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Departamento de Quimica Orgdnica 'y Farmacéutica, Facultad de Farmacia.
Universidad Complutense. 28040 Madrid, Spain.

Condensation of N -methyl-cyclo-Trp-Gly and aldehydes in basic media was studied to confirm the structure of
the natural product TDD (N-methyi-Tryptophan Dehydrobutyrine Diketopiperazine, 1) and to prepare anaiogues
with potential activity as GST (Glutathione-S-Transferase) inhibitors. This strategy was successful for 1,4-
diacetyl-cyclo-Trp-Gly but it did not work for N -acetyl, N i»methyl-cyclo-Trp-Gly derivatives. Pyrolytic
cyclization of N-Boc-L-Thr-N-methyl-L-Trp methyl ester gave the Z-isomer of N-methyltryptophan
dehydrobutyrine diketopiperazine, which was previously supposed to be the natural product. However, by
comparison of melting points and pectroscopic data with those of 1, we conclude that the proposed structure for
TDD must be corrected. © 1999 Elsevier Science Ltd. All rights reserved.

Keywords: Piperazinediones, TDD, Glutathione-S-Transferase, Biologically active compounds.

1. Introduction

Many tumour cells become resistant to chemotherapeutic agents by lowering their
intracellular active concentrations through multiple mechanisms, such as overexpression of

certain memhbrane nroteins that affect the transnort of antitumonr druog '1-51 or certai

certain memborane proteins that aliect the transport of antitumour arugs {1-Jj, Oor ceriamn
Anmrvanac that are :nn»n]xynr] in thais mnfnl\r\li(m Amnng thoaca sanrumage nne nf tha manot
ENZymes inatl arc invoivea in uicii mciactiisin. n1uu115 ui€st ENZyines, O1ne Oi wi€ most

intracellular tripeptide giutathione to neutralize electrophilic toxins. It has been suggested
that the use of selective GST inhibitors would provide tumour-directed potentiation of
conventional cancer chemotherapeutic agents, because many cancers show different
distributions of GST isozymes (at least eight different types of human isozymes have been
identified) [10].

We became interested in the natural compound tryptophan-dehydrobutyrine
diketopiperazine (TDD, 1), which had been described without a clear assignment of the

0040-4020/99/$% - see front matter © 1999 Elsevier Science Ltd. All rights reserved.
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configuration of the C-2 stereocenter and the double bond {11], in connection with our
current project on the synthesis of MDR (multi drug resistance) reversal agents [12-16].

Taking into account the activity of 1 as a GST-inhibitor [17], we planned the synthesis of
compound 1 and their analogues. Related compounds, such as albonoursin (2), have shown

antitumour activity. Others, such as the piperafizines A and B (3) or compound 4, are
resistance-reversal agents [18-20].

9”3 Q O o]
< Ph ~ NR z [~ N-CHjy
u > )\ /J\MCH;; HNM W‘H‘\\/Ph &I} HN Ph
H ~
o Q
1 (TDD) 3, R=H, CH3 4

with acetaldehyde or by dehydration of N' -methyl-cyclo-Trp-Thr (6, Scheme 1), seemed
straightforward
CH CH CH
H TS H (s y &s
~2N__O s N__O ~2N_.O
I CH. | N = |
(vj\/!\?c) N 3 o ~N 07 N7 XnrCHg Xx~~NO"N
H Ho &l H H H H
6 1 5

Scheme 1

T, wh}c.. were transformed into their enantiomerically pure No-methyl derivat ves (5-8 and
R-8) {21]. Condensation of S-7 or S-8 with Boc-Gly, using EDC as the caup}ing reagent
[22], gave the corresponding dipeptides 9 and 10 which, after pyrolysis, yieided the

cyclodipeptides 11 and 12 in near quantitative yield (Scheme 2).

H H e
: ,CO,CH3 :»C02CH3 WNH
/\/<\(NHR M\(N CO-CH 2-NHBoc | BN |

\ N B N 1N
L, Bocaly, EDC, [ L/ R 200°C, th_ N hd
N I\‘ N H 0
H H
7, R=H 9, R = H (88%) 11, R = H, (98%)
8 R=Me 10, R = Me (90%) 12, R = Me (90%)
Scheme 2
]3C NMR chemical shifts of the carbonyl groups in these compounds clearly reflect the

effect of steric interactions between the piperazinedione C,N-substituents. Thus, & values
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of compound 11 showed a single cart onyi band (1679 cm”
and 1648 cm™!') were observed for 12.

The most general method to obtain alkylidene derivatives of piperazine-2,5-diones is the
aldol condensation between compounds activated by N-acetylation and the corresponding
aldehyde [23-26]. The N-acetyl group enhances the acidity of the heterocyclic methylene
protons, and anchimerically assits the aldol reaction through an intramolecular N-O shift
displacement to give O-acetyl aldol intermediates. The final condensation occurs by acetic

acid elimination, with loss of the vi u.al N_m‘pfvl group. The stereoch

e rnees rp b e oy s daa | 2 PN Y P o~ o _‘ PRGNS DR, P B Lo.... L ___*1_1_.
dalollauc dlUUllyUCb [L I_| rUldbblUIll t- U UA UC, a ]:) luuc()pmuc DASC, I1dS DeEel WlUCly
used for this purpose [23-29]. Use of alumina-supported potassium fluoride in aprotic

solvents [28,29], with or without ultrasonic irradiation [30,31], is also possible. Neither of
these conditions cause epimerization of stereogenic centers.

In spite of these precedents, the reactions of the mono- and diacetyl derivatives of 12
(compounds 13 and 14, Scheme 3) with different aldehydes (R = Me, p-MeOCgHy, p-

NO,CgHy), using a variety of bases and conditions, were unsuccessful, and the only reaction

products were the deacetyl derivatives (12 or 16). However, in the reaction of 15 [32], with
t-Ru( (1 NMFE enliitinn) and nonitroheanzaldahvde a 20%, vield of tha aldnl 18 ~Aanld he

EAANT A \Ll' A7LiVad OULU‘«IUII, (¢SS LW Y y 1IfLA VU VAL ALV \1\4, U e\ /U AWING Ul LIV QIUUL AW vUUIwA LA
obtained as a single diastereomer, besides the deacetyl derivative 1

