
J. Med. Chem. 1994, 37, 2401-2405 2401 

Geiparvarin Analogues. 4.1 Synthesis and Cytostatic Activity of Geiparvarin 
Analogues Bearing a Carbamate Moiety or a Furocoumarin Fragment on the 
Alkenyl Side Chain 
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As a continuation of previous studies on the synthesis and antitumor activity of geiparvarin 
analogues bearing a carbamate moiety in the alkyl side chain, a series of N-substituted [(.E)-
3-(4,5-dihydro-5,5-dimethyl-4-oxo-2-furanyl)-2-butenyl]carbamates (15a-f) were synthesized 
and tested with the objective to investigate the reason for the marked difference of cytostatic 
activity found between alkyl and phenyl derivatives. A series of compounds, characterized by 
different physicochemical properties, were designed in order to study this hypothesis. Moreover, 
to further investigate the modification of the alkenyl side chain, (E)- and (Z)-[2-(4,5-dihydro-
5,5-dimethyl-4-oxo-2-furanyl)propenyl]-7W-furo[3,2-^][l]benzopyran-7-one ( l la ,b) were syn
thesized, the latter compounds being the combination of two units, namely, the 3(2ff)-furanone 
ring system endowed with potent alkylating properties and the furocoumarin portion which 
binds to DNA resulting in potential DNA-targeted alkylating agents. The compounds were 
tested for their cytostatic activity against proliferation of murine (L1210) and human (Molt/ 
4F, CEM, or MT-4) tumor cells. The highest cytostatic activity found within both series of 
carbamic derivatives (15a—d,k and 15e,g-j) was associated with the highest global lipophilicity. 
With regard to compounds l la ,b , the cytostatic activity of (Z)-furocoumarin l i b might be related 
to a specific interaction with DNA (i.e., intercalation). 

Introduction 
Geiparvarin (I)2 is an antitumor agent which belongs 

to the class of natural 3(2H)-furanone derivatives of 
plant origin. This natural molecule together with more 
complex structures such as jatrophone (2)3 and ereman-
tholides A, B, and C (3)4 is gaining continuing interest 
in view of its interesting antitumor activity. All these 
compounds display significant inhibitory activity against 
a variety of cell lines including sarcoma 180, Lewis lung 
carcinoma, P-388 lymphocytic leukemia, and Walker 256 
carcinosarcoma.5-7 It has been well documented in the 
literature and by us that the 3(2H)-furanone ring 
system seems to be responsible for the biological action 
of this class of compounds.8-10 A. B. Smith III and co
workers5 showed that 1,6-conjugate addition (Michael 
addition) of bionucleophiles to the 3(2if)-furanone ring 
system could be the basis for the possible mode of action 
of this class of compounds. 

Continuing our efforts in the field of antitumor 
agents, since 1985, we have initiated a study on the 
synthesis and structure—activity relationship of geipar
varin and related compounds with the aim of finding a 
structure of possible clinical interest. In previous 
reports, we have described the sequential modification 
of the three crucial areas responsible for the activity of 
this compound, namely, the 3(2H)-furanone ring, the 
unsaturated side chain, and the coumarin moiety. In 
particular, during these studies, a series of 4,5-dihydro-
3(2if)-furanones structurally related to ascofuranone as 
well as 2",3"-dihydrogeiparvarin were designed and 

f Katholieke Universiteit Leuven. 
8 Abstract published in Advance ACS Abstracts, June 15, 1994. 

1 
Geiparvarin 

A: R = iPr 
B: R • sec-Bu 
C: R = CMe-CH2 

synthesized.10 The introduction of the characteristic 
alkenyl side chain of ascofuranone markedly decreased 
the cytostatic activity as compared to that of geipar
varin: this effect does not seem to be correlated to the 
presence of the furanone moiety linked to the alkenyl 
chain or to the ability to afford Michael-type adducts. 
Interestingly, the essential inactivity of 2",3"-dihy-
drogeiparvarin points to the importance of the 3(2if)-
furanone ring system in the cytostatic activity, and 
consequently, this moiety may be considered as the 
determinant pharmacophore for antitumor activity, 
while the side chain, rather, plays a modulatory role.10 

This result confirmed unequivocally the hypothesis 
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formulated by A. B. Smith III.5 More recently, we have 
also synthesized a series of derivatives bearing a car
bamate moiety on the alkenyl side chain;9 carbamates 
are known11 to possess cytotoxic activity, and the 
combination of this moiety with the 5-alkenyl-3(2fl> 
furanonic one (endowed with alkylating properties) led 
us to the discovery of a new class of derivatives which 
were characterized by a good antitumor activity. Sur
prisingly, and in contrast with previously reported data 
on AT-phenyl carbamates,11 only alkyl carbamates showed 
appreciable activity, whereas the phenyl derivative was 
completely inactive. 

