
Table II-MA0 Inhibitory Activity Evaluation of Hydrszides 
(Structures A and B) 

p4 

A 
6 
B 

Oral Activity H~xobarbital- 
Dose, Priorto Meap Body Temperature (f SE) I n d d  Sleep 
mok/ Resapine Row -kResapine(2 /kg.) . ing Time, 2%. 24 hr. min.. 

corn R 
pound (Structure A) kg. (2mg./kg.) Score Ohr. 4 hr. 

Control* 
IIIU 
IIIb 
IVb 
IIIC 
V 
vi 

VLI 
VIII 
ix 

Isocarbox- 
azid 

"H, 
NHNHCH. 
Structure B- 
NHNHCSJs 
N H N S H C S J s  
NHN=CHC& 
N H N d H C H a  
NHNHCHESJs 
NHNHCH(CH& 

Normal 
0.275 Increasd 
0.275 I d  
0.275 Inmased 
0.275 Increased 
0.275 Increased 
0.275 I d  
0.275 Increased 
0.275 Incnased 
0.275 Increesed 
0.1375 Increased 

3.75 
2.50 
2.90 
2.66 
2.00 
2.00 
2.50 
2.60 
2.33 
1.83 
0.50 

35.8 f 0.2" 29.9 * 0.4" 
35.7 I O . 3 "  32.7 f 0.3:  
3 6 . 1 f 0 . 2 "  31 .5*0 .1  
35.9 f 0.1" 
36.5 f 0.3" 

32.2 f 0.5" 
32.5 f 0.2" 

3 6 . 3 f 0 . 3 "  3 2 . 6 f 0 . 4 "  
35.7 f 0.1 " 32.6 * 0.3 " 
35.2 f 0.4" 32.0 f 0.5" 
35.9* 0.1" 3 1 . 8 1  0.3" 
3 5 . 6 f  0.2" 32.6& 0.2" 
3 5 . 6 f  0.5" 34.2 f 0.1" 

2 6 . 3 f 0 . 2 "  2 6 . 6 f 0 . 5 "  
31.9 f 0.4" 30.6 f 0.5" 
3 1 . 0 f  0.4" 3 3 . 6 f 0 . 6 "  
30.9 f 0 . 3 "  28.9 f 0.4" 
2 9 . 4 f 0 . 5 "  32.1 f 0 . 3 "  
29.7 f 0.6" 30.2 f 0.5" 
3 1 . 6 f  0.3' 3 2 . 7 f 0 . 7 "  
2 9 . 6 f 0 . 5 "  30.6*0.3" 
2 9 . 2 f 0 . 6 '  3 1 . 4 f 0 . 5 "  
30.8 f 0.4" 32.4 * 0.3" 
36.7 f 0.4" 35.2 f 0.4" 

8.3 f 0.3 
15.2 f 0.2 
12.7 f 0.3 
13.4 f 0.4 
19.7 f 0.1 

14.9 f 0.2 
12.9 f 0 . 1  
17.6*0.3 
22.0 f 0.2 
11.0* 0.1 

20.3 *0 .3  

Hexobarbital was given in? $ton+y (5.5 mg. kg.) 2 hr. after intubation of the test compound. b Control implies reserpine in ptodr and 
hypotherrma test and hexobarbizm rleepq tune prkngalon tact. 
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Synthesis and Anticancer Activity of 
5- (Propargylox y me th y 1) -2-oxazolidinones 

R. B. FUGITT and L. C. MARTINELLI' 

AbstradnTo determine the feasibility of producing a tkuc- 
specific anticancer agent, a series of Z-oxazolidinones bearing an 
alkynoxymethyl side chain in the %position was prepared. These 
compounds were submitted to the National Cancer Institute for 
testing against L1210 and/or P-388 tumor test systems. None of 
the compounds showed significant anticancer activity. The syn- 
thetic procedures and NMR spectral properties of the title corn- 

Interest in carbamates bearing an acctylenic function 
developed from an interest in tissue- or organ-specific 
anticancer agents, particularly those specific for the 
CNS. The investigation of the title compounds stems, 
in part, from the work of Dillard ef ul. (1) who 

pounds are described. 