It seems clear that the steric constraints imposed by the N -methyl and the co-

indolylmethyl substituents in 13 and 14 prevent the normal reaction course, as well as the
N, O-acetyl migration in the case of compound 15. In fact, compound 19, which is the

triacetyl derivative of 11, gave the condensation products 20 and 21 shown in Scheme 3.
According to literature precedents the Z-isomers are diastereoselectively favoured [16],

and the configurations were easily assigned by comnarmg the & values of the vinylic protons,

which are deshielded by the vicinal carbonyl group in the Z-isomers. The stereochemistry of
18 is proposed according to literature data. It has been reported that in the formation of O-
neatyl intarmadiatac (20 o0 comnoannd 22 212 he ‘yyy n nt t M. sg
aLClyl 1HILCLIIICUldAdLe S \C.s Vuinpuunu ae | J2 | T LSS I &

[

1€ .Syfl lb()IIlt:rb, Wll} C
kinetically controlled, generally giving an erymro/mreo mixture (18:1 in the case of 22).
NMR Data of compound 18 support a 3,6-syn configuration and are parallel to those of
related compounds (e.g. 23 [34] and 24 [35]). Furthermore, the H-3 and H-6 protons are
coupled in 24 (°J = 1.2 Hz), but not in 23 nor in 18, showing that in the two latter
compounds both protons are pseudoequatorial. In compounds 18 and 23, the H-3a proton is
very shielded by the mdnlvl group, which must be "folded" over the piperaz ine ring. The
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C-3a center is tentanvcly proposed as S (erythro-form).
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he other hand, the Z-isomer of 20, shows the vinylic H-3a proton shifted 1 ppm at
lower field respect to the same proton in the E-isomer, while the H-3b methyl protons are
shifted 0.82 ppm at higher field. Finally, the Z-configuration of compound 21 was
determined by NOE experiments on its N-4 acetyl derivative: irradiation on N-4 acetyl
protons at 2.33 ppm produced enhancements of the H-3¢ and H-3d benzene signals instead of
the H-3a signal.

We concluded that condensation of N 1-methyl-cyclo—Trp-Gly derivatives with aldehydes
was prevented by the steric constraints imposed by the N-methyl group, and therefore we
studied the alternative procedure, i.e., the dehydration of cyclo-L-Trp-L-Thr (27, Scheme 4)
and N 1 -methyl-cyclo-L-Trp- L-Thr (31, Scheme 5)

e
- A%LCO;CH ~ A‘EF/LL““
H Cco,CH34 | > BN NHBoc E‘li‘i}l‘ R OH
S S "
Z | \) v H % OH H fo) &
Lv)\ N VR o LT 25 (77%)C  T™H 27 (98%) Ha
H EDC, 16h CHy
7, R=H H
8 , R=Me L..MCOQCHs
T\
l N
k\v/l\ N)MeN\ NHBoc
H OH
26 (56%) © =H
CHjz

Qcheme 4
wWviIviliv °r

Amino esters 7 and 8 were converted to the Boc-protected dipeptides 25 and 26.
Pvrolvsm of 25 gave quanntatxvelv the cyclo- dmentlde 27 (Scheme 4) which, by treatment
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OE experiments confirmed the proposed structures. Thus, to determine the Z or E-
configuration of 29, as well as the position of the N-acetyl group, we irradiated at the
resonance frequency of the doublet at 0.90 ppm, corresponding to the H-3b methyl protons,
observing enhancement of the signals corresponding to H-4 (N-H) and H-3a (vinylic) protons.

After irradiation at the acetyl protons frequency (8 = 2.51 ppm), the signals corresponding
to H-2" and H-6 also suffered an small enhancement.

On the contrary, the pyrolysis of 26 gave a mixture from which the expected product 31
A ) . P
was isolated ble mixtu mers, together with the dehydration compound

Since all the synthetic process 1 stereocontrolled the sterogenic center at C-6 of 32 is §

(from L-tryptophan). On the other hand, 'H NMR data of the mixture of Z+E-32 showed
that the vinylic (H-3a) and H-3b protons, that could be clearly differenciated in both isomers,
are affected by the diamagnetic anisotropy of the C-2 carbonyl group. In the Z-isomer, H-3a
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is deshielded at about 1 ppm with respect to the same proton in the E-isomer (8 = 5.41 and
4.50 ppm, respectively). Since the chemical shift values of these protons in Z-32 and in 1 are
identical, the Z-configuration of the double bond in TDD seems to be unequivocally
established. However, slight differences were observed in other 1H- and 13C-NMR chemical
shifts (see Experimental). More significant were the discrepancies found between the melting
points of both compounds which were: 121-123 °C (after recrystallisation of 1 in acetone-

cyclohexane) [ll] and 191- 2 °C (the same solvent) or 191-192 °C ( ethanol) in Z- 32
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We concluded that 1 must have the N-methyl group at the piperazinedione nitrogen
adjacent to the ethylidene, instead of the indolylmethyl, substituent. In fact, the proposed
structure [11] was mainly based on the identification of o.-aminobutyric acid by thin-layer
chromatography, after hydrolysis of 1.

Finally, compound Z-32 was assayed following Habig’s procedure [36] as an inhibitor of
human GST-x, which is mostly related to tumour resistances (Sigma G-8642), but it was

e

inactive.

3. Experimental

san o 1TNANN wRT

uurdrcu Sp@Cl were rccorucu on a I’GHSIII mmer I’dl'dg()ﬂ 1Uvv speuropnomme[er NMR
spectra were obtained on a Bruker AC-250 (250 MHz for 'H, 63 MHz for 13C) spectrometer.
Elemental analyses of new compounds were determined by the Servicio de Microanilisis,
Universidad Complutense, on a Perkin-Elmer 2400 CHN microanalyser. Melting points were
measured on a Reichert 273 hot stage microscope, and are uncorrected. Reactions were
monitored by thin layer chromatography, on aluminium plates coated with silica gel with

fluorescent indicator (Scharlau Cf 530). Separations by flash chromatography were
el (SDS 60 ACC, 230-400 mesh and Scharlau Ge 048). All reagents

L£RNCNCy, LoV 222V 011 QGaiana ivvarfiaaie o

performed on silica

PYrAViiIIVS

were of commercial quality (Aldrich, Fluka, Merck, SDS, Probus) and were purified

1))
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3.1. Synthesis of dipeptides. General procedure.

