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pL-3-(3-Carboxy-4-ethoxyphenyl)alanine Hydrochloride.—
Diethyl acetamido(3-carboxy-4-ethoxybenzyl)malonate (4 g,
0.01 mole) was refluxed with 25 ml of 1.2 N HCI for 19 hr.
The reaction mixture was concentrated in vacuo and the erystal-
line residue was recrystallized from isopropyl alcohol; yield 2.02
g (69.0%).

DL~ 3-(3 Carboxy-2-methoxyphenyl)alanine Hydrochloride —
Diethyl acetamido(3-carbomethoxy-2-methoxybenzyl)malonate
(7 g, 0.0177 mole) was hydrolyzed with 100 mi of 1.2 N HCI for
20 hr. Concentration of the reaction mixture in vacuo gave a
crystalline residue which was recrystallized from a mixture of
isopropyl and ethyl aleohol; yield 2.7 g (55%).

pL-3-(3-Carboxy-4-methoxy-m-tolyl)alanine Hydrate—A
mixture of 4.5 g (0.0138 mole) of formamido-(3-carboxy-4-
methoxy-5-methylbenzyl)malonic acid and 50 ml of 309, eth-
anol was refluxed for 24 hr. The white crystalline compound
which precipitated was filtered off, washed with water, and dis-
solved in 0.1 N NaHCO; solution, The bicarbonate solution
was charcoaled, filtered, and acidified. The precipitate was
filtered off, washed with water, and dried; yield 1.8 g (419,).
pL-3-(3-Carboxamido-N-formyl-4-methoxyphenyl)alanine —
Tormamido(3-carboxamido-4-methoxybenzyl)malonic acid (6 g,
0.0193 mole) was refluxed for 7 hr with 90 ml of 1:1 ethanol-
water. The mixture was councentrated in vacuo and gave a
syrupy residue which crystallized while standing under ether at
ice-bath temperature. It melted at 118-119° after recrystalli-
zation from ethanol; vield 4 g (849,).
Anal. Caled for CHuN,0s: C, 54.13; H, 5.25;
Found: C, 54.43; H, 5.59; N, 9.92.
DL-3=(3-Carboxamido-4-methoxyphenyl)alanine Hydrochlo-
ride.—3-(3-Carboxamido-N-formyl-4-methoxyphenyl)alanine (4
g, 0.015 mole) was refluxed for 7 hr with 200 ml of 0.0995 N
HCl. The reaction mixture was concentrated to dryness in
vacuo. The oily residue crystallized under a mixture of ether-
ethanol and was recrystallized from aleohol; yield 1.5 g (36.5%,),
mp 243-244°,
pL=3-(3-Carboxamido 4-methoxyphenyl)alanine.—Formamido-
(3-carboxamido-4-methoxybenzyl)malonate (7 g, 0.022 mole)
was refluxed for 26 hr in a mixture of 300 ml of 1:1 ethanol-
water. The solvents were evaporated in vacuo, and the oily
residue was taken up in the minimum amount of hot ethanol
and allowed to crystallize in the refrigerator. The crystalline
product was removed by filtration and recrystallized from
ethanol; yield 3.5 g (66.69;), mp 269-270°.
pL-4-Carboxy-m-tyrosine Hydrate.—pr-3-(Carboxy-3-meth-
oxyphenylalanine (3.0 g, 0.0125 mole) was refluxed with 30 ml of
489 HBr for 5 hr and allowed to cool overnight. The crystal-
line precipitate was filtered off and dissolved in water. The
pH of the resulting solution was adjusted to 3.2 with 109
NaOH. The precipitate was filtered off, washed with water,
and then dissalved in 0.1 & NaHCO;. The bicarbonate solution
was clarified (charcoal), acidified to pH 3.2, and filtered. The
filter cake was washed well with water and dried; yield 1.55
g (51%).

N, 10.52.

Synthesis of Potential Antineoplastic Agents.
XVIL. N,N-Bis(2-fluoroethyl)anilines!

