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Nitrogen mustards containing fluorine were attached to cinnamic acid, hydrocinnamic acid, and phenyl-
butyric acid as carrier groups. These fluoro mustards and others, synthesized earlier, that were attached to 
benzaldehyde, phenylpjTuvic acid, and phenylalanine, together with some intermediates were screened for 
antitumor activity. The majority were screened against Walker 256 in rat and KB cell culture. Selected 
mustards were screened against Sarcoma 180, lymphoid leukemia L1210, and Lewis lung carcinoma in mice. 
In general, replacement of chlorine by fluorine resulted in increased toxicity and the compounds did not meet the 
criteria for activity. 

2-Fluoroethylamines have been studied the least of 
all 2-haloethylamines2 as potential anticancer agents. 
However, the recent report3 of the remarkable clinical 
application of "ftorpan" [5-(2-chloroethyl-2-fluoro-
ethylamino)-6-methyluracil] has spurred interest in 
the synthesis of 2-fluoroethylamines in this labora­
tory111 and elsewhere.4 We report here the synthesis 
and biological evaluation of the fluorine analogs of 
p-cinnamic acid mustards,5 chlorambucil,6 and re­
lated compounds. 

For the synthesis of the bisfluoro and the chloro-
fluoro mustards outlined in Chart I, we used either the 
intermediates or the general methods reported pre­
viously. la p- [Bis(2-fluoroethyl)amino ]benzaldehydela 

(la) reacted with malonic acid under either acid or base 
catalysis. In the presence of acetic acid, the reaction 
proceeded slowly to give a low yield of p-[bis(2-fluoro-
ethyl)amino]cinnamic acid (Ha) of analytical purity. 
With the use of an equivalent amount of piperidine as 
catalyst, the condensation afforded much higher yields 
of Ila. No condensation of la with malonic acid took 
place under the milder conditions (room temperature, 
less piperidine) found suitable for p-[bis(2-ehloroethyl)-
amino]benzaldehyde.7 The product, Ila, was appar­
ently a mixture of cis and trans isomers that gave 
two spots on paper chromatograms. It was not con­
verted to a single isomer by iodine in refluxing benzene 
and could not be separated by recrystallization. Hy-
drogenation of this mixture afforded the homogeneous 
hydrocinnamic acid Xa. 

The cinnamic acid Ila was also prepared through the 
Wittig reaction by condensing la with triphenylcarb-

(l)(a) Paper I: A. P. Martinez, W. W. Lee, and L. Goodman, Tetra­
hedron, 20, 2763 (1964). (b) This work was carried out under the auspices 
of the Cancer Chemotherapy National Service Center, National Cancer 
Institute, National Institutes of Health, Public Health Service, Contract 
No. PH 43-64-500. The opinions expressed in this paper are those of the 
authors and not necessarily those of the Cancer Chemotherapy National 
Service Center. 

(2) (a) R. P. Bratzel, R. B. Ross, T. H. Goodridge, W. T. Huntress, 
M. T, Flather, and D. E. Johnson, Cancer Chemotherapy Rept., 26, 1 (1963); 
(b) R. B. Ross and P. E. Schwartzentruber, "Literature Survey of Nitrogen 
Mustards," Cancer Chemotherapy National Service Center, National 
Institutes of Health, Bethesda, Md., 19S8. 

(3) L. P. Larinov, M. D. Chadakova, and E. I. Arkhangel'skaia, Vop. 
Onkol., 7, 112 (1961); Cancer Chemotherapy Abstr., 2, 872 (1961). 

(4) (a) G. R. Pettit and R. L. Smith, Can. J. Chem., 42, 572 (1964); (b) 
Z. B. Papanastassiou and R. J. Bruni, J. Org. Chem., 29, 2870 (1964); (c) 
H. Dubicki, F. Zielinski, and F. W. Starks, J. Pharm. Sci., 53, 1422 (1964). 

(5) W. A. Skinner, M. G. M. Schelstraete, and B. R. Baker, J. Org. Chem., 
26, 1554 (1961). 

(6) J. L. Everett, J. J. Roberts, and W. C. J. Ross, / . Chem. Soc, 2386 
(1953). 

(7) F. D. Popp, J. Org. Chem.. 26, 3019 (1961). 

