
J.  Med. Chem. 1984,27, 1219-1222 1219 

S-(Benzyloxy)-l-hydroxy-2,2-indandipropionic Acid S- 
Lactone (23). By use of conditions virtually identical with those 
employed in the reduction of keto acids 3-6,22 afforded 8-lactone 
23, mp 175-176 "C (CHCl,/benzene/hexane), in 90% yield: IR 
(KBr) 3400,1740,1700 cm-l; 'H NMR (CDCld 8 6.8-7.67 (m, 8 
H, aromatic), 5.4 (s, 1 H, C-1 H), 5.05 (8,  2 H, benzylic), 2.95 (e, 
2 H, benzylic), 1.25-2.48 (m, 8 H, aliphatic); MS (70 eV), m / e  
366 (M'). Anal. (C22H2205) C, H. 

Female albino CD-1 mice, 
weighing on average 22 f 0.2 g and in natural estrous, were 
sacrified by cervical dislocation. The uterine horns were isolated 
and prepared for isometric contraction recordings under 200-mg 
tension in oxygenated tissue baths maintained at  37 0C.0,14 The 
composition of the bathing solution was as follows (g/L): NaC1, 
8.046; KC1,0.2; CaCl2.2Hz0, 0.132; MgC12.6Hz0, 0.106; NaHC03, 
1.0; NaH2PO4.H20, 0.065; dextrose, 1.0. Following an equilibration 
period of 30 min, two 5-min control responses to PGFzu M) 
wer obtained, followed each time by a 20-min washout period. 
The agent to be tested was then added at  a given concentration 
to the bath and left in contact with the tissue for 5 min prior 
addition of lo-' M PGFZd. After recording of the 5-min response 
to PGFb in presence of the test agent, the tissue was washed for 
20 min with the physiological medium. Recovery of the re- 
sponsiveness of the tissue to PGFh was then ascertained by adding 

Pharmacological Methods. 

M PGFZu for 5 min. Finally, the tissue was washed for 10 
min and the resting tension recorded for 3 min. Control uterine 
tissues were not exposed to the test compound but were otherwise 
treated similarly to the test tissues. In these control tissues, the 
response to PGFzu did not decline with repeated exposure. 

In a few experiments, KC1 (54 mM) or BaClz (2.2 X M) 
was used instead of PGFzu to stimulate the uterine strip. 

The integrated contractile force generated by the agonist 
(PGF2u, KC1, or BaC12) in the presence of the test compound was 
expressed as a percentage of the mean of the two initial control 
responses to the agonist recorded prior to addition of the test 
agent. Recovery responses were expressed similarly. 

The test compounds were dissolved in 100 pL of 0.25 N NaOH 
and diluted with 100 pL of distilled water to pH 7. The agonists 
and test compounds were added in 10-pL volumes to the 10-mL 
tissue bath to obtain the desired concentrations. 
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A series of novel 0-aryl-N-methylmorphinans (7-19) were synthesized by the Ullmann reaction from levorphanol 
(4) in om search for a synthetic codeine (2) substitute with reduced addition liability. The compounds were evaluated 
for antinociceptive potency and receptor binding affinity. Among these compounds, (-)-3-phenoxy-N-methylmorphinan 
(7) is an orally active analgesic comparable in potency to codeine (21, which exhibits decreased physical dependence 
liability and longer duration of action. 

In recent years, there has been considerable interest in 
attempting to provide alternative sources for or to replace 
with synthetic substitutes analgesics prepared from opi- 
um.' In connection with this latter approach directed at 
the search for a synthetic codeine (2) substitute with re- 
duced addiction liability, we reported2 the synthesis of 
3-0-tert-butylmorphine (3) and (-)-3-tert-butoxy-N- 
methylmorphinan (6). Our rationale for preparing these 
novel codeine (2) and levomethorphan (5) analogues was 
based on the expectation that a tertiary butyl group on 
the phenolic oxygen would prevent their in vivo metabolic 
conversion to morphine (1) and levorphanol (4), respec- 
tively, thus eliminating the pharmacological effects of these 
metabolites. Metabolic studies3 have shown that the 
tertiary butyl group successfully blocks the enzymatic 
0-dealkylation of these compounds. However, unlike co- 
deine (2) and levomethorphan (51, the analogues 3 and 6 
were only marginally active as analgesics and were unstable 
under acidic conditions. 