I'raxk D. Porr, FREDRICK P. SILVER, AND DRU W. ALWANI

Department of Chemistry, Clarkson College of 1'echnology,
Potsdam, New York

Necetved November 25, 1966

Prior to the report? of the clinical application of the
drug ftorpan (I), essentially no work had been reported
on the synthesis of 2-fluoroethylamines as potential

(1) (a) Part XVI: P. Schuyler, F. D. Popp. and A. C. Noble, J. Med.
Chem., 9, 774 (1966). (b) Supported in part by research grants from the
American Cancer Society and from the National Cancer Institite, U. S.
Public Health Service.

(2) (a) L. P. Larinov, M. D. Chadakova, and E. I, Arkliangel‘skaia, Vopr.
Onkol., T, 112 (1961); Cuancer Chemotherapy Abstr., 2, 872 (1961); (b) see
also H. Dubicki, . Zielinski, and ¥. W. Starkz, J. Pharm. Seci.. 58, 1422
(1964).
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antineoplastic agents. Siuce that time, however, a
number of reports®—® of 2-fluoroethylamines have

appeared.® In addition to the activity of I additional
0 N(CH,CH.X).
/CH1CH2C1
HN N R
on\N L Scrcnr
CH,; II, X=F
H III, X=0H
1V, X=Cl
I V, X=0Ts

rationale for the synthesis of 2-fluoroethylamines has
been presented® We report here the synthesis and
some screening results on a number of substituted N,N-
bis(2-fluoroethyl)anilines (I1).

In an initial approach to the synthesis of II it was
found that N,N-bis(2-chloroethyl)aniline (IV, R = H)
and N, ,N-bis(2-chloroethyl)-m-toluidine (IV, R =
3-CH;) could be converted to the corresponding fluoro-
ethylanilines (IT) by refluxing with anhydrous potas-
sium fluoride in methanol. However, attempts to ex-
tend the generality of this reaction to other chloro-
ethylanilines (IV) failed.

As an alternative approach it was decided to attempt
to replace the p-tolylsulfonyloxy grouping because of
the ease with which they could be prepared and because
several of the desired compounds had already been
reported.” These tosylates (V) were prepared by reac-
tion of IIT with p-toluenesulfonyl chloride in the pres-
ence of pyridine; the new compounds so prepared are
included in Table 1.

CH.CHF
CH LCH,R N
CHZCH R
CH.CH R’
VI, R = IV = OTs VII, R = OCH; X
\III R = F, ¥ = 0OCH; XI, R = OCH.-

IX, R =F: R = OCH; CH.0CH,CHOH

In initial examples it was found that the tosylate
could be readily replaced by fluorine by refluxing V with
excess anhydrous KF in methanol. This displacement
was accomplished without difficulty to give VI (R =
H, R = 3-CH;, and R = 4-CH;). These and other
N, N-bis(2-fluoroethyl)anilines are included in Table
II. However, when applied to V(R = 3-F and R =
3-NO.) and to VI this method led to the isolation of a
N-(2-fluoroethyl)-N-(2-methoxyethyljaniline (VII and
VIIT, respectively). These and other related com-
pounds are included in Table III. TUse of absolute
ethanol in place of methanol with VI led to IX. Sev-
eral other attempted displacements in methanol gave
oils from which pure products ecould not be separated.
Treatment of N,N-bis(2 fluoroethyl)aniline (IX) or
compounds of the type VII with refluxing methanol or

(3) (a) A. P. Martinez, W. W. Lee, and L. Goodman, Tetrahedron. 20,
2763 (1964); (b) A. P. Martinez, W. W, Lee, and L. Goodman, J. Med.
Chem.. 8, 741 (1965).

(4) (a) Z. B. Papanastassiou and R. J. Broni, J. Org. Cheni., 29, 2870
(1964): (1) Z. B. Papanastassion, R. J, Bruui, 1. P. Fervaniles, and P, L.
Levins, J. Med. Chem., 9, 357 (1966).

(5) G. R. Pettit and R. L. Smith, Can. J. Chem., 42, 572 (1964).

(6) Our work in this area began before these reports® —5 appeared.

(7) G. M. Tinlnis, British Patent 662,645 (1951).
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N(CH.CH,OT's .

