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does not give direct Sy2-type displacemen e tosyloxy group. However, the 1-hydoxy derivative 3,
obtained by hydrolysis of 2 with net retention m° the stereochemistry, and its 1-methoxy derivative 4a are
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electrophilic glycine templates. © 1999 Elsevier Science Ltd. All rights reserved.
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1. introduction
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alkylatlon of (4S) ,4-dialkyl-2,4- dlhydro-( 1H)-pyrazmo[2 1-b]quinazoline-3,6-diones [4-6]
can retain most of the biological activity of the prototype as MDR-reversal agents. In these and
other reactions [7,8] the N(2) CH2C—N(1 1) ﬁ'agment of the starting compound 1a behaves as a
nucleophilic glycine template. Here we study the reactivity of electrophilic derivatives,
primarily for the Friedel-Crafts type of C-C bond-forming reactions.
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Halogenation or diazotation derivatives of 1a could provide the starting compounds for this
study [9-12]. However, our previous experience on the easy oxidation of this system to give
alcohols or ketones at C 1 [6-8] prompted us to select for this purpose the treatment of 1a with
[hydroxy(tosyloxy)iodo]jbenzene, a very efficient reagent for the oxidation of ketones to their
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a-tosyloxyderivatives [13].
2. Results and discussion

Treatment of 1a with the above mentioned reagent gave the expected tosylate in 71% yield.
The NMR data of this compound supported a cis relatnonshlp with pseudoa)ual and
pseudoequatorial positions for C(4)-Me and C(1)-OTs substituents, respectively. The chemical
shift of the H-4 signal shows its coplanarity with the carbonyl group at C-6. As the C(4)-Me is
anchored in a pseudoaxial position, the steric interaction with this carbonyl is avoided. The
reciprocal NOE enhancements found after irradiation of H-1 and N(2)-Me protons are
characteristic of cis-1,4-dialkyl derivatives of this system [4]. Furthermore, the absence of
NOE effects between C(4)-Me and H-1 protons excludes their cis relationship [2], thus
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This geometry may be the resuit of a first electrophilic addition of (P hIOH)TlsU' to the
namine tautomer of la directed by the C(4)—subst1tuent to glv the int ermediate trans-
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he tosylate anion with inversion at C-1 (Scheme 1). Alternatively, taking into account that the

intermediate A may generat the N-acyliminium ion B [14], compomd 2 may be formed
)

isomer.
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Scheme 1

Although secondary tosy l te

dialkylcuprates [15], when

I
nmlred onto aqueous ammo 'nm chloride. t

LiCN gave the same result, while the reactlon ‘with Nal gave a mixture of compounds 3 and 1a.
Given the capto-dative effects of the C=N(11) and N(2)-Me groups, compound 2 may be a
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radical precursor [16], and it is probable that the reductive elimination observed in the
treatment of 2 with Nal-acetone to glve ia (bcneme 2) occurs tnrougn an electron-transfer

radical mechanism, in which the iodide acts as reaucmg agent with formation of iodine, and
acetone as a proton source. Partial reduction of other bromoglycine temp}-“tes with electron-

rich organometallics has been reported [17].
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From these results we concluded that hydrolysis of tosylate 2 to the alcohol 3 either takes
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place in the aqueous work up of the attemnted substitution reactions through cleavage of the
S0,-0O bond, instead of the O-C(1) bond, with retention of conﬁguratlon [19] or through an
Sn1 mechanism, followed by equilibration to the most stable cis-isomer.
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At this point we decided to use the hydroxy derivative 3 as an equivalent of a glycine cation.
Solutions of 3 in alcohols or carboxylic acids in the presence of 0.1 equivalent of p-
toluenesulfonic acid, afforded the corresponding substituted compounds 4 (Scheme 3) with
good y1elds and total diastereoselectivity (d.e. >99%) in favour of the cis- 1somers The
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diastereoselectivity.
The use of alknxv derivatives 4 in the nresence of Lewis acids instead of the alc
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order to enhance the scope of the procedure with nuclophiles which are labil
conditions, was 1nvest1gated by performmg the reaction of 4a with 2- methvlﬁlra.n in the
presence of boron trifluoride etherate [20]. Under these reaction conditions, compound Sc¢ was
obtained. The same reaction with furan gave the derivative susbstituted by a polymer of furan
at C-1.