Ctarting raam a maonatically otirrad anliitinan of tha g tahla amina agtar {1 ) smmal) in
LG LiL é 11Vl A unaguuuvml] SLILlIWU DULULIVIL ULl Ulv Sulwaviv alliinv ootivl (1.v llllllull 111
gk denito A ncnzan e aembaco Ao i A BT o abl o Jh g5 DN I vl b Y RV E T o WSUURSSpISRY LY g 3 TR
dAlU1YUIOUudS dioAadiic O dilllyaious aiCinoiomeuiane wds 4aqacd oiov 1.V 1inoi) . 1neé reacuon

gl

mixture was kept under argon and protected from light at room temperature during 15 h.
After evaporation of the organic solvent, the residue was dissolved in ethyl acetate and
washed successively with HCl, HNaCO3 and water to pH 7. The organic layer was dried over
anhydrous sodium sulphate and concentrated in vacuo, affording the corresponding
compounds as solids, which were used without further purification (9 and 25) or after flash

chromatography (10 and 26). NMR data given below correspond to the main rotamer:
Data for 9. Yield 88%. IR vqax (KBr): 3414, 3331 (NH), 1743, 1670 (C=0) cm-1. IH-NMR

1

(250 anhnr‘mﬁ 8.12 (br s, 1H, NHi); 7.48 (d, 1H, J = 8.0 Hz, H4'); 7.33 d, 1H, J =

W AVAA AL A A \ TR i3 L NRREJS \ s £ TV RiLy i X LAR
7.6 Hz, H-7"); 7 (m, 2H, H-5', H-6"); 6.97 (d, 1H, J=2.2 Hz, H-2"); 6.49 (d, 1H, J= 7.7
LI~ KU\ A DY een 1T LI M. 272 /4 DL T - & A 1T LI 2\e A LL (o AT NAOLT N 2 20 7.1 DL
Nz, iNfj, 471 \l, 11, f-4j, 5.i5 \u arl, J = 5.4 I1Z, 11-5); 5.00 (8, on, ULTr13); 5.5V (d, 2,
J=15.2 Hz, H2') 1.40 (s, 9H, H-6") ppm. 13C-NMR (63 MHz, CDCI3) &: 174.0 and 171.2
(C1 and C1"); 157.5 (C4"); 137.9 (C7'a); 128.8 (C3'a); 125.5 (C2"); 122.7 (C5"; 120.2
(C4"; 119.7 (C6"); 113.2 (C7); 110.9 (C3); 79.8 (C5"); 54.8 (C2); 53.6 (OCH3y); 44.7

(C2"); 29.9 (C6"); 28.9 (C3) ppm.
Data for 10. Yield 90%, after chromatography eluting with 7:3 dichloromethane-ethyl
acetate. IR v, (CHBr3): 3335 (NH), 1707, 1652 (C=0) cm-1. lH-NMR (250 MHz,CDClI3)

§: 8.37 (br s, 1H, NHi); 7.55 (d, 1H, J = 7.5 Hz, H-4"); 7.31 (d, 1H, J = 7.7 Hz, H-7); 7.12
(v O I &' T AN AO0A (¢ TLT IO M S AA ¢ 1T NIV S04 (v 1T TIT.ON. 20?2 /v DL LY
\ii1, 11, 11t y 117U ), U.7%F \ﬁ, 111, 11 L}, JATU ‘\D, 1Lk, 1‘11}, [y \111, 113, 11 L), JdTI \lll, “Lli, I'1-
N, DY 1D S YT Y ANTT . D A 731 1YY ' 4 1L A 1 & A YTT¥_ TT AN D ™NNA s 1.3 15X ) 4 1€ A __._ 1
D), D105, on,vuLni), 2.45 (U4, i, v = 10.4 dlld 0.4 I1Z, I1-£ ), J5..4 (44, 1N, v = 1J7.4 diia
10.3 Hz, H-2"); 2.71 (s, 3H, NCH3); 1.41 (s, 9H, H-6") ppm. '3C-NMR (250 MHz, CDCl3) &:

171.1 and 169.0 (C1 and C1"); 155.7 (C4"); 136.1 (C7'a); 127.1 (C3'a); 122.3 (C2"); 122.2
(C5Y); 122.1 (C4); 119.5 (C6'); 118.1 (C7Y); 111.2 (C3"); 79.6(C5"); 58.1 (C2); 52.3
(OCH3); 42.4 (C2"); 31.6 (C3); 28.2 (C6"); 24.3 (NCH3) ppm.

Data for 25. Yield 77%. IR vy, (KBr): 3405 (OH); 3344 (NH), 1738, 1705, 1660 (C=0)
cm-1. TH-NMR (250 MHz,CDCI») &: 8.25 (br s, 1H, NHi); 7.50 (d, 1H, J = 7.6 Hz, H-4"); 7.32

N s ==

(d, 1H, J =75 Hz, H-7); 7.12 (m IH, J=2.1 Hz, H-2"; 5.39 (d

4, AT jy 7R i1k, 1\ e X ARy AA H}’ e 7\ Nay

iO )
\O 3=
_
=i

Cl
-
v
[
P
£
E
[
I
] W2
—
v

9H, H-6"); 1.11 (d,

and 169.6(C1 and Cl') 155. 5 ((,4") 136.1 (CT' a) 127.4 (C3'a); 122 9 (C27); 122. 1 (CS')
119.5 (C4"; 118.2 (C6"); 111.3 (C7); 109.3 (C3'); 80.3 (C5"); 70.2 (C2"a); 57.3(C2"); 52.9
(C2); 52.3 (OCH3); 28.1 (C6"); 227.5 (C3); 15.7 (C2"b) ppm.

Data for 26. Yield 56%, after chromatography eluting with 6:4 ethyl acetate-hexane.!H-
NMR (250 MHz,CDCl3) &: 8.23 (br s, 1H, NHi); 7.56 (m, 1H, H-4'); 7.33 (d, 1H, /= 7.6 Hz,
H-7); 7.14 (m, 2H, H-5', H-6"); 6.98 (br s, 1H, H-2"; 5.41 (m, 1H, OH); 4.34 (m, 1H, H-2);

R iy AR e s O By i1izy = \2iiy 2 X2, LR i
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128.4 (C¥a); 122.4 (C2); 122.0 (CS); 119.4 (c4), 118.2 (C6); 111.3 (C7"); 109.3 (C3Y;
80.2 (C5"); 67.2 (C2"a); 60.2 (C2"); 52.3 (C2); 52.1 (OCH3); 31.6 (NCH3); 28.1 (C6"); 22.0
(C3); 16.2 (C2"b) ppm.