R
Calinl, ' : “onnd v

Snbistingent My e Yiell, ¢ L I N 1 11 N

-0l NG ONT Tl aaL 5. 00 267 Jo.07 5.04 2.7
3-N0On o it S6 a1 4.00 a4 53,46 4.57 5.oN
2-0ClH 0206 10 ATLUTN .64 R 5800 .50 2,80
4-COLCal T 105107 ) Y 5.06 2. 40 577 5.63 244
A=l 05--04 N ST 016 276 56,94 5.27 2 64
4-1 N4-87 62 H6.79 5. 1b 276 506,67 5.aA 267
3-ClH, N0O-83 [N .62 AN REES 30,90 5. 65 R
4-Clly 132--154 86 59,62 5.81 SUON 3020 5.69 276
A-ClH-4-CHO 1711 T o8N T4 500 264 5K.064 D.a6 2.52

T Reerystallizel from methaiol mides otherwise 1oted. ¥ Rearvstallizal from benzene-hexane.  # Reerystatlized frow ethanol,
4 Prepaved by formylation of the 2-CHy compound as deseribed by A, Cohen ail R. 8. Tipson, J. Med. Chem., 6, 822 (1983), for the
preparation of the 4-CHO compound.

Taprw 11
Prerawamon or N, N-Bis(2-rLroroBmnyl)ANILINES FIoM TosYLATES

N(CH,CH,F).
R
Yiotd, : Calnl, 'y : == Yeod,
Sahatimencs Ui Comm) e, #C ke & H N 1 & 1 N 1’
1 EA1--133 (5.5) St 64.86 7.08 757 20.54 65. 10 7.32 744 20.20
A-Clly 105-110 (0.3) O 66.30 7.50  T.U3 0 19.07 66.35 7.80 718 19.25
4-C'H RG-89 (0.1-0.2) 82w 66.30 7.59  7.03 19.07 66.59 7.70  7.04 1D.00
A-NO. 50-54h s 52,17 5.25 12.17 16.51 52,16 5.34 1187 15.96
4-1 Ny-02 (0,57 e S 100 5005 6.89 28.05 58.79 6.21 6.01 27.77
-1 HOCE =ah 1421444 ¢ SO 5460 584 23.78¢ 50.26 5.68  5.64 23,69
+-0CIT; 1)2-110 (0.2-0.5) b 61.3%8 7.02  6.5L 17.65 61.27 7.03 0648 17.74
A-OCTH - HCT =ali F4R8--150 ¢ 3248 6,41 5,56 15.09¢ 32,41 6.51 541 152
A-F 0295 (0.3 Bl 39,1 5,95 6.8)  28.05 S8.01 0 6.00 6.96 2811
4-Cl D95 (0.2] 27 54.66 5.50  6.38  17.30% 54.72 5.65  6.14 17.09
3-COLl A4-00°0 Gow 6068 6.66  5.45 14.77 60.54 6.71  4.38 1455
4-C'1 52-547 R G4.66 5.50  6.38 17.30 54.06 5.4l 6.27 17.12
A-CH -2 4-DNT'F 103196/ Yy 51,00 4.360 17,80 9.66 G104 4,49 1775 D.s4
A-CHg4-CH==2,4-1DN P FAR- 5 v SR.07 4.50 1719 Ban DAsd 488 17 s b4
* Remrtion inmethavol. * Rervy=iallized from water. © Reartion in 2,27-oxydiethanol. ¢ Recerysiallized fromn aretone. ¢ Prepavid

From base. ¢ Anal. Caled: Cl 1479, Fonnd: Cl, 14.86. v Anul. Caled: Cl14.00. Found: Cl, 14.19. * dna/. Caled: CL
16.14. Found: Cl 16.21. 7 Reervstallized from ether. 7 Purified by chromatography.  * 2,4-Dinitrophenylhydrazone of 4-CHO

componid;  4-CIO reported by ref 3a. 7 Recrystallized from ethanol-DMTF. ™ Base ohtatnede in 5077 vield. » 24-Dinitrophenyl-
hydrazone of 3-CHg4-CHO rompound: obtainede as an oil in 3047 yield. ¢ RNecrystallized front ethanol,

Tagrw 1
I'tovviors or SonvENT INTERACTION 18N TE PREFARATION 01 N N-BIS(2-FLUEOROETIY L ) ANTLINES

