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7b (7.9 g, 22 mmol) in dry benzene (80 mL) under N2 while 
maintaining the temperature below 25 °C. After 30 min, di-
methylcarbamoyl chloride (2.9 g, 27 mmol) in benzene (5 mL) 
was added, and the reaction mixture was stirred at ambient 
temperature overnight. The mixture was cooled in ice and diluted 
with diethyl ether (100 mL) and water (25 mL). The organic layer 
was separated, washed with brine, dried (Na2S04), and filtered, 
and the filtrate was evaporated to give 9.2 g (97%) of an oil 
containing a mixture of isomers 9a and 9b (ratio ca. 1:2). The 
product ratio was determined by integration of the NMR signal 
for the pyridine ring methyl resonances (5 2.42 and 2.26) of 9a 
and 9b, respectively. This mixture was used without further 
purification. 

JV,JV-Dimethyl-JV'-[4-(hydroxymethyl)-6-methyl-2-
pyridyl]-JV'-[2-(diisopropylamino)ethyl]urea (10a) and iV,-
JV-dimethyl-JV'-[6-(hydroxymethyl)-4-methyl-2-pyridyl]-
Ar-[2-(diisopropylamino)ethyl]urea (10b). A solution of the 
mixture of isomeric benzyl ethers 9a and 9b (9.1 g, 21 mmol) in 
glacial acetic acid (75 mL) was hydrogenated over 10% Pd/C (3.0 
g) under 50 psi of hydrogen in a Parr apparatus over a period of 
3 days. The catalyst was removed by filtration, and the solvent 
was evaporated to give a residual oil, which was dissolved in 
methylene chloride. This solution was washed with dilute sodium 
hydroxide solution and then brine, dried (NajjSQj), and evaporated 
to give 5.3 g of a mixture of the debenzylated isomers. Chro
matography of this mixture on silica gel eluting with chloroform 
saturated with ammonia gave 2.6 g (37%) of 10b and 1.7 g (24%) 
of 10a as oils. The NMR spectra were identical with that reported 
for the isolated metabolites.3 Each isomer was dissolved in 
ethanol, treated with an equivalent of ethanolic HC1, and the 
respective solutions were diluted with diethyl ether to give the 
crystallin hydrochloride salts of 10b, mp 168-170 °C, and 10a, 
mp 210-212 °C. Anal. (C18H32N402-HC1) C, H, N. 

2-[[2-(Diisopropylamino)ethyl]amino]-4,6-bis(trifluoro-
methyl)pyridine (8). A solution of 6 (16.2 g, 37.7 mmol) in 50% 
sulfuric acid (130 mL) was refluxed for 12 h. The cooled solution 
was diluted with water (200 mL) and neutralized with 10 N sodium 
hydroxide. The resultant oil was extracted into methylene 
chloride, dried (Na2S04), and evaporated to give 12.5 g (93%) of 
8 of high purity. 

JV,JV-Dimethyl-iV-[4,6-bis(trifluoromethyl)-2-pyridyl]-
iV'-[2-(diisopropylamino)ethyl]urea (11). A solution of 1.34 
M rc-butyllithium in hexane (29.6 mL, 40 mmol) was added to 
2,2,6,6-tetramethylpiperdine (6.55 g, 46 mmol) in dry benzene (110 
mL) under N2. At 10-min intervals, a solution of 8 (11.8 g, 33 

mmol) in benzene (30 mL) was added, followed by a solution of 
dimethylcarbamoyl chloride (4.5 g, 42 mmol) in benzene (30 mL). 
After stirring overnight at ambient temperature, the reaction 
mixture was quenched with methanol (6 mL) and saturated 
Na2C03 (30 mL). The organic layer was separated, and the 
aqueous layer was extracted with methylene chloride. The com
bined organic extracts were washed with brine, dried (Na2S04), 
and filtered and the filtrate was evaporated to give 15.0 g of crude 
product. This material was twice distilled to give 9.8 g (69%) 
of 11, bp 122-124 °C (0.2 mm). Anal. (C18H26F6N40) C, H, N. 