3.2. Cy lwatmn of dipeptides. General procedure
Pinerazine-2.5-diones 11. 12 and 27 were obtained bv pvrolvsis at 200 °C durine 1 h of the
lrl l“h‘ll\l e g \Jll ARy Adei ALK -~ Wi W RSLFLIAL i J tIJlUlJ WVAOD ALY U N \JUALLI& A4 ki i

ot alll el PRy =

2
IcCrystaiilZatioll. L,UIIIPUUHU .7 was
and compound 32-F, which was no
significant NMR data.

Data for 11. Yield 98%. M.p. >230 °C (acetone). IR vy, (KBr): 3406, 3184 (NH), 1679
(C=0) cm-1. IH-NMR (250 MHz,d6-DMSO) &: 10.9 (br s, 1H, NHi); 8.11 (s, 1H, NH); 7.77
(s, 1H, NH); 7.53 (d, 1H, J = 7.8 Hz, H-4"); 7.32 (d, 1H, J = 7.9 Hz, H-7"); 6.98 (m, 3H, H-2',
H-5', H-6'); 4,00 (m, 1H, H-3); 3.23 (dd, 1H, J = 14.5 and 4.5 Hz, H-3a); 3.23 (d, 1H, J =

obtained from 26 as an inseparable mixture of isomers,
ot isolated from the Z-isomer, is described in terms of

17.1 Hz, H-6); 3.00 (dd, 1H, J = 14.5 and 4.5 Hz, H-3a); 2.76 (d, 1H, /= 17.1 Hz, Hﬁ\r

13C-NMR (63 MHz, dg-DMSOQ) 8: 169.7 and 167.5 (C2 and CS 137.7 (CT7'a); 129.3 (C3' a)
126.4 (C2"; 122.7 (C5"); 120.5 (C4"); 120.2 (C6'); 112.9 (C7'); 110.1 (C3"); 81.0 (C3); 57.2
(C6); 31.0 (C3&) ppm. Found: C, 64.07; H, ‘5 19; N, 7 ]6 C 13H13N307 requires C, 64.17;

H, 5.39; N, 17.28.

Data for 12. Yield 90%, after chromatography eluting with 3:1 dichloromethane-petroleum
ether. M.p. 84 °C (ethyl acetate). IR v.x (KBr): 3263 (NH), 1690, 1648 (C=0) cm-1. 1H-
NMR (250 MHz,CDCl3) &: 8.28 (br s, 1H, NHi); 7.62 (d, 1H, J = 7.8 Hz, H-4'); 7.32 (d, 1H,
J=17.8 Hz, H-7"); 7.13 (m, 2H, H-5', H-6'); 6.93 (d, 1H, J = 2.3 Hz, H-2'); 5.38 (s, 1H, NH);

4.15 (m, 1H, H-6); 3.57 (dd, 1H, J = 14.9 and 3.0 Hz, H-6a); 3.28 (d, 1H, J = 16.9 Hz, H-3);
3.28 (dd, 1H, J = 14.9 and 4.6 Hz, H-6a); 3.06 (s, 3H, NCH3); 2.33 (d, 1H, J = 16.9 Hz, H-3)
i 3O NMD (42 MU MMNOILY R 140 & and 164 Q () and C8Y 1246 1 (' T'a) 197 9D
l]l}lll TINIVIIN (VO IVILLL, L7014 U, 1UOC.U allu 1VUS.7 (Lo allud LJU), 1I9VU.1 \/ 4), laf.&
'Falril 1A 1 ¥ e la 10N 1NN £ (LN, TAN DN VAN 110 O /LN 111 M 777N 1MNO A 777N, £ N
(Laoa), 1241 (L2), 1£4.0 (LD 100 (L4 ), 116.0 (LO ), L11.2 (L/ ), 1us.4 (L), DL.Y
(C6); 44.3 (C3); 32.5 (Coba); 268 (NCH3) ppm. Found: C, 65.44; H, 5.83; N, 16.37

C14H15N307 requires C, 65.34; H, 5.88; N, 16.34.

Data for 27. Yield 98%, after chromatography eluting with dichloromethane. M.p. 239-241
°C (ethyl acetate/hexane). IR vipax (KBr): 3413 (OH), 3191 (NH), 1741, 1670 (C=0) cm-..
IH-NMR (250 MHz, ds-DMSO) &: 10.90 (br s, 1H, NHi); 8.37 (s, 1H, NH); 8.09 (s, 1H, NH);
7.51 (d, 1H, J = 7.7 Hz, H-4"); 7.33 (d, 1H, /= 7.7 Hz, H-7"; 7.15 (d, 1H, J = 2.2 Hz, H-2");

6.98 (m, 2H, H-5', H-6"); 4.87 (m, 1H, OH); 4.01 (m, 1H, H-6); 3.86 (m, 1H, H-3); 3.33 (m,
A H- -

.2
J

oo
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(C7TY- 1100 (C3INY 72 85 (CRaY 6800 (CEY §7 2 (CRY 327 (CEaY 170 (O Y nom Foun
\\—l Jy R RAJ.s \\\/J j, ¥V bt o/ \\/J“}’ NI .\ \\/Ul, ot 1 ot \\/~/j, pe i \puu/, A J s \L/.JU Pt’l Ae X VULINS
OIS T £ A6 N 1AAQ . L. N N eammirac Y LY L0 LT £ 07- N 1A £72

U, 0<.1)5; 11, 3.60; IN, 19.48. Usr1]7iN30U3 IEquires ©, 62.67; 1, 5.7/ IN, 14.05

Data for 31. Yield 33%. IR vimax (KBr): 3412 (OH); 3187 (NH), 1741, 1680 (C=0) cm-!

TH-NMR (250 MHz, LUL[:),)O 8.44 (br s,1H, NH1); 7.58 (d, 1H, J = 7.7 Hz, H-4"); 7.30 (g,
1H, J=7.9 Hz, H-7"); 7.13 (m, 2H, H-5', H-6"; 6.86 (d, 1H, J = 2.2 Hz, H-2"; 6.05 (s, 1H,
NH); 4.15 (m, 1H, H-6); 3.70 (br s, IH, OH); 3.60 (m, 1H, H-3); 3.52 (dd, 1H, J = 14.9 and
3.8 Hz, H-6a); 3.23 (dd, 1H, J = 14.9 and 4.5 Hz, H-6a); 3.08 (m, 1H, H-3a); 3.02 (s, 3H,
NCH3); 0.93 (d, 3H, J = 6.2 Hz, H-3b) ppm.