CHART I 

CHO 
CH2(C02H)2 ) 

l| + or 
(C6H5)3P = CHC02Et) 

NCH2CH2F 

CH2CH2R 
I 

(CH2)3C02Me (CH2)„C02H 

H 

NCH 2 CH 2 F 
I 

Cri20H2Xv 
II,R, = H 

III,Ri = Et 

RtNR2 

IV-IX 

NCH2CH2F 
I 

CH2CH2R 

X, n = 2 
XI, n = 3 

HNCH2CH2F 
•HC1 

XII 

IV, Rt = R2 = H 
V, Ri = Z; R2 = H 

VI, Ri = Z; R2 = CH2CH2F 
VII, Ri = H; Ra = CH2CH2F 

VIII, Rt = CH2CH2OH: R, = CH2CH2F 
IX, Rj = R;: = CH2CH2OTs 

a, R = F 
b, R = CI 
Z = C02CH2C6H5 
Ts = 02SC6H4CH3-p 

ethoxymethylenephosphorane.8 The cinnamate ester 
I l ia that resulted was hydrolyzed to afford a fair yield 
of Ila, also a mixture of isomers, but in somewhat 
different proportion than the previous one. The 
mixed chlorofluoro mustard, l ib , was readily obtained 
in high yields by condensation of p-[N-(2-chloroethyl)-
N-(2-fluoroethyl)amino]benzaldehyde (Ib) la with pi­
peridine and malonic acid. The product l ib was 
homogeneous on paper chromatograms. 

The para-substituted hydrocinnamic acid mustards 
Xa and Xb were readily prepared in excellent yields 
by hydrogenation of the bisfluoro- and chlorofluoro-
cinnamic acids Ila and l ib with palladium-on-charcoal 
catalyst. The corresponding meta-substituted hydro­
cinnamic acids were prepared earlier18 in very low 
yields. 

The bisfluoro XIa and chlorofluoro Xlb analogs of 
chlorambucil were obtained by our general methods"1 

from methyl 4-(p-aminophenyl)butyrate (IV).6 This 
was readily converted to the X-benzyloxycarbonyl 
derivative V, which was alkylated with 2-fluoroethyl 

(8) (a) D. B. Denny and S. T. Ross, ibid., 27, 998 (1962); (b) G. Aksnes, 
Acta Chem. Scand., 15, 438 (1961). 
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TABLE 1 

Puoi'EitTiEs OF SOME 2-FI.LOROETUVI.AMINES AND INTERMEDIATES 

C'oiupd. 

I l a 

l i b 

X a 

Xb 

V 

VI 

V l I - l H ' l 

V I I I 

Xlb 

IX 

Y ;eld," 

\(Y> (62)"' 

(911 

80 (90) 

60 (100) 

(75) 

(88) 

44 (71) 

(92! 

32 (64i 

(87) 

I t / 

°C. Hi' F o r m u l a JI.p., ' -

189-190 0 . 2 2 . 0 . 3 9 ( A ) Cv.dUV-SO , 
(185-186) (A) 0 , 6 9 , 0 83 (H) 

0 ,52 , 0 . 75 (C) 
1 7 8 . 0 - 1 7 8 . 5 0 2 0 ( A ) C,;,HISC1F X O , 

(173-174) (Hi 0 , 7 8 (IS) 
9 3 , 5 - 9 4 0 0 .27 (A) CijHitFi 'XOi 

(91-92) (C) 0 . 8 1 (Hi 
8 3 , 5 - 8 4 0 . 3 0 ( A ) C r a H u C l F N O -

( low) ' (C) 0 . 8 4 (B; 
8 0 . 0 - 8 0 5 0 . 2 2 ( A ) C I . H - J I N O I 

( 7 7 - 7 8 . 5 j (I)) 0 , 9 1 (H) 
Oil 

102 5-101 
(low! IE) 

Oil 

19-50 (44-15) 

(I ' i 
Oil 

(.' 
61 1 

57. 1 

60. 7 

57 0 

69. 9 

II 

5,92 

5, 56 

0 67 

6.26 

6. 48 

'alcd., 
CI 

13. 1 

13.0 

I'' 

11.9 

6.99 

It 8 

6 94 

X 

5.18 

5, 14 

(' 
61.2 

57.2 

60. 5 

56 8 

70.5 

1 
11 

6, 07 

5. 62 

6. 43 

6.07 

6,48 

•'ound, 

C'l 

12.9 

13,3 

1 

11.6 

7.12 

14 5 

7.07 

N 

5 56 

5. 13-

0 ,39 (A) 
0 , 8 8 (K) 
0 ,29 (Ai 

0, 42 ! \ i 
0 ,89 lli'i 
0 46 (A) 

0 ,06 (A) 
0 ,94 (Hi 
0 33 (A) 