iV,JV-Dimethyl-JV' - [4 ,6-bis( t r ideuter iomethyl) -2-
pyridyl]-JV'-[2-(diisopropylamino)ethyl]urea (12). A solution 
of 1 (10.6 g, 33 mmol) in dimethyl-d6 sulfoxide (35 mL) containing 
potassium tert-butoxide (100 mg) was heated under nitrogen at 
90 °C for 21 h. The reaction mixture was diluted with methylene 
chloride, thoroughly washed with water, dried (Na2S04), and 
filtered through a charcoal pad, and the solvent was evaporated. 
The residue was dissolved in 2-propanol, and 1 equivalent of 
ethanolic HC1 was added. Upon dilution with diethyl ether, 12 
precipitated and, after recrystallization from 2-propanol, gave 9.5 
g (79%) of 12 as the hydrochloride salt, mp 190-193 °C. Anal. 
(C18H26D6N40.HC1) C, H, N. 

The progress of this exchange reaction was monitored by the 
disappearance of the methyl resonances (4-CH3, 5 2.22; 6-CH3, 
<5 2.37) of 1 in the NMR. The 4-CH3 resonance disappeared 
appreciably before any measurable exchange at the 6-CH3 position 
occurred. 
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6-[(JE)-2-(2,6,6-Trimethyl-l-cyclohexen-l-yl)ethen-l-yl]- and 6-(l,2,3,4-tetrahydro-l,l,4,4-tetramethyl-6-
naphthyl)-2-naphthalenecarboxylic acids (4 and 8) have been synthesized and show significant activity in reversing 
the keratinization process in hamster tracheal organ culture and in inhibiting the induction of ornithine decarboxylase 
in mouse skin by 12-0-tetradecanoylphorbol-13-acetate, two assays used to measure retinoid activity. The 2-
naphthalenecarboxylic acid 8 was more active than 4. 

The potential value of retinoids as therapeutic agents 
for the t rea tment and chemoprevention of such diseases 
as epithelial cancer, psoriasis, and acne1 has increased 
interest in retinoid chemistry and the study of retinoid 
structure-activity relationships and has led to the design 
of new retinoid analogues.2"5 For these reasons, we report 

Scheme I 

or .CH2P<C6H5)3 Br 

n-BuLi, THF 
KOH, MeOH/H20; 
HOAc 
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new structural modifications of the retinoid skeleton, 6-
[(J5)-2-(2,6,6-trimethyl-l-cyclohexen-l-yl)ethen-l-yl]-and 

0022-2623/83/1826-1653$01.50/0 © 1983 American Chemical Society 



1654 Journal of Medicinal Chemistry, 1983, Vol. 26, No. 11 Notes 

Table I. Biological Assay Results for Retinoids 4 and 8 

retinoid 

reversal of keratinization in hamster 
tracheal organ culture" 

concn, M active/total cultures, % rel act.e 

inhibn of induction of ODC 
by TPA in mouse skin b 

dose, nmol % inhibn of control 

io-8 

10"' 
10"'° 
io-" 
IO"' 
10"'° 
10"" 
io-'2 

7/7 (100) 
11/12(92) 

6/13(46) 
1/5(20) 
7/7(100) 

21/22(95) 
17/22(77) 

4/15(27) 

C0,H 

0.4 

>10 

1.0C 

17.0 
1.7 

17.0 
1.7 

17.0 
1.7 

48 
30 

80 
56 

77 
62 

a Reference 3a. b Reference 6. ODC = ornithine decarboxylase. TPA = 12-0-tetradecanoylphorbol-13-acetate. c Rela
tive activity is defined as the reciprocal of the ratio of the ED50 (retinoid)/ED50 (retinoic acid) divided by the ratio of the 
ED50 (9)/ED50 (retinoic acid), where the EDS0 is the dose of retinoid required to reverse keratinization in 50% of the 
cultures. When 4 was tested, the ED50 for the retinoic acid control was 6 X IO"'2 M; for 8 this control value was 7 X IO"12, 
and for 9 it was 3 X 10"" . d Reference 2b. 