These results prompted us to study novel derivatives 
of geiparvarin with different modifications on the alk
enyl side chain; in particular, a series of new carbamate 
analogues, 15a-f, as well as the furocoumarin deriva
tives l la ,b were synthesized and examined for biologi
cal activity. 

Carbamates 15a-f, characterized by different phys
icochemical properties, were synthesized with the objec
tive to investigate the reason for the marked difference 
of activity found between alkyl (15g-j) and phenyl (15k) 
derivatives during the previous study.9 In particular, 
we were attracted by the idea that the activity could be 
related to the ability of the carbamic bond to release 
acylating functionalities (i.e., an isocyanate moiety) and 
thus, ultimately, by the physicochemical properties of 
the substituents at the nitrogen. 

OCONHR 

I 5 g - k 

g: R= butyl; h: R= octyl; I: R= t-butyl; | : R= allyl; k: R= phenyl 

To further investigate the modification of the alkenyl 
side chain, we envisaged the furocoumarins l la ,b as 
derivatives of possible interest. The latter compounds 
emanated from the following consideration: it is well 
known that the combination of two pharmacophores for 
the same activity may afford derivatives more active 
than the starting ones. Taking this into account, it was 
reasonable to think that the combination of two units, 
namely, (a) the 3(2ff)-furanone ring system endowed 
with potent alkylating properties and (b) the furocou
marin moiety which binds to DNA and RNA, would give 
a novel 3(2H)-furanone analogue with improved cyto
static activity as compared to that of the parent com
pound. Moreover, further data on the structure-
activity relationships can be drawn from the conforma
tional restriction induced by the incorporation of the oxy 
methylene fragment of the alkenyl side chain into the 
rigid furocoumarin moiety. 

Chemistry 
Synthesis of Furocoumarin Derivatives l la ,b. 

The isoxazole 6 was obtained through a [3 + 2] cycload-
dition of the nitrile oxide generated from the nitro 
derivative 4 on the alkyne 5 (Mukaijama conditions). 
On exposure of the isoxazoles 6 to molybdenum hexa-
carbonyl in wet acetonitrile, a clean transformation of 
the isoxazole ring to the /i-enaminones 7 was obtained. 
The acid-catalyzed cyclodehydration of 7 with 75% acetic 

Scheme 1 

/f\ + 0-<^J> C6HBNCO 

TEA,Benzene N-O > ' 

Mo(CO)6, CH3CN, 
H2O, reflux 

O ^ „ 0 . 

XJ 
Aqueous acetic acid HO' D ^ y ' r ' o ^ ^ 

NH2 O 

7 
I)HCI, H2O7MeOH 
2} pyridinium chlorochromate 

I .Cl W ' V o 1 

DMSO, KOC(CH3I3 

118(E) 
11b (2) 

acid produced the desired 3(2H)-furanones 8 in 73% 
yield (Scheme 1). 

The THP derivative 8 was easily transformed into the 
ketone 9 through a two-step sequence involving the 
removal of the THP-protecting group by gently hydroly
sis with aqueous HCl followed by oxidation of the alcohol 
function to the ketone derivative 9 by using pyridinium 
chlorochromate. 

The furocoumarin derivatives 11a,b were obtained 
through a Wittig reaction between the phosphonium salt 
10 and the ketone 9 by using potassium tertf-butoxide 
in anhydrous dimethyl sulfoxide. The phosphonium salt 
10 was in turn obtained through a two-step sequence: 
psoralene was first chloromethylated by using paraform
aldehyde in the presence of hydrogen chloride, and the 
latter chloromethylated derivative was subsequently 
transformed into the phosphonium salt 10 by simply 
refluxing with triphenylphosphine in benzene solution. 

The stereochemistry E or Z for compounds l la ,b was 
assessed by means of their 1H NMR spectra. The signal 
for the vinylic proton of the Z isomer appeared at 0.79 
ppm higher field than that of the E isomer. These data 
agree with those reported for a trisubstituted double 
bond bearing a methyl group and two aryl functions as 
substituents. These data are also corroborated by 
NOESY and C0SY-2D experiments. 

Synthesis of Carbamates 15a-f. The strategy 
used for the synthesis of the 3(2H)-furanone ring system 
of compounds 15a—f, depicted in Scheme 2, is the same 
as that which we recently described for the synthesis 
of carbamate analogues 15g—k.9 The diol 12 undergoes 
facile ring cleavage by reaction, at reflux, with molyb
denum hexacarbonyl in wet acetonitrile. The acid-
catalyzed cyclodehydration of 13 with 75% acetic acid 
produced the desired 3(2if)-furanones 14 in 50% yield. 
Simple reaction of the alcohol 14 with the appropriate 
isocyanate in toluene solution at reflux afforded the 
carbamates 15a-f in 15-79% yield. However, com
pound 15f was unstable over a few days even if stored 
at a low temperature. 