The stereochemistry of compounds 4-5 can be explained by nucleophilic attack on the
intermediate cation B from the a-face, trans with respect to the C(4)-Me group, followed by
equilibration of the frans-isomers thus formed to the cis-isomers. A theoretical study of the

1
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attack on the anion [4,5] and cation (this work) derived from ia at C-1 by electrophiles and
nucleophiles, respectively, is currently in progress.

The main conclusion of thi wo"k is that, unlike other smilar tasy t , compound 2 does

0oy
not react as an electrophile
4a are accessible glycir

ible glycine ¢ u
2,4-dialkyl-2,4-dihydro-(1 H)-pyrazino(2,1 b]au1nazolme-3 ,0- dlones. a system that is present

1
in other fungal metabolites besides N—acetylardeemm like fumiquinazolines and fiscalins
[21].
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3. Experimental

All reagents were of commercial quality (Aldrich, Fluka, SDS, Probus) and were used as
received. Solvents (SDS, Scharlau) were dried and purified using standard techmques

Petroleum ether refers to the fraction boiling at 40-60 °C. Reactions were monitored by thin
lavar chramatagranhy an alhimmintimm mlatac pactad arith cilica agal warith i cvacnmmdt Jndicgtae
i 8 yCl VIL VL1 LUE,IGPII.Y, Uil alulillliiuill lJl oD Luatltcu willil >liila 55] WLl LIUOICHCCIIL HIU1CAlOf
(Macherey-Nagel Alugram Sil G/UV2s4). Separations by flash chromatography were
performed on silica gel (SDS 60 ACC, 230-400 mesh). Melting points were measured on a
Reichert 723 hot stage microsope. and are uncorrected. Infrared spectra were recorded on a

'_D' ARAAVAVIOULY, QXL Al W—'vv——vvv Maa

Perkin Elmer Paragon 1000 FT-IR spectrophotometer, with solid comoounds compressed into
KBr pellets and hquld compounds placed between NaCl disks. NMR spectra were obtained on
a Bruker AC-250 spectrometer (250 MHz for 1H, 63 MHz for 13C), with C13CD or DMSO-dg
as solvents (Servicio de Espectroscopia, Universidad Complutense). When necessary,
assignments were aided by DEPT, COSY and 13C-1H correlation experiments. Optical

rotations were determined at 25 °C using a Perkin Elmer 240 polarimeter operating at the
emission wavelength of a sodium lamp; concentrations are given in g/100 ml. Elemental
analyses were determined by the Servicio de Microanalisis, Universidad Complutense, on a
Perkin-Elmer 2400 CHN microanalyzer.