K e y p b . r a  0 Y P r o p ~ ~ l o x y m e t h y l ) - 2 - o x ~ ~ ~ n o ~ ~ ~ t h e s ~ ,  
mecncd for anticancer activity 0 2-0xazo1idin0nes. Ypropar- 
gyloxymethylt-synthesis, scrccned for anticancer activity 0 Anti- 
cancer agents, potential-synthesis and screening of Ypropar- 
gyloxymethyl)-2-ox~lidinones 

first demonstrated the oncolytic action of propargyl 
carbamates against plasma cell tumor X-5563 and the 
atypical myelogenous leukemia C- 1498. Among the 
structure-activity relationships they observed was the 
necessity of the ethynyl moiety for significant oncolytic 
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Scheme I-& Table I for R-group identification 

activity. In addition, carbamates, especially ethynyl- 
methyl carbamates, are known to be potent CNS de- 
pressants (2), thus indicating that they are readily 
transported across the blood-brain barrier. With the 
intent of screening new chemical entities with potential 
anticancer activity, the title compounds (Table I), 
bearing both an ethynyl and a carbamate function, were 
synthesized and subjected to anticancer screening. 

Additional impetus to study 2-oxazolidone ring com- 
pounds stems from observations that the potent anti- 
cancer agent 1,3-bis(2-chloroethyl)-I -nitrosourea de- 
composes in water to a A'-oxazoline derivative (3). 
Similarly, the active N-acylethyleneimines readily re- 
arrange to A2-oxazolines (4). 

The title compounds were synthesized by reported 
techniques, and their identification was achieved in 
part by comparison of NMR data with a compound with 
known ring stereochemistry. The six' compounds were 
subjected to preliminary anticancer screening against 
L-1210 lymphoid leukemia and/or P-388 lymphocytic 
leukemia. Screening data are only available for I-IV; 
none showed significant activity in these systems. 

CHEMlSIRY 

Cornpounds I-IV were synthesized (Scheme I) by lithium chloride 
catalyzed condensation of the known epoxides (5 )  with phenyliso- 
cyanate or methylisocyanate in dry dimethylformamide at 100- 
150' (6). This method allows a high yield synthesis of N-alkyl- 
and N-aryl-2-oxazolidinones in one step from the epoxide. Corn 
pound I1 was also synthesized (Scheme II) by potassium hydroxide 
ethanol cyclization (7) of the appropriate &chloroethyl N-phenyl- 
carbarnate to provide a compound with known G5 ring substitu- 
tion. 

Cyclization of the N-phenyl-whlorocarbamate ester resulted in 
the isolation of a small amount of a six-membered ring carbamate as 
a by-product, which arose from the isomeric ychlorohydrin formed 
in the synthesis of the starting pchlorohydrins. Careful fractional 

n 

4 
Scheme II-See Table I for R-group identification 

distillation of the Bchlorohydrin prior to use eliminates this 
problem. The chlorohydrins were prepared from the reaction of the 
appropriate alcohol with epichlorohydrin (5). 
The isocyanatoepoxide reaction is known to produce both C4 

G-0 epoxide bonds (8). although the C-5 isomer is generally the 
only product observed. From the limited study of Heweth ef  al. (a), 
only aryl-substituted epoxides led to the C4 isomer regardless of the 
type of isocyanate (alkyl or aryl). The possibility existed, therefore, 
that the r-electron-rich ethynyl group may help direct C4 isomer 
formation through r-intetactions with the incoming isocyanate. 
That this did not occur is evident by comparison of the NMR data 
of I1 with the only products isolated from the isocyanate-cpoxide 
reactions (I-IV). 

The NMR spectral shift data (Table 1) for HA, HB, and HC.D 
of I-IV are essentially identical with equivalent protons for II 
synthesized unambiguously. Further, these data are consistent with 
G5 isomers reported in the literature (6). Compounds V and VI, 
the N-CH: analogs, are assigned as C-5 substitution sina they 
exhibit proton NMR absorption consistent with the loss of aniso- 
tropic deshielding by a phenyl ring. The observation that the 
A8 of HA is larger than the A8 of Hg when N-phenyl i s  replaced by 
N-methyl is not readily explainable, but it is consistent with similar 
findings by Herweth er al. (6). 

and C-5 substitution products through m e i t h a  the C i a  oc 

BI0U)GICAL ASSAY' 

Compounds I-IV were assayed against P-388 lymphocytic 
kukemia in BFDl mice, while only I was screened against G1210 
lymphoid leukemia (Table 11). The compounds were administered 
at three dosages, 400, #lo, and 100 mg./kg. i.p., every 4th day for 
three injections, and the percent increase in median survival time 
(percent test/control) was calculated at Day 30. Compound I was 
administered in hydroxypropylcellulo, while 11-IV were admin- 
istered in saline. The term "survivors" in Table I1 is a m u r e  of 
toxicity and was determined at Day 5 after the first injection. 