Results and Discussion 

A structure-activity study was conducted for the 
series of carbamic derivatives 15a—f, prepared in this 
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Scheme 2 
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a: R= p-fluorophenyl; b: R= p-methoxyphenyl; c: R= p-trifluoromethylphenyl; 
d: R= p-chlorophenyl; e: R- COC2H5; f: R= Si(CH3J3 

Table 1. Correlation Matrix 

iV-alkyl derivatives 15e ,g- j 

MR) MR 

MR 0.704 1 
s -0 .408 0.230 

iV-aryl derivatives 15a -d ,k 

Jt(K) F 

F 0.168 1 
R 0.393 0.183 

study, and for compounds 15g-k obtained in a previous 
study.9 The substituents were divided into two sub
sets: subset A varied by the para substitution (X) on 
the phenyl ring, and subset B varied by the alkyl 
substitution (R) on the nitrogen. These compounds were 
chosen on the basis of their synthetic availability, to 
ensure maximum variance and minimum colinearity 
between parameters characterizing the physicochemical 
properties of the substituents (Table 1). Using the 

Hansen approach, the various substituents were evalu
ated for electronic and steric effects and lipophilicity.12-14 

Lipophilicity (jr) of substituents was calculated from 
CLOGP,15 with Jr(R) = 0 for R = H and nOO = 0 for X = 
H. Electronic effects of the nitrogen substituents were 
determined by using the Taft electronic parameter (s*),16 

and molecular refractivity (MR), used as a steric index, 
was calculated from CMR17 with MR(R) = 0 for R = H. 
Electronic effects of the para substituents on the phenyl 
ring were determined by using the R and F electronic 
parameters.18 Carbamates 15a-f and furocoumarin 
derivatives lla,b were evaluated for their inhibitory 
effects on the proliferation of murine (L1210) and 
human (CEM) and Molt/4F) tumor cells, and the data 
are reported in Table 2. 

The cytostatic activity of the carbamate derivatives, 
reported in Table 2, does not give any significant 
correlation with any of their physicochemical param
eters considered in Table 2. The activity does not 
significantly differ within each subset of compounds. 
Regardless of the alkyl substituent (i.e., 15g-i) or 
alkenyl substituent (i.e., 15j), the cytostatic activity 
varied between 3.7 and 40 /uM. Phenyl-substituted 
derivatives (i.e., 15a-d,k) were virtually inactive 
(IC50: H8 — 500 ̂ M) (Table 2). Thus, there appeared 
to be a dramatical drop of the cytostatic activity in the 
case of the phenyl substituents, when compared with 
the alkyl-substituted carbamate derivatives. Regarding 
the furocoumarin derivatives, both E-Ua and Z-Hb 
isomers were prepared. As shown in Table 2, compound 
Ha was completely inactive (IC50 > 500 ^M) whereas 
the Z isomer Hb displayed a moderate activity (IC50: 
40-79 /iM). This behavior could account for a specific 
interaction of these compounds with their target (i.e., 
DNA). Other 3(2ff)-furanone derivatives, prepared 
during previous studies9 and featured by a dienic side 
chain, showed a similar pattern of activity with respect 
to that of the Z isomer l ib. 

Table 2. Pharmacological and Physicochemical Data of Test Compounds lla.b and 15a-e,g-j,k 

0 0 0 
H 

^ ' " ^ x 1 0 

15a-d,k 15a,g-j 
0-

11a (E), 11b (Z) 
ra 

compd 

11a 
l i b 
15a 
15b 
15c 
15d 
15k 

15e 
15g 
15b. 
15i 
15j 

L1210" 

>500 
40 ± 1 4 

>500 
337 ± 133 
217 ± 16 
240 ± 44 

>600* 

>500 
9.2 ± 2.3* 
5.9 ± 0.6* 

15 ± 1.1* 
23 ± 4.1* 

Molt/4F° 

>500 
79 ± 6.7 

>500 
>500 

118 ± 20 
178 ± 5 

>600* 

>500 
19 ± 7.6* 

5 ± 0.26* 
22 ± 5.2* 
40 ± 1.9* 

CEM" 

>500 
59 ± 3 0 

>500 
>500 

124 ± 9 
189 ± 10 

>500 
4.3 ± 0.7* 
3.7 ± 0.6* 
7.4 ± 1.1' 

10 ± 3.1 ; 