3.1(

45)-2,4-Dimethyl- 1-tosyloxy-2,4-dihydro- | H-pyrazino[2, 1-b Jquinazoline-3,6-dione(2).
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g, 2.2 mmol) in ethyl acetate
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A suspension of 1a [22] (0.5 g, 2 mmol) and (PhIOH)OTs (0.888
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(35 ml) was refluxed for 8 h. Compound 2 was obtained after cooling as a white precipitate by
filtration. Yield, 0.603 g (71%). Mp 183-185 °C. IR (KBr) v 1685, 1660 cm-1. 1H-NMR
(Ci3CD) 8.38(d, iH, /= 7.8 Hz, H-7); 8.92 t0 7.92 (m, 2H, H-9,10); 7.84 (d, 2H, J= 8.0 Hz,
H-2,6); 7.81 to 7.74 (m, 1H, H-8); 7.24 (d, 2H, J = 8.0 Hz, H-3,, 5); 6.47 (s, 1H, H-1);
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ed, and the mixture was stirred
(3 x 15 ml). The combined organic layers were dried and concentrated to give a residue that,
after purification by flash chromatography with ethyl acetate as eluent, gave 3. Yield 0.3 g
(95%). Mp 200-202 °C. [a], (0.35, CI3CH) +54.57. IR (KBr) v 3520, 1685, 1660 cm-1. 1H-
NMR (CI3CD) 6 8.31 (d, 1H, J= 7.8 Hz, H-7); 7.81 (t, 1H, J= 8.4 Hz, H-9); 7.68 (d, 1H, J =
7.5 Hz, H-10); 7.55 (t, 1H, J = 8.3 Hz, H-8); 5.80 (s, 1H, H-1); 5.37 (q, 1H, J = 7.1 Hz, H-4);
4.97 (br s, 1H, OH); 3.22 (s, 3H, N-Me); 1.80 (d, 3H, J= 7.1 Hz, Me-4). 13C-NMR (CI3CD) &
169.5 (C-3); 159.9 (C-6); 149.3 (C-11a); 146.8 (C-10a); 135.0 (C-9); 128.0 (C-7); 127.1 (C-8);
127.0 (C-10); 121,.0 (C-6a); 82.8 (C-1); 52.7 (C-4); 32.9 (N-Me); 19.5 (Me-4). Anal. Calcd.
for C13H13N303: C, 60.23; H, 5.02; N, 16.22. Found: C, 60.59; H, 5.34; N, 16.33.

3.3. Nucleophilic substitutions of compound 3 with alcohols and carboxylic acids.

. 0. ol) in 2 mi of the corresponding aicohol or
carboxylic acid, p-toluenesulfonic acid (7 mg, 0.039 mmol) was added. The mixture was

ctirred nverniaht at v+ A ftar aliminatinn nf tha 1mnraantad anluvant rindar raditnad meaciies tha
SULLLILU UVLILIIEIIL Gl L.t £31001 VHHTBIIGUVIL UL LIV dlllvaviCd SULVULIL ULIUCLD TOUULTU PICOUWIC, Ul
residue was washed with a saturated solution of sodium bicarbonate and extracted with ether
(3 x 10 ml). The organic layers were dried over magnesium sulfate and concentrated. The
residue was purified by flash chromatography.
o

Data for 4a. Eluent: ethyl acetate/hexane 5:5. Yield 0.104 g (99%). Mp 189-191 'C. [a], (2.4,
EtOH) +1520 TR (KB v 1686. 1590 cm-1 TH.NMR (Cl.OTN § 820 (d 1H T=80 I, LI

9 11 T 1J4L, Ve LIV U211 )V 1VUOGY, 17V il AATINIYIIN \wdy ) U 047 \u, 111y J O.vV 114, 11
7‘\‘ 77+ 14 =78 Hz HOY770(4d 1TH IT=70H> H_ 1M 787+t 1T I=74 I LI_Q\.