6-(l,2,3,4-tetrahydro-l,l,4,4-tetramethyl-6-naphthyl)-2-
naphthalenecarboxylic acids (4 and 8). The bonds of 4 and 
8 that correspond to the 9,11,131? double bond system of 
retinoic acid are restricted to a planar cisoid conformation 
by the naphthalene ring. Nevertheless, these analogues 
display significant activity in two bioassays that are used 
to assess retinoid activity, namely, (1) the reversal of 
keratinization of epithelial cells in hamster tracheal organ 
culture38 and (2) the inhibition of the induction of ornithine 
decarboxylase in mouse dorsal epidermis by a tumor-
promoting phorbol ester.6 In fact, 8 is the first non-olefmic 
compound reported that displays retinoid activity. 

Chemistry. Naphthalenecarboxylic acid 4 was prepared 
in two steps from 6-carbomethoxy-2-naphthalenecarbox-
aldehyde (1) by the route shown in Scheme I. Reaction 
of 1 with /3-cyclogeranylidenetriphenylphosphorane, which 
was prepared from the corresponding phosphonium salt 
(2) and rc-BuLi, afforded ester 3 and its Z isomer in a ratio 
of 8:1 by LC analysis. Hydrolysis of 3 gave 4. The trans 
geometry of the double bond of 3 and 4 was established 

(1) (a) Sporn, M. B.; Newton, D. L.; Roberts, A. B.; DeLarco, J. 
E.; Todaro, G. J. In "Molecular Actions and Targets for Cancer 
Chemotherapeutic Agents"; Sartorelli, A. C; Bertino, J. R.; 
Lazo, J. S., Eds.; Academic Press: New York, 1980. (b) Bollag, 
W.; Matter, A. Ann. N.Y. Acad. Sci. 1981, 359, 9. (c) Pawson, 
B. A.; Ehmann, C. W.; Itri, L. M.; Sherman, M. I. J. Med. 
Chem. 1982, 25, 1269. 

(2) (a) Dawson, M. I.; Hobbs, P. D.; Kuhlmann, K.; Fung, V. A.; 
Helmes, C. T.; Chao, W.-R. J. Med. Chem. 1980,23,1013. (b) 
Dawson, M. I.; Hobbs, P. D.; Chan, R. L.; Chao, W.-R; Fung, 
V. A. Ibid. 1981, 24, 583. (c) Dawson, M. I.; Hobbs, P. D.; 
Chan, R. L.; Chao, W.-R. Ibid. 1981, 24, 1214. 

(3) (a) Newton, D. L.; Henderson, W. R.; Sporn, M. B. "Structure 
Activity Relationships of Retinoids. Tracheal Organ Culture 
Assay of Activity of Retinoids"; Laboratory of Chemopreven-
tion, Division of Cancer Cause and Prevention, National Can
cer Institute: Bethesda, MD, 1978. (b) Newton, D. L.; Hen
derson, W. R.; Sporn, M. B. Cancer Res. 1980, 40, 3413. (c) 
Acton, N.; Brossi, A.; Newton, D. L.; Sporn, M. B. J. Med. 
Chem. 1980, 23, 805. 

(4) Loeliger, P.; Bollag, W.; Mayer, H. Eur. J. Med. Chem. 1980, 
25,9. 

(5) (a) Chan, K. K.; Specian, A. C, Jr.; Pawson, B. A. J. Med. 
Chem. 1981,24,101. (b) Lovey, A. J.; Pawson, B. A. Ibid. 1982, 
25, 71. 

(6) (a) Raineri, R.; Simsiman, R. C; Boutwell, R. K. Cancer Res. 
1973, 33,134. (b) Verma, A. K.; Lowe, N.; Boutwell, R. K. Ibid. 
1979, 39, 1035. 

Scheme II 
1. Li, EtjO; ZnClj, THF; 

^COaEt 

[(C6H5)3P]aNl, THF 
2. KOH, MeOH/HjO; 

HOAc 

by their *H NMR spectra that displayed two doublets 
having coupling constants of 16 Hz for the vinylic protons. 
In contrast, the lK NMR spectrum of the purified Z isomer 
of the ester had two vinylic proton doublets (5 6.22 and 
6.58) having a 12.6-Hz coupling constant. 