We therefore shifted our synthetic efforts toward the 
preparation of aryl ethers of levorphanol (4). The lipo- 
philic aryl group was expected to facilitate transport while 
retarding metabolic inactivation. An additional attractive 
feature of these aryl ethers (7-19) (Table I) was their an- 
ticipated chemical stability under conditions which cause 
degradation of codeine (2) to morphine (11, thus providing 
a safeguard against abuse. 

Chemical Research Department. * Pharmacology Department. 

1 , R = H  
2, R = CH, 
3, R = C(CH,), 

4 , R = H  
5, R = CH, 
6, R = C(CH,), 
7, R = CdHs 

Chemistry. The aryl ethers (7-16) in Table I were 
prepared from 4 by the Ullmann rea~t ion .~  For example, 
treatment of 4 with bromobenzene in pyridine in the 
presence of potassium carbonate and copper gave 7 in 52% 
yield. The substituted 0-aryl-N-methylmorphinans (8-16) 
were prepared by this method from 4 and the appropriate 
aryl halides. 0-Demethylation of the methoxyphenyl- 
substituted analogues 9-1 1 with pyridine hydrochloride 
at elevated temperature gave the hydroxyaryl ethers 17-19 
without cleavage of the aryl ether bond. 

Similarly, when 7 was treated with pyridine hydro- 
chloride at 220 O C  for 25 min6 or with other 0-dealkylating 

~ ~~~ 

(1) Greentree, L. B. N .  Engl. J. of Med. 1974,291, 1411. 
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(3) Kamm, J. J.; Bastone, V. B.; Mohacsi, E.; Vane, F. M. Xeno- 

(4) Ullmann, F.; Sponagel, P. Ann. Chem. 1906,350, 83. 
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Table I. Physical and Biological Data for 0-Arylmorphinans 
U 

1-1 u yield, mp, OC (c, MeOH), analgesic act.:-e ED50, mg/kg 
no. R % (recryst solv)” deg formula anaLb writhing tail-flick 

CBH6 52 131-133 (A) -20.08 (0.99) C Z ~ H Z ~ N O * C ~ H ~ ~ ~ ~  C, H, N 1.25 (0.78-2.00)’ 19.71 (17.28-22.16) 
8 2-pyridyl 67 137-139 (A) -7.26 (1.01) C~~HZ~NZO*C~H~O$ C, H, N 1.1 (0.61-1.98) 10.08 (8.95-11.35) 
9 4-CH3OC6H4 27 170-172 (B) -34.22 (0.99) C24HZgNOz.HCl C, H, N 2.1 (1.08-4.10) 24.98 (21.99-28.96) 
10 3-CH3OCaH4 68 148-150 (C) -39.60 (1.00) CZ4HzeNOzC2Hz04‘ C, H, N 2.5 (1.43-4.38) 39.74 (33.21-51.54) 
11 2-CH3OCeH4 20 185-187 (C) -37.19 (0.99) C24HzeNOz*CZHZ04‘ C, H, N 0.49 (0.26-0.93) 24.40 (21.27-30.17) 
12 4-CH3CoHd 48 223-224 (B) -37.85 (0.69) Cz4HzgNO.HCl C, H, N 23.0 (13.94-37.95) 
13 2-02NCsH4 12 155-157 (B) -32.62 (0.99) C~~Hz~N~O~*HC1*0.5H~O C, H, N 2.8 (1.65-4.48) 
14 4-FCeH4 58 162-164 (B) -34.83 (0.98) C23H26FNO.HCI*O.5HzO C, H, N 1.0 (0.38-2.65) 37.26 (33.15-42.76) 
15 3-FC6H4 41 121-123 (D) -18.61 (1.03) C23HzeFNO.C4H606.0.5HzOf c, H, N 1.85 (1.00-3.00) 71.0 (58.36-92.13) 
16 2-FCeH4 70 180-182 (A) -30.98 (1.00) C~~HZ~FNO*CZHZO~‘ C, H, N 3.0 (1.36-6.60) 23.31 (20.49-26.98) 
17 4-HOCsH4 72 160-163 (E) -34.55 (0.99) C23H2,NOyHCl C, H, N 1.3 (0.65-2.60) 6.69 (4.88-8.17) 
18 3-HOC& 71 135-138 (E) -19.21 (1.26) C Z ~ H ~ ~ N O ~ ’ C ~ H , ~ ~ . C ~ H ~ O H *  C, H, N 9.0 (4.50-18.00) 80.14 (56.17-159.14) 
19 2-HOC& 56 111-112 (A) -15.96 (1.07) C23H2,NOz’C4H6O6’CzH50Hh C, H, N 1.8 (0.90-3.60) 11.44 (10.95-12.06) 

