by addition of concentrated ammonia (150 mL). Insoluble material
was removed by filtration through Celite, and the filtrate was

H-8), 7.32 (t, 1H,J = 8.0 Hz, H-B), 7.25-7.18 (m, 2H, H-7.9,
7.11 (d, 1H,J = 2.4 Hz, H-5), 6.33 (q, 1H) = 5.2 Hz, CHNH),

evaporated under reduced pressure. The resulting solid was washe@.84 (d, 3HJ = 5.2 Hz,CH3zNH); 13C NMR (75 MHz, DMSO¢)

with 10% solution of KCO; and water until neutrality and dried
in a desiccator over CaS@ give amineB (5.8 g, 80% yield). Mp
235-237°C; IH NMR (400 MHz, DMSO¢s) 6 10.5 (br s, 1H,
NH), 8.56 (s, 1H, H-2), 8.00 (br s, 1H, H)27.74 (dd, 1HJ =
8.0,J=0.9 Hz, H-4), 7.68 (d, 1H,J = 8.8 Hz, H-8), 7.56 (d, 1H,
J = 1.6 Hz, H-5), 7.42-7.35 (m, 2H, H-7,9, 7.21 (dt, 1HJ =
8.0,J = 0.9 Hz, H-8), 5.50 (br s, 2H, NH); *3C NMR (100 MHz,
DMSO-ts) 6 157.8, 149.5, 147.7, 140.4, 135.3, 133.3, 130.8, 125.7,
125.0, 124.3, 123.4, 122.4, 116.6, 102.3.
3.5.N*(3-Bromophenyl)-4,6-quinazolinediamine (9)6-Ami-
noquinazoline9 was prepared as described f@r 6-Nitro-4-(3-
bromophenyl)aminoquinazoliné){ 5.9 g, 86%; mp 267270°C;
1H NMR (400 MHz, DMSOsg) 6 11.95 (br s, 1H, NH), 9.87 (d,
1H,J = 2.6 Hz, H-5), 9.0 (s, 1H, H-2), 8.73 (dd, 1Bl= 12.2 Hz,
J = 2.6 Hz, H-7), 8.15 (d, 1HJ = 12.2 Hz, H-8), 8.04 (s, 1H,
H-2'),7.79 (d, 1HJ = 10.4 Hz, H-6), 7.16-7.14 (m, 2H, H-45');
13C NMR (100 MHz, DMSO¢g) 0 159.2, 158.0, 153.2, 145.2,

0 156.2, 150.1, 149.1, 143.5, 142.2, 130.9, 129.2, 126.0, 124.5,
1245, 121.8, 121.1, 117.3, 96.8, 31.0.

3.9. Standard Procedure for Preparation of 2-Chloroethyl
Ureas (13-18). Amines7—12(1.0 mmol, 1.0 equiv) were dissolved
in anhydrous THF (5 mL), and the solution was cooled f&0n
an ice bath. 2-Chloroethylisocyanate (289 1.5 mmol, 1.5 equiv)
was added dropwise, and the reaction mixture was stirred until
complete disappearance of the starting material. Thereafter, the
solvent was evaporated, and the resulting solid was washed with
10% K,CQOs;, water, methylene chloride, and dried to give ureas
13—18 as off-white solids.

3.10. 1-(2-Chloroethyl)-3f [4-(3-methylphenyl)amino]quinazo-
lin-6-yl}urea (13):0.34 g, 96%; mp 260263 °C (dec);'H NMR
(400 MHz, DMSO¢g) 6 9.59 (s, 1H, A-NH—Ar); 8.90 (s, 1H,
CONH-—aryl), 8.43 (s, 1H, H-2), 8.34 (d, 1H, = 2.3 Hz, H-5),
7.83 (dd, 1HJ = 8.8 Hz,J = 2.3 Hz, H-7), 7.67 (d, 1H) = 8.8
Hz, H-8), 7.60 (s, 1H, H-2, 7.59 (d, 1HJ = 7.6 Hz, H-6), 7.23

140.7, 131.1, 130.0, 127.6, 127.5, 125.5, 122.0, 121.9, 121.5, 115.0(t, 1H,J = 7.6 Hz, H-8), 6.89 (d, 1H,J = 7.6 Hz, H-4), 6.64 (t,

N4-(3-Bromophenyl)-4,6-quinazolinediamir®{ 11.4 g, 83%; mp
204—206°C; 'H NMR (400 MHz, DMSO¢g) 6 9.44 (s, 1H, NH),

1H, J = 6.0 Hz, CICHCH,NH), 3.69 (t, 2H,J = 6.0 Hz, CCH,-
CHy), 3.47 (q, 2H,J = 6.0 Hz, CICHCH,), 2.32 (s, 3H, PBH,);
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13C NMR (100 MHz, DMSO¢g) 6 157.9, 155.7, 153.0, 145.8,

Domarkas et al.