The ethyl ester of naphthalenecarboxylic acid 8 was 
prepared from 6-bromo-l,2,3,4-tetrahydro-l,l,4,4-tetra-
methylnaphthalene (5)7 and ethyl 6-bromo-2-
naphthalenecarboxylate (6)8 by the synthetic sequence 
shown in Scheme II. The unsymmetrical biaryl coupling 
was effected by using methodology developed by Negishi,9 

namely, reaction of the arylzinc reagent (obtained by 
treatment of bromotetrahydronaphthalene 5 with lithium, 
followed by metal exchange with ZnCl2) and bromo-
naphthalene 6 in the presence of the catalyst tetrakis-
(triphenylphosphine) nickel (0). Hydrolysis of the ester 
afforded 8. 

Pharmacological Activity. Preliminary biological 
testing results are presented in Table I. The activity of 
4 in the reversal of keratinization assay is at least an order 
of magnitude less than that of benzoic acid 9, which we 
had synthesized previously. Analogue 4 is also less active 
in the ornithine decarboxylase assay. In 9, the bonds 
corresponding to the 11.13E double bond system of retinoic 
acid are restricted to a cisoid conformation by the phenyl 
ring. Further restriction of the bonds corresponding to the 
9.11.E double bond system to a cisoid conformation may 
account for the reduced activity of 4. Both 4 and 9 are less 
active than retinoic acid. However, some analogues of 9 

(7) Wood, T. F.; Evans, W. F. (Givaudan Corp.). U.S. Patent 
3499751, 1970; Chem. Abstr. 1970, 72, 132389e. 

(8) Anderson, L. C; Johnston, D. J. Am. Chem. Soc. 1943,65, 239. 
(9) Negishi, E.; King, A. O.; Okukado, N. J. Org. Chem. 1977, 42, 

1823. 
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show enhanced chemopreventive activity. For example, 
ethyl 4-[(.E)-2-(l,2,3,4-tetrahydro-l,l,4,4-tetramethyl-6-
naphthyl)-l-propen-l-yl]benzoate is more active in the 
antipapilloma assay than its analogue having an (£^E)-4-
carbethoxy-3-methyl-l,3-butadien-l-yl group in place of 
the 4-carbethoxyphenyl ring.4 Both are more active than 
retinoic acid and its ethyl ester. A similar enhancement 
of activity was found with the naphthalenecarboxylic acid 
analogue 8, which was more active than 4 in both bioassays. 
In fact, 8 was more active than retinoic acid in the reversal 
of keratinization assay. However, in the ornithine de
carboxylase assay, 8 showed 64 and 9 3 % of the activity 
of retinoic acid at the 1.7- and 17-nmol dose levels, re
spectively. The difference in activities may be due to 
differences in the two bioassay systems. Compounds such 
as the (tetrahydronaphthyl)naphthalenecarboxylic acid 8 
are more readily synthetically accessible and far more 
stable than retinoic acid and may have potential as ther
apeutic agents. 

E x p e r i m e n t a l Sec t ion 

Where required, reactions and purifications were conducted 
with deoxygenated solvents and under inert gas (argon) and 
subdued light. Solvents were dried or distilled before use. TLC 
analyses were performed on Analtech silica gel analytical plates. 
Merck silica gel 60 was used for chromatography. Melting points 
are uncorrected. LC analyses were done on a Waters Associates 
ALC 210 equipped with a Radialpak A or B cartridge. Detection 
was by a Schoeffel Instrument Model 770 variable-wavelength 
UV monitor. Analyses were performed at ambient temperature. 
IR spectra were recorded with a Perkin-Elmer 710B infrared 
spectrophotometer. NMR spectra were obtained with a Varian 
EM360A or XL-100-F or a 300-MHz Nicolet spectrometer, with 
Me4Si as an internal standard (S 0) and solvent as specified. UV 
spectra were taken on a Perkin-Elmer 552 spectrophotometer. 
High-resolution mass spectral analyses were conducted on a 
CEC-21-110B high-resolution mass spectrometer equipped with 
facilities for combination GC-MS. 