CHL.CHLF
Ar—N’
\;
CHCHLOR
- Claled, Y Vo, 4, .
Crangal® oo i) e i, S0 & 11 N 1 « i1 N 1
NE B = 3-Clly h 63.13 N.48 4.91 6. 66 G, 12 N.43 5.22 6.02
VEHE 170- 175 (2) 72.85 7.04 5.67 7.68 7258 7.31 6.05 714
VIR = 3-F 116-120 (4.5) 61.38 7.02 6.51 17.65 61.44 6.73 6.74 15,06
VIL R = 3-I"- HCH sali E30-132° 52.50 6.32 5.58 15.12 52.43 6.34 5.46 15.23
VIL R = 3-NO. h 54.53 6.24 11.57 7.84 H4.37 5.99 11.51 8.10
IX 143144 (0.2) 73.33 T.72 5.36 73.65 7.59 5.39
NI R o= 4-F 165 (0. 18) 58,12 7.32 4.54 1a.13 57.75 7.65 5.02 12.02
s Foeabie Rand Ar omaponents, see the stroctoral forumlas inotextc * Pauvified by elrromatography . decomposed o attemnpted dis-

Ulktion. < Recrysiallized frown acetone.
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Tasre IV
ANTINEOPLASTIC ACIION® OF
N(CH,CH;X),
R
— KD cell culture? - — ——1/C (Y%)/dose (mg/kg) -—
X R EDso, ug/ml Slope WA? Other systems?
OT's H 7.1 X 107 —0.3 (/502 SA 33/500, LE 122/50
0/12.5¢ FV 89/25, WC 66/16
2/6.25/
¥ H 2.8 X 101 —0.6 97/20 DL v8/7.5
F 3-Cl 4.7 X 10! —0.6 118/1.5
¥ 3-F M1.0 X 10* 117/2
VI1I* R=F 5.1 X 10! —0.4
I 3-CH; 5.5 X 101 —1.0 94/41
¥ 3-NO. 109/0.3 LE 112/20
OTs 4-CO,C.ll; 5 X 10! —0.5 88/100
F 4-CO,C.H; ML1.0 X 10% 100/1.25
¥ 4-Cl 7.2 X 10* —0.7 100/21
OTs 4-F LIS 127 /400
F 4-0ClII; 4.5 X 101 —0.7 59/1.2
OTs 4-CIlI; L1.0 x 10¢ 0/200°
8/1004
65/50
F 4-Ci1; 7.1 X 10 —0.7 86/8.5
VIII* 3.1 X 10! —1.1

¢ Data from CCNSC.

ference in dose. ¢ Walker carcinosarcoma 256 (sc¢).

cures. # Refers to formulas in text,

with refluxing methanol containing trace amounts of
sodium methoxide for extended periods did 1ot lead to
awy displacement of fluorine.

An attempt to use dimethylformamide (DMI) as a
solvent for the reaction of V (R = 3-1) with KF' gave
rise to the morpholine X. Use of DMI as a solveut
with V (R = 2-Cl) also gave a morpholine,

Use of 2,2'-oxydiethanol as the solvent for reaction
of Vwith KF gave the desired product (II) when R was
3-1“, 3-NOQ. 4-1“, 4-OCH3, 3-C1, 4-C02C2H5, 4~C1, 4~
CHO, 3-CH;-4-CHO, and 3-CHj;. In the case of V
(R = 3-CH,, 4-F, and 3-NO») some compound of the
type XTI was isolated in addition to II.

In an attempt to avoid the interaction of a hydroxylic
solveut to lead to materials of the type VII and XI, the
use of N-methylpyrrolidone as a solvent for the con-
version of V to II was tried in several cases, Iu each
case the yields of II were very much inferior to those
obtained with the hydroxylic solvents.

Available screening results® are included in Table IV.
None of the N,N-bis(2-fluoroethyl)anilines tested ex-
hibited any appreciable antineoplastic activity al-
though many were quite toxic. The few N, N-bis(2-
tosylethyl)anilines screened exhibited activity as might
be predicted.’