MR)6 Jt(XY 

Subset A 

2.47 

0.36 
-0 .05 

1.25 
0.92 

Subset B 
0.51 
2.12 
4.25 
1.78 
0.99 

s*d 

0.63 

2.26 
-0 .19 
-0 .07 
- 0 . 3 

0.12 

MR* 

8.2 

7.3 
7.6 
9.43 
7.6 
7.1 

Rf 

-0 .34 
-0 .51 

0.19 
-0 .15 

Ff 

0.43 
0.26 
0.38 
0.41 

CLOGP* 

3.06 
2.75 
3.95 
3.63 
2.70 

2.37 
4.49 
2.02 
1.23 

R 

- F 
- O M e 
- C F 3 

- C l 
- H 

-COOEt 
—C4H9 
—CsHi7 
-2-C4H9 
—CH2—CH-CH2 

0 IC50 (^M). b (R) = relative lipophilicity for substituents R, calculated on the CLOGP3.54 program15 with (R) = 0 for R = H. c Relative 
hpophilicity for substituents X, calculated on the CLOGP3.54 program15 with MX) = 0 for X = H. d s* = value of inductive effects on 
nitrogen substituents (R), electronic parameter of Taft.16 ' MR = relative molar refractivity of nitrogen substituents, calculated by the 
program CMR17 with MR(R) = 0 for R = H. fF and R = values of inductive and resonance effects on phenyl substituents (X), electronic 
parameter of Swain.18 « Global lipophilicity, calculated with the CLOGP3.54 program16 with CLOGP = 0.237 for R = H.* Data taken 
from ref 9. ' Data for human MT-4 cells. 
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In conclusion, our resul ts could be summarized as 
follows. Subst i tu t ion of the carbamic moiety wi th 
subst i tuents different from alkyl invariably led to inac
tive compounds irrespective of the physicochemical 
pa ramete rs considered (compare 15g—j with 15a—e,k). 
No significant var ia t ions in the activity were observed 
following variat ions of the pa ramete r s within each of 
the two subsets of compounds (see compounds 1 5 g - j 
and 1 5 a - e , k ) . The inactivity of 15e was interpreted 
by the consistent var ia t ion of the Ti(R) and s* values, 
as well as the conversion of the carbamic moiety to an 
imide-like function. Moreover, the most active com
pound in the series of the alkyl-substi tuted carbamates 
appeared to be 15h, which was also endowed with the 
highest overall global lipophilicity. Also, 15c had the 
highest cytostatic activity and lipophilicity within the 
phenyl-substi tuted derivatives. This indicates t h a t the 
cytostatic activity is re la ted to the global lipophilicity. 

The moderate cytotoxicity of the (Z)-furocoumarin 
isomer l i b points to a possible different mechanism of 
action for these coumarins, as compared to t h a t for the 
pa ren t geiparvarin or the carbamate derivatives, and 
we may advance the hypothesis of a potential interac
tion wi th DNA (i.e., intercalation). 

E x p e r i m e n t a l S e c t i o n 

Melting points were obtained in open capillary tubes and 
are uncorrected. Reaction courses and product mixtures were 
routinely monitored by thin-layer chromatography (TLC) on 
silica gel precoated F254 Merck plates. Infrared spectra (IR) 
were measured on a Perkin-Elmer 257 instrument. Nuclear 
magnetic resonance (1H NMR) spectra were determined for 
solution in CDCI3 with a Bruker AC-200 spectrometer, and 
peak positions are given in parts per million downfield from 
tetramethylsilane as internal standard. Petroleum ether 
refers to the fractions' boiling range of 40-60 0C. Column 
chromatographies were performed with Merck 60-200 mesh 
silica gel. All drying operations were performed over anhy
drous magnesium sulfate. Column chromatography (medium 
pressure) was carried out by using the flash technique.19 

Microanalyses were in agreement with calculated values 
within ±0.4%. 

Starting Materials. Compounds 4 and 14 were prepared 
according to the procedure that has been previously de
scribed.20 The THP derivative 5 was simply prepared by 
standard procedure by reaction with 2,3-dihydro-4i7-pyran 
(DHP) in the presence of a catalytic amount of p-toluene-
sulfonic acid (TsOH). 

(±)-3-(l-Hydroxy-l-methylethyl)-5-[l-[(tetrahydro-2ff-
pyran-2-yl)oxy]ethyl]isoxazole (6). To a solution of 4 (10 
g, 52 mmol) and 5 (23.8 g, 156 mmol) in dry benzene (30 mL) 
containing triethylamine (0.5 mL) was added phenyl isocyan-
ate(14.1 mL, 130 mmol) in dry benzene (10 mL) dropwise at 
room temperature, and the mixture was allowed to stand 
overnight. The cooled mixture (5 0C) was filtered, and the 
filtrate was washed with 2% ammonia (2 x 50 mL and brine 
(3 x 50 mL), dried, and evaporated in vacuo. The residue was 
flash chromatographed on silica gel (ethyl acetate—petroleum 
ether, 3/7). Compound 6 was obtained as an oil: 6.8 g, 51% 
yield; IR (film) 1690, 1570 cm"1; 1H NMR (CDCl3) 6 1.51 (d, 
3H, J = 6.1 Hz), 1.65 (s, 6H), 1.42-1.8 (m, 6H), 3.40 (br, IH), 
3.68 (m, IH), 3.95 (m, IH), 4.65 (m, 2H), 6.27 (s, IH). 