“ A  = EtOH, B = EtOAc, C = EtOAc-EtzO, D = (Me)&O, E = EtOH-EtOAc. bAnalyses of the elements indicated were within f0.4% of 
theory. CThe compounds were administered to the mice subcutaneously in distilled water for the writhing and normal saline solution for the 
tail-flick tests. dFor biological data on the reference compounds, see Table 11. “11 biological tests were carried out on the salt indicated. 
/&Tartrate. BOxalate. *&Tartrate ethanolate. Numbers in parentheses are the 95% confidence limits obtained by graphical” or re- 
gre~sion‘~ analysis. 

Table 11. Analgesic Potency and ReceDtor Binding of 0-ArvlmorDhinans - - *  

binding 
analgesic act.: ED5,,, mg/kg [3H]naltrexone M) 

IC,, X lo4 lTris buffer) compd route writhing tail-flick - ”- 

morphineb sc 0.46 (0.26-0.83)f 4.06 (3.78-4.41) 0.027 
PO 2.5 (1.40-4.45) 31.20 (26.30-35.73) 

PO 24.0 (13.71-42.00) 119.03 (105.16-132.21) 

PO 1.40 (0.70-2.80) 8.50 (7.22-10.25) 

PO 1.5 (1.32-1.71) 5.27 (4.49-6.17) 

PO 2.3 (1.22-4.32) 51.68 (43.72-62.41) 

codeineC sc 2.3 (1.21-3.91) 38.97 (35.31-42.79) 10.0 

levorphanold sc 0.11 (0.06-0.22) 1.21 (1.13-1.31) 0.004 

levomethorphane sc 0.64 (0.34-1.22) 6.78 (6.23-7.42) 2.0 

7d sc 1.25 (0.78-2.00) 19.71 (17.28-22.16) 5.0 

“The compounds were administered sc and PO to the mice in distilled water for the writhing test and in normal saline solution for the 
tail-flick test. *Sulfate. cPhosphate. dTartrate. eHydrobromide. f Numbers in parentheses are the 95% confidence limits obtained by the 
graphic” or regression14 analysis. #Binding was performed with rat brain homogenate. * Expressed as the concentration of compound 
required to inhibit stereospecific [3H]naltrexone binding by 50%. The ICs0 values are the means of results from three closely similar 
experiments. 

agents commonly employed in the morphine and mor- 
phinan series, such as 48% HBr in HOAc for 6 h6 or BBr3 
in CHC1, at room temperature,’ only starting material was 
isolated. Attempted ether cleavage with sodium in liquid 
NH,8 also resulted in the recovery of 7 in high yield. 
Results and Discussion 

Tables I and I1 summarize the results obtained in var- 
ious test procedures+15 with the aryl ethers (7-19). Ac- 

(5) Rapoport, H.; Lovell, C. H.; Tolbert, B. M. J. Am. Chem. SOC. 
1951,-73, 5900. 
Bentlev, K. W.; Bower, J. D.; Lewis, J. W. J. Chem. SOC. C 
1969, 2569. 
Rice. K. C. J. Med. Chem. 1977.20. 164. 
Sawa, Y. K.; Maeda, M. Tetrahedron 1961, 15, 154. 
Siegmund, E.; Cadmus, R.; Lu, G.  Proc. SOC. Exp.  Biol. Med. 
1957, 95, 729. 
Hendershot, L. C.; Forsaith, J. J. Pharmacol. Exp. Ther. 1959, 
125, 237. 
Litchfield, J. T.; Wilcoxon, F. J. Pharmacol. Exp.  Ther. 1949, 
96, 99. 
D’Amour, F. E.; Smith, D. L. J. Pharmacol. Exp.  Ther. 1941, 
72, 74. 
Dewey, W. L.; Harris, L. S. “Methods in Narcotic Research”; 
Ehrenpreis, S., Neidle, A., Eds.; Marcel Dekker: New York, 
1975; Vol. 5, pp 101-108. 