C . I I K F X O J I I C I 

C u H i d C l F N O ; 58 4 6 . 6 6 12 .3 6.61 6 44 12.2 

04 

6 .81 

X I a 16-' 5 5 - 5 6 ( 1 ' ) 0 3 3 ( A ) C i . H n t ' i X O : 62 0 7 06 14 .0 5 .16 6 1 . 8 6 . 8 3 14 0 5 ,17 
X I I (55) 1 8 9 , 5 - 1 9 0 , 0 C H i . F X - H C I 5 2 . 8 9 .44 10 .5 5 2 . 5 9 . 3 3 10 .7 

(184-185) (G.i 

" Melting points and yields are for the analytical samples. Corresponding values in parentheses are for less purified products of 
suitable purity for the next step. b Uecrystallization solvents are indicated by letter after the melting point: A, methylene chloride-
Skellysolve B; B, ethyl acetate-petroleum ether (b.p. 30-60°): C, ether-petroleum ether; D, methanol-water; E, ether with trace of 
methanol; F, Skellysolve B; ('., ethanol. ' The Ri values are given for the appropriate solvent systems listed in ref. 10. d Analytical 
sample obtained by method A (see Experimental Section); other sample by method B. ' Low melting, but homogeneous by paper 
chromatography. -' The yield is low because of the considerable amount of by-product which is completely removed only by several 
recrystallizations. When not completely free of by-product, IXa develops a reddish color vapidly. 

p-t.oluenesulfonate to afford the oily fluoroethylamine 
VI. Removal of the benzyloxycarbonyl blocking 
group with HBr in glacial acetic acid gave oily methyl 
4-[p-(2-fluoroethylami no) phenyl ]buty rate (VII), char­
acterized as the crystalline hydrochloride salt. Hy-
droxyethylation of VII to give VII I , followed by ehlo-
rination with phosphoryl chloride and then hydrolysis, 
afforded the chlorofluoro analog (Xlb) of chlorambucil. 

The bisfluoro analog (XIa) of chlorambucil was ob­
tained in much poorer yield. Hydroxyethylation of 
methyl 4-(p-aminophenyl)butyratc, then tosylation 
afforded the bis(2-tosyloxyethy])aniine I X as a chro-
niatographically homogeneous, but unanalyzed oil. 
Treatment with potassium fluoride'11 afforded the ester 
of XIa and considerable amounts of a by-product, as 
indicated by paper chromatography. After hydrolysis, 
however, the desired XIa could be purified by crystal­
lization. The experimental procedures used to pre­
pare XIa and X l b have already been reported.'11 The 
properties of XIa and X l b , together with those of 
other compounds prepared in this report are given in 
Table I. 

In the course of preparing lb , the hydrogenolysis of 
X-benzyloxycarbonyl-N-(2-fluoroethyl) aniline to X-
(2-fluoroethyl)aniline has been a key step. l a I n one 
experiment in which the hydrogenation pressure was 
inadvertently maintained at 4 atm. instead of 1 atm., 
the reaction product was X-(2-fluoroethyl)cyclohexyl-
amine hydrochloride (XII ) . 

Twenty-six of the 2-fluoroethylamines prepared here 

The screening results are given in more detail for several 
compounds in Tables I I I and IV. 

None of the fiuoro mustards were active (by the 
criteria established by the CCNSC9) against any of the 
anti tumor systems. This was quite different from the 
bischloro analogs, many of which were active against 
Walker 250 (see 27-30, Table I I ) , and some were also 
active against lymphoid leukemia L1210 and Sarcoma 
180. 

The data in Table I I suggest that in most cases the 
toxicity of the mustards decreased in the order bis­
fluoro > chlorofluoro > bischloro, as in the case of the 
//(-hydroeinnamic acid series (15, 14. and 27). How­
ever, this was not always the case; for ihe phenyl­
alanine mustards it was reversed; bischloro > chloro­
fluoro = bisfluoro (29, 20, and 21). The toxicity was 
not necessarily proportional to the amount, or per­
centage, of fluorine in the molecule. Tor example, 
the molecular weight of the azalactone (7) was about 
three times thai of the cinnamic acid (9); however, 
ihe L D J J value of 7 was over 20 times higher. 