Data for 32-Z. (compared to those of TDD). Yield 15%, after chromz togranhv eluting with

r 4 =

4) 726(d IH, J = ]OOHZ H7) 708(m 2H HS' H6) 680(d lH J 2.4 Hz, H2)

6.74 (s, 1H, NH); 5.41 (q, 1H, J = 7.4 Hz, H-3a); 4.24 (m, 1H, H-6); 3.53 (dd, 1H, /= 14.6

and 2.8 Hz, H-6a); 3.23 (dd, 1H, J = 14.6 and 4.7 Hz, H-6a); 3.06 (s, 3H, NCH3); 0.84 (d, 3H,

J = 7.4 Hz, H-3b) ppm.; lit (CDCl3) [4] &: 8.19 (br s, 1H, NHi); 7.28* (d, 1H, J = 7 Hz, H-4);

7.62* (d, IH, J =7 Hz, H-7"); 7.09 (gqn, J = 7 Hz, 2H, H-5', H-6"); 6.77 (s, lH H-2"); 9.05
J

ai,

6
(8

:E ~

QH T
Siiy v

iy

(CT'a); 127.
~ 'Tav il " 0

(C3'a); 126.1 (C3); 124.5 ( C2'); 122.2 (C5"); 119.7 (C4; 118.6 (C6'); 111.7 (C3a); 11
(C7"; 107.9 (C3Y; 63.1 (C6 ); 32.7 (NCH3); 27.5 (C6a); 9.5 (C3b) ppm. Lit (CDCI3) [11] &:
166.9 (CS); 159.5 (C2); 136.4 (C7'a); 127.5 (C3'a); 126.4 (C3); 124.7 (C2); 122.0 (CS5');
119.4 (C6"); 118.4 (C4"); 113.0 (C3a); 111.0 (C7"); 107.6 (C3"); 63.3 (C6 ); 32.8 (NCH3);
27.7 (C6a); 9.9 (C3b) ppm. Found: C, 64.81; H, 6.30; N, 13.69. C;gH |7 N3O, CH30H
requires C, 64.76; H, 6.66; N, 13.33. [a]p2! = +13 (c = 0.03, EtOH); lit: [a]p?4:5> = +10 (¢ =
1.1, EtOH). MS: 284 (MHT; C;cHgN3Ot; 1%); 283 (M+, C1gH17N302%F; 5%); 154 (M-
CoHgN+; 100%); 130 (CoHgN*; 100%); 103.30 (C7HsN+; 8%); 77 (CgHs*; 12%). Lit [11]:

z,
4
7

AOLERLS ERVAE S PO S LR | e 13 10 BRI S VA Y A IS S T \—Hrry s 2LV b g s
12 102 77

10U, 1VO, /1.

™ . g ~Aa 7 1T TR ATY /AN MATY ﬁnr‘i ) 4 - ,l T¥.. YTY DN\, & £ 71 DTITY T
Data for 32-E. 1H-NMR (250 MHz, CDCl3) é: 4.51 (c, 1H, / = 7.4 Hz, H-3a); 1.66 (d, 3H, J
= 7.4 Hz, H-3b) ppm. (Extracted from the mixture Z+E- 32).

3.3. Aceryl derivatives of 11 and 12. Synthesis of 13, 14 and 19.

A magnetically stirred solution of 12 (1mmol) in excess of acetic anhydride was heated at
140 °C for 45 min. Evaporation in vacuo gave a solid residue that was recrystallized to give
13. Compounds 14 and 19 were obtained after 6h in the same reaction conditions from 12

and 11 rpcppr'tivplv

Data for 13. Yield 99%. M.p. 185 °C (acetone). IR Vax (Br3CH) 3331 (NH), 1706, 1664

Ve S | IT ATRADY /SN RALY AT\ S0 0 £§O /e o 1LY NTLYIN. T AN /A 1LY T _ 7 A 11 IO
(L=U) M-+, A -INIVIR (20U vinZ, e liy) 0. 6.0 (01 S, 111, Hru), LU, 1, v = 7.4 114, 11-
4'; 7.33 (d, iH, J = 8.0 Hz, H-7"); 7.12 (m, 2H, H-5', H-6"); 6.92 (d, 1H, J = 2.3 Hz, H-2;
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42 (44 1 A8 and TR He v 411 (4 1TH T=121 7 HAY FKA (A3 1 T — 140
TFoOU \UU, L1k, .Y QU J.0 R4, 3T J ), Tl \Uy 111, U101 1L, 11TV, J.JU \uu, 111, v = 197
annd 20 LI LT 2.3 2950 741 1LY T 140 aend A& 1T 1T AN 2 NA fo ALY ANIATITN. N A 7. ALY
aiia 1.0 114, ri-oaj, J.£47 \Ud, 111, J=~14.7 alul 4.0 l"lL, -ad) J.U4 \>, OrI1, INULI13), £4.40 211

. H ; (8, 5,
COCHj3).ppm. 13C-NMR (63 MHz, CDCl3) 8: 171.3 (Cla); 168.9 and 164.7 (C2 and CS5);
136.2 (C7'a); 126.7 (C3'a); 124.3 (C2'); 122.9 (L5 ); 120.1 (C4'"); 118.0 (C6'); 111.8 (CT7'),
107.7 (C3'); 64.9 (C3); 45.4 (C6); 32.2 (C4a); 27.8 (Clb); 27.4 (C3a) ppm. Found: C, 63.96;
H, 5.64; N, 13.86. C16H17N303 requires C, 64.21; H, 5.68; N, 14.04.

Data for 14. Yield 90%, after chromatography eluting with 9:1 ethyl acetate-
dichloromethane. IR v,y (BraCH): 3007 (NH), 1723, 1709, 1681, 1668 (C=0) c¢m-!. IH-
NMR (250 MHz,CDCl1) &: 841 (d, 1H, J = 8.2 Hz, H-4'); 7.33 (d, 1H, J = 7.9 Hz, H-7";

7.27 (m, 2H, H-5', H-6"); 7.15 (s, 1H, H-2"); 4.35 (m, 1H, H-3); 4.35 (d, 1H, J = 18.2 Hz, H-

£ 2 A2 (A3 11 T — 1A 7 saed A L& 1T 1T 242N 270 733 1L I — 1A 7T aend A0 LI 1T 2,

Uj. 5.45 G, 11, v = 14./ alla 4.0 11Z, 11-o5aj. 5..0 \QqQ, 1n, 4 = i14./ ana 4.7 ni, n-.‘)a}, 3.09
(s, 3H, NCH3); 2.83 (dd, 1H, J = 18.2 Hz, H-6): 2.60 (s, 3H, H-1'b); 2.46 (s, 3H, H-1b) ppm.
13C-NMR (63 MHz, CDCl3) O: 171.2 and 168.4 (Cla and Cl'a); 168.3 and 164.4 (C2 and

C5); 135.7 (C7'a); 129.3 (C3'a); 126.3 (C2'); 124.8 (C5"); 124.1 (C4"); 118.3 (C6"); 117.0
(C7'); 115.0 (C3"); 64.3 (C3); 45.6 (C6); 32.6 (C4a); 27.7 (C3a); 27.3 and 24.2 (C1b and
C1'b) ppm. This product was used without recristalization for the next reactions.