3.32 (g, 2H,J = 6.5 Hz, CICHCH,), 3.28 (s, 3H, \CH3); °C

140.0, 138.8, 138.1, 128.9, 128.7, 126.9, 124.9, 123.5, 120.3, 116.3NMR (100 MHz, DMSO#g) 6 157.8, 157.3, 154.6, 148.3, 141.5,

110.3, 45.2, 42.1, 22.1; MS (APOIm/z 356.0 (MH" with 35Cl),
358.0 (MH" with 37Cl), 277.2 (M— CIEtNH — H, 10.7); HRMS
(FAB+) m/z calcd for GgH19NsOCI, 356.127 813, found 356.127
670 (M + H)*.

3.11. 1-(2-Chloroethyl)-3{[4-(3-chlorophenyl)amino]quinazo-
lin-6-yl}urea (14):0.35 g, 94%; mp 254256 °C (dec);'H NMR
(400 MHz, DMSO4dg) 6 9.98 (s, br, 1H, ArNH—Ar), 9.03 (s,
1H, CONH), 8.55 (s, 1H, H-2), 8.42 (d, 1H] = 1.8 Hz, H-5),
8.02 (s, 1H, H-2, 7.85 (dd, 1H,J = 9.0 Hz,J = 1.8 Hz, H-7),
7.77 (d, 1H,J = 8.0 Hz, H-4), 7.72 (d, 1H,J = 9.0 Hz, H-8), 7.39
(t, 1H,J = 8.0 Hz, H-B), 7.15 (d, 1H,J = 8.0 Hz, H-8), 6.69 (t,
1H,J = 5.9 Hz, CICHCHNH), 3.69 (t, 2H,J = 5.9 Hz, CCH,-
CH,), 3.23 (q, 2H,J = 5.9 Hz, CICHCH,); 3C NMR (100 MHz,

133.5,131.1,129.4,126.7,124.7, 121.9, 121.2, 120.4, 116.1, 44.2,
43.1, 38.0; MS (APCljn/z 434.1 (MH" with "Br, 74), 436.1 (MH

with 8Br, 100), 329.3 (M— CIEtNHCO + H, with 7°Br), 331.1

(M — CIEtNHCO + H, with 8Br); HRMS (FAB+) m/z calcd for
Ci1gH1sNsOCIBr, 434.038 324, found 434.038 210 (M H)*.

3.16. Standard Procedure for Preparation of Nitrosoureas
(19—24). Ureas13—18 (0.5 mmol, 1.0 equiv) were suspended in
anhydrous acetonitrile (3 mL) containing acetic acid (43 0.75
mmol, 1.0 equiv), and the resulting solution was cooled t€0n
an ice bath. Nitrosonium tetrafluoroborate (88.5 mg, 0.75 mmol,
1.5 equiv) was added, and the reaction mixture was stirred@t 0
until disappearance of starting material as monitored by TL-€4(3
h in the case of desmethylureas or overnight for N3-Me ureas).

DMSO-ds) 6 157.6, 155.6, 152.8, 146.1, 141.8, 139.0, 133.3, 130.7, The reaction mixture was poured into 100 mL of ice-cooled water/
129.0, 127.0, 123.5, 121.9, 121.0, 111.4, 110.0, 45.2, 42.1; MS ethyl acetate 1/1 solution, and the pH was adjusted-t6é by

(ESIY) m/z 376.1 (MH" with 35Cl), 378.1 (MH" with 37Cl), 342.1
(M — CI + H, 27.0), 146.8 (M— CIEtNH — H, 46.0); HRMS
(FAB+) m/z calcd for G7H16NsOCl,, 376.073 191, found 376.073
120 (M + H)*.