Methyl 6-[ (E )-2-(2,6,6-Trimethy 1- 1-cyclohexen-1 -yl)eth-
en-l-yl]-2-naphthalenecarboxylate (3). To a suspension of 1.39 
g (2.9 mmol) of /3-cyclogeranyltriphenylphosphonium bromide (2) 
in 40 mL of THF at -20 °C was added 1.88 mL (2.9 mmol) of a 
1.54 M solution of ra-BuLi in hexane. The mixture was stirred 
for 20 min at 0 °C, at which time almost all of the phosphonium 
salt went into solution. To the dark brown solution was added 
0.62 g (2.9 mmol) of 6-carbomethoxy-2-naphthalenecarbox-
aldehyde (1) in 5 mL of THF. The reaction mixture became light 
yellow. It was stirred at room temperature for 24 h and then 
diluted with 200 mL of H20 and extracted with Et20 (3 X 100 
mL). The Et20 layer was dried (Na2S04), concentrated, and 
filtered through 100 g of silica gel to give 0.8 g (82% yield) of a 
very pale yellow oil: LC (Radialpak B, 1% Et20/hexane, 2 
mL/min, 260 nm) tR 3.8 (12%, Z isomer), 4.1 min (88%, 3); IR 
(film) 2950, 1730, 1640 cm"1; *H NMR (CDC13) 8 1.12 [s, 6, C-
(CH3)2], 1.3-1.8 [2 m, 4, (CH2)2], 1.82 (s, 3, C=CCH3), 2.05 (m, 
2, C=CCH2), 3.97 (s, 3, C02CH3), 6.52 (d, J = 16 Hz, ~ l , 
HC=C#Ar), 6.95 (d, J = 16 Hz, ~ 1 , ffC=CHAr), 7.7-8.7 (m, 
6, ArH); MS calcd for C23H2602, 334.1933; found, 334.1930. 

6-[(£)-2-(2,6,6-Trimethyl-l-cyclohexen-l-yl)ethen-l-yl]-
2-naphthalenecarboxylic Acid (4). A suspension of 0.75 g (2.25 
mmol) of 3 in 5 mL of MeOH was degassed twice under argon 
before a solution of 1.0 g (17.8 mmol) of KOH in 2 mL of H20 
and 3 mL of MeOH was added. The reaction mixture was de
gassed twice more and heated under reflux for 30 min. It was 
cooled and acidified with about 15 mL of 50% H20/HOAc. The 
product was extracted with Et^O (2 X 50 mL). The El^O extracts 
were washed with brine, dried (Na2S04), and evaporated to give 
a light yellow solid, which was recrystallized from EtOAc/ hexane 
to give 0.54 g (75% yield) of 4 as pale yellow crystals: mp 173-174 
°C; LC (Radialpak A, 50% H20/MeCN, 2 mL/min, 260 nm) tR 

1.4 min (100%); IR (mull) 2800-3200 (broad), 1700, 1620 cm"1; 
300-MHz XH NMR (CDCl3/Me2S0-d6) 8 1.11 [s, 6, C(CH3)2], 1.55 
and 1.65 [2 m, 4, (CH2)2], 1.81 (s, 3, C=CCH3), 2.05 (m, 2, 0 = 
CCH2), 6.54 (d, J = 16 Hz, 1, HC=CffAr), 6.90 (d, J = 16 Hz, 

1, #C=CHAr), 7.73 (d, J = 8.5 Hz, 1, 4-ArH), 7.77 (s, 1, 5-ArH), 
7.86 and 7.93 (2 d, J = 8.5 Hz, 2, 7,8-ArH), 8.10 (d, J = 8.5 Hz, 
1, 3-ArH), 8.67 (s, 1,1-ArH); 13C NMR (CDCl3/Me2SO-d6) 18.7, 
21.4, 28.7, 32.5, 33.8, 39.1,124.2, 124.9,128.9,129.4,129.6,130.1, 
131.4,131.9,135.3,137.0,137.3,167.3 ppm; UV (EtOH) Xmas 254 
nm (e 2.71 X 104), 317 (2.41 X 104); MS calcd for C22H2402, 
320.1776; found, 320.1786. 