Data for 19. Yield 93%. M.p. 174-176 °C (ethyl acetate). IR vipax (BrsCH): 3007 (NH);
1732, 1715, 1701, 1692, 1600 (C=0) cm-1. IH-NMR (250 MHz, CDCl3) 0:8.38(d, IH, J =
8.1 Hz, H-4"); 7.42 (d, 1H, J = 7.8 Hz, H-7"); 7.30 (m, 2H, H-5', H-6"); 7.16 (s, 1H, H-2");
5.45 (dd, 1H, /=64 and 42 Hz, H-3); 459 (d, 1H, J=19.2 Hz, H-6); 3.47 (dd, I1H, /=
14.8 and 4.2 Hz, H-3a); 3.27 (dd, 1H, J = 14.8 and 6.4 Hz, H-3a); 2.95 (d, 1H, J = 19.2 Hz,
H-6); 2.56 (s, 6H, N1-COCHj3 and N4-COCH3); 2.47 (s, 3H, N1'-COCH3) ppm. 13C-NMR

(63 MHz; CDCl3) O: 171.4 (Cl'a); 171.1 (C2); 168.4 (Cla); 167.9 (C4a); 166.3 (C5); 135.7
(C7'a); 129.4 (C3'a); 126.3 (C2"); 125.1, (C5"); 124.2 (C4"); 118.4 (C6"; 117.0 (C3"); 1154
(C3'C7"); 58.2 (C3); 46.6 (C6); 28.6 (C3a); 27.2 (Clb); 27.1 (C4b); 24.2 (C1'b) ppm.
Found: C, 61.41; H, 5.10; N, 11.22. C;oH 9 N3Os5 requires C, 61.77; H, 5.14; N, 11.38.
[a]p2! = +3.6 (¢ = 0.3, CI3CH).

ound 13.

-1 Lao
N
%
<

5
g
Py
)
<
)
>
=

compoun
It was prepared from 13 following literatu feren hou
recrystallization. Yield 97%. IR Vyax (Br3CH): 1734, 1670 (C=0) cm-1. IH-NMR (250
MHz,CDCli3) 6: 8.11 (d, iH, J = 7.3 Hz, H-4); 7.44 (d, 1H, J = 8.0 Hz, H-7"); 7.39 (d, 1H, J
= 2.4 Hz, H-2'); 7.26 (m, 2H, H-5' and H-6'); 4.39 (d, 1H, J=18.0 Hz, H-6); 4.33 (dd, 1H, J =
4.3 and 4.7 Hz, H-3): 3.41 (dd, 1H, J = 14.6 and 4.7 Hz, H-3a); 3.27 (dd, 1H, J = 14.6 and
4.3 Hz, H-3a); 2.99 (s, 3H, NCH3); 2.97 (d, 1H, J = 18.0 Hz, H-6); 2.46 (s, 3H, H_1b); 1.66
(s, 9H, H-1'c) ppm. 13C-NMR (63 MHz, CDCl3) &: 171.2 (Cla); 168.4 (C2); 163.8 (C5);

); 135.3 (CT'a); 129.3 (C3'a); 125.2 (C2"); 1229 (C5"); 118.2 (C4' and C6');

J9 Al \Nrd B, 2&0.0 o Ky 2&JE . ks 220 L1id

113.1 (C3"; 84.3 (C1'd); 64.5 (C3); 45.5 (C6); 32.5 (C4a); 28.1 (Cl'c); 27.7
(C3a) ppm.

(This product was obtained in condensation experiments with compound
Yield 47%, atter chromatography eluting with 1:5 petroleum ether-ethyl acetate. M.p. 9

.\lun

1
1
6
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(ethyl acetate). IR vy, (Br3CH): 3293 (NH); 1696, 1652, 1648 (C=0O) cm-1. lH-NMR (250
M"L,CDC13) 3: 8.39 (d, 1H, /= 8.1 Hz, H-7"); 7.52 (d, 1H, J = 7.6 Hz, H-4"); 7.27 (m, 2H,
I-5' and H-6"); 6.89 (s, IH, H-2'); 6.42 (br s, 1H, NH); 4.17 (m, 1H, H-6); 3.49 (dd, 1H, J =

14.7 and 3.4 Hz, H-6a); 3.20 (dd, 1H, J = 14.7 and 4.5 Hz, H- 6a) 3.49 (d, 1H, J = 17.3 Hz,
H-3); 3.05 (s, 3H, H-1a); 2.80 (d, 1H, J = 17.3 Hz, H-3); 2.57 (s, 3H, H.1'b) ppm. 13C-NMR
(63 MHz, CDCl3) &: 168.6 (Cl'a); 168.3 and 164.6 (C2 and C5); 152.0 (C7'a); 135.7 (C3'a);
129.8 (C2"; 125.9 (C5"); 124.8 (C4'); 124.1 (C6'); 118.9 (C7"); 116.7 (C3'); 62.5 (C6); 46.6
(C3); 32.8 (Cla); 26.9 (C6a); 24.2 (C1'b) ppm. Found: C, 64.12; H, 5.68; N, 14.03.

7 s Ai2. T2 iy

16H17N303 reqllggf‘ 64.19- 5.73; N, 14.()4_

"l

L RS, < EIANVD Ny W Tea Sy ARy welowy 4N

3.5. Condensation of piperazinediones with aldehydes
Method A: To a magnetically stirred solution of 14 (0.18 mmol) in anhydrous DMF (2 ml)
under argon, cooled at 0 °C, +-BuOK (1N DMF solution, 0.18 mml) was added. This solution
was added to the corresponding aldehyde (0.18 mmol) and the mixture was kept at room
temperature for 6 h under argon. The reaction mixture was acidified to pH 5 with acetic
acid, poured into water (3 ml) and extracted with CH2Cl> (3 x 10 ml). The organic layers
were dried with anhydrous NaSO4 and the solvent was evaporated to dryness. Pur

TAS A N LIL QUL VLAIL VIALLAD LV

icatio

12

1

p_

of the residue by column chromathography followed by recrystahzatlon gave compou

ML
Jivir

l\..)Q_

{

(o]
N’

V'
{
is solution
was added to the corresponding aldehyde (1 mmol) and the mixture was kept at room
temperature for 100 h or at 130 °C for 23 h under argon. After working-up as described in
method A, compounds 17 and 18 were obtained.