EXPERIMENTAL' 

Melthg points were obtained in open capillaries and are un- 
corrected. IR spectra' were obtained as neat oils between sodium 
chloride plats or in potassium bromide wafers for solids. 
All compounds, except III, exhibited acetylenic and carbonyl 
stretching frequemies at 2105-u90 and 1733-1740 cm.-1, respec- 
tively. Compound 111 had no discernible acetylenic absorption but 
exhibited an acetylene C-H stretch at 3300 cm.-' as well as a car- 
bony1 absorption at 1737 cm.-1. All NMR spectra were obtained at 
60 MHz. in deuteriochloroform containing 1% tetramethylsilane 
as internal standard. 

1-(2-Botynyloxy)pyl N-Pheayka~imma+To a 
m m l .  flask was added 25 g. (0.150 mole) of 1-(2-butynyloxy)- 
Zchloro-2-propanol prepared from the condensation of Zbutyn- 
1-01 and epichlorohydrin (5). Dried benzene (100 ml.) and 21.5 g. 
(0.180 mole) of freshly distilled phenylisocyanate were added and 
the reaction was stirred. Following a procedure similar to that of 
Loev and Kormendy (9), 1.5 ml. of trifluoroacetiC acid was added; 
the reaction was topped with a calcium chloride tube and stirred 
for 4 4. at room temperature. The reaction was cooled and filtered 
to reniove diphenylurea and reduced to an oil by water aspiration. 
The oil was chromatographed on a 20 X 2-nun. alumina column 
using 1,2-dichloroethane, and the resulting oil was distilkd in 
wcuo to give 224 g. (52%) of the desired product, b.p. 165-180" 
(0.1-0.2 mm.). 

N, 4.97. Found: C, 59.74; H, 5.80; Cl, 12.74; N, 5.02 
The IR and NMR data were consistent with this structure. 

IR (neat): 3305 (N-H), 2220 and 2300 (C=C), and 1625 (W) 
cm.-l. NMR: 1.75 (t, 3). 3.72 (d. 4). 4.10 (d, 2). 4.30 (m, 1). 5.15 
(m, l), and 7.30(m, 5) p.p.m 

A d . 4 ~ .  fOr Ci4HiKlNO:: C, 59.68; H, 5.72; c1, 1258; 

was performed by.Drug Re?earch and Develo menf 
C ~ ~ ~ * ~ f i a h o n a l  Cancer Institute, Nahonal Instltutes of &dth ,  
Beth& Meri0014 

* Elemental analyses were performed by Atlantic Microlabs, Atlanta, 
Ga. 

a Recorded 00 a Perkin-Elmer 237B apcctrometer. 
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Table I-Structures and NMR Data of 2-Oxazolidinones 

corn- NMR Data (a) 
pound R1 Ra R: R4 HA HB HC,D R d b  Ri ' R4 

I H  H H C a r  3.78 (d, 4.7Ym) 3.9Nm) 4.23(d, 2.5o(t, 7. Wm) JAB = 4.5 Hz.) 

JAB 9 5.0Hz.) 

JAB = 4.5 Hz.) 
JAB = 5.0Hz.) 

JAB - 4.4Hz.) J =  2.3&.) J =  2 3 H ~ )  

JAB = 4.4HZ.) J m 2.5 Hz) 

J = 2.3 Hz.) 
J - 2.5 Hz.) 

J = 2 3  Hz.) 
J = 2.5 Hz.) 

I1 CH: H H C a s  3.74(d, 4.72(m) 3.9Ym) 4.20(q, 2.20(t, 7.37(m) 

111 H --CHa(CHz):CHz- Cd% 3.85 ( 4  4.7Wm) 3.96(m) - 2.51 (s) 7.38(m) 

IV CJ% H H CoHs 3.85(d, 4.7Ym) 4.00(m) 4.45(s) 7.3Ym) 7.3Ym) 

V H  H H CHI 3.60(d, 4.6Ym) 3.50(m) 4.25(d, 2.74 (1, 2.87(s) 

VI CH: H H CH: 3.62(d, 4.6Xm) 3.Wm) 4.13(q, 1.84(t, 2.866) 
J - 2.5 Hz.) 