3.12. 1-(2-Chloroethyl)-3{ [4-(3-bromophenyl)amino]quinazo-
lin-6-yl}urea (15): 0.39 g, 94%; mp 268271°C (dec);'H NMR
(400 MHz, DMSO#dg) 6 9.80 (s, 1H, A-NH—Ar), 8.96 (s, 1H,
CONH), 8.51 (s, 1H, H-2), 8.39 (s, 1H, H-5), 8.16 (s, 1H, H;2
7.82-7.85 (m, 2H, H-67), 7.71 (d, 1HJ = 9.2 Hz, H-8), 7.32 (t,
1H,J = 8.0 Hz, H-8), 7.26 (d, 1HJ = 8.0 Hz, H-4), 6.65 (t, 1H,
J=5.8 Hz, CICHCH,NH), 3.69 (t, 2H,J = 5.8 Hz, CCH,CH)),
3.47 (g, 2HJ = 5.8 Hz, CICHCHy); 3C NMR (100 MHz, DMSO-

careful addition of 5% sodium bicarbonate solution. The water phase
was extracted twice with ethyl acetate, and the organic extracts
were washed with brine, dried over Mgg@nd concentrated under
reduced pressure without heating. Chromatography on silica gel
eluting with a mixture of ethyl acetate/petroleum ether gave the
expected nitrosoureas with moderate yield.

3.17. 1-(2-Chloroethyl)-1-nitroso-3{ [4-(3-methylphenyl)ami-
nolquinazolin-6-yl}urea (19): 0.092 g, 48%; mp 135137 °C
(dec);*H NMR (400 MHz, DMSO¢l) 6 11.01 (s, 1H, Ar-NH—

Ar), 9.79 (s, 1H, COIH—aryl), 8.74 (s, 1H, H-5), 8.54 (s, 1H, H-2),
8.03 (d, 1HJ = 8.8 Hz, H-7), 7.80 (d, 1H) = 8.8 Hz, H-8), 7.61
(s, br, 2H, H-2,6"), 7.26 (t, 1H,J = 7.8 Hz, H-3), 6.94 (d, 1H,

dg) 0 157.7, 155.6, 152.6, 145.3, 141.8, 139.1, 131.0, 128.5, 127.2,J = 7.8 Hz, H-4), 4.22 (t, 2H,J = 6.4 Hz, CICHCH,), 3.73 (t,
126.6, 125.0, 121.8, 121.6, 116.3, 110.0, 45.2, 42.1; MS (APCI) 2H,J = 6.4 Hz, CCH,CH),), 2.33 (s, 3H, PBH3); 3C NMR (100

m/z 420.0 (MH" with 7°Br, 64.8), 422.0 (MH with 8Br, 79.3),
341.0 (M— CIEtNH — H, with 7°Br, 10.0), 343.1 (M— CIEtNH
— H, with 8Br, 14.5); HRMS (FABt) mvz calcd for G7H16Ns-
OCIBr, 420.022 674, found 420.022 780 (M H)*.

3.13. 3-(2-Chloroethyl)-1-methyl-1{ [4-(3-methylphenyl)ami-
nojquinazolin-6-yl} urea (16):0.35 g, 95%; mp 262265°C (dec);
1H NMR (400 MHz, DMSO¢) 6 9.65 (s, 1H, Ar-NH—Ar), 8.56
(s, 1H, H-2), 8.45 (s, 1H, H-5), 7.75 (s, 2H, H-7,8), 7.66 (d, 1H,
J = 8.0 Hz, H-8), 7.64 (s, 1H, H-2, 7.26 (t, 1H,J = 8.0 Hz,
H-5), 6.94 (d, 1H,J = 8.0 Hz, H-4), 6.54 (t, 1H,J = 5.6 Hz,
CICH,CH,NH), 3.57 (t, 2H,J = 6.8 Hz, CICH,CH), 3.32 (g, 2H,
J=6.8 Hz, CICHCH,), 3.28 (s, 3H, NCH3), 2.33 (s, 3H, PEHy);
13C NMR (100 MHz, DMSOdg) 6 158.0, 157.9, 154.9, 148.2,

MHz, DMSO-Js) 6 158.2, 154.3, 152.0, 147.4, 139.7, 138.2, 135.9,
129.3, 128.9, 128.8, 125.1, 123.6, 120.4, 115.9, 115.5, 41.3, 22.1
(1C overlay with DMSOdg); MS (ESIY) m/z 384.8 (MH" with

35Cl, 15.7), 386.8 (MH with 37Cl, 4.2), 277.2 (M— CIEtNNO —

H, 100.0); HRMS (FABtr) m/z calcd for GgH1gN6O,Cl, 385.117
977, found 385.118 090 (M- H)*.