Method C: To a magnetically stirred solution of 14 (1 mmol) in anhydrous DMF (2 ml)
under argon, cooled at 0 °C, EtaN (1 mml) was added. This solution was added to the
corresponding aldehyde (1 mmol) and the mixture was stirred at room temperature for 16 h

< -

QD
t<-‘
J )

10 .. ; R ‘II‘I"I“"I'
1n

under argon and was then heated at 130 °C for 6 h. Compound 16 was obtained
Method D: To a magnetically stirred solution of 14 or 19 (1 1“-1101) and the corresponding

VUL A4S EERLL 5
aldehyde (1 mmol) in anhydrous DMF (15 ]) KF/Al,03 (400 mg) were added. The

r

mixture was stirred at room temperature for 16 h and then DMF ( 15 ml) was added. The
suspension was filtered over celite and washed with DMF (3 x 2 ml). The solvent was
concentrated in vacuo obtaining compound 16 from 14 and compounds 20-Z, 20-E and 21-
Z from 19.

Data for 17. Yield 40%, after chromatography eluting with 9:1 ethyl acetate-hexanane.!H-
NMR (250 MHz,CDCl3) &: 8.09 (d, 1H, J = 8.1 Hz, H-7"); 7.54 (d, 1H, J = 7.8 Hz, H-4');

7.39 (s, 1H, H-2): 7.27 (m, 2H, H-5' and H-6); 6.24 (br s, 1H, NH); 4.18 (dd,
d3 -3

(
=1
1
1
A

<
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Data for 18. Yield 20%, after chromatography eluting with 9:1 ethyl acetate-hexane. M.p.
199-201 °C (benzene/hexane). IR vipax (Br3CH): 3447 (OH); 3113 (NH); 1756, 1734, 1675,
1652 (C=0) cm~L.IH-NMR (250 MHz, CDCl5) &: 8.09 (d, 1H, J = 8.1 Hz, H-4'); 7.92 (d, 1H,
J = 8.8 Hz, H-3d); 7.79 (s, 1H, H-2"); 7.56 (d, 1H, J = 7.4 Hz, H-7"); 7.34 (m, 2H, H-5', H-
6"); 6.68 (d, 2H, J = 8.8 Hz, H-3c); 4.40 (dd, 1H, /= 3.9 and 4.2 Hz, H-6); 3.54 (dd, IH, J =
14.9 and 4.2 Hz, H-6a); 3.51 (d, 1H, J = 16.9 Hz, H-3); 3.21 (dd, 1H, J = 14.9 and 3.9 Hz, H-
6a); 3.12 (s, 3H, H-1a); 2.54 (d, 1H, J = 16.9 Hz, H-3a); 2.16 (s, 3H, H-4b); 1.62 (s, 9H, H-
1'c) ppm. 13C NMR (63 MHz, CDCl3) d: 185.6 (C4a); 168.2 (C5); 165.6 (C2); 163.3 (Cl'a);
(

Y. 135.0 (C7'a): 129.9 (C3'3): 126.5 (C3c): 125.1 (C2): 124
); 135.0 (C7'a); 129.9 (C3'a); 126.5 (C3c); 125.1 (C2)H; 124.
-y~
.

D

3. ); 119.0 (Co"; 4 (C7Y;, 113.2 (C3"); 84.6 (Ci'b);
(C6); 44.4 (Cba); 32.4 (Cla); 28.1 (Cl'c); 20.7 (C4b) ppm. MS: 550

(M+ C28H30N408+, 0.007%); 492 (M* - t-BuH; Co4H,gN4Og*; 0.03%); 404 (M+- t-BuH -

AcH - COj; C31HgN4OsTF; 0.08%); 150 (C7H4NO3t; 13%); 130 (CoHgNt; 100%); 57

(C4Hot; 61%).

Data for 20. Yield 40%, after chromatography eluting with ethyl ether. M.p. 199- 201 °C

(chloroform/hexane) IR

IH-NMR (250 MH

YAAN s s

\ W
—
> C )
ey
t

(C
(C

.1

H-6); 3.44 (dd, iH, /= 14.7 and 3.1 Hz, H-6a); 3.

2.56 and 2.52 (2s, 6H, H-1b, H-1'b); 0.98 (d, 3H-Z, J = 76Hz H3b) 163(d 3H-E, J=17.6
Hz, H-3b) ppm. I3C-NMR (63 MHz, CDCl3) &: 172.5 (Cl'a); 168.4 (Cla); 166.7 (C5); 161.1
(C2);135.6 (C7'a); 130.0 (C3'a); 126.5 (C3); 126.4 (C2"); 125.6 (C5"); 123.5 (C4"); 118.7
(C6"); 118.0 (C3a); 116.3 (C3"); 115.3 (C7"); 56.6 (C6); 28.6 (C6a); 26.9 and 23.8 (C1'b

and C1b); 10.6 (C3b) ppm. Found: C, 64.42; H, 5.15; N, 11.61. C;oHgN30 requires C,

64.77; H, 5.15; N, 11.93. [a]p2! =-3.0 (c = 0.02, CI3CH).
Data for 21. Yield 80%. after chromatogranhv alutino with dichlaromethane Mn 221.92%
. £y L éluk]ll) Ulublllé AANSZ7VERVILTONIAVI R VISP TA R IEN Y L l'l-l_l. ot ot X, et et I
Ot fath e n1Y TD M- MLIIN. 28N (NI 177N) 1AQQ 1647 amd 1421 (—MY 1841 (NN
U lulalivul). 1IN vimax (P13vn). D04V UNIL), 1/7VUZ, 1U0Z, 11U/ dllU 1UJ1 \(—U), 10Ul (INUY))
1 13Y RTA ATY /AN R ATTY AT VS 0 190 71 1TT T N A TT_ YT AN, M N s 1 ALY T O 7 TY,
cm ™t tH-INVIK (LOU MHZ, CDUI3) 0. 8.10 (4, 11,/ =254 117, r1-4), /.90 Q, 4N, J = 0.0 07z,