tivities of these compounds were compared with those of 
morphine ( l ) ,  codeine (2), levorphanol (4), and levome- 
thorphan (5). (-)-3-Phenoxy-N-methylmorphinan (7) 
showed about twice the analgesic potency of codeine (2) 
in mice. When the phenoxy group in 7 was replaced by 
a pyridyloxy group 8, a moderate increase in analgesic 
activity was observed. Except for the 4-hydroxy analogue 
17, substituents on the phenyl ring did not significantly 
alter analgesic potency. Because of its chemical simplicity, 
the phenyl ether 7 was evaluated in other tests. 

As shown in Table 11, compound 7 interacted with the 
opiate receptor with an affinity comparable to codeine (2) 
and levomethorphan (5).16J6 The oral analgesic potency 
of 7 is about 10 times that of codeine (2) in the writhing 
and about twice as active in the tail-flick a ~ s a y , ~ ~ , ~ ~  indi- 
cating good oral bioavailability. There is a 50% reduction 
in analgesic activity in the rat tail-flick test12J3 90 min after 
the subcutaneous administration of 25 mg/ kg of codeine 

(14) Berkson, J. J. Am. Stat. Assoc. 1953, 48, 565. 
(15) Simon, E. J. “Methods in Narcotic Research”; Ehrenpreis, S., 

Neidle, A,, Eds.; Marcel Dekker: New York, 1975; Vol. 5, pp 

(16) Simon, E. J., private communication. 
349-360. 
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(2). After an equiactive dose of 7, the activity persists for 
a t  least 3 h. Additionally, Dewey et al." have demon- 
strated that 7 substituted significantly less for morphine 
(1) than did codeine (2) in morphine-dependent rats. In 
addition, these studies also showed that 7 produces con- 
siderably less primary physical dependence in rats in 
contrast to codeine (2) and morphine ( l ) . 1 7  

(-)-3-Phenoxy-N-methylmorphinan (7) and other aryl 
ethers of levorphanol (4) are analgesic. The phenoxy- 
morphinan 7 is orally active and comparable in potency 
to  codeine (2) in analgesic tests and opiate receptor 
bonding but exhibits decreased physical dependence lia- 
bility and a longer duration of action. Although 7 is a 
levorphanol ether, it cannot be converted by conventional 
reactions to levorphanol (4), thus providing a safeguard 
against illicit conversion to levorphanol (4). Furthermore, 
since 7 is prepared by total synthesis, adequate supplies 
can be assured. 

Experimental Section 
Chemistry. Melting points were taken in a Thomas-Hoover 

capillary melting point apparatus and are uncorrected. All 
compounds were characterized by IR (Beckman IR-9 spectro- 
photometer), UV (Carey 14-spectrophotometer), and NMR 
(Varian Associates A-60 and HA-100 spectrometers, Me4Si internal 
standard). Specific rotation measurements were performed on 
a Perkin-Elmer 141 electronic polarimeter. Where analyses are 
indicated by symbols of the elements, results obtained were within 
&0.4% of theoretical values. 
(-)-3-Phenoxy-N-methylmorphinan (7) d-Tartrate. A 

solution of 10.2 g (0.04 mol) of (-)-3-hydroxy-N-methylmorphinan 
(4) in 240 mL of freshly distilled pyridine was refluxed with stirring 
under N2 with 18.5 g (0.118 mol) of bromobenzene, 13.8 g of 
K2CO3, and 13.0 g of copper (granular and electrolytically purified 
Fisher No. C 434) for 8 days. The mixture was filtered and the 
filtrate was concentrated under reduced pressure. The residue 
was partitioned between EhO (500 mL) and 5 N NaOH (200 mL). 
The ether solution was washed once with H20, dried (MgSO,), 
and concentrated under reduced pressure. The crude base 7 on 
treatment with d-tartaric acid in (Me)2C0 gave 10.0 g (52%) of 

(-)-3-(2-Pyridyloxy)-N-methylmorphinan (8) d-Tartrate. 
Treatment of 2.6 g (0.01 mol) of 4 with 1.7 g (0.01 mol) of 2- 
bromopyridine in 50 mL of pyridine containing 2.1 g of K&O3 
and 2.5 g of Cu for 22 h as described for 7 produced the crude 
base 8. The base on treatment with d-tartaric acid in (Me)&O 