(±)-(£)-2-Hydroxy-l-methyl-3-amino-5-oxo-6-[(tetrahy-
dro-2£f-pyran-2-yl)oxy]hepatane (7). A solution of the 
isoxazole 6 (1.53 g, 6 mmol) in acetonitrile (40 mL) containing 
water (50 drops) was treated with molybdenum hexacarbonyl 
(0.79 g, 3 mmol) and heated at reflux for 1.5 h with stirring. 
Celite (5 g) was added to the cooled solution and the resulting 
mixture evaporated in vacuo. The residue was flash chro
matographed on silica gel (ethyl acetate—petroleum ether) to 
give 7 as an oil: 1.24 g, 81% yield; IR (film) 3400,1690,1620, 
1550 cm-1; 1H NMR (CDCl3) d 1.32 (d, 3H, J = 6.0 Hz), 1.45 

(s, 6H), 1.42-1.8 (m, 6H), 2.09 (br, IH), 3.46 (m, IH), 3.86 (m, 
IH), 4.08 (m, IH), 4.55 (m, IH), 5.27 (s, IH), 6.71 (br, IH), 
10.08 (br, IH). 

(±)-2^-Dimethyl-5-[l-[(tetrahydro-2H-pyran-2-yl)oxy]-
ethyl]-3(2J7)-furanone (8). A solution of 7 (0.64 g, 2.5 mmol) 
in tetrahydrofuran (20 mL) was stirred at room temperature 
for 24 h with 75% acetic acid (20 mL). The mixture was 
concentrated in vacuo and the residue poured into water and 
extracted with ethyl acetate (3 x 20 mL). The combined 
extracts were dried and evaporated in vacuo. The residue was 
chromatographed on silica gel (ethyl acetate-petroleum ether, 
3/7) to give 8 as an oil: 0.43 g, 73% yield; IR (film) 1690,1570 
cm"1; 1H NMR (CDCl3) 6 1.35 (s, 6H), 1.51 (d, 3H, J = 6.2 
Hz), 1.42-1.8 (m, 6H), 3.62 (m, IH), 3.95 (m, IH), 4.65 (m, 
2H), 5.51 (s, IH). 

2,2-Dimethyl-5-acetyl-3(2ff)-furanone (9). Compound 8 
(2 g, 12.8 mmol) was solubilized in methanol (20 mL) and 
treated with 10% HCl (20 mL). The reaction was left at room 
temeprature for 0.5 h and then concentrated in vacuo. The 
residue was solubilized in diethyl ether, washed with brine, 
dried, and evaporated and then poured in 20 mL of methylene 
dichloride and treated with pyridinium chlorochromate (14 g, 
64 mmol). The resulting suspension was stirred at room 
temperature for 12 h. The mixture was diluted with diethyl 
ether (50 mL) and filtered over a pad of Celite. The filtrate 
was evaporated in vacuo and the residue flash chromato
graphed on silica gel (ethyl acetate-petroleum ether, 2/8). 
Compound 9 was obtained as solid material, mp 42-44 0C 
(diethyl ether), 1.28 g, 65% yield. A sample of the intermediate 
alcohol gave, after flash chromatography on silica gel (diethyl) 
ether-petroleum ether, 4/6), the following spectroscopic data: 
IR (film) 3400, 1690, 1580 cm"1; 1H NMR (CDCl3) d 1.38 (s, 
6H), 1.51 (d, 3H, J = 6.2 Hz), 3.0 (br, IH), 4.63 (m, IH), 5.59 
(s, IH). Compound 9: IR (KBr) 1700, 1570 cm"1; 1H NMR 
(CDCl3) d 1.45 (s, 6H), 2.50 (s, 3H), 6.11 (s, IH). Anal. 
(C8Hi2O3)C: calcd, 61.52; found, 61.94. H: calcd, 7.74; found, 
8.12. 