Although the results in Table II show that ihe 2-
fluoroethykmines are not active against any of the 
test systems investigated, this does not mean that ihe 
fluoro mustards are devoid of activity. This is illus­
trated in Tables III and IV. In Table I I I , the chloro­
fluoro mustard of phenylalanine caused disappearance 
of the tumors at doses of 12.5 and 6.25 mg./kg. in the 
Walker 25(5 tests. However, these dosages are close 
to the LDjo dosages so that the therapeutic index 

or previously l a were submit ted to the Cancer Chemo- (T.I.) = LDi(../'EDw) — lii 
therapy National Service Center (CCNSC) for anti­
tumor screening. These compounds covered a wide 
range of carrier groups for the 2-fluoroethylamines. 
The screening results are given in Table I I . Tor com­
parison, some data for several of the corresponding 
bischloro analogs are included at the bottom of Table I I . 

2.5. This is less than 

(9) Cancer Chemotherapy Rept., 2 5 , 1 (1962). A c o m p o u n d is ac t ive 
aga ins t Walker 256 if it has a t h e r a p e u t i c index T.I. > 4, where T.l. ~ 
I .DuvEDgo. A c o m p o u n d is confirmed ac t ive in (a) KC> cell cu l ture if 
the ave rage EDif! < 4 - / /ml . for resul ts from two labora tor ies , (b) Sa rcoma 
180 a n d Lewis lung carc inoma if the ave rage T / C < 4 2 % in three con­
firmation tes t s , and (c) lymphoid leukemia L I 2 1 0 if T f' > 125 r{ in a 
confirmat ion test . 
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TABLE II 

ANTITUMOR SCREENING" RESULTS FOR SOME 2-FLUOROETHYLAMINES 

F C H 2 C H 2 N — / ^ — R 2 

No. 

1 
2 
3 
4 
5 
6 

7 

S 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 

27 
28 
29 
30 

R!6 

H-HCl 

Q 
P 

Q 
Q 
P 

Q 

P 

Q 
P 

Q 
H-HCl 
H-HCl 
P 

Q 
P 

Q 
H-HCl 
HOCH2CH2 
P 

Q 
p 

Q 
P 

Q 
Compd. XI I 

15 
17 (chlorambucil) 
21 (sarcolysin) 
23 

R? 

H 
CHO 
C H = X C H4Br-p 
CH=NC 6 H 4 N0 2 -p 
C H = N C H4OMe-p 
CH=CC(0)OC(CoH6)= 

CH=CC(0)OC(C 6H 5 )= 
1 

C H = C H C 0 2 H 
C H = C H C 0 2 H 
CH2CH2CO2H 
CH2CH2CO2H 
m-CH2CH2C02H 
m-CH sCH2C02Me 
m-CH2CH2C02H 
m-CH sCH2C02H 
(CH2)3C02H 
(CH2)3C02H 
(CH2)3C02Me 
(CH,)»C02Me 
CH2CH(NH2)C02H 
CH2CH(NH2)C02H 
CH2COC02H 
CH2COC02H 

=X 

=N 

CH,CH(NHCOC6H5)C02H 
CH2CH(NHCOC6H5)C02H 

Tox ic i t y ' 
LD10, m g . / k g . 

7.9 
7.9 

10 
3.8 
3.8 

42 

>100 

14 
3.8 

14 
3.8 

3.8 
7.9 
3.8 

14 
3.8 

14 
>50 

12.5 
14 
14 
3.8 

14 
17 
22 

-Activity1* in test sys tems" 
K B SA LE LL 

Bischloro Analogs of Some of the Fluoro Mustards 

41, 10O + 
15.5 f +' .0' 

6 . 5 ' 
13 

+ ' 
+ + 

+ 
+ « 
+ 

" Screening was performed under the auspices of the Cancer Chemotherapy National Service Center according to its protocol.9 The 
test systems included: WA, Walker 256 (subcutaneous) in rats, p. 11 of the protocol; KB, KB cell culture, p. 22; SA, Sarcoma 180 in 
mice, p. 1; LE, lymphoid leukemia L1210 in mice, p. 3; LL, Lewis lung carcinoma in mice, p. P = CH2CH2C1, Q = CH2CH2F. 
" These LD10 values were determined in rats with no tumors as the prescribed preliminary step before the Walker 256 (WA) tests; see 
ref. 9. d The criteria for activity are given in ref. 9. A minus ( — ) indicates that the compound was inactive; a blank, that the com­
pound was not tested. " Values from different laboratories. f From Table 22 (p. 63) of H. E. Skipper and L. H. Schmidt, Cancer Chemo­
therapy Rept., 17, 1 (1962). " Table 14 (p. 51) of reference in footnote/. 