b W e n y l b - [ ( 2 - p r o p y n y l o x y ~ ~ y q ~ ~ x ~ ~ ~ ~  OFFrom 
the procedure of Herweth et al. (6), a 100ml. flask equipped with a 
calcium chloride tube, condenser, and dropping funnel was charged 
with 7 g. (0.063 mole) of 1,2-epoxy-3-propargyloxypropane, 25 
ml. of dry dimethylformamide, and 0.5 g. of lithium chloride and the 
contents were warmed at 100". A solution of 7.5 g. of freshly distilled 
phenylisocyanate in 7.5 ml. of dry dimethylformamide was added 
dropwise (less than 1 droplsec.), and the reaction was warmed at 
150" for 4 hr. The solvent was removed in mcuo (pot 12&130"), 
and the residue was diluted with 50 ml. of carbon tetrachloride and 
enough methylene chloride to ensure that the liquids were miscible; 
the lithium chloride was removed by filtration. Upon evaporation 
of solvent, 11.2 g. (83x) of I was isolated and recrystallized from 
ethanol, m.p. 83-86"[Iit. (10) m.p. 809. 

A n a l . 4 c .  for Cl:HlaNO,: C, 67.52; H, 5.67; N, 6.06. Found: 
C, 67.42; H, 5.71; N, 6.06. 
bWenylJ-[(Zbutynyloxy)metbyl]-2-oxezol 01)-Proce- 

dure A: Potassium Hydroxide Me/hod--To a 50-ml. flask containing 
12 g. (0.043 mole) of 1-(2-butynyloxy)-3-chloro-2-propyl N-phenyl- 
carbamate and 35 ml. of 7057, ethanol was added 29 g. (0.043 mole) 
of potassium hydroxide. The reaction was immediately warmed at 
100" for 9 min. and then poured into 50 ml. of cold water, extracted 
with ether, and dried over magnesium sulfate. The ether was 
concentrated and the solution was cooled (SO), which afforded 
5.8 g. (38x7,) of 11. Recrystallization was from ethanol-water, 
m.p. 83-86". Concentration of the mother liquor yielded 1.0 g. (773 
of a second compound, m.p. 62-65", tentatively identified as 3- 
phenyl-5-(2-butynyloxy)-oxazin-2-one. 

Procedure B: Epoxide-lsocyarta:e Method-The same procedure 
was followed as for I except that the oil bath was maintained at 
145-150" throughout. The pot residue, after removal of dimethyl- 

Table II-Anticancer Activity 

formamide. was diluted with 40 ml. carbon tetrachloride; lithium 
chloride was removed by filtration. After concentrating to 25 ml. 
and cooling at So, 12.8 g. (85x1 of I1 was isolated. The product 
was recrystallized from ethanol-water, m.p. 83-85 O. 

Anaf.--Calc. for ClJIlrNO:: C. 68.56; H, 6.16; N, 5.71. Found: 
C, 68.46; H, 6.23; N, 5.67. 

(III)-Following Procedure B for 11, 6.1 g. (0.034 mole) of 2-( [(l- 
ethynylcyclohexy1)oxylmethyl loxirane, 4.1 g. (0.034 mole) of 
freshly distilled phenylisocyanate, and 0.5 g. lithium chloride were 
reacted. Following workup in carbon tetrachloride and recrystal- 
lization from methanol, 7.3 g. of 111 was obtained (72%), m.p. 
70-72'. 

Anaf.--Calc. for G&NO,: C. 72.22; H, 7.07; N, 4.68. Found: 
C, 72.07; H, 7.12; N, 4.61. 

0-Following Procedure B for 11, 10 g. (0.053 mole) of 2-( [(f 
phenyl-2-propynyl)oxyJmethyl)oxirane, 6.55 g. (0.055 mole) of 
freshly distilled phenylisocyanate, and 0.4 g. of lithium chloride 
were reacted. Following workup and crystallization from ethanol, 
12.5g. ofIVwasisolated(77Z),m.p.70-73". 