(-)-3- (4-Met hoxyphenoxy )-N-met hylmorphinan (9) Hy- 
drochloride. The reaction of 5.1 g (0.02 mol) of 4 with 7.5 g (0.04 
mol) of 4-bromoanisole in 20 mL of pyridine containing 4.1 g of 
K&O3 and 0.2 g of Cu for 7 days was carried out as described 
for 7 to give the crude base 9. The base was taken up in EtOAc 
and acidified with EtOAc-HCl. Recrystallization from EtOAc 
furnished 2.1 g (27%) of 9.HC1. 

(-)-3-(3-Methoxyphenoxy)-N-methylmorphinan (10) Ox- 
alate. Treatment of 5.1 g (0.02 mol) of 4 with 7.5 g (0.04 mol) 
of 3-bromoanisole in 20 mL of pyridine containing 4.1 g of K2C03 
and 0.2 g of Cu for 10 days as described for 7 gave the crude base 
10. The base on treatment with oxalic acid in ether afforded 6.1 
g (68%) of 10C2H204. 
(-)-3-(2-Methoxyphenoxy)-N-methylmorphinan (1 1) Ox- 

alate. Treatment of 5.1 g (0.02 mol) of 4 with 7.5 g (0.04 mol) 
of 2-bromoanisole in 20 mL of pyridine containing 4.1 g of K2C03 
and 0.2 g of Cu for 3 days as described for 7 produced the crude 
base 11. The base on treatment with oxalic acid in ether afforded 

(-)-3-(4-Methylphenoxy)-N-methylmorphinan (12) Hy- 
drochloride. Reaction of 5.0 g (0.019 mol) of 4 in 20 mL of 
pyridine with 6.4 g (0.037 mol) of 4-bromotoluene containing 4.0 

7*C4H,O@ 

gave 3.3 g (67%) Of 8C4H60,j. 

1.8 g (20%) of llCzH204. 
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g of KzC03 and 0.2 g of Cu for 9 days using the reaction conditions 
given above for 7 produced the crude base 12. The base was taken 
up in EtOAc and acidified with EtOAc-HC1. Recrystallization 
from EtOAc furnished 3.5 g (48%) of 12.HC1. 
(-)-3-(2-Nitrophenoxy)-N-methylmorphinan (13) Hydro- 

chloride Hemihydrate. Reaction of 6.4 g (0.024 mol) of 4 in 
30 mL of pyridine with 10.0 g (0.05 mol) of 1-bromo-2-nitrobenzene 
containing 6.0 g of K,C03 and 0.3 g of Cu for 3 days using the 
reaction conditions given for 7 produced the crude base 13. The 
base on treatment with EtOAc-HC1 in EtOAc give 1.3 g (12%) 
of 13.HC1. Crystallization from EtOAc gave pure 13.HC1 as the 
hemihydrate. 

(-)-3-(4-Fluorophenoxy)-N-meth~lmor~hinan (14) HY- 
drochloride Hemihydrate. The procedure similar to that for 
7 was followed. Treatment of 5.1 g (0.02 mol) of 4 with 17.0 g 
(0.09 mol) of 4-fluoro-1-bromobenzene in 20 mL of pyridine 
containing 4.1 g of K2C03 and 0.2 g of Cu for 5 days gave the crude 
base 14. The base on treatment with EtOAc-HC1 in EtOAc gave 
4.5 g (58%) of 14-HC1 as the hemihydrate. 
(-)-3-(3-Fluorophenoxy)-N-methylmorphinan (15) d - 

Tartrate Hemihydrate. Reaction of 3.0 g (0.011 mol) of 4 with 
2.2 g (0.012 mol) of 3-fluoro-1-bromobenzene in 50 mL of pyridine 
with 2.4 g of K2C03 and 3.0 g of Cu for 8 days using the reaction 
conditions given for 7 produced the crude base. The base on 
treatment with d-tartaric acid in (Me)&O gave 2.4 g (41%) of 
15-C4H6O6 as the hemihydrate. 