3.18. 1-(2-Chloroethyl)-1-nitroso-3f[4-(3-chlorophenyl)ami-
nolquinazolin-6-yl}urea (20): 0.103 g, 51%; mp 141143 °C
(dec);*H NMR (300 MHz, DMSO¢g) ¢ 11.05 (s, 1H, Ar-NH—
Ar), 9.97 (s, 1H, COIH), 8.76 (d, 1H,J = 2.1 Hz, H-5), 8.62 (s,
1H, H-2), 8.07 (dd, 1HJ = 8.7 Hz,J = 2.1 Hz, H-7), 8.05 (s, 1H,
H-2'), 7.79-7.85 (m, 2H, H-48), 7.40 (t, 1HJ = 7.9 Hz, H-8),
7.16 (d, 1HJ = 7.9 Hz, H-8), 4.23 (t, 2H,J = 6.2 Hz, CICHCH)),

142.3,139.6, 138.3, 133.3, 129.3, 129.0, 125.2, 123.4, 120.5, 120.23.73 (t, 2H,J = 6.2 Hz, CCH,CH,); 13C NMR (75 MHz, DMSO-

116.2, 44.2, 43.1, 38.0, 22.1; MS (E$In/z 370.2 (MH" with
35Cl), 372.2 (MH" with °7Cl), 265.2 (M — CIEtNHCO + H);
HRMS (FAB+) m/z calcd for GgH2;NsOCI, 370.143 463, found
370.143 450 (M+ H)™*.

3.14. 3-(2-Chloroethyl)-1-methyl-1{[4-(3-chlorophenyl)ami-
nojquinazolin-6-yl}urea (17):0.36 g, 93%; mp 232235°C (dec);
IH NMR (400 MHz, DMSO¢g) ¢ 9.79 (s, 1H, A-NH—Ar), 8.64
(s, 1H, H-2), 8.44 (s, 1H, H-5), 8.11 (s, 1H, H}27.84 (d, 1H,
J = 8.2 Hz, H-4), 7.79 (s, 2H, H-7,8), 7.41 (t, 1H} = 8.2 Hz,
H-5), 7.16 (d, 1H,J = 8.2 Hz, H-6), 6.57 (t, 1H,J = 5.4 Hz,
CICH,CH,NH), 3.58 (t, 2H,J = 6.8 Hz, CICH,CH), 3.23 (q, 2H,
J=5.4 Hz, CICHCHj), 3.28 (s, 3H, NCH3); 1°C NMR (100 MHz,

ds) 0 158.0, 154.1, 152.1, 147.5, 141.5, 136.2, 133.4, 130.7, 129.5,
128.9, 123.8, 122.2, 121.2, 115.9, 115.2 (2C overlay with DMSO-
dg); MS (ESIM) mVz404.8 (MH" with 35Cl), 406.8 (MH" with 37Cl),
297.2 (M— CIEtNNO — H, with 3CI), 299.2 (M— CIEtNNO —

H, with 37C|); HRMS (FAB+) m/z calcd for Q_7H15N602C|2,
405.063 354, found 405.063 230 (M H)*.

3.19. 1-(2-Chloroethyl)-1-nitroso-3{[4-(3-bromophenyl)ami-
nolquinazolin-6-yl}urea (21): 0.108 g, 48%; mp 144146 °C
(dec);™H NMR (400 MHz, DMSO#ds) 6 11.06 (s, 1H, AFNH—

Ar), 9.97 (s, 1H, C®IH), 8.75 (d, 1H,J = 1.8 Hz, H-5), 8.61 (s,
1H, H-2), 8.16 (s, 1H, H-2, 8.06 (dd, 1HJ = 9.2 Hz,J = 1.8
Hz, H-7), 7.82-7.87 (m, 2H, H-68), 7.34 (t, 1H,J = 7.8 Hz,

DMSO-dg) 6 157.8, 157.3, 154.6, 148.3, 142.5, 141.4, 133.4, 130.8, H-5'), 7.29 (d, 1H,J = 7.8 Hz, H-4), 4.23 (t, 2H,J = 6.4 Hz,
129.4, 123.8, 121.9, 120.9, 120.4, 116.1, 44.2, 43.1, 38.0; MS CICH,CH,), 3.73 (t, 2H,J = 6.4 Hz, CCH,CH,); *C NMR (100

(ESI) m/z 390.2 (MH" with 35Cl), 392.2 (MH" with 37Cl), 356.2
(M — CI + H with %Cl, 54.3), 358.2 (M— CI + H with 3°ClI,
14.8), 285.4 (M— CIEtNHCO + H, 27.5); HRMS (FABt) m/z
calcd for GgH1gNsOCl,, 390.088 841, found 390.088 960 (M
H)*.