4, the cut-off value for active compounds. In Table 
IV, p-[bis(2-fluoroethyl)amino ]benzaldehyde at a dosage 
of 31 mg./kg. caused decrease in the tumor size 
in the Sarcoma 180 tests. However, this decrease 
was not sufficient for the compound to be considered 
active. 

These screening results indicate that there is no 
advantage in substituting fluorine atoms for chlorine 
atoms in nitrogen mustards. This substitution gen­
erally results in increased toxicity and decreased 
activity. 

Experimental Section10 

p-[Bis(2-fluoroethyl)amino]cinnamic Acid (Ha). A.—A mix­
ture of 1.72 (8.07 mmoles) of p-[bis(2-fiuoroethyl)amino]benz-
aldehjde1" (la), 0.84 g. (8.07 mmoles) of powdered malonic acid, 

(10) M e l t i n g po in t s were d e t e r m i n e d wi th t he F i she r - Johns a p p a r a t u s 
a n d were no t cor rec ted . P a p e r c h r o m a t o g r a p h y was done by the descending 
t echn ique on W h a t m a n No . 1 paper , except for so lvent A which was r u n on 
Schleicher and Schuell Xo. 2496 ace ty l a t ed paper . T h e solvent sys t ems a r e : 
A, b e n z e n e - m e t h a n o l - w a t e r ( 2 : 6 : 1 ) ; B, 1-butanol w:ater ( s a t u r a t e d ) : 
C, 5 % aqueous N a 2 H P 0 4 , p H 8.9. 

and 1.7 g. of glacial acetic acid was stirred in a stoppered flask 
for 7 days at room temperature. The mixture was diluted with 
25 ml. of toluene and evaporated to dryness at 50° (1 mm.), 
and the residue was partitioned between 50 ml. each of methylene 
chloride and water. The water was back-extracted with 50 ml. 
of methylene chloride. The combined organic extracts were 
dried, decolorized with charcoal, and concentrated to 25 ml. 
This was diluted with 10 ml. of Skellysolve B and cooled. The 
crystals were collected, washed with cold ( — 15°) methylene 
chloride, and dried to afford 0.35 g. (17%) of Ha, m.p. 185.5-
186.5°. Recrystallization from ethanol afforded 0.20 g. (10%) 
of analytically pure (see Table II) I l a : m.p. 189.0-190.0°: 
X™013.6-4.3, 5.92 (C02H), 6.25, 6.55 M (aryl and C = C ) . 

B.—A solution of 2.00 g. (9.4 mmoles) of the benzaldehyde 
la , 2.50 g. (24 mmoles) of malonic acid, and 1.0 ml. (10 mmoles) 
of piperidine in 25 ml. of dioxane6 was heated at reflux for 3 hr. 
with protection from moisture. Evaporation in vacuo left a 
residue that was worked up as in A to give, from 25 ml. of methyl­
ene chloride, a yield of 1.50 g. (62%) of I la, m.p. 185-186°, which 
moved as two spots in solvent B. Two recrystallizations from 
ethanol raised the melting point to 191.5-192°, but its infrared 
spectrum was unchanged and it still gave two spots in solvent B. 
Boiling this material in benzene containing a trace of iodine did 
not change the melting point, infrared spectrum, nor behavior 
in solvent B. 

C.—A solution of 3.48 g. (10 mmoles) of triphenylearbethoxy-
methylenephosphorane8" and 2.13 g. (10 mmoles) of the benz-



744 ABELARDO P. MARTINEZ, WILLIAM W. L E E , AND LEON GOODMAN Vol. 8 

TABLE JII 

W'ALKEI! 256 SCKEE.M.VO- DATA FOH PHE.VVI .U .AM\E F M O K O .Mcsn iws 

F C H , C H o N - < ^ A - CH,CHC(CH 

RCHXH. NH, 

R 

CI 

CI 

F 

F 

AA. ani ina 

Test systems" 

AA 

\VA 

AA 

W'A 

Is w i t h o u t t u m o r s ; 

Dose, 
trig./kg. 

100 

3 3 . 0 

loo 
3 . 0 0 

12 .5 

6 . 2 5 

3 ,12 

1 ,56 

100 

3 3 . 0 

10.0 

3 . 0 0 

14 0 

7 .00 

3 . 5 0 

I . 70 

W'A, W a l k e r 256. 