Js 170G 4y 11k, v P00 KRy KR=T Jy 1401V My 111y J 107 K0Ly KATLV ), 104 Ly 101, J 1.7+ 112, 1'1-0 ),
5.30 (q, 1H, J= 7.1 Hz, H-4); 5.20 (s, 1H, H-1); 3.57 (s, 3H, OCH3); 3.19 (s, 3H, N-Me); 1.73
(d 3H J=17.1 Hz. Me-4). 13C-NMR (Cl.CD\) 8 169 3 (C-3): 1600 (C-6) 146 9(C-112): 146 5
\U, - A Ay U 7 oh A Réosg AVAw j s A NAVARN ‘\\/l)\_/ul AT S S \\-‘ -’}’ ANV . \V V}, L—TU'/\\J F s lu}, P e AV PPV,
(C-102) 134.7 (C-9): 127.7 (C-7) 127.6 (C-8): 126 8 (C-10): 1709 (C-6a) 90 3 (C-1)- 5772
\\./ .lv“}, Ao Hai \\.1 I}, Al ’ \\./ I}’ L L § oNT \V U/, L b\ T T \\/ LV}, Ll \J o \\I’ \I“I, AV Y, \\/ l], o T e de
(OCH3); 52.7 (C-4); 33.7 (N-Me); 19.2 (Me-4) . Anal. Calcd. for C14H15N303: C, 61.54; H,
5.49; N, 15.38. Found: C, 61.80; H, 5.58; N, 15.50
Data for 4b. Eluent: ethyl acetate/hexane 5:5. Yield 0.109 g (99%). Mp 187-188 °C. [a], (1.0,
4O +107 1 TR (FRe) v 1470 1801 am=~1 THNMR /1-C™M R Q2 74 110 7T—=7011, 1T
.LJI-UIL} ViIV&. b LI \1\1.:1/ V 11U/ 7, 1771 Wil . A ETINIVILIIN \\_/l‘j\_al_l, U 0.44 \U, 111, v .7 1144 1 X
TN T REE 4 T TR {1 DT LT QO 1M 7TAT /+ 1L T — T AL, I QA £ I8 A 1T T =7 N 11> LI_A\.
1)y 1.9510 770\l &1, F1-7,1V), 7.91 (i, i, J i 112, £1-0 ), J.20 \(, 111, v 1.V 1L, I'i-%),
5.23 (overlapped s, 1H, H-1); 3.71 (q, 2H, J = 6.8 Hz, CH2'); 3.05 (s, 3H, N-Me); 1.65 (d, 3H,
=70y Ma AV 1107+ 2T T—= 64 Qs O 130 NMR (ClaOT ] 160 1 (C.2) 1TAN D (C_A).

I.\J 1 ,LVIC "}, 1.1V \L, Jl.l,.l V.0 114, \zllj} A lVlvll\\\Jl_j\_le}U 1U7.1 \\./ J}, 1VV. o \k} U},
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147.3 (C-11a); 147.0 (C-10a); 134.8 (C-9); 127.8 (C-7); 127.6 (C 8), 126.9 (C- 10), 121.0 ((,-
6a); 88.9 (C-1); 65.3 (CH2); 52.9 (C-4); 33.7 (N-Me); 19.3 (Me-4); 15.1 (CH3"). Anal. Calcd.
for C15sH17N303: C, 62.72; H, 5.92; N, 14.63. Found: C, 62.99; H, 6.09; N, 14.78.

Data for 4¢. Eluent: ethyl acetate/hexane 8:2. Yield 0.066 g (50%). Mp 178-181 °C. [a], (0.3,

EtOH) +46.5. IR (KBr) v 1679, 1598 cm-1. IH-NMR (CI13CD) & 8.32 (d, 1H, J = 8.1 Hz, H-7);
7.83 (t, 1H, J= 8.2 Hz, H-9); 7.73 (d, 1H, J= 7.9 Hz, H-10); 7.58 (t, 1H, J = 8.0 Hz, H-8); 5.46
(s, 1H, H-1); 5.35 (g, 1H, /= 7.1 Hz, H-4); 4.30 (m, 1H, CHy); 4.11 (m, 1H, CHy); 3.22 (s, 3H,
N-Me); 1.35 (d, 3H, J = 7.1 Hz, Me-4). 13C-NMR (CI3CD) & 169.5 (C-3); 160.1 (C-6); 147.0
(C-11a); 145.6 (C-10a); 134.9 (C-9); 128.2 (C-7); 127.7 (C-8); 126.9 (C-10); 121.4 (C-6a);
89.7 (C-1); 52.5 (C-4); 33.1 (N-Me); 29.7 (CHp); 19.5 (Me-4). Anal. Calcd. for
Ci1sH14F3N303: C, 52.79; H, 4.11; N, 12.32. Found: C, 53.01; H, 4.44; N, 12.52.