2-Anilinoethanol (XII) and the o-methyl compound
(XV]) were subjected to a similar sequence of reactions.
The reaction of XII and XV with equimolar quantities
of p-toluenesulfonyl chloride took place at the nitrogen
to give XIIT and XVII, respectively. Use of a 2:1
molar ratio of p-toluenesulfonyl chloride, however, led
to the compounds XIV and XVIII. Treatment of
XIV and XVIIT with anhydrous KF i DMT caused

(8) We would like tp tlaank the Cancer Chemotherapy National Service
Center (CCNSC) for screening results,

L By = dose that inhibits growth to 5097 of control growth; slope = difference in result for a tenfold dif-
48A = Sarcoma 180, LE = L1210 lymphoid leukemia, FV = Frieud virus
leukemia, WC = Walker carcinosarcoma 256/cytoxan (sc¢), DL =

Duuning lenkemia (solid). ¢ 8ix cures. / Four cures. ¢ Three

Sloz CeH,-p-CH;

N
NHCH,CH,0H N CH,CH,OH
R _ R —_
XIL, R—H X1 R=H
XVI,R=CH, XVII, R=CH,
SO,CH, p-CH, S0.CHypCH,
‘ N
N N
™ CH,CH,080,C,H, p-CH, CHCHF
Cj 5 - R
XIV, R=H o
XVIII, R=CH, \‘ﬁ lR = Icin

displacement of the p-tolylsulfonyloxy group to yield
the 2-fluoroethyl compounds XV and XIX. Neither
XV nor XIX exhibited any appreciable activity against
KB cell culture® and XIX was completely inactive
against Walker 256 carcinosarcoma while XV was only
very slightly active (T/C = 779%) at 25 mg/kg agaiust
Walker 256 carcinosarcoma.?

Experimental Section?

N,N-bis(2-p-toluenesulfonoxyethyl)anilines (V)—To a chilled
mixture of 0.025 mole of II1% in 0.25 mole of pyridine was added,
in small portions, 0.05 mole of p-toluenesulfonyl chloride. Cou-

(9) Analyses by Spang Microanalytical Laljoratory, Ann Arbor, MMich.
Melting polnts were taken in capillaries and are corrected.

(10) These compounds were prepared by standard procedures fromn the
anilines and etliylene oxide or were obtained commercially.
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The high antimyrolaeterial artivity of p-nectantino-
benzaldehyde thinsentirarbazone reported by Domnel!
stimulated various workers to prepare numernius thin-
semicarbazones = potentinl antimicrobial,** antiviral,?
antifungal,” and antosmeer agents e several vears
we have svinthesized and studicd the effects nf o number
nf thiosemicarbazone terivatives ns potentinl chemea-
therapeutic agents.  The results have indicated that
certain - aliphatic  thiosenticarbazones  may  posscss
anticancer activity (no2iea This report desceribes the
svithesis, purification, rhemusat and phivsical properties,
and tests for acnte toxivity of d-hydroxy-2-butanonc

thiosemicarbazone as w0 potential antieanrer ngent
against Lewis lung cavcimmnw in BDET mice.  Studies

with the compound reported hercin have shown thad
it has an effect against this tumaoe,

I’xperimental Section

4-Hydroxy-2-butanone Thiosemicarbazone.--A hit =olotinn ot
thinsenticarbazide (0.1 o, 0.1 muleY e distillerll water (150 )
wis added to o mixture of S8 g10.1 mole) of 4-hydroxy-2-buta-
e and 5wl of glacial aeetic arid e ethanot CLov by and the
restltiing mixtare vefluxed for A e After conling, the insoluble
condensation profuet wax filtered, washed with water and petro-
lenm ether thp 30-607 5 and dricd. Pl prodaesC was puritiel
by rereystallizing twier frovwe 7077 1wl 6o give o D07 viehl
uf shiny white crysials, nip 1421457,

Anulo o Caled for CsHEaNGOR: O 5724,
Found: €, 36.00; H, 6.80: N, 261,

Toxicity and Antitumor Studies. Acune txiciy studies were
prrformed i the BDT =traio ol mive ax mainiained athe Na-
tinnal Tnstitutes ol Healily, Betbeschn, My, acronling o o pro-
cedure desrribed priviousty.®  This <tradn of mice was also nserl
incihe smtitumor studies. Aol the samimals tolerated 500 mg /.
The mmpond was vsted foe aitnaor activily against foor
Tamor svstems, Suaveonee IS0 Donding axeites leukmin, Len-
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