Survi vo 

0/3 
0/3 
. » / • > 
•) / O 

3 / 3 
(5/6 

0 / 0 

6 /6 

0/(5 

1 / 3 

0 / 3 

3 / 3 

3 / 3 

(i/6 

6 / 6 

6 / 6 

6 / 0 

'' T s l a n 

1'S 

ds for test 

w • 

;T 
t. change 

- < ' ) , ' ' K-

- 10 

- I ) 

+ 1 
- 2 5 

- 1 7 

- 1 3 

— 5 

0 

6 

- 4 

_ o 

a n i m a l s : C. f or cont ro ls . 

Tainor n . 
'T •(').'' ir. 

0 . 0 / 8 . 1 
o . o / s , i 

3 . 4 / 8 , 1 

9 . 0 / S . 1 

8 . 3 / 8 . 1 

6 , 4 / 8 1 

9 , 2 / S 1 

0 . 4 / S I 

0 

41 
l i s 

107 
70 

113 
70 

TABLE IV aldehyde la in 50 ml. of benzene was heated at reflux for 6 hr. 
and then evaporated in vacuo to give a vellow oil ( I l ia ) . This 

SCREENING DATA FOH v v a s heated with 50 ml. of concentrated HC1 for 3 hr. on a steam 
/>-[BIS(2-FLUOROETHYI.)AMIXO]BE\ZALDEHYDE bath and again evaporated. The residue was dissolved in 125 

ml. of methylene chloride, washed with water, dried, and again 
evaporated. The residue was crystallized from 50 ml. of ethanol 
to afford 0.59 g. (23 r

x ) of Tin, in.p. 1X0-183°. Tt moved as two 
r T <"'' spots in solvent B with Rt 0.71 ! +-*- + ) and 0.85 ( + + >. Here 

the slower moving component was the major product : in methods 
A and B, the faster one predominated. 

p-[Bis(2-fluoroethyl)amino]hydrocinnamic Acid (Xa).- A 
mixture of 0.10 g. of 5r< palladium on charcoal, 25 ml. of ethanol, 
and 0.30 g. (1.2 mtnoles) of the cinnamic acid I la (prepared in 
B: 2 spots in solvent B) was hydrogenated at room temperature 
and 1 atm. The reaction was complete in 3 hr. The catalyst 
was removed and the solvent was evaporated to leave a residue. 
This was taken up in Skellysolve B and re-evaporated to leave 
0.27 g. (9(K'Z) of Xa, homogeneous on paper chromatograms. 

110 Recrystallization of 0.15 g. from ether-petroleum ether (b.p. 
s l 30-60°) afforded 0.10 g. of Xa as shinv white plates: in.p. 93.5 
s 9 94.0°: X™'" 5.80 (C02H), 6.15, 6.52 M (aryl). 

A c k n o w l e d g m e n t s . — T h e a u t h o r s t h a n k Dr . P e t e r 

L im for i n t e r p r e t a t i o n of t he inf ra red s p e c t r a a n d his 

• , u • « - i ^ ' T 0 1 S - i e T r v ^ i ; . r ' : u A A ' staff for p a p e r c h r o m a t o g r a p h y . T h e a u t h o r s a lso 
animals without tumors; W A, \ \ alker 2o6; KB, KB cell culture. L r j • «• r i , 
" T stands for test animals: C, for controls. < Tumor weight is t h a n k M r . O. P . C r e w s , J r . , a n d his staff for large-scale 
in milligrams for SA and grams for W'A. p r e p a r a t i o n of some i n t e r m e d i a t e s . 

Test 
ystems' 

SA 

LK 

A A 

W'A 

K B 

" SA, 

Dose, 
'' mg./kg. S 

500 

125 

3 1 . 0 

2 5 . 0 

6 . 0 0 

5 0 . 0 

10 ,0 

3 . 0 0 

7 . 9 0 

3 . 9 5 

1.97 

(1.98 
s lope = — 

S a r c o m a 180 

urvivors 

0 / 6 

0 / 6 

6 / 6 

0 / 6 

6 / 6 

0 / 3 

2 / 3 

3 / 3 

0 / 6 

6 /6 

6 / 6 
6 /6 

0.20 am 

; LK, 

\v 
IT 

t. change 
- C ) / g. 

- 1 4 

- 0 . 6 

6 

— 5 

(i 

:1 E I ) W = 9 3 -

l y m p h o i d le 

1'uinor \vt.'' c 
survival 
(days) 
(T/C)'' 

7 2 0 / 1 2 6 3 

7 . 6 / 8 . 4 

7 . 3 / 6 . 6 

5 . 4 / 6 . 6 

5 . 9 / 6 . 6 

y /ml . 

u k e m i a L. 