Data for 4d. Eluent: ethyl acetate/hexane 7:3. Yield 0.058 g (50%). Mp 183-185 °C. [a], (0.5,
EtOH) + 76.6. IR (KBr) v 1698, 1680, 1597 cm-1. lH-NMR (CI3CD) 6 8.31 (d, 1H, J= 8.0 Hz,
H-7); 7.84 to 7.71 (m, 2H, H-9, 10); 7.56 (m 1H, H-8); 6.92 (s, 1H, H-1); 5.42 (q, 1H, J= 7.1
Hz, H-4); 3.18 (s, 3H, N-Me); 2.16 (s, 3H, COCH3); 1.80 (d, 3H, J = 7.1 Hz, Me-4) . 13C-
NMR (CI3CD) 6 169.7 (CO); 169.3 (C-3); 159.8 (C-6); 147.0 (C-11a); 145.6 (C-10a); 134.9
(C-9); 128.1 (C-7); 127.8 (C-8); 126.8 (C-10); 120.9 (C-6a); 81.5 (C-1); 52.7 (C-4); 33.6 (N-
Me); 20.9 (COCH3); 19.5 (Me-4). Anal. Caicd. for C15H15N304: C, 59.80; H, 4.98; N, 13.95.

]

Found: C, 59.87; H, 4.87; N, 13.72.

To a suspension of comnond 2401 o 030 mmal) in the correenanding arena (N 7R mmnl\
i PUAISIVLL UL VULNPUULIU O (V.1 5, V.J 7 LNV I WG CULICSPULIULLLE alClic (V. /0 1101 ),
5 ml of concentrated sulfuric acid was added, and the mixture was stirred for 48 h. After
addition of ice and extraction with ethyl acetate, the organic layers were washing with water,

dried over magnesium sulfate and concentrated. The residue was nunﬁed by fla
chromatograph_y

Data for Sa. Eluent: ethyl acetate/hexane 9:1. Yield 0.077 g (60%). Mp 173-175 °C. [a],
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35 Nas

To a solution of compound 4a (0.2 g, 0.73 mmol) in dry ether was added consequently BF3-
etherate (0.1 ml, 0.73 mmol) and 2-methvlﬁ_1ran (0.23 ml, 4 mmol). The mixture was stirred at

r.t. for 24 h, and then poured into a mixture of EtOAc (20 ml) and ice-saturated NaHCO3 (20
ml). The aqueous phase was further extracted with EtOAc (2 x 20 ml), the organic layers were
washing with water, dried over magnesium sulfate and concentrated. The residue was purified
by flash chromatography with ethyl acetate as eluent giving Sc. Yield 0.89 g (78%). Mp 185-

187 °C. [ad],, (0.55, EtOH) +26.7. IR (KBr) v 1690, 1589 cm-1. IH-NMR (CI3CD)  8.29 (d,

IH, J = 8.0 Hz, H-7); 7.81 to 7.67 (m, 2H, H-9, 10); 7.51 (t, 1H, J= 8.1 Hz, H-8); 6.30 (d, 1H,
J=3.1 Hz, H-3"); 5.96 (dd, 1H, J = 3.1 and 1.0 Hz, H-4Y); 5.60 (s, 1H, H-1); 5.38 (q, 1H, J =

7.1 Hz, H-4); 3.16 (s, 3H, N-Me); 2.25 (s, 3H, Me-5); 1.71 (d, 3H, J = 7.1 Hz, Me-4). 13C-
NMR (CI3CD) 6 167.7 (C-3); 167.6 (C-5); 160.3 (C-6); 153.7 (C-11a); 147.7 (C-10a); 146.2
(C-2); 134.7 (C-9); 127.3 (C-7); 127.1 (C-8); 126.8 (C-10); 120.4 (C-6a); 110.7 (C-3"); 106.8
(C-4); 61.0 (C-1); 52.6 (C-4); 33.3 (N-Me); 18.0 (Me-4); 13.6 (Me-5). Anal. Calcd. for
C18H17N303: C, 66.87; H, 5.26; N, 13.00. Found: C, 66.92; H, 5.39; N, 12.95.
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