(-) -3- (2-Fluorophenoxy)-N-met hylmorphinan (1 6) Oxa- 
late. This compound was prepared in a manner similar to that 
described for 7. Reaction of 2.0 g (0.007 mol) of 4 with 3.5 g (0.02 
mol) of 2-fluoro-1-broniobenzene in 10 mL of pyridine with 2.0 
g of KzC03 and 2.0 g of Cu for 2 days gave the crude base 16. The 
oxalate salt of 16 was crystallized from EtOH to give 2.4 g (70%) 
of 16.C2H204. 

General Procedure for Ether  Cleavage. (-)-3-(4- 
Hydroxyphen0xy)-N-methylmorphinan (17) Hydrochloride. 
A mixture of 2.0 g (0.005 mol) of 9 and 20.0 g of pyridine hy- 
drochloride was heated at  220 "C with stirring under Nz for 25 
min, cooled in an ice bath, and diluted with water. The mixture 
was made basic with concentrated NH40H and extracted with 
CHC1,. The CHCl:, extracts were washed, dried (MgS04), and 
evaporated. The crude base 17 was taken up in EtOAc and 
acidified with EtOAc-HC1. Recrystallization of this salt from 
EtOH-EtOAc gave 1.52 g (72%) of 17.HC1. 

(-)-3-(3-Hydroxyphenoxy)-N-methylmorphinan (18) d- 
Tartrate  Ethanolate. This compound was prepared following 
the procedure given above for 17, starting from 3.8 g (0.01 mol) 
of 10. The base on treatment with d-tartaric acid in EtOH gave 
4.04 g (71%) of 18-C4H60B as the ethanolate. 
(-)-3-(2-Hydroxyphenoxy)-N-methylmorphinan (19) d -  

Tartrate Ethanolate. This compound was prepared following 
the general procedure outlined for 17, starting from 2.5 g (0.007 
mol) of 11. The base 19 was converted to the tartrate salt with 
d-tartaric acid, which was crystallized from EtOH-EtOAc to give 
2.1 g (56%) of 19-c4H6O6 as the ethanolate. 

Pharmacological Results. Analgesic potencies were deter- 
mined by both the tail-flick12J3 and the phenylquinone writhing 
m e t h o d ~ . ~ J ~  The results are presented in Tables I and 11. 

Binding assays were performed in rat brain homogenates as 
previously described.16 The concentration of test compound 
necessary to displace one-half of the stereospecific [3H]naltrexone 
binding (ICso) is shown in Table 1I.l6 
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Synthesis and Antitumor Evaluation of Some Nitrosourea and Nitrogen Mustard 
Amino Acid Derivatives 
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A series of (2-chloroethy1)nitrosourea and nitrogen mustard amino acid derivatives have been synthesized for antitumor 
evaluation. Reaction of an appropriate N-protected amino acid with 2-chloroethylamine followed by removal of 
the N-protecting group and condensation with an active (2-chloroethyl)nitrosocarbamate yielded N - [  (2-chloro- 
ethyl)nitrosocarbamoyl]amino acid (2-chloroethy1)amides. Antitumor evaluation was performed against leukemia 
L1210, in vivo, in mice. These derivatives exhibited very interesting activities, particularly the sarcosine and 
y-aminobutyric acid derivatives. 

Many nitrosoureas and nitrogen mustard derivatives 
have been investigated for antitumor activity.l Of these 
compounds, several have proven to be potent antineo- 
plastic agents, in particular, 2-haloethyl derivatives and 
some of their metabolites showed great promise.2 For 
example, 2- [ [ [ (2-chloroethyl)nitrosoamino]carbonyl]- 
amino]-2-deoxy-D-glucose (CZT, chloroz~tocin),~ N-(2- 
chloroethyl) -N’- [ 2,3- 0- (1-methylethy1idene)-5-0- (4-nitro- 
benzoyl)-D-ribofuranosyll-N-nitrosourea (RFCNU),“ N- 
(2-chloroethyl)-N’-cyclohexyl-N-nitrosourea (CCNU) ,5 or 
N,N’-bis[ (2-chloroethyl)nitrosocarbamoyl]cystamine (CN- 
CCP are some of the most important nitrosourea deriva- 
tives in the treatment of tumors. We recently described 
the synthesis and antitumor evaluations of some 
“pseudo-peptide” compounds containing covalently bonded 
cytotoxic units, alkylnitrosoureas a t  the N-terminus, 
and/or nitrogen mustard at  the C-terminu~.~ These de- 
rivatives showed interesting cytotoxic activity on L1210 
leukemia, in vivo, in mice. Tang and Eisenbrand reported 
the preparation of various N - [  (2-chloroethy1)nitroso- 
carbamoyllamino acid derivatives! Suami et al. published 
the synthesis and antitumor evaluation of (2-chloro- 
ethy1)nitrosourea amino acid amide congenerse and 
Montero et al. of their methyl ester derivatives.1° The 
antineoplastic activity of these derivatives against L1210 
leukemia was quite significant. We herein report the 
synthesis and antitumor evaluations of some amino acid 
derivatives bearing two (or three, for polyfunctional amino 
acids) functional groups-a (2-chloroethyl)nitrosoureido 
group at the N-terminus end and a (2-chloroethy1)amide 
group at the C-terminus end. 