E thy l 6-( l ,2 ,3 ,4-Tetrahydro-l , l ,4 ,4- tetramethyl-6-
naphthyl)-2-naphthalenecarboxylate (7). The coupling pro
cedure of Negishi9 was adapted. A solution of 4.138 g (15.5 mmol) 
of 6-bromo-l,2,3,4-tetrahydro-l,l,4,4-tetramethylnaphthalene7 in 
8 mL of Et20 was added under argon to a stirred mixture of 0.60 
g (0.086 mol) of Li wire (1% Na) cut in small pieces, which had 
been prewashed with Mel and Et^O, in 7 mL of Et^O at 0 °C. The 
reaction mixture was stirred at 0 °C for 1 h, at which time an 
aliquot treated with water/hexane showed no aryl bromide by 
GC analysis (0.125 in. X 6 ft, 3% OV-1,120 °C, 2 min, 16 °C/min 
to 250 °C). After cooling to -10 °C, the supernatant solution of 
aryllithium reagent was added to a stirred solution of 2.15 g (15.6 
mmol) of fused ZnCl2 in 24 mL of THF, which had been precooled 
to -5 °C. After 0.5 h at 0 °C, the resultant arylzinc mixture was 
added to a stirred solution of 3.67 g (13.2 mmol) of ethyl 6-
bromo-2-naphthalenecarboxylate8 and 0.28 g (0.25 mmol) of 
tetrakis(triphenylphosphine)nickel(0) in 24 mL of THF at 5 °C. 
The dark reaction mixture was allowed to warm slowly to 20 °C 
over a 30-min period and maintained there for 30 min. It was 
then poured into 100 g of ice and 30 mL of cold 10% HC1 and 
extracted with El^O (150 mL, 2 X 50 mL). Washing with saturated 
NaHC03 and brine, drying (MgS04), and concentrating at reduced 
pressure afforded a crystalline residue, which was dissolved in 
250 mL of Et20. The solvent was concentrated to about 15 mL, 
diluted with 15 mL of hexane, and cooled to -80 °C to give 3.47 
g of white crystals. Impurities were removed by chromatography 
on 90 g of silica gel with benzene to afford 3.3 g of material. 
Crystallization from Et20 at -20 °C gave 2.42 g (48% yield) of 
7 as shiny, colorless plates: mp 155.5-156.5 °C; TLC (10% 
acetone/hexane) ify0.68; LC (Radialpak B, 1% EtOAc/hexane, 
2 mL/min, 260 nm) tR 4.3 min (100%); LC (Radialpak A, MeCN, 
2 mL/min, 280 nm) tR 5.4 min (100%); IR (mull) 1630,1365,1280, 
1255, 920, 890, 815, 770, 750 cm"1; 300-MHz *H NMR (CDC13) 
& 1.34 and 1.38 [2 s, 12, C(CH3)2], 1.45 (t, J = 7.1 Hz, 3, CH2Ctf3), 
1.74 [s, 4, (CH2)2], 4.45 (q, J = 7.1 Hz, 2, Ctf2CH3), 7.43 (d, J = 

8.6 Hz, 1, 8-ArH), 7.50 (dd, J = 1.9 and 8.6 Hz, 1, 7-ArH), 7.66 
(d, J = 1.9 Hz, 1, 5-ArH), 7.80 (dd, J = 1.7 and 8.7 Hz, 1, 7-
naphthyl H), 7.92 (d, J = 8.6 Hz, 1, 4-naphthyl H), 8.01 (d, J = 
8.7 Hz, 1, 8-naphthyl H), 8.03 (br s, 1, 5-naphthyl H), 8.09 (dd, 
J = 1.7 and 8.5 Hz, 1, 3-naphthyl H), 8.62 (br s, 1, 1-naphthyl 
H); 13C NMR (CDC13) 14.3, 31.8, 31.9, 34.1, 34.4, 35.0, 35.1, 60.9, 
124.7,125.1,125.5,126.4,127.1,127.4,128.1,129.6,130.6,131.4, 
135.7,137.6,141.1,144.6,145.4,166.6 ppm; UV (EtOH) Xmal 231 
nm (e 4.4 X 104), 264 (4.6 X 104), 312 (2.3 X 10"); MS calcd for 
C27H30O2 386.2246; found, 386.2221. 