And.-Calc. for ClpH17NOa: C, 74.25; H, 5.58; N, 4.56. Found: 
C, 74.37; H, 5.70; N, 4.52. 
SMethylJ-I(Zpropynyloxy~yl]-2sx.zoll *To a 

250-ml. flask containing 20 g. (0.180 mole) of 1,2cpoxy-3-pro- 
pargyloxypropane and 75 ml. dry dimethylformamide at 130" 
was added 1.0 g. lithium chloride, followed immOaiakly by the 
slow addition (1 drop,every 6 7  sec.) of a solution of 10.5 g. (0.184 
mole) freshly distilled methylisocyanate in 18 ml. dry dimethyl- 
formamide. After 6 hr., dimethylformamide was removed (vacuum 
aspirator at 130"), the resulting oil was diluted with ethylene chla- 

bPbenyl-5- ([(l-eth~ylydobexyl)oxy@&byl] -2 -Oxazolidiaoae 

3-pbenylb-( [~bpbenyl-2-prop~Yl)oxylmethyl) - 2 - o ~ d i n o a e  

Percent TIC Survivors Compound NSC Number Tumor D W p '  VehiCP 

I 154295 L-1210 400 M 91 416 
200 M 100 616 
100 M 100 616 

P-388 400 M 100 616 
200 M 100 616 
100 M 95 616 

I1 

111 

159150 

159151 

P-388 

P-388 

400 
200 
100 

S 
S 
S 
S 
S 
S 

100 
92 
92 

100 
100 
100 

7/7 
7/7 
7l7 
7/7 
717 
717 

IV 159149 P-388 400 S 92 717 m S 107 717 
100 S 92 717 

~- ~~ 

0 mp./kg. i.p. (per injection). b M is hydroxypropylcellulose; S is salhe. 
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ride, and the lithium chloride was removed. After removal of the 
solvent, the oil was fractionally distilled to yield 22 g. (73%) of 
V. b.p. 122” (0.02 mm.). 

Anal.-Calc. for C&InNO,: C, 56.80; H. 6.55; N, 8.27. Found: 
C, 56.61; H, 6.64; N. 8.21. 

3 - M e t h y l a - ( ( 2 ~ n y l o r r y ) m e t h y l ] - ~ x ~ i ~ ~  (VI)-A 50- 
ml. flask was equipped with a pressure-equahing dropping funnel 
and a reflux condenser topped with a clamped rubber tube slit 
longitudinally for release of pressure. To this was added 4.2 g. 
(0.033 mole) of 2-[(2-butynyloxy)methyl]oxirane and 13 ml. of dry 
dimethylformamide. The solution was heated to 130” and 0.2 g. 
of lithium chloride was added, followed immediately by the slow 
addjtion (less than 1 drop every 6 sec.) of 2.0 g. (0.035 mole) of 
freshly distilled methylisocyanate in 3.5 ml. dry dimethylform- 
amide. After .6 hr. at  130”, solvent was removed and the oil was 
diluted with methylene chloride; the lithium chloride was removed. 
The oil was distilled to  give 4.3 g. of VI (70%), b.p. 110-125” (0.08 
mm.). 

Anal.-Calc. for COHI~NO~:  C, 59.00; H. 7.15; N, 7.64. Found: 
C,58.81;H,7.28;N,7.57. 

RESULTS AND DISCUSSION 

The isocyanate-epoxide reaction provides high yield quantities of 
the title compounds and represents a method by which a variety of 
N-alkyl-2-oxazolidinones can be readily synthesized. Attempts to 
cyclize p-chloroethyl N-unsubstituted carbamates with several 
bases (potassium hydroxide-ethanol and sodium hydridedi- 
methylformamide) failed. Stronger bases are precluded because of 
the known ease of rearrangement of propargyl groups to allenes 
(11). 

With the. isocyanate+poxide reaction, only C-5 substitution 
products were obtained; no G 4  products were isolated. Th-, the 
stereospecific nature of this reaction in the synthesis of the title 
compounds is apparently independent of *-electron interactions 
between isocyanate and acetylene r-electrons. From the work of 
Herweth et al. (a>, such r-interactions might have been hypoth- 
esized for their isolation of C-4 as well as C-5 substitution products. 
That C-5 substitution appears exclusive in the present study is 
probably a result only of steric factors. 

Compounds I-IV, the N-phenyl analogs, exhibited no anticancer 
activity against the L1210 or P-388 tumor test systems employed. 
Based on reports preliminary to receiving testing data, the N- 

methyl Compounds V and VI are inactive as well. Activity is d e h e d  
as percent T/C (test/control) of 125 or greater. 

The lack of activity of the title compounds in the less sensitive 
G1210 and P-388 tumor systems cannot be adequately explained 
at  this time. The possibility exists that cyclic carbamates possess 
in oioo reactivities to nucleophiles significantly different from 
acyclic carlmmates. Whether this or other physical+hemical and 
biological factors are important remains unanswered. 
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