Chemistry. The synthesis of amino acid (2-chloro- 
ethy1)amide derivatives was carried out according to 
Scheme I. Treatment of a N-protected amino acid active 
ester (either p-nitrophenyl esterll or N-hydroxysuccinimide 
ester12) with 2-chloroethylamine yielded the N-protected 
amino acid (2-chloroethy1)amide. In the case of the syn- 
thesis of the aspartic acid derivative, a 2 molar excess of 
2-chloroethylamine was allowed to react with N-(benzyl- 
oxycarbony1)-L-aspartic acid with use of dicyclohexyl- 
carbodiimide as condensing reagent.13 Partial deprotec- 
tion by hydrogenolysis or by trifluoroacetic acid (depending 

+This work is part of the Ph.D. thesis of Marc Rodriguez. 
t Present address: Centre de Pharmacologie Endocrinologie, 

BP 5055, 34033 Montpellier, France. 

Scheme Ia  

a AA = amino acid residue; X = 
0 

on the nature of the N-protecting group, benzyloxy- 
carbonyl, Z, or tert-butyloxycarbonyl, BOC) and treatment 

(1) Schein, P. S. “Advances in Cancer Chemotherapy”; Carter, S. 
K., Goldin, A., Kuretani, K., Mathe, G., Sakurai, Y., Tsuka- 
goshi, S., Umezawa, H., Eds.; University Park Press: Balti- 
more, 1978; p 95. 

(2) Montgomery, J. A,; Johnston, T. P.; Shealy, V. F. ”Burger’s 
Medicinal Chemistry”, 4th ed.; Wolfe, M. E., Ed.; Wiley: New 
York, 1979; Part 2, p 595. 

(3) Anderson, T,: McMenanim, M. G.: Schein, P. S. Cancer Res. 
1975, 35, 761. 

(4) Imbach. J. L.: Montero. J. L.: Moruzzi. A.: Serrou. B.: C h e w  
~ 

E.; Hayat, M:; Mathl, G. Biomed. Express 1975, 23, 410. 
(5) Johnston, T. P.; McCaleb, G. S.; Opliger, P. S.; Montgomery, 

J. A. J.  Med. Chern. 1966,9,692. 
(6) Imbach, J. L.; Martinez, J.; Oiry, J.; Bourut, Ch.; Chenu, E.; 

Maral, R.; Mathl, G. “Nitrosoureas in Cancer Treatment”, 
INSERM Symposium No. 19, Serrou, B., Schein, P. S., Im- 
bach, J. L., Eds.; Elsevier/ North Holland Biomedicinal Press: 
Amsterdam, 1981, p 123. 

(7) Rodriguez, M.; Martinez, J.; Imbach, J. L. Eur. J.  Med. Chem. 
1982, 17, 383. 

(8) Tang, W.; Eisenbrand, G. Arch. Pharm. (Weiheim, Ger.) 1981, 
314, 910. 

(9) Suami, T.; Kato, T.; Takino, H.; Hisamatsu, T. J .  Med. Chen. 
1982, 25, 829. 

(10) Montero, J. L.; Leydet, A.; Dewynter, G.; Seguin, A.; Favre, J. 
M.; Imbach, J. L. Eur. J .  Med. Chem. 1982, 27, 257. 

(11) Bodanszky, M. Nature (London) 1955,175, 685. 

0022-2623/84/1827-1222$01.50/0 0 1984 American Chemical Society 