3.15. 3-(2-Chloroethyl)-1-methyl-1{[4-(3-bromophenyl)ami-
nojquinazolin-6-yl}urea (18):0.41 g, 94%; mp 253255°C (dec);
1H NMR (400 MHz, DMSO¢) 6 9.78 (s, 1H, A-NH—Ar), 8.64
(s, 1H, H-2), 8.44 (s, 1H, H‘p, 8.22 (t, 1H,J = 2.0 Hz, H-5),
7.91 (d, 1HJ = 8.0 Hz, H-6), 7.79-7.78 (m, 2H, H-7,8), 7.35 (t,
1H,J = 8.0 Hz, H-8), 7.29 (d, 1HJ = 8.0 Hz, H-4), 6.57 (t, 1H,
J=5.4 Hz, CICHCH,NH), 3.58 (t, 2H,J = 6.5 Hz, CCH,CH)),

MHz, DMSO-dg) 6 158.1, 154.2, 152.1, 147.7, 141.7, 136.3, 131.1,
129.6, 129.0, 126.7, 125.0, 121.8, 121.6, 116.0, 115.2, 41.4 (1C
overlay with DMSO€); MS (ESIT) m/z 450.9 (MH" with 7°Br),
452.9 (MH" with 81Br), 341.1 (M— CIEtNNOCO— H, with 7°Br),
343.1 (M — CIEtNNOCO — H, with 81Br); HRMS (FAB+) m/z
calcd for G7H15NsO,CIBr, 449.012 838, found 449.012 890 (M
H)*.

3.20. 1-(2-Chloroethyl)-1-nitroso-3-methyl-3f[4-(3-meth-
ylphenyl)amino]quinazolin-6-yl} urea (22): 0.100 g, 50%; mp
155-157°C (dec);'H NMR (400 MHz, DMSOsg) 6 9.61 (s, 1H,
Ar—NH—Ar), 8.54 (s, 1H, H-2), 8.53 (d, 1H] = 2.2 Hz, H-5),
7.81 (dd, 1HJ = 8.6 Hz,J = 2.2 Hz, H-7), 7.73 (d, 1H) = 8.6
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Hz, H-8), 7.61+7.63 (m, 2H, H-26), 7.26 (t, 1H,J = 7.4 Hz, 3.23.2. Drug Treatment.Compounds were delivered dissolved
H-5), 6.95 (d, 1H,J = 7.4 Hz, H-4), 4.06 (t, 2H,J = 6.2 Hz, in DMSO and subsequently diluted in sterile DMEM media
CICH,CHy), 3.70 (t, 2H,J = 6.2 Hz, CCH,CH,), 3.59 (s, 3H, containing 10% fetal bovine serum (FBS) (Life Technologies,
NCHg), 2.33 (s, 3H, P8H3); 13C NMR (100 MHz, DMSO€s) 6 Burlington, Canada) prior to addition to cell culture medium. The

158.1, 155.4, 148.4, 142.3, 139.4, 138.3, 132.5, 129.5, 129.0, 125.4DMSO concentration never exceeded 0.2% (v/v).

123.5, 120.5, 120.2, 115.9, 42.9, 22.0 (2C overlay with DMSO- 333, Degradation. The study of the conversion of the

976)§ MS (ESI) m/z 369.9 (M-1 with3Cl, 25-43), 398.9 (M-1with  pjtrosoureas to their corresponding aminoquinazolines was per-
Cl, 6.5), 262.3 (M— _CIEst7NNO -~ H, with 3Cl, 100.0), 263.2  formed by spectrofluorimetry as the latter amines were fluorescent

(M — CIEtNNO — H, with *'Cl, 29.6); HRMS (FABt) m/z calcd (absorption 290 nm, emission 450 nm). Briefly, 125 mM of the

for CigH20N6O-Cl, 399.133 627, found 399.135 550 (M H)*. nitrosoureas was added to RPMI-1640 with 10% FBS and incubated
3.21. 1-(2-Chloroethyl)-1-nitroso-3-methyl-3f[4-(3-chloro- for 4 h at 37°C in a microplate spectrofluorometer (SpectraMax
phenyl)amino]quinazolin-6-yl} urea (23): 0.113 g, 54%; mp 140 Gemini flourescence reader, Molecular Device, CA). The data are

142 °C (dec);'H NMR (400 MHz, CDC}) 6 9.76 (s, 1H, Ar- acquired and analyzed by SoftMaxPro (Molecular Device, CA).
NH—Ar), 8.85 (s, 1H, H-2), 8.53 (d, 1H] = 1.8 Hz, H-5), 8.07

(s, 1H, H-2), 7.85 (dd, 1HJ = 9.0 Hz,J = 1.8 Hz, H-7), 7.75
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