3
H-3d); 7.55 (m, 1H, H-7%); 7.39 (m, 2H, H-5', H-6'); 7.27 (s, 1H, NH); 7.02 (s, TH, H-2);
6.48 (s, 1H, H-3a); 6.28 (d, 2H, J = 8.6 Hz, H-3c); 5.38 (dd, 1H, J = 4.7 and 2.8 Hz, H-6);
3.59 (dd, 1H, J = 2.8 and 14.8 Hz, H-6a); 3.29 (dd, 1H, J = 4.7 and 14.7 Hz, H-6a); 2.65 and
2.52 (2s, 6H, H-1b, H-1'b) ppm. 13C-NMR (63 MHz, CDCl3) &: 172.2 (Cl'a); 168.2 (Cla);
165.3 (CS); 160.9 (C2); 147.1 (C3e); 138.1 (C3b); 135.6 (C7'a); 129.8 (C3'a); 128.7 (C3d);

127.2 (C27); 126.7 (C3"); 126.0 (C5'); 124.0 (C3c); 123.9 (C4"); 118.9 (C6"); 116.8 (CT');
115.0 (C3a); 114.7 (C3); 56.8 (C6); 28.6 (C6a); 26.9 (Cl'b); 23.7 (Clb) ppm. Founﬂ C,
62.64; H, 4.00; N, 12.11. Co4H9N4Og requires C, 62.74; H, 4.17; N, 12.19. [a]p?! =-1.6
(¢ = 0.06, CI3CH)
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Dincdicnts YV /N 17 crnse 1Y DO ) VL e e B B Altniaand loe

ry UuLld L0 (V.10 11nuul ), 47 (U.JU L } d.llu JU \U JJ 1L llllUl} WEIE ODtainea Uy llcd.‘.lllg Lut:

piperazinadione 27 (1 mmol) and acetic anhydrlde at 140 °C for 6 h, and were separated by
column chromatography using dichloromethane/ethyl acetate as eluents.

Data for 28. Yield 13%. M.p. 94-96 °C (chloroform/hexane). IR vijax (Br3CH): 3325
(NH), 1742, 1684 (C=0) cm~!. ITH-NMR (250 MHz, CDCl5) &: 8.23 (br s, 1H, NHi); 7.59 (d,
1H, J =7.7 Hz, H-4"); 7.40 (d, 1H, J = 8.1 Hz, H-7"); 7.16 (m, 2H, H-5', H-6'); 7.08 (d, 1H,
J = 2.0 Hz, H-2"); 6.05 (s, 1H, NH); 5.28 (m, 2H, H-3, H-6); 4.43 (m, 1H, H-3a); 3.75 (dd,
1H, J = 14.2 and 2.9 Hz, H-6a) 3.14 (dd, 1H, J = 14.2 and 10.8 Hz, H-6a); 2.56 (s, 3H, H-

e

) . ; 120.
a); 58.0 (C6); 31.7 (C6a); 26.2 (C3b"); :
32; N, 10.98. C{9H;N305 requires C, 61.43; H, 5.70; N, 11.32.
Data for 29. Yield 36%. M.p. 187-189 °C (chloroform/hexane). IR vjax (Br3CH): 3369
(NH), 1683, 1650 (C=0) cm~1. IH-NMR (250 MHz, CDCl5) &: 8.32 (br s, 1H, NHi); 8.07 (s,

1H, NH); 7.57 (d, 1H, J = 7.5 Hz, H-4"); 7.22 (d, 1H, J = 6.1 Hz, H-7"); 7.14 (m, 2H, H-5',

H-6'); 6.72 (d, 1H, J = 2.4 Hz, H-2); 5.50 (g, 1H, J = 7.5 Hz, H-3a); 5.25 (dd, 1H, /=53
and 2.7 Hz, H-6); 3.58 (dd, 1H, J = 14.7 and 2.7 Hz, H-6a); 3.25 (dd, 1H, J = 14.7 and 5.3
Hz, H-6a); 2.51 (s, 3H, H-1b); 0.87 (d, 3H, J = 7.0 Hz, H-3b) ppm. 13C-NMR (63 MHz;
CDCl3) 8: 172.5 (Cla ); 167.3 and 160.9 (C2 and CS5); 136.1 (C7'a); 127.5 (C3); 126.4
(C3'a); 125.6 (C2'); 122.3 (C5'); 119.7 (C4"); 118.7 (C6"); 116.9 (C3a); 110.7 (C7"); 108.5
(C3%); 57.2 (C6); 28.7 (C6a); 26.9 (Cib); 10.2 ( C3b) ppm. Found: C, 65.26; H, 5.20; N,

13.19. C17H17N303 requ1res C, 65.57; H, 5.51; N, 13.50.

Data for 30. Yield 33%. M.p. 130-132 °C (ethyl acetate/hexane). IR vipax (Br3CH): 3370
(NH), 1721, 1695, 1640 (C=0) cm-!. IH-NMR (250 MHz, CDCl3) &: 8.15 (br s,1H, NHi);
7.44 (d, 1H, J = 7.3 Hz, H-4"); 7.28 (d, 1H, J = 8.0 Hz, H-7"); 7.10 (m, 2H, H-5', H-6"); 6.79

(d, 1H, J = 2.4 Hz, H-2"); 6.08 (g, 1H, J = 7.4 Hz, C-3a); 5.52 (dd, 1H, J = 5.4 and 4.3 Hz,
H-6); 3.60 (dd, 1H, J = 15.4 and 4.3 Hz, H-62); 3.26 (dd, 1H, J = 15.4 and 5.4 Hz, H-6a);
2.55 (s, 3H, H-4b); 2.48 (s, 3H, H-1b); 0.64 (d, 3H, J = 7.4 Hz, H-3b) ppm. 13C-NMR (63
MHz; CDCl3) 8: 171.9 (C4a); 169.7 (Cla); 167.5 (C5); 163.3 (C2); 136.1 (C7'a); 135.0 (C3);

127.1 (C3'a); 125.5 (C2); 124.7 (C5"); 122.6 (C4"); 119.9 (C6"; 118.5 (C3a); 111.0 (CT";
108.9 (C3"; 59.1 (C6); 28.3 (C6a); 26.6 (C4b and C1b); 14.3 (C3b) ppm. Found: C, 64.21;
H, 5.40; N, 11.55. C{9H|9N304 requires C, 64.53; H, 5.38; N, 11.89.
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