2-[(Triphenylphosphoniumyl)methyl]-7H-furo[3,2-£]-
[l]benzopyran-7-one Chloride (10). Psoralen (0.5 g, 2.6 
mmol) was solubilized in aqueous acetic acid (80%) containing 
paraformaldehyde (0.085 g, 2.6 mmol), and the mixture was 
treated with hydrogen chloride at 60-70 0C for 1 h. The 
reaction mixture was stirred at room temperature for one night 
and the mixture diluted with ethyl acetate and washed with 
brine. The organic phase was dried and evaporated in vacuo, 
and the residue solid was flash chromatographed on silica gel 
(ethyl acetate—petroleum ether, 3/7). The 2-(chloromethyl)-
7.H-furo[3,2-g][l]benzopyran-7-one was obtained as a solid ma
terial: mp 168-170 °C (ethyl acetate-petroleum ether); yield 
80%; 1H NMR (CDCl3) 6 4.70 (s, 2H), 6.39 (d, IH, J = 10.2 
Hz), 6.80 (s, IH), 7.45 (s, IH), 7.64 (s, IH), 7.78 (d, IH, J = 
10.2 Hz). The above chloromethyl derivative (1 g, 4.2 mmol) 
was solubilized in benzene containing triphenylphosphine (1.67 
g, 6.39 mmol) and the solution refluxed for 24 h. The 
suspension was filtered and the solid material washed with 
ethyl acetate: 1.6 g, 76% yield; mp 295-296 0C (ethanol-
diethyl ether). 

CE)-[2-(4,5-Dihydro-5,5-dimethyl-4-oxo-2-furanyl)pro-
penyl]-7iJ-furo[3,2-£][l]benzopyran-7-one (Ha) and (Z)-
[2-(4,5-Dihydro-5,5-dimethyl-4-oxo-2-furanyl)propenyl]-
7if-furo[3,2-#][l]benzopyran-7-one (lib). The phosphonium 
salt 10 (4.9 g, 10 mmol) was added, at room temperature, to a 
stirred solution of potassium tert-butoxide (1.2 g, 10 mmol) in 
anhydrous dimethyl sulfoxide (10 mL). The mixture was 
stirred for 1 h until dissolution was complete. The ketone 9 
(1.12 g, 7.3 mmol) in dimethyl sulfoxide (5 mL) was then added 
dropwise to the yellow solution. The mixture was stirred at 
25 0C for 1 h and then the reaction quenched with saturated 
aqueous sodium chloride (200 mL) and the mixture extracted 
with diethyl ether (2 x 100 mL). The combined ether extracts 
were washed with saturated aqueous sodium chloride, dried, 
and evaporated under reduced pressure. The solid residue was 
chromatographed on silica gel (diethyl ether-petroleum ether) 
to give l la .b as solid materials. Ha : mp 231-233 0C 
(ethanol); 0.36 g, 15% yield; 1H NMR (CDCl3) 6 1.49 (s, 6H), 
2.23 (s, 3H), 5.71 (s, IH), 6.37 (d, IH, J = 10.0 Hz), 6.68 (s, 
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IH, vinyl), 6.93 (s, IH), 7.32 (s, IH), 7.63 (s, IH), 7.77 (d, IH, 
J = 10.0 Hz). Anal. (C20Hi6O6) C, H. l ib : mp 240-242 0C 
(acetonitrile); 0.65 g, 27% yield; 1H NMR (CDCl3) d 1.46 (s, 
6H), 2.44 (s, 3H), 5.77 (s, IH), 6.41 (d, IH, J = 10.2 Hz), 6.99 
(s, IH), 7.32 (s, IH), 7.47 (S, IH, vinyl), 7.70 (s, IH), 7.80 (d, 
IH, J = 10.2 Hz). Anal. (C20Hi6O6) C, H. 