6-(l,2,3,4-Tetrahydro-l,l,4,4-tetramethyl-6-naphthyl)-2-
naphthalenecarboxylic Acid (8). A suspension of 0.434 g (1.12 
mmol) of 7 in a solution of 0.628 g (9.5 mmol) of 85% KOH in 
1.1 mL of water and 10 mL of EtOH was heated at reflux for 10 
min, at which time solution was achieved and TLC (40% ace-
tone/hexane) showed no starting material (Rf 0.90). The reaction 
mixture was diluted with 20 mL of cold water and acidified with 
HOAc. The precipitated product was extracted into Et20 (2 X 
100 mL). The extracts were washed with brine, dried (MgS04), 
and concentrated at reduced pressure to give 0.396 g of white 
crystalline product. Recrystallization from 45 mL of acetone at 
-20 °C afforded 0.309 g (77% yield) of acid as colorless crystals: 
mp 287.5-288.5 °C; LC (Radialpak A, 60% MeOH/water, 2 
mL/min, 260 nm) tR 15.1 min (100%); IR (mull) 1680,1630,1300, 
1220, 910, 880, 810, 770, 740 cm"1; 300-MHz *H NMR (Me2S0-d6) 
5 1.29 and 1.35 [2 s, 12, C(CH3)2], 1.69 [s, 4, (CH2)2], 3.40 (br s, 
1, C02H), 7.46 (d, J = 8.3 Hz, 1, 8-ArH), 7.57 (dd, J = 2.0 and 
8.3 Hz, 1, 7-ArH), 7.75 (d, J = 2.0 Hz, 1, 5-ArH), 7.92 (dd, J = 
1.6 and 8.7 Hz, 1, 4-naphthyl H), 8.00 (dd, J = 1.6 and 8.7 Hz, 
1, 7-naphthyl H), 8.09 (d, J = 8.7 Hz, 1, 8-naphthyl H), 8.19 (d, 
J = 8.8 Hz, 1, 3-naphthyl H), 8.26 (br s, 1, 5-naphthyl H), 8.63 
(br s, 1,1-naphthyl H); 13C NMR (Me2S0-d6) 31.5, 33.7, 34.0, 34.6, 
124.3,124.6,124.9,125.4,125.9,127.0,127.8, 128.3, 129.7, 130.1, 
131.1, 135.2, 136.7, 140.1, 144.2, 144.9, 167.4 ppm; UV (EtOH) 
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X,^ 227 mn (e 4.1 X 104), 260 (5.5 X 104), 307 (2.1 X 104); MS calcd 
for C25H2602, 358.1933; found, 358.1938. 

Biological Assays. The experimental protocols used for the 
reversal of keratinization assay and the inhibition of the induction 
of ornithine decarboxylase assay were essentially those described 
by the groups of Sporn3a and Verma and Boutwell,6 respectively. 
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moylating activity, as well as lipophilicity, contributed to 
the toxicity in L1210 leukemic mice. Alkylating activity 
was thought to be a major factor in determining the 
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tha t the anti tumor effect is due to alkylation and cross-
linking of DNA by (2-chloroethyl)diazonium ion.16"20 The 

(1) DeVita, V. T.; Carbone, P. P.; Owens, A. H.; Gold, G. L.; 
Krant, M. J.; Edmonson, J. Cancer Res. 1965, 25, 1876. 

(2) Slavik, M. Cancer Treat. Rep. 1976, 60, 795. 
(3) Ahmann, D. L. Cancer Treat. Rep. 1976, 60, 747. 
(4) Levin, V. A.; Wilson, C. B. Cancer Treat. Rep. 1976, 60, 719. 
(5) Wilson, C. B.; Boldrey, E. B.; Enot, K. J. Cancer Chemother. 

Rep. 1970, 54, 273. 
(6) Anderson, T.; DeVita, V. T.; Young, R. C. Cancer Treat. Rep. 

1976, 60, 761. 
(7) Weinkam, R. J.; Lin, H. S. J. Med. Chem. 1979, 22, 1193. 
(8) Brundrett, R. B.; Cowens, J. W.; Colvin, M.; Jardine, I. J. Med. 

Chem. 1976, 19, 958. 
(9) Colvin, M.; Brundrett, R. B.; Cowens, W.; Jardine, I.; Ludlum, 

D. B. Biochem. Pharmacol. 1976, 25, 695. 
(10) Schabel, F. M.; Johnston, T. P.; McCaleb, G. S.; Montgomery, 

J. A.; Laster, W. R.; Skipper, H. E. Cancer Res. 1963,23, 725. 
(11) Hansen, C; Leo, A.; Schmidt, C; Jow, P. Y. C; Montgomery, 

J. A. J. Med. Chem. 1980, 23, 1095. 
(12) Hansen, C; Smith, N.; Engle, R.; Wood, H. Cancer Chemother. 

Rep. 1972, 56, 443. 
(13) Montgomery, J. A.; Mayo, J. G.; Hansch, C. J. Med. Chem. 

1974, 17, 477. 
(14) Wheeler, G. P.; Bowdon, B. J.; Grimsley, J. A.; Lloyd, H. H. 

Cancer Res. 1974, 34, 194. 
(15) Panasci, L. C; Green, D.; Nagourney, R.; Fox, P.; Schein, P. 

S. Cancer Res. 1977, 37, 2615. 
(16) Tong, W. P.; Kirk, M. C; Ludlum, D. B. Cancer Res. 1982, 42, 

3102. 
(17) Chang, C. J.; Fugimura, S.; Grunberger, D.; Weinstein, I. B. 

Cancer Res. 1972, 32, 22. 
(18) Gombar, C. T.; Tong, W. P.; Ludlum, D. B. Biochem. Phar

macol. 1980, 29, 2639. 
(19) Lown, J. W.; McLaughlin, L. W. Biochem. Pharmacol. 1979, 

28, 2123. 

An Analysis of l-(2-Chloroethyl)-l-nitrosourea Activity at the Cellular Level1 
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The effect of five different l-(2-chloroethyl)-l-nitrosoureas on the growth of cultured P388 cells has been analyzed 
in terms of physical, chemical, and kinetic parameters that are related to the mechanism of action of this class of 
cancer chemotherapeutic agent. This study correlates structure with activity at the cellular level by using a dose 
function that is related to the amount of active species, the (2-chloroethyl)diazonium ion, that is formed during 
the period of exposure of cells to drug rather than to the initial drug dose. l-(2-Chloroethyl)-l-nitrosourea analogues 
that rapidly enter the P388 cells are shown to have the same activity relative to the amount of active species formed. 
When analyzed in this way, activity is not influenced by the structure of the N-3 substituent, lipophilicity, or 
carbamoylating activity. The agents l-(2-chloroethyl)-l-nitrosourea (CNU), l-(2-chloroethyl)-3-(2,6-dioxo-3-
piperidyD-1-nitrosourea (PCNU), l-(2-chloroethyl)-3-cyclohexyl-l-nitrosourea (CCNU), and l,3-bis(2-chloro-
ethyl)-l-nitrosourea (BCNU) all produce a 50% cell growth inhibition at 6 to 7 /uM active species formed per cell 
volume. Chlorozotocin required a twofold higher effective dose to produce the same toxic effect. This decreased 
activity is attributed to the slow uptake of the water-soluble chlorozotocin into P388 and L1210 cells relative to 
the rate of chlorozotocin conversion to active species in medium. The yields to 2-chloroethanol from CNU, BCNU, 
and chlorozotocin were shown to be the same, indicating that these agents generate the same yield of alkylating 
intermediate at 37 °C and pH 7.4. 
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