General Procedure for Preparation of N-Substituted 
[(£)-3-(4,5-Dihydro-5,5-dimethyl-4-oxo-2-furanyl)-2-bute-
nyl]carbamates 15a-f. To a solution of the alcohol 14 (0.5 
g, 2.7 mmol) in dry toluene (15 mL) was added the appropriate 
isocyanate (4 mmol), and the solution was heated at relux for 
3 h. The mixture was concentrated in vacuo, and the residue 
was solubilized in diethyl acetate, washed with 5% aqueous 
ammonia (2 x 25 mL) and brine (3 x 50 mL), and dried. After 
removal of the solvent, compounds 15a-f were obtained as 
solids. 15a: mp 130-132 0C (ethyl acetate-petroleum ether); 
77% yield; IR (KBr) 3320, 1710-1690, 1640, 1550 cm"1; 1H 
NMR (CDCl3) 6 1.40 (s, 6H), 1.98 (s, 3H), 4.89 (d, 2H, J = 6.2 
Hz), 5.59 (s, IH), 6.63 (br t, IH), 7.01 (m, 3H), 7.35 (m, 2H). 
Anal. (Ci7Hi8FNO4) C, H, N. 15b: mp 89-90 0C (ethyl 
acetate-petroleum ether); 70% yield; IR (KBr) 3300, 1700, 
1650,1550 cm"1; 1H NMR (CDCl3) 6 1.40 (s, 6H), 1.97 (s, 3H), 
3.78 (s, 3H), 4.90 (d, 2H, J = 6.0 Hz), 5.58 (s, IH), 6.63 (br t, 
IH), 6.70 (br, IH), 6.85 (d, 2H, J = 9.5 Hz), 7.31 (d, 2H, J = 
9.5 Hz). Anal. (Ci8H2iN06) C, H, N. 15c: mp 120-122 0C 
(ethyl acetate-petroleum ether); 66% yield; IR (KBr) 3330, 
1710-1690, 1650 cm"1; 1H NMR (CDCl3) d 1.40 (s, 6H), 1.99 
(s, 3H), 4.92 (d, 2H, J = 6.2 Hz), 5.60 (s, IH), 6.63 (br t, IH), 
7.27 (s, IH), 7.56 (s, 4H). Anal. (Ci8Hi8F3NO4) C, H, N. 15d: 
mp 105-106 0C (diethyl ether-petroleum ether); 79% yield; 
IR (KBr) 3300,1710-1690,1650,1550 cm"1; 1H NMR (CDCl3) 
d 1.40 (s, 6H), 1.99 (s, 3H), 4.92 (d, 2H, J = 6.0 Hz), 5.59 (s, 
IH), 6.62 (br t, IH), 6.83 (br, IH), 7.30 (m, 4H). Anal. (Ci7Hi8-
ClNO4) C, H, N. 15e: mp 86-87 0C (ethyl acetate); 67% yield; 
IR (KBr) 1790, 1700, 1640 cm"1; 1H NMR (CDCl3) 6 1.28 (t, 
3H), 1.40 (s, 6H), 1.97 (s, 3H), 4.23 (q, 2H), 4.92 (d, 2H, J = 
6.5 Hz), 5.59 (s, IH), 6.58 (br t, IH), 7.15 (br, IH). Anal. 
( C H H I 9 N O 6 ) C, H, N. 15f: mp 65-67 0C (ethyl acetate-
petroleum ether); 15% yield; unstable; IR (KBr) 3320, 1720, 
1700,1650 cm-1; 1H NMR (CDCl3) 6 0.15 (s, 9H), 1.35 (s, 6H), 
1.87 (s, 3H), 4.92 (d, 2H, J = 6.3 Hz), 5.57 (s, IH), 6.65 (br t, 
IH), 7.32 (br, IH). Anal. (Ci4H23NO4Si) C, H, N. 

Inhibition of L1210, Molt/4F, and CEM Cell Prolifera
tion. All assays were performed in flat-bottomed microtests 
III plates (96 wells) (Falcon) as previously described.21,22 

Briefly, the cells were suspended in growth medium and added 
to the microplate wells at a density of 5 x 104 L1210 or Molt/ 
4F cells/well (200 fiL) or 6.25 x 104 CEM cells/well in the 
presence of varying concentrations of the test compounds. The 
cells were then allowed to proliferate for 48 h (L1210 cells) or 
72 h (other cell lines) at 37 0C in a humidified, C02-controlled 
atmosphere. At the end of the incubation period, the cells were 
counted in a coulter counter (Coulter Electronics Ltd., 
Harpenden, Herts, U.K.). The IC60 was defined as the 
concentration of compound that reduced the number of viable 
cells by 50%. 

Acknowledgment. The authors wish to thank Dr. 
Aldo Feriani and Dr. Giovanna Tedesco of the CADD 
Unit at the Glaxo Research Laboratories (Verona, Italy) 
for helpful suggestions and for consenting to the use of 
the computer facilities and Mrs. Lizette van Berckelaer 
for her excellent technical assistance. This work was 
supported by MURST and CNR (Progetto Finalizzato 

Chimica Fine) of Italy and also by the Belgian Fonds 
voor Wetenschappelijk Onderzoek (Project No. 3.0026.91). 

References 
(1) For note 3 in this series, see ref 10. 
(2) Lakey, F. N.; McLeod, J. E. The coumarins of Geijera parviflora 

Lindl. Aust. J. Chem. 1867, 20, 1943-1967. 
(3) Kupchan, S. M.; Matz, M. J.; Sigel, C. W.; Renauld, J. A.; 

Haltiwanger, R. C.; Bryan, R. F. Jatrophone, a novel macrocyclic 
diterpenoid tumor inhibitor from Jatropha gossypiiflora J. Am. 
Chem. Soc 1970, 92, 4476-4477. 

(4) Raffauf, R. F.; Huang, P. K. C; Levery, S. B.; Brennen, T. R; Le 
Quesne, P. W. Eremantholide A, a novel tumor-inhibiting 
compound from Eremanthus elaeognus Schultz-Bip (Composi-
tae) J. Am. Chem. Soc. 1975, 97, 6884-6886. 

(5) Smith, A. B., III. In Strategy and Tatics in Organic Synthesis; 
Linderberg, T., Ed.; Academic: Orlando, 1984; pp 223-274. 

(6) Padmawinata, K. Isolation and identification of cancer delaying 
compounds from the leaves of Geijera salicifolia. Acta Pharma
col. 1973, 4, 1-9; Chem. Abstr. 1973, 79, 75897n. 

(7) Jerris, P. J.; Smith, A. B., III. Synthesis and configuration 
assignment of geiparvarin: A novel antitumor agent J. Org. 
Chem. 1981, 46, 577-585. 

(8) Baraldi, P. G.; Guarneri, M.; Manfredini, S.; Simoni, D.; Balzari-
ni, J.; De Clercq, E. Synthesis and cytostatic activity of geipar
varin analogues. J. Med. Chem. 1989, 32, 284-288. 

(9) Simoni, D.; Manfredini, S.; Aghazadeh Tabrizi, M.; Bazzanini, 
R.; Baraldi, P. G.; Balzarini, J.; De Clercq, E. Geiparvarin 
analogues. 2. Synthesis and cytostatic activity of 5-(4-aryl-
butadienyl)-3(2H)-furanones and of N-substituted 3-(4-oxo-2-
furanyl)-2-buten-2-yl carbamates. J. Med. Chem. 1991, 34, 
3172-3176. 

(10) Baraldi, P. G.; Manfredini, S.; Simoni, D.; Aghazadeh Tabrizi, 
M.; Balzarini, J.; De Clercq, E. Geiparvarin analogues. 3. 
Synthesis and cytostatic activity of 3(2H)-furanone and 4,5-
dihydro-3(2H)-furanone congeners of geiparvarin, containing a 
geraniol-like fragment in the side chain. J. Med. Chem. 1992, 
35, 1877-1882. 

(11) Nasr, M.; Paull, K. O.; Narayan, V. L. Computer assisted 
structure-anticancer activity correlations of carbamates and 
thiocarbamates. J. Pharm. ScL 1985, 74, 831-836. 

(12) Hansch, C; Fujita, T. Rho-sigma-pi Analysis: A Method for the 
Correlation of Biological Activity and Chemical Structure. J. 
Am. Chem. Soc. 1964, 86, 1616-1626. 

(13) Hansch, C. On the Structure of Medicinal Chemistry. J. Med. 
Chem. 1976,19, 1-6. 

(14) Hansch, C; Leo, A. J. Substituent constants for correlation 
analysis in chemistry and biology; Wiley Interscience: New York, 
1979. 

(15) Medicinal Chemistry Project, Pomona College, CLOGP - 3.54. 
(16) Taft, R. W. Steric Effects in Organic Chemistry; Wiley Inter

science: New York, 1956; pp 556-675. 
(17) Medicinal Chemistry Project, Pomona College, CMR - 3.54. 
(18) Swain, C. G.; Lupton, E. C. Field and resonance components of 

substituent effects J. Am. Chem. Soc. 1968, 90, 4328-4332. 
(19) Still, W. C; Kahn, M.; Mitra, A. X. Rapid chromatographic 

technique for preparative separations with moderate resolution 
J. Org. Chem. 1978, 43, 2923-2924. 

(20) Baraldi, P. G.; Barco, A.; Benetti, S.; Casolari, A.; Manfredini, 
S.; Pollini, G. P.; Simoni, D. Isoxazole-mediated synthesis of 
geiparvarin and dihydrogeiparvarin. Tetrahedron 1988, 44, 
1267-1272. 

(21) Balzarini, J.; Karlsson, A.; Wang, L.; Bohman, C; Horska, K.; 
Votruba, I.; Fridland, A.; Van Aerschot, A. A.; Herdewijn, P.; De 
Clercq, E. Eicar (5-ethynyl-l-/3-D-ribofuranosylimidazole-4-car-
boxamide) a novel potent inhibitor of inosinate dehydrogenase 
activity and guanylate biosynthesis J. Biol. Chem. 1993, 268, 
24591-24598. 

(22) Balzarini, J.; Bohman, C; De Clercq, E. Differential mechanism 
of cytostatic effect of (E)-5-(2-bromovinyl)-2'-deoxyuridine, 9-(l,3-
dihydroxy-2-propoxymethyl)guanine, and other antiherpetic drugs 
on tumor cells transfected by the thymidine kinase gene of 
herpes simplex virus type 1 or type 2. J. Biol. Chem. 1993,268, 
6332